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AQUATIC EFFECTS TECHNOLOGY EVALUATION PROGRAM

Notice to Readers

L997 Field Program

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 the industry, and to government. Through technical evaluations and field evaluations,
it will 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 monitoring. The program includes literature-based
technical evaluations and a comprehensive three year field program.

The program has the mandate to do a field evaluation of water, sediment and biological
monitoring technologies to be used by the mining industry and regulatory agencies in assessing

the impacts of mine effluents on the aquatic environment; and to provide guidance and to
reconrmend specific methods or groups of methods that will permit accurate characterization of
environmental impacts in the receiving waters in as cost-effective a manner as possible. A pilot
field study was conducted in 1995 to fine-tune the study design.

A phased approach has been adopted to complete the field evaluation of selected monitoring
methods as follows:

Phase I: 1996- Preliminary surveys at seven candidate mine sites, selection of sites for further
work and preparation of study designs for detailed field evaluations.

Phase II: I997-Detatled field and laboratory studies at selected sites

Phase III: 1998- Data interpretation and comparative assessment of the monitoring methods
report preparation.

Phases II and III are the focus of this report. The objective of the 1997 Field Program is NOT to
determine the extent and magnitude of effects of mining at the sites but rather to test a series of
hypotheses under field conditions and evaluate monitoring methods for assessing aquatic effects.



In Phase I, the AETE Technical Committee selected seven candidates mine sites for the 1996 field
surveys: Myra Falls, Westmin Resources (British Columbia); Sullivan, Cominco (British
Columbia); Lupin, Contwoyto Lake, Echo Bay (Northwest Territories); Dome, Placer Dome
Canada (Ontario); Levack/Onaping, Inco and Falconbridge (Ontario); Gaspé Division, Noranda
Mining and Exploration Inc. (Québec); Heath Steele Division, Noranda Mining and Exploration
Inc. (New-Brunswick).

Study designs were developed for four sites that were deemed to be most suitable for Phase II of
the field evaluation of monitoring methods: Myra Falls, Dome, Heath Steele, Lupin. Lupin was

subsequently dropped based on additional reconnaissance data collected in 1997. Mattabi Mine,
(Ontario) was selected as a substitute site to complete the L997 field surveys.

A summary of the results and comparisons of tools at all the four mine sites studied in L997 arc
provided in a separate document which evaluate the cost-effectiveness of each monitoring tool
(AETE Report #4,I.3, Summary and Cost-effectiveness Evaluation of Aquatic Effects Monitoring
Technologies Applied in the 1997 AETE Field Evaluation Program, Beak International
Incorporated and Golder Associates Ltd, September 1998)

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.

Any comments regarding the content of this report should be directed to

Geneviève Béchard
Manager, Metals and the Environment Program

Mining and Mineral Sciences Laboratories - CANMET
Room 330, 555 Booth Street, Ottawa, Ontario, KlA OGl

Tel.: (613) 992-2489 Fax: (613) 992-5172
E-mail: gbechard@ffcan. gc. ca
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PROGRAMME D'EVALUATION DBS TECHNIQTIES DE MEST]RE
D'IMPACTS EN MILIEU AQUATIQUE

Avis aux lecteurs

Études de terrain - 1997

Le Programme d'évaluation des techniques de mesure d'impacts en milieu aquatique (ÉTIMA)
vise à évaluer les différentes méthodes de surveillance des effets des effluents miniers sur les

écosystèmes aquatiques. Il est le fruit d'une collaboration entre I'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 est conçu pour bénéficier directement aux entreprises minières ainsi qu'aux
gouvernements. Par des évaluations techniques et des études de terrain, il permettra d'évaluer et

de déterminer, dans une perspective coût-efficacité, les techniques qui permettent de respecter les

exigences en matière de surveillance de I'environnement. Le programme comporte les trois grands

volets suivants : évaluation de la toxicité aigue et sublétale, surveillance des effets biologiques des

effluents miniers en eaux réceptrices, et surveillance de la qualité de I'eau et des sédiments. Le
programme prévoit également la réalisation d'une série d'évaluations techniques fondées sur la
littérature et d'évaluation globale sur le terrain.

Le Programme ÉtM a pour mandat d'évaluer sur le terrain les techniques de surveillance de

la qualité de I'eau et des sédiments et des effets biologiques qui sont susceptibles d'être utilisées
par I'industrie minière et les organismes de réglementation aux fins de l'évaluation des impacts
des effluents miniers sur les écosystèmes aquatiques; de fournir des conseils et de recommander
des méthodes ou des ensembles de méthodes permettant, dans une perspective coût-efficacité, de

caractériser de façon précise les effets environnementaux des activités minières en eaux
réceptrices. Une étude-pilote réalisée sur le terrain en 1995 a permis d'affiner le plan de l'étude.

L'évaluation sur le terrain des méthodes de surveillance choisies s'est déroulée en trois étapes

Étape I 1996 - Évaluation préliminaire sur le terrain des sept sites miniers candidats, sélection
des sites où se poursuivront les évaluations et préparation des plans d'étude pour les

évaluations sur le terrain.

Etape II

ÉtapeIII

1997- Réalisation des travaux en laboratoire et sur le terrain aux sites choisis

1998 -Interprétation des données, évaluation comparative des méthodes de surveillance;
rédaction du rapport.

Ce rapport vise seulement les résultats de l'étape II et III. L'objectif du projet N'EST PAS de

déterminer l'étendue ou I'ampleur des effets des effluents miniers dans les sites. Le projet vise à
vérifier une série d'hypothèses sur le terrain et à évaluer et comparer un ensemble choisi de



méthodes de surveillance.

À l'étape I, le comité technique ÉUUA a sélectionné sept sites miniers candidats aux fins des

évaluations sur le terrain:Myra Falls, Westmin Resources (Colombie-Britannique); Sullivan,
Cominco (Colombie-Britannique); Lupin, lac Contwoyto, Echo Bay (Territoires du Nord-Ouest);
Levack/Onaping, Inco et Falconbridge (Ontario); Dome, Placer Dome Mine (Ontario); Division

Gaspé, Noranda Mining and Exploration Inc.(Québec); Division Heath Steele Mine, Noranda
Mining and Exploration Inc.(Nouveau-Brunswick).

Des plans d'études ont été élaborés pour les quatres sites présentant les caractéristiques les plus
appropriées pour les travaux prévus d'évaluation des méthodes de surveillance dans le cadre de

l'étape II (Myra Falls, Dome, Heath Steele, Lupin). Toutefois, une étude de reconnaissance
supplémentaire au site minier de Lupin a Évélé que ce site ne présentait pas les meilleures
possibilités. Le site minier de Mattabi (Ontario) a été choisi comme site substitut pour compléter
les évaluations de terrain en 1997.

Un résumé des résultats obtenus aux quatre sites miniers en 1997, la comparaison et l'évaluation
des techniques dans une perspective coût-efficacité sont présentés dans un autre document
(Rapport ETIMA #4.1.3, Summary and Cost-effectiveness Evaluatíon of Aquatic Effects
Monitoring Technologies Applied in the 1997 AETE Field Evaluation Program, Beak International
Incorporated and Golder Associates Ltd, September 1998).

Pour des renseignements sur I'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 Énu¿,.

Les personnes intéressées à faire des commentaires sur le contenu de ce rapport sont invitées à

communiquer avec M'" Geneviève Béchard à I'adresse suivante :

Geneviève Béchard
Gestionnaire, Programme des métaux dans I'environnement

Laboratoires des mines et des sciences minérales - CANMET
Pièce 330, 555, rue Booth, Ottawa (Ontario), KlA 0G1

Té1.: (613) 992-2489 / Fax : (613) 992-5172
Courriel : gbechard@nrcan.gc.ca



EXECUTIVE SUMMARY

The Mattabi Mine (Ontario) study is one of four field evaluations carried out in 1997 under
the Aquatic Effects Technology Evaluation (AETE) Program, a joint government-industry
program to evaluate the cost-effectiveness of technologies for the assessment of mining-
related impacts in the aquatic environment. The other three mines studied were Dome
(Ontario), Myra Falls (British Columbia) and Heath Steele (New Brunswick). Results of all
four studies are suÍrmarned and evaluated in a separate summary qeport.

Mattabi Mines of Noranda Inc. operated a copper-lead-zinc open pit and underground
mining operation and concentrator complex 80 km northeast of Ignace in northwestern
Ontario. The mine was closed in 1991 and is undergoing rehabilitation; however, site runoff
and seepages continue to be collected, treated and discharged to control impacts from acid
rock drainage (ARD) and metal leaching. Effluent is treated with lime, polished and
discharged to Bell Creek, which flows into Sturgeon Lake. Sturgeon Lake and other smaller
lakes (including No Name Lake) were historically affected by ARD and loadings of zinc and
other metals, and sediments in these waters are enriched with metals.

The objectives of the 1997 field program were to test 13 hypotheses formulated under four
guiding questions:

1. are contaminants getting into the system (and to what degree and in which
compartments)?

2. are contaminants bioavailable?
3. is there a measurable (biological) response? and
4. are contaminants causing the responses?

The hypotheses are more specific questions about the ability or relative ability of different
monitoring tools to answer these four general questions about mine effect. The evaluation of
tools included: sediment monitoring (sediment toxicity tests); fish monitoring (tissue
metallothionein and metal analyses, and population/communþ indicators), and; integration
of tools (relationships between exposure and biological responses and use of effluent
sublethal toxicity).

Of the 13 hypotheses, 12 were tested at Mattabi as outlined in Table 1.1. The remaining
hypothesis not tested at Mattabi relates to effluent chronic toxicity and its linkage to benthic
and fish effects (H13). This hypothesis was deleted to optimize the field work plan (for
project budget).

The sediment qualþ triad was used as an additional means of evaluating the linkages
between sediment toxicþ, sediment chemistry and benthic community response (H10 and
Hl1) in a sediment quality gradient in No Name Lake and Mine Creek Bay (Sturgeon Lake).
The triad provides a more holistic means of evaluating the tools.

Study Design

The study design at Mattabi was based on lake sampling for benthos, sediment chemistry and
sediment toxicity using a gradient design, including five exposure areas having different



sediment zinc concentrations (No Name Lake, Mine Creek Bay) and two reference areas
(Tag Lake and Peterson Cove-Sturgeon Lake). Three stations were sampled for sediment
quality, toxicity and benthos within each of the seven areas.

Sampling in Bell Creek followed a reference-exposure (Control-Impact) design, and allowed
for testing of fish-related hypotheses. The reference area for fish collection was located in
generally similar habitat nearby in a separate watershed (English River). Four stations were
sampled for fish in each of the two areas, providing replicates for testing of hypotheses
relating to fish populations and communities (H5 and H6).

Sampling Program

The field survey at Mattabi was completed in mid-October 1997, and included:

water sampling at each of seven sediment/benthic sampling areas (one each) and
each of two fish sampling areas (four per area). Only Bell Creek and English
River data were used in hypothesis testing;

surficial sediment sampling at each of 21 sampling stations (7 areas x 3 stations)
using a petite Ponar, for determination of "total" metal concentration, partial
metal concentration (i.e., the Fe and Mn oxide-bound fraction) and
concentrations of acid volatile sulphide (AVS) and simultaneously extracted
metals (SEM);

a

surficial sediment sampling at the same 21 stations for benthic macroinvertebrate
community analysis and for sediment toxicity testing (Hyalella azteca - survival
and growth, Chironomus riparius - survival and growth, Tubifex tubifex -
survival and growtþ;

sampling of the fish communify by gillnet (at least two sets per station) at each of
four exposure stations and four reference stations for determination of fish
community and population parameters, and to provide specimens of white sucker
and northern pike for tissue analysis; and

sampling of 83 white sucker and 85 northern pike total from the two sampling
areas for analysis of metals and metallothionein (MT) in muscle (metals only),
liver, kidney and gill.

Data Overview

Wafer Øtøltty

Mattabi effluent was enriched in zinc, calcium and sulphate. Bell Creek water contained
elevated concentrations of zinc, copper, cadmium and lead relative to the English River, with
zinc concentrations greater than Canadian Water Qualþ Guidelines downstream of the
mine.

a
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Concentrations of zinc were also elevated in water in No Name Lake and to a much lesser
degree in Mine Creek Bay relative to the lake reference areas. Water quality guidelines
were exceeded only in No Name Lake, with zinc concentration nearly two orders of
magnitude above the guideline.

Dissolved and total metal concentrations showed similar spatial patterns for key metals (Zn,
Cu, Cd, Pb), with dissolved and total values similar in magnitude in most cases except for
Pb in No Name Lake (dissolved Pb < total Pb).

Sediment Øtahty

All sediments were organic-rich and sandy, with total organic carbon contents of 20 to 30% .

Concentrations of totalZn, Pb, Cd, Cu, As, Ni and Hg exceeded Canadian Interim Sediment

Quality Assessment Values at most exposure stations, with maximum values for zinc as high
as two orders of magnitude above Probable Effect Levels (PELs). Metal concentrations
followed a declining concentration gradient across the range of exposure areas sampled.

Partial metal concentration gradients were weaker than those for total metals, implying that
the largest fraction of metals present is relatively strongly bound to sediment particles.

The SEM/AVS ratios showed no distinct spatial patterns, although SEM and AVS values
were much greater in the exposure gradient than at reference areas. The results imply some
potential for sediment toxicity, although ratios were relatively low (<1.5) in most exposure
areas (except No Name Lake where higher ratios occurred). A ratio above one implies some
potential for sediment toxicity, especially when SEM values are high.

Sediment Toxicity

Sediment toxicþ (lethal and sublethal effects) showed little or no response in any test
species to the sediment quality gradient at Mattabi. Although mortality occurred both in
Chironomus and Hyalella, responses appeared similar regardless of location (reference vs
exposure).

B enthic Macroinv ertebrate s

Benthic communþ trends were apparent in the sediment quality gradient, with reduced
numbers of taxa in the most effected sediments. Hydracarina (water mites), Caenis (mayfly)
and Pisidium (pea clam) in particular were reduced in abundance at the most affected
locations.

Fish

Catches-per-unit-effort for all fish species combined were not distinctly different between
reference and exposure areas. White sucker appeared more abundant in the exposure area
and northern pike more abundant in the reference atea. In white sucker, growth, liver size,
gonad size and fecundity were comparable in reference and exposure fish. In pike, fish size
at age, organ sizes and fecundity were distinctly greater in exposed (Bell Creek) fish relative



to the reference area

exposed pike.
IVhen adjusted for body weight, organ sizes remained greater in

Tissue metal concentrations showed some reference-exposure differences, with differences
most pronounced for selenium in all tissues and both species. This could be mine-related as

selenium was detected in Mattabi effluent, but not in any other water sample.

The only metallothionein response measured was in gill and kidney of northern pike. No
metallothionein responses occurred in sucker

Hypothesis Testing

Hypothesis testing results are summarized in Table 5.2. Results of testing indicate that some

of the contaminants (metals) are bioavailable, that some biological responses occurred and

that contaminants appear to cause some of these responses.

Technology Evaluation

Some of the tools evaluated demonstrated a mine effect at Mattabi, whereas others did not
(Table 6.2). Monitoring tools demonstrating effects or partially demonstrating effects
included most water and sediment chemistry tools (except SEM/AVS), most benthic
macroinvertebrate tools, and some of the fish tissue and metallothionein tools (depending on
metal, tissue type and fish species). Tools that did not show responses consistent with
impact included several in the fish health, fish population/community and sediment toxicity
tool boxes. The limited effectiveness of some of these tools may be due to low metal
bioavailability, possibly combined with the effects of natural variation. Of the monitoring
tools in the same "tool box" demonstrating effects (e.g., total vs partial metals in sediments;
metals vs metallothionein in tissues, etc.), major differences in tool effectiveness were not
apparent at Mattabi (Table 6.3).

Overall, the relatively subdued impacts of met¿ls at Mattabi are unexpected and noteworthy.
This general condition contrasts with the greater bioavailability of metals and impact at
Heath Steele and Myra Falls. This is particularly unusual because metal concentrations in
Mattabi sediments are greater than observed at any of the other mines studied in the AETE
program.

Conclusions on the cost-effectiveness of the tools based on results from all four mine sites

studied in 1997 are found in a separate document "Summary and Cost-Effectiveness
Evaluation of Aquatic Effects Monitoring Technologies Applied in the 1997 AETE Field
Evaluation Program".



SOMMAIRB

L'étr¡de du site de la mine Mattabi (Ontario) est I'une des quatre évaluations sur le terrain
effectuées en 1997 dans le cadre du Programme d'évaluation des techniques de mesure
d'impacts en milieu aquatiçe (ETIMA), programme conjoint gouvernement-industrie destiné
à évaluer le rapport coût-efficacité des technologies d'évaluation des impacts liés aux activités
minières dans le milieu aquatique. Les trois autres sites miniers étudiés étaient ceux de Dome
(Ontario), de Myra Falls (Colombie-Britanniçe) et de Heath Steele (Nouveau-Brunswicþ.
On présente un résumé et une évaluation des résultats de ces quatre études dans un rapport
sommaire distinct.

La mine Mattabi de Noranda Inc. exploitait une mine à ciel ouvert de cuivre, de plomb et de

zinc combinée à une mine souterraine et à une installation de concentration à 80 hn au

nord-est d'Ignace, dans le nord-ouest de I'Ontario. Cette mine a été fermée en 1991 et on y
effectue actuellement des travaux de restauration; toutefois, on continue à recueillir des eaux
de ruissellement et d'infiltration, qui sont traitées avant leur rejet afin de limiter I'impact des

eaux d'exhaure des roches acides et de la lixiviation des métaux. On traite les effluents avec

de la chaux, on les purifie et on les rejette dans le ruisseau Bell, qui se déverse dans le lac
Sturgeon. Au cours des années passées, on a noté dans ce lac et dans d'autres lacs plus petits
(notamment le lac No Name) des effets d'eaux d'exhaure acides, de charges de zinc et
d'autres métaux, ainsi que de sédiments enrichis en métaux.

Les objectifs du programme sur le terrain de 1997 étaient de vérifier 13 hypothèses formulées
pour tenter de répondre à quatre questions principales :

1. Est-ce que les contaminants pénètrent dans le réseau aquatique (et dans

I'affirmative, dans quelle mesure et dans quels compartiments)?
2. Les contaminants sont-ils biodisponibles?
3. La réponse (biologique) est-elle mesurable?
4. Les contaminants sont-ils la cause de ces réponses?

Ces hypothèses représentent des questions plus spécifiques concernant la capacité (relative)
des différents outils de surveillance de répondre à ces quatre questions générales sur les effets
des activités minières. L'évaluation des outils prévoyait notamment la surveillance des

sédiments (tests de toxicité des sédiments), la surveillance des poissons (dosage de la
métallothionéine et des métaux dans les tissus et détermination des indicateurs des

populations/communautés) et, enfin, I'intégration des outils (rapports entre I'exposition et les

réponses biologiques, et utilisation de la toxicité sublétale des effluents).

On a vérifié 12 des 13 hypothèses au site de la mine Mattabi (voir le tableau 1.1). Les
hypothèses non vérifiées à ce site concernent la toxicité chronique des effluents et ses liens
avec les effets benthiques et les effets sur les poissons (H13). On a retiré cette hypothèse de la
liste afin d'optimiser le plan de travail sur le terrain (pour le budget du projet).

On a utilisé les trois paramètres de la qualité des sédiments comme outil supplémentaire pour
l'évaluation des liens entre la toxicité des sédiments, la chimie des sédiments et la réponse de



la communauté benthique (H10 et H11) dans un gradient de qualité des sédiments du lac No
Name et de la baie Mine Creek (lac Sturgeon). Ces trois paramètres donnent une vue plus
générale pour l'évaluation des outils.

Plan de l'étude

Le plan de l'étude à la mine de Mattabi était basé sur l'échantillonnage des lacs pour l'étude
du benthos, ainsi que de la chimie et de la toxicité des sédiments selon un gradient, et
notamment dans cinq zones d'exposition dont les sédiments présentaient différentes
concentrations de zinc (lac No Name, baie Mine Creek) et dans deux zones de référence (lac

Tag et anse Peterson - lac Sturgeon).'On a prélevé des échantillons dans trois stations de

chacune de ces sept zones pour déterminer la qualité et la toxicité des sédiments, ainsi que
pour l'étude du benthos.

Dans le ruisseau Bell, l'échantillonnage suivait un modèle zone de référence (témoin) - zorte
d'exposition (impact), qui permettait de vérifier des hypothèses liées aux poissons. La zone de

référence pour le collecte des poissons était située dans un habitat à peu près semblable dans

un bassin hydrographique voisin, mais distinct (rivière English). On a prélevé des échantillons
de poissons dans quatre stations de chacune des deux zones, de façon à obtenir des

exemplaires multiples pour vérifier les hypothèses concernant les populations et les

communautés de poissons (H5 et H6).

Programme d I échantillonnage

On a terminé les relevés sur le terrain à Mattabi vers la mi-octobre 1997, et notamment

l'échantillonnage de I'eau dans chacune des sept zones d'échantillonnage pour les

sédiments ou les organismes benthiques (un pour chaque zone) et dans chacune des

deux zones d'échantillonnage pour les poissons (quatre par zone). On n'a utilisé
que les données du ruisseau Bell et de la rivière English pour la vérification des

hypothèses;

a l'échantillonnage des sédiments de surface à chacune des 2l stations
d'échantillonnage (7 zones x 3 stations) à I'aide d'un échantillonneur " Petite
Ponar > pour la détermination de la concentration " totale " des métaux, de la
concentration partielle des métaux (c.-à-d. la fraction liée aux oxydes de Fe et de

Mn), ainsi que des concentrations de sulfure volatil en milieu acide et des métaux
extractibles simultanément ;

l'échantillonnage des sédiments de surface à ces 21 stations pour I'analyse de la
corlmunauté des macroinvertébrés benthiques et pour des tests de toxicité des

sédiments (survie et croissance d'Hyalella aTteca, de Chironomus ríparius et de

Tubifex tubifex);

l'échantillonnage des communautés de poissons à I'aide de filets maillants (au

moins deux échantillons par station) à chacune des quatre stations d'exposition et à
quatre stations de référence pour la détermination des paramètres des

a

a
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communautés et des populations de poissons, ainsi que pour obtenir des spécimens

de meunier noir et de grand brochet pour des analyses de tissus;

l'échantillonnage d'un nombre total de 83 meuniers noirs et de 85 grands brochets
de deux zones d'échantillonnage pour le dosage des métaux et de la
métallothionéine (MT) des muscles (métaux seulement), du foie, des reins et des

branchies.

Aperçu des données

Qaalité de l'eau

Les effluents du Mattabi étaient enrichis en zinc, en calcium et en sulfate. L'eau du ruisseau
Bell contenait des fortes concentrations de zinc, de cuivre, de cadmium et de plomb par
rapport à celles de la rivière English, ainsi que des concentrations de zinc dépassant les limites
des Recommandations pour la qualité des eaux au Canada en aval de la mine.

De plus, les concentrations de zinc étaient élevées dans I'eau du lac No Name, ainsi que dans

la baie Mine Creek (mais beaucoup moins dans celle-ci) par rapport aux zones de référence
du lac. Les limites des Recommandations n'étaient dépassées que dans les eaux du lac No
Name, où I'on observait un dépassement de presque deux ordres de grandeur pour le zinc.

Pour les concentrations de principaux métaux dissous et totaux (Zn, Cu, Cd, Pb), on
observait, dans la plupart des cas, des profils de distribution spatiale semblables, avec des

valeurs du même ordre pour les métaux dissous et totaux, sauf pour le Pb du lac No Name
(Pb dissous plus faible que le Pb total).

Quølité des sédiments

Tous les sédiments étaient riches en matières organiques et sableux, avec des teneurs en
carbone organique total de 20 à 30 %. Les concentrations de Zn, Pb, Cd, Cu, As, Ni et Hg
totaux dépassaient les valeurs de l'évaluation intérimaire canadienne de la qualité des

sédiments (Canadian Interim Sediment Quality Assessment Values) à la pþat des stations
d'exposition, avec des valeurs maximales pour le zinc dépassant de jusqu'à deux ordres de
grandeur les teneurs à effets probables. Les concentrations des métaux suivaient un gradient

de concentration décroissant sur la plage des valeurs observées dans les zones d'exposition
échantillonnées.

Les gradients des concentrations partielles des métaux étaient plus faibles que ceux des

concentrations totales des métaux, ce qui indique que la fraction la plus importante des

métaux est liée de façon relativement forte aux particules de sédiments.

Les rapports des concentrations des sulfures volatils en milieu acide et de celles des métaux
extractibles simultanément ne correspondaient à aucun profil distinct de distribution spatiale,
même si dans le gradient d'exposition, les valeurs de ces concentrations étaient très
supérieures à celles observées dans les zones de référence. Ces résultats indiquent une
certaine possibilité de toxicité des sédiments, bien que les valeurs de ces rappofts soient



relativement faibles (inférieures ou égales à 1"5) dans la plupart des zones d'exposition (sauf
dans le lac No Name, où I'on a observé des valeurs de rapports plus élevées). Une valeur de

rapport supérieure à I'unité indique une certaine possibilité de toxicité des sédiments, surtout
avec des valeurs élevées de métaux extractibles simultanément.

Toxicité des sédiments

Au site Mattabi, la toxicité des sédiments (effets létaux et sublétaux) correspondait à une
réponse faible à nulle du gradient de qualité des sédiments pour tontes'les espèces testées.

Malgré la mortalité observée chez Chironomus et Hyalella, les réponses paraissaient

semblables quel que soit I'emplacement (comparaison entre la zone de référence et la zone
d'exposition).

M acroinv e rt ébré s b e nthi qu e s

On notait certaines tendances des communautés benthiques dans le gradient de qualité des

sédiments, avec des nombres réduits de taxons dans la plupart des sédiments touchés. À ces

endroits, on observait notamment des réductions d'abondance chez Iþdracarina
(hydrachnid ês), Caenis (éphémères) et Pisidium þisidies).

Poissons

Pour toutes les espèces de poissons combinées, on n'observait pas de différences marquées
entre les prises par unité d'effort de la zone de référence et celles de la zone d'exposition. On
notait une plus grande abondance apparente de meunier noir dans la zone d'exposition, et de
grand brochet dans la zone de référence. Pour le meunier noir, la croissance, la taille du foie
et des gonades et la fécondité étaient comparables chez les poissons de la zone de référence et
de la zone d'exposition. Pour le brochet, les valeurs de taille des poissons selon l'âge, ainsi
que celles de la taille des organes et de la fécondité, étaient beaucoup plus grandes chez les

poissons exposés (ruisseau Bell) que chez ceux de la zone de référence. Après un ajustement
pour tenir compte du poids corporel, les valeurs de taille des organes restaient plus élevées

chez les brochets exposés.

Les concentrations de métaux dans les tissus mesurées dans la zone de référence présentaient

certaines différences par rapport à celles de la zone d'exposition, et ces différences étaient le
plus prononcées pour le sélénium dans tous les tissus chez ces deux espèces. Cet effet pourrait
être lié aux activités minières, étant donné qu'on a détecté la présence de sélénium dans les

effluents de la mine Mattabi, mais dans aucun autre échantillon d'eau.

On n'a noté une réponse de la métallothionéine que pour les branchies et les reins du grand

brochet, et non pour le meunier noir.

Vérification des hypothèses

Les résultats des vérifications des hypothèses sont résumés au tableau 5.2; ils indiquent que

certains contaminants (métaux) sont biodisponibles, qu'on observe certaines réponses

biologiques et que les contaminants peuvent être à I'origine de certaines de ces réponses.



Evaluation des techniques

Avec certains des outils évalués, on notait un effet dû aux activités de la mine Mattabi, ce qui
n'était pas le cas pour d'autres (tableau 6.2). Les outils de surveillance indiquant des effets,
même partiels, étaient notamment la plupart des outils de chimie de I'eau et des sédiments
(sauf pour le rapport des concentrations des sulfures volatils en milieu acide et de celles des

métaux extractibles simultanément), la pþart des outils d'étude des macroinvertébrés
benthiques et certains outils d'analyse des tissus des poissons et de la réponse de
métallothionéine (selon le métal, le type de tissu et I'espèce de poisson). Les outils avec
lesquels on n'obtenait pas de réponse cohérente en fonction de I'impact étaient notamment
plusieurs trousses d'outils pour la détermination de la santé des poissons, des paramètres des

populations ou des coÍrmunautés de poissons et de la toxicité des sédiments. L'efficacité
limitée de certains de ces outils pourrait être due à une faible biodisponibilité des métaux,
peut-être combinée aux effets des variation naturelles. Au site Mattabi, on n'a pas observé de
différences importantes concernant I'efficacité des outils de surveillance de la même << trousse
d'outils >>, avec lesquels on notait des effets (p. ex. concentrations totales par rapport aux
concentrations partielles de métaux dans les sédiments; métaux par rapport à la
métallothionéine dans les tissus, etc.) (tableau 6.3).

Dans I'ensemble, les impacts relativement modestes des métaux de la mine Mattabi sont
inattendus et remarquables, car les conditions générales sont très différentes des conditions de
plus grande biodisponibilité des métaux et d'impact aux sites Heath Steele et Myra Falls. Cela
est d'autant plus difficile à expliquer que les concentrations de métaux dans les sédiments du
site Mattabi sont plus élevées que celles observées à tous les autres sites miniers étudiés dans

le cadre du programme ETIMA.

Un document distinct, " Summary and Cost-Effectiveness Evaluation of Aquatic Effects
Monitoring Technologies Applied in the 1997 AETE Evaluation Program ", présente les
conclusions sur le rapport coût-efficacité de ces outils, qui sont basées sur les résultats obtenus
pour les quatre sites miniers étudiés en 1997.



Mattabi Mine Site Report September 1998

TABLE OF CONTENTS

INTRODUCTION
' 1.1 Study Objectives

1.2 Site Description

STUDY DESIGN

2.I General Background

2.2 General Considerations

2.3 Design at Mattabi

2.4 Statistical Power

FIELD AND LABORATORY METHODS

3.1 Sampling Time and Crew

3.2 Sampling Station Characterization

3.3 Sampling Effort
3.4 Water Chemistry

3.4.1 Field

3.4.2 Laboratory

3.5 Sediment Chemistry

3.6 Sediment Toxicity
3.7 Benthiclnvertebrates

3.7.1, Field

3.7.2 Laboratory

3.7.3 Chironomid Deformities

3.8 Fish

3.8.1 Collection and Sample Processing

3.8.2 Tissue Metallothionein and Metal Analyses

DATA OVERVIEW

4.I Water Chemistry

4.2 Sediment Chemistry

4.3 Sediment Toxicity
4.4 Benthic Invertebrates

Page

1.0

2.0

3.0

4.0

1.1

1.2

1.5

2.1

2.1

2.r
2.3

2.4

3.1

3.t
3.1

3.2

3.2

3.2

3.3

3.3

3.5

3.5

3.5

3.6

3.7

3.7

3.7

3.8

4.t
4.t
4.3

4.5

4.7

Beak International Incorporated/Golder Associates Ltd.



Mattabi Mine Site Report September 1998

Page

5.0

4.5 Fish

4.5J Fish Health and Community

4.5.2 Fish Tissues

HYPOTHESIS TESTING

5.1 Methods

5.1.1 Hl - Comparison of Sediment Toxicity Tests

5.L2 H2 through H4 - Fish Tissue Metals and Metallothionein

5.1.3 H5 through H8 - Fish Community and Fish Health

5.1.4 H6 - Benthic Community Structure

5.1.5 H9 through Hl2 - Tool Integration Hypotheses

5.1.6 Triad Hypotheses

5.2 Results

5.2.L H1 - Sediment Toxicity as a Response to Exposure

5.2.2 H2 - Comparison of Fish Tissues for Metal Concentration

5.2.3 H3 - Comparison of Fish Tissues for Metallothionein

Concentration

5.2.4 H4 - Metallothionein vs Metal in Fish Tissues as a

Response to Exposure

5.2.5 H5, H6 - Fish CPUE, Fish Community as Responses to

Exposure

5.2.6 H6 - Benthic Community Measures as Responses to

Exposure

5.2.7 H7 - Fish Growth and Condition as a Response to Exposure

5.2.8 H8 - Organ Size as a Response to Exposure

5.2.9 H9 - Dissolved vs Total Metal in Water as a Predictor of
Biological Response in Fish

5.2.I0 H10 - Metals in Sediment as Predictors of Biological

Response

5.2.1.L H11 - Sediment Toxicity as a Predictor of Benthic

Community Response

5.2.12 HIz - Total vs Dissolved Metals in \V'ater as Predictors of
Metal and Metallothionein in Fish

5.2.I3 Triad Hypothesis

4.7

4.7

4.8

5.1

5.1

5.1

5.3

5.4

5.4

5.6

5.9

5.10

5.10

5.10

5.12

5.12

s.13

5.13

5.t4
5.t4

5.15

5.16

5.17

5.18

s.19

Beak International Incorporated/Golder Associates Ltd.
11



Mattabi Mine Site Report September 1998

EVALUATION OF AQUATIC EFFECTS TECHNOLOGIES

6.I Introduction

6.2 Are Contaminants Getting Into the System?

6.2.1 Water Chemistry Tool Box

6.2.2 Sediment Chemistry Tool Box

6.3 Are ContaminantsBioavailable?

6.3.1 Tissue Metal Concentrations

6.3.2 Tissue Metallothionein Concentrations

6.4 Is There A Measurable Effect?

6.4.I Sediment Toxicity

6.4.2 Benthic Community Health Indicators

6.4.3 Fish Health Indicators

6.5 Are Contaminants Causing the Responses?

6.5 Section Summary

7.0 REFERENCES

LIST OF APPENDICES

6.0

APPENDIX 1:

APPENDIX 2:

APPENDIX 3:

APPENDIX 4:

APPENDIX 5:

APPENDIX 6:

APPENDIX 7:

Page

6.r

6.1

6.2

6.2

6.4

6.5

6.5

6.7

6.8

6.8

6.9

6.9

6.11

6.t2

7.1

Quality Assurance/Quality Control

Field Notes

Water Chemistry

Sediment Chemistry and Toxicity

Detailed Benthic Data and Chironomid Deformity Data

Fish Data

Figures and Tables Illustrating the Hypothesis Testing Results

Beak fnturnational Incorporated/Golder Associates Ltd.
lll



Mattabi Mile Site Report September 1998

LIST OF TABLES

Table No.

1.1: Hypotheses Tested in 1997 AETE Field Program

Summary of Samples Obtained at Mattabi
Laboratory Methìds and Bottle/Preservative Procedures Used in Water Sample
Analysis
Biological Determinations Made in Northern Pike and White Sucker Specimens

4.2

Selected 'Water 
Quality Results at the Mattabi Mine Site, October 1997. Total

Metals and General Chemistry
Concentration of Total Metal Concentrations versus Dissolved Metal
Concentrations Detected in Water Samples Collected at Mattabi Mine Site, October
t997
Selected Sediment Quality Results at Mattabi Mine Site, October 1997
Selected Sediment Quality Results at Mattabi Mine Site, October 1997
Acid Volatile Sulphide (AVS) and Simultaneously Extracted Metals (SEM) Results
and Ratios of Sediment Samples from Mattabi Mine Site, October 1997
Sediment Toxicity Results, Mattabi Mine, October 1997
Benthic Community Indices, Based on Petite Ponar Sampler Collections, Mattabi
Mine, October 1997
Catch per Unit Effort in the Reference and Exposure Areas, Mattabi Mine,
October 1997
Summary of Biological Characteristics of Northern Pike and White Sucker, Mattabi
Mine, October 1997

Summary of Tissue Metallothionein and Selected Metal Concentrations, ¡rg/g fresh
weight, Mattabi Mine
Correlation Matrix for Tissue Metal and Metallothionein Concentration at Mattabi
Mines - V/hite Sucker
Correlation Matrix for Tissue Metal and Metallothionein Concentration at Mattabi
Mines - Northern Pike

4.3:
4.4:
4.5:

4.6:
4.7:

3.3:

4.r:

4.8:

4.9:

4.r0:

4.ILa:

4.Itb:

3.1:
3.2:

5.1:
5.2:

6.1:
6.2:
6.3:

Variables and Hypotheses at Mattabi
Summary and General Conclusions of Hypotheses Tested at Mattabi

Guiding Questions, Tool Boxes and Tools Considered in the 1997 Field Program
Effectiveness of Monitoring Tools Tested at Mattabi
Comparative Effectiveness of Monitoring Tools at Mattabi

Beak International Incorporated/Golder Associates Ltd.
lv



¡4q{qbi Mine Site Report September 1,998

2.t:
2.2:
2.3a:
2.3b:
2.4a:
2.4b:

4.r:

LIST OF FIGURES

Figure No

1.1: Mattabi Mine Site - General Location Map

Idealized Effluent Dilution Model Downstream of a Mine Discharge
Representative Sampling Designs Downstream of Effluent Discharges
Mattabi Mine Site - Sediment and Benthic Sample Areas
Mattabi Mine Site - Sample Locations in Reference Area (Benthos)
Mattabi Mine Site - Sample Locations in Exposure Area (Fish)
Mattabi Mine Site - Sample Locations in Reference Area (Fish)

4.2

Mean Total and Dissolved Metal Concentrations in Water at Reference and

Exposure Areas, Mattabi Mine, October 1997
Mean Total and Partial Metals Concentrations in Sediments, Mattabi Mine,
October 1997
Mean SEM/AVS Molar Concentration Ratio by Area, Mattabi Mine, October 1997
Mean Sediment Toxicity Test Results, Mattabi Mine, October 1997
Sediment Toxicity versus Ratio of Simultaneously Extracted Metals/Acid Volatile
Sulphide, Mattabi Mine, October 1997
Sediment Toxicity versus Ratio of Molar Concentrations of Cd, Cu, Pb and Zn in
Partial Extractions/Iron in Partial Extractions, Mattabi Mine, Oetober 1997
Mean Values for Selected Benthic Indices at Mattabi Mine, October 1997
Mean Catch and Biomass Per-Unit-Effort by Gill Net (all species) at Mattabi Mine,
October 1997
Fork Length at Age and Body Weight at Age of Northern Pike and White Sucker
Collected at Mattabi Mine, October 1997
Liver Weight at Age and Gonad V/eight at Age of Northern Pike and White Sucker
Collected at Mattabi Mine, October 1997
Fecundity at Age of Northern Pike and White Sucker Collected at Mattabi Mine,
October 1997
Mean Concentration of Cadmium, Copper, Lead, Zinc and Selenium in White
Sucker Tissue, Mattabi Mine, October 1997
Mean Concentration of Cadmium, Copper, Lead, Zinc and Selenium in Northern
Pike Tissue, Mattabi Mine, October 1997
Concentration of Selenium versus Mercury in White Sucker and Northern Pike
Tissue, Mattabi Mine, October 1997
Mean Concentration of Metallothionein in White Sucker and Northern Pike Tissue,
Mattabi Mine, October 1997

4.3:
4.4:
4.5

4.6:

4.7:
4.8:

4.9

4.r0.

4.tt

4.r2

4.13

4.r4:

4.15

5.1: Hypothetical Example Approach to Testing H1 based on Hyalella Mortality and
Tubifex Mortality

5.2: The Reference versus Exposure by Tool Interaction

Beak International Incorporated/Golder Associates Ltd.



Mattabi Mine Site Renort September 1998

Fisure No

5.3:
5.4:
5.5:
5.6:
5.7:
5.8:
5.9:
5.10:
5.11:
5.12:
5. 13:

Examples of Lake Area x Tool Interaction with Tool 1 Superior (H2)
Examples of Response Patterns Consistent (or not) with Mine Effects (H5)
Example Approach to Testing H6 based on Number of Benthic Taxa
Examples of Approach to Testing H10 at Mattabi Mine
Approach to Evaluation of the Sediment Quality Triad
Sediment (Partial Metals) PCA Results, Mattabi Mines Lake Stations
Sediment (Total Metals) PCA Results, Mattabi Mines Lake Stations
Benthic Macroinvertebrate PCA Results, Mattabi Mines Lake Stations
Triad Approach to Evaluate Mattabi Mine Sediment Quality using Partial Metals
Triad Approach to Evaluate Mattabi Mine Sediment Quality using Total Metals
Triad Approach Using Mantel's Test to Evaluate Mattabi Mine Sediment (Total)

Quality

ANNEX 1: Detailed Field and Laboratory Procedures and Results
(available upon request from CANMET, Natural Resources Canada)

. Effluent Chemistry Reports : Myra Falls, Placer Dome, Heath Steele

. Effluent Toxicity Test Reports : Myra Falls, Placer Dome, Heath Steele

. Water Sample Collection Methods Applied in the 1997 AETE Field Evaluations

. Sediment Sample Collection Methods Used for the 1997 AETE Field Evaluations

. Benthic Sampling Methods for the 1997 AETE Field Evaluations

. Fish Sample Collection Methods for the 1997 AETE Field Evaluations

. Procedure for Partial Extraction of Oxic Sediments

. Procedure for Preparation of Fish Tissues for Metallothionein Analyses

. Mercury Saturation Assay for Metallothionein

. Water Chemistry Reports : Myra Falls, Placer Dome, Heath Steele, Mattabi

. AVS/SEM Sediment Chemistry Reports : Myra Falls, Placer Dome, Heath Steele

. Partial Extraction Sediment Chemistry Reports : Myra Falls, Placer Dome, Heath
Steele

. Total Metals Sediment Chemistry Reports : Myra Falls, Placer Dome, Heath Steele

. Placer Dome Fish Tissue Chemistry

. Heath Steele Detailed Periphyton Results - Species and Biomass Chemistry Data

. Benthic Study Field Data Sheets - Placer Dome, Heath Steele, Mattabi

. Stream Habitat Assessment Data Sheets - Heath Steele, Mattabi

AI\NEX 2: Additional Tool Evaluations
(available upon request from CANMET, Natuial Resources Canada)

Beak International Incorporated/Golder Associates Ltd.
vl



Vlattabi Mine Site Report September 1998

I..O INTRODUCTION

The Assessment of the Aquatic Effects of Mining in Canada (AQUAMIN), initiated in 1993,

evaluated the effectiveness of Canada's Metal Mining Liquid Effiuent Regulations

(MMLER). One of the key recommendations of the 1996 AQUAMIN Final Report is that a

revised MMLER include a requirement that metal mines conduct Environmental Effects

Monitoring (EEM), to evaluate the effects of mining activity on the aquatic environment,

including fish, fish habitat and the use of fisheries resources.

In parallel, the Canada Centre for Mineral and Energy Technology (CANMET) is

coordinating a cooperative government-industry program, the Aquatic Effects Technology

Evaluation (AETE) program, to review and evaluate technologies for the assessment of
mining-related impacts in the aquatic environment. The intention of the AETE program is to

evaluate and identify cost-effective technologies to meet environmental monitoring

requirements at mines in Canada. The program is focused on evaluation of environmental

monitoring tools that may be used for a national mining EEM program, baseline assessments

or general impact studies.

The three principal components of the AETE program are lethal and sublethal toxicity

testing of water/effluents and sediments, biological monitoring in receiving waters, and

water and sediment chemistry assessments. The program includes both literature-based

technical evaluations and comparative field programs at candidate sites. The AETE program

is presently at the stage of evaluating selected monitoring methods at four case study sites

across Canada.

An AETE Pilot Field Study was carried out in the Val d'Or region of Quebec in 1995 to

evaluate a large number of environmental monitoring methods and to reduce the list of
monitoring technologies for further evaluation at a cross-section of mine sites across Canada

(BEAK, 1996). In 1996, a field evaluation program was initiated and involved preliminary

sampling at seven candidate mine sites with the objective of identifying a short-list of mines

that had suitable conditions for further detailed monitoring and testing of hypotheses relating

to the AETE program. Preliminary study designs were developed for four sites that were

deemed to be most suitable for hypotheses testing in 1997 (EVS e/ a1.,1997). The sites

selected were Heath Steele, New Brunswick; Lupin, Northwest Territories; Dome Mine,

Ontario; and Westmin Resources (now Boliden-Westmin), British Columbia. Lupin was

subsequently dropped based on a 1997 reconnaissance survey and replaced with the Mattabi

Beak International Incorporated/Golder Associates Ltd.
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Mines Ltd. site in northwestern Ontario (BEAK and GOLDER, 1998a). This report

documents the results of the 1997 Field Evaluation at the Mattabi Mine site.

The 1996 Field Evaluation constituted Phase I of the Field Evaluation Program. The 1997

Field Evaluation consists of Phases II and III of the Program. Phase II includes the review

of necessary background information, finalization of a study design and implementation of

the field studies. Phase III includes the compilation, interpretation and reporting of results.

Mattabi was not studied in Phase II, but sufficient background information was available to

quickly develop and finalize a study design for this site as an alternate to the Lupin Mine.

1.1 Study Objectives

The overall goal of the AETE Program is to identify cost-effective methods and

technologies that are suitable for assessing aquatic environmental effects caused by mining

activity. An effect is defined as "a measurable difference in an environmental variable

(chemical, physical or biological) between a point downstream (or exposed to mining) in

the receiving environment and an adequate reference point (either spatial or temporal)".

Based on this definition, the AETE Technical Committee developed a series of hypotheses

to be tested under field conditions at a number of mine sites in Canada. The Committee

agreed that specific hypotheses should be articulated in order to clarify the purpose of the

program elements. For the formulation of the hypotheses, the definition of an effect was

refined by the AETE Committee to distinguish between effects or responses as measured

in biological variables as opposed to effects reflected in physical or chemical changes.

The questions used in developing the hypotheses to be tested in the 1997 Field Evaluation

Program were:

1. Are contaminants getting into the system (and to what degree, and in which

compartments)? This question relates to the presence of elevated

concentrations of metals in environmental media (e.g., water, sediments), and

requires an understanding of metal dispersal mechanisms, chemical reactions in

sediment and water, and aquatic habitat features which influence exposure of
biological communities.

Beak International fncorporated/Golder Associates Ltd
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2. Are contaminants bioavailable? This question relates to the presence of metals

in biota or to indicators of bioaccumulation such as the induction of
metallothionein (MT) in fish. Only if contaminants are bioavailable can a

biological effect from chemical contaminants occur.

3. Is there a measurable response? Biological responses may occur only if
contaminants are entering the environment and occur in bioavailable forms.

These responses may occur at various levels of biological organization,

including sub-organism levels (e.g., histopathological effects), at the organism

level (e.g., as measured in toxicity testing), or at population and community

levels (as measured in resident benthos and fish communities).

4. Are contaminants causing the responses? This question is difficult to measure

in field studies directly, as cause-effect mechanisms are difficult to assess under

variable conditions prevailing in nature. However, correlations between

measures of exposure, chemical bioavailability and response may be used to

develop evidence useful in evaluating this question.

The AETE Technical Committee developed a study framework, using the above questions

and the three components (water and sediment monitoring, biological monitoring in

receiving waters and toxicity testing). The following eight areas of work were identified

to finalize the work plan, develop the hypotheses, prioritize issues and identify field work

requirements:

1. Chemical presence;

2. The overlap between communities and chemistry testing to determine whether

biological responses are related to a chemical presence (bioavailability of

contaminants);

3. Biological response in the laboratory;

4. Biological response in the field;

5. Chemical characteristics of the water and sediments used to predict biological

responses in the field (contaminants causing a response);

6. The overlap between biological communities responses and bioassay responses

to evaluate whether wild community changes are predicted by bioassay

responses;

Beak International Incorporated/Golder Associates Ltd.
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7. The overlap between chemistry and bioassay responses to evaluate whether

chemicals are responsible for bioassay responses; and

8. The overlap between the chemical, the exposure and the effects in the

laboratory and the effects in the field.

The core objective, however, is to test the 13 hypotheses, developed by the AETE

Committee, at as many of the four selected mine sites as possible (Table 1.1) The

hypotheses are more specific questions about the ability or relative ability of different

monitoring tools to answer the four general questions (above) about mine effects.

These 13 hypotheses can be categorized as follows:

Sediment Monitoring: evaluation of sediment toxicity testing tools (test types)

as to their relative ability to detect linkages between mine exposure and

sediment toxicity (H1);

. Biological Monitoring (in Fish): evaluation of tissue biomonitoring tools

(measurement types) as to their ability to detect linkages between mine

exposure and tissue contamination (H2 to H4); and evaluation of
population/community biomonitoring tools (measurement types) as to their

ability to detect linkages between mine exposure and ecological response (H5 to

H8); and

a Integration of Tools: evaluation of various monitoring tools as to their relative

ability to detect relationships between specific measures of mine exposure and

specific biological response measures, or between sediment toxicity and benthic

community response measures (H9 to HI2); and evaluation of effluent toxicity

testing tools (test types) as to their ability to detect relationships between

effluent toxicity and population/community response measures (H13).

Twelve of the 13 hypotheses (all except H13) were tested at the Mattabi Mine site. In
addition, it was desired to evaluate an overall "sediment quality triad" hypothesis, that

addresses whether mine-related contaminants appear to be causing biological responses.

a

Beak International Incorporated/Golder Associates Ltd.
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TABLE 1.1: HYPOTHESES TESTED IN 1997. AETE FIELD PROGRAM
(Hypotheses in bold print were tested at Mattabi)

Sediment Monitoring
H1 Sediment Toxicity:

H: The strength of the relationship between sediment toxicity responses ønd any exposure indicqfor is not
influenced bv the use of dífferent sedíment toxícitv tests or combínatìons of toxicitv tests.

Biological Monitorine - Fish
H2 Metals in Fish Tissues (bioavailability of metals):

H: There is no difference in metal concentrations obsemed in frsh liver, kidnev, gills, muscle or viscera.

H3 Metallothionein in Fish Tissues:
H: There is no difference in metallothionein concentration obsemed in liver, kidney, sills, viscerø

IJ4. Metal vs. Metallothionein in Fish Tissues:
H: The choice of metallothionein concentration vs. metal concentrations in fish tissues does not influence

the abilítv to detect environmental exposure of frsh to metals.

H5. Fish - CPIIE:
H: There is no environnental effect in obsemed CPUE (caÍch per unit effott) of fish.

H6. Fish (or Benthic) - Community:
H: There is no environmental effect in obsemed frsh (or benthic) communitv structure.

IJ7: Fish - Growth:
H: There is no environmentql effect in obsemed fish grov)th,

H8. Fish - Organ/tr'ish Size:
H: There is no environmental ef.fect in obsemed organ siTe (or fish size, etc.).

Integration of Tools
H9.* Relationship between \{ater Quality and Biological Components:

H: The strength of the relatìonship between biological variables and metøl chemistry in wafer is not
influenced bv the choice of total vs. dissolved analvsis of metals concentrøtion.

H10. Relationship Between Sediment Chemistry and Biological Responses:
H: The strength of the relationship between biological variables ønd sediment characteristics ís not

influenced by the analysis of total metals in sediments vs. either metals associafed with iron ønd
mangønese oxvhydroxides or with øcid volatile sulphides.

H11. Relationship Between Sediment Toxicity and Benthic Invertebrates:
H: The strength of the relationship between sediment toxicity responses and in situ benthic macroinvertebrafe

community characteristics is not influenced by the use of dffirent sediment toxicity tests, or combinatíons
of toxicitv tests.

H12.* Metals or Metallothionein vs. Chemistry (receiving water):
H: The strength of the reløtionship between the concentraÍion of metals in the environment (wøler) and

metal concentration in fish tissues is not dffirent from the relationship between metal concentration in
the environment and metallothionein concentration in.frsh tissues.

H13. Chronic Toxicity - Linkage with Fish and Benthos Monitoring Results:
H: The suite of sublethal toxicity tests cannot predict environmental elfects to resident fish performance

indicat o rs or b enthic mac roinverteb rate c ommunity structure.

* Results of H9 and H12 to be interpreted with caution at Mattabi, owing to study design limitations.



Mattabi Mine Site Report September 1998

I.2 Site Description

Mattabi Mines Ltd. (Mattabi) operated a copper-lead-zinc open pit and underground mining

operation and concentrator complex between 1972 and 1991, approximately 80 km northeast

of Ignace. As illustrated in Figure 1.1, the mine site is located in northwestern Ontario,

between Sturgeon Lake and Bell Lake. The mine was developed between 1970 and 1972

and produced ore between 1972 and 1988. Milling operations,continued until 1991.

Operations also included mining at the F-Group open pit (development I979-L980,

production 1980-1984) 9 km west of the Mattabi Mine site and the Lyon Lake Mine (Lyon

Lake Division; development 1974-1980 production 1980-1991), about 13 km east of the site.

Ore from Lyon Lake and F-Group was milled at the Mattabi concentrator.

Rehabilitation activities continue at Mattabi, and effluent continues to be generated from

runoff and acid rock drainage (ARD), and is treated with lime addition, polished and

discharged to the environment (Bell Creek).

Various studies have been undertaken to document environmental conditions around the

Mattabi Mine site, principally by the Noranda Technology Centre (NTC) and Beak

Consultants Limited (NTC and BEAK, 1993).

The most recent study by the NTC, completed in 1989, provides an extensive evaluation of
physical, chemical and biological conditions in Bell Creek, Bell Creek Bay, Mine Creek,

Mine Creek Bay and various inland water bodies potentially affected by Mattabi operations

(NTC and BEAK, 1993). The 1989 NTC study also summarizes the results of previous

studies carried out by NTC between 1971 and 1987. Limited (fish) data were collected by

NTC in 1989 and were reported in the NTC and BEAK study (1993). Conclusions of the

1989 study included the following (among several others):

The impact of the tailings and polishing pond area on Bell Creek water,

sediments and benthos was significant, primarily within the reach extending 6

km downstream of the polishing pond discharge, and some recovery was

evident upstream of the mouth of Bell Creek into Bell Creek Bay (Sturgeon

Lake). The principal contaminants were znc (Zn), copper (Cu), lead (Pb)

and cadmium (Cd).

a

Beak International Incorporated/Golder Associates Ltd.
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The impact of the Mattabi Mine on Mine Creek Bay (Sturgeon Lake)

sediment metal concentrations (Zn, Cu, Pb and Cd) was limited to an

approximate 400 m radius from the outlet of Mine Creek. The benthic

community within this area showed some impairment from contamination.

Sediments in No Name Lake were more co-ntaminated with heavy metals than

any of the other lakes and streams affected by the Mattabi Mine, owing to the

effects of runoff and seepages affected by ARD.

NTC and BEAK (1993) undertook supplementary environmental work in 1991 and 1992 to

fill some information gaps remaining after the 1989 study, and to collect additional

information for the purposes of modelling the environmental improvements resulting from

reclamation of the Mattabi Mine site.

Water quality conditions showed that concentrations of zinc (Zn) and iron (Fe) were elevated

in Bell Creek downstream of the Mattabi site. Metal concentrations in sediments of Bell

Creek, No Name Lake and Mine Creek Bay in l99l-92 were consistent with those reported

in 1989, with contamination extending to a depth of about 10 cm below the sediment surface.

The most contaminated sediments were found in No Name Lake. Of the five sediment

samples tested by BEAK for toxicþ, none tested positively for toxicity to amphipods

(Hyalella), but the most contaminated sediments from No Name Lake and Mine Creek Bay

caused lethal and sublethal effects in midge (Chironomøs) larvae.

The 1991-92 benthic community characteristics were similar to those reported by the NTC in

1989. Benthic densities and diversities were reduced in Bell Creek downstream of Mattabi

relative to the upstream reference sites. The greatest degree of impairment was observed in

Mine Creek Bay and No Name Lake.

Fish sampling demonstrated that suckers and minnows successfully spawn in Bell Creek

(NTC and BEAK, 1993). Fish catch records provided by NTC indicated that white sucker

were relatively abundant in Bell Creek downstream of the Mattabi site in the 1989 study.

Discussions with Mr. Al Scott of Mattabi Mines prior to the AETE field survey indicated

that total zinc concentrations measured downstream of the mine site in Bell Creek remained

about 0.15 to O.2mglL in the fall of 1997, and continues to remain elevated and is

representative ofaverage levels reported in 1990 and 1991.

O

Beak International Incorporated/Golder Associates Ltd.
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Mattabi discharges treated effluent into Bell Creek, a slow-flowing, low gradient stream

flowing northward from Bell Lake to Snrrgeon lake. Rapids occur in the creek downstream

of Bell Lake and upstream of Sturgeon Lake, and may act to discourage regular movement

of fish from the reach adjacent to Mattabi to either of the lakes. The creek widens to t hn
downstream of the mine and conditions are more lacustrine than riverine, with mean depths

of up to 4 m (but typically <2 m). Bell Creek sediments are,soft and metal-enriched

downstream of Mattabi.

Beak International Incorporated/Golder Associates Ltd.
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2.0 STUDY DBSIGN

2.L General Background

No preliminary study design was developed by EVS ¿¡ al. (1997) for the Mattabi Mine

site, as this mine was not originally considered for the 1997 AETE field program. This is

in part because the original site selection for the field program considered only operating

mines. However, the continued production of treated effluent, combined with the

occurrence of nearby sediments enriched in metals and populations of large fish in metal-

enriched Bell Creek, afforded good conditions for testing of several AETE hypotheses.

All 13 AETE hypotheses appeared testable at the Mattabi Mine site. However, in light of
the fact that H13 (effluent toxicity) was tested at the three other 1997 field sites, effluent

toxicity was not studied at Mattabi. This decision was made to allow for sufficient project

budget to test the 12 remaining hypotheses.

2.2 General Considerations

In general, sampling is carried out in relation to a point source discharge in order to

permit testing of hypotheses about the environmental effect of the discharge. Sampling is

carried out both above and below the source (Control versus Exposed). To the extent

possible, it is desirable to space the "below discharge" samples at exponentially increasing

distances, because most dilution/mixing models assume exponential decay models. That

is, a contaminant will decrease in concentration by a given amount over each order of
magnitude increase in distance from the discharge (see Figure 2.1). When monitoring

mine discharges, the nature of the receiving stream will often cause this ideal to be

impossible to achieve, especially where tributary streams produce a stepwise dilution of

effluent, or when dilution occurs rapidly (e.g., a stream discharging into alarge lake).

This latter condition prevails in Bell Creek.

There are many possible field study designs for monitoring of mining discharges and

testing of the hypotheses, which can be put into three basic categories (Figure 2.2,

Types A, B, C). The difference between the first two (Type A versus Type B or C) is

driven by site differences (e.g., stepwise (Type A) versus more continuous dilution

patterns (Types B and C)), whereas the difference between the Type B and Type C is

Beak International Incorporated/Golder Associates Ltd
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driven by the biota being sampled. For example, because of the sessile nature of some

benthos and the limited mobility of some forage fish, allow for replicate sampling in a

small area (Type B) with the primary design constraints being hydrology and habitat. For

larger more mobile fish, sampling would be carried out over a larger area to ensure the

groups of fish are not mixing and are distinct from one another, possibly necessitating a

Type C design. Alternatively, a Type A design might be used for large fish, using

individual fish rather than stations as replicates.

The ideal situation for testing hypotheses for the 1997 Tteld evaluation is a Type B study

design which is a combination of easy-to-sample biota and a site which can be sampled

with a gradient design approximating that described above. This provides for:

a gradient design permitting regression/correlation analysis of the impact

pattern along the stream below the discharge, and of possible cause-effect

relationships between chemical and biological variables; and

replication at locations so that testing in an Analysis of Variance (ANOVA)

design is possible.

a

a

Due to the natural site characteristics at Mattabi, the Type B study design could be

implemented for benthos and sediment sampling, but not for large fish sampling.

The other two types of study design (Types A and C) sacrifice either one or the other of
the above two attributes (i.e., a gradient design with replication at each location). For

Type A, the nature of the site precludes a gradient design (e.g., Bell Creek for water-

related exposures). Replicate samples are taken at an "above":"Control" location, and at

a "near-field": "High Impact" and at a "far-field": "Low Impact" location. This does not

allow one to model the pattern of impact below the discharge, but an ANOVA for testing

impact-related hypotheses is easily done. In some cases, two levels of exposure (near- and

far-field) cannot both be reasonably sampled due to site conditions, and the Type A
configuration is simplified to a reference/exposure (R/E) or control/impact (C/I) design.

The C/I design is necessary for testing of fish-related hypotheses in Bell Creek, owing to a

general absence of a downstream water quality gradient in Bell Creek (no significant

downstream dilution sources entering the creek) and to the mobility of large fish.

Beak International Incorporated/Golder Associates Ltd
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For a Type C study design (i.e., gradient design with no replication), one can model the

pattern of impact below the discharge but the only possible hypothesis testing is that

associated with simple regression analysis. However, there still needs to be a gradient in

contaminant levels for this type of design. This type of study design was not used at any

of the mine sites used for the 1997 field evaluation program.

Finally, it is necessary to select an appropriate sampling effort and (apart from the above

"basic types of design" considerations) to allocate the effort appropriately to above versus

below discharge areas, to locations within areas, and to replicates within locations. For

the AETE program, it was determined by the AETE Committee that a total sampling effort

per mine site of 20 to 25 fteld samples provided a reasonable balance between feasibility

and cost and statistical power and robustness (EVS et al., 1997). The following is based

on that total effort allocated to Mattabi.

2.3 Design at Mattabi

Sampling Areas

Much of the study design at Mattabi is of the second type in Figure 2.2 (Type B). This is

based on the existence of a sediment chemistry gradient between No Name Lake and central

Mine Creek Bay, all within a generally similar benthic habitat type (shallow depth, soft,

organic-rich sediments). This gradient is believed to be attributed to the effects of ARD in

the drainages of these watersheds. The study design for Mattabi allowed for the collection of
sediments for chemical and toxicity testing, as well as for benthic community

charucteruation, at three stations within each of seven areas (Figures 2.3a and 2.3b). This

includes five areas along the sediment chemistry gradient and two reference areas - one in

Tag Lake (Figure 2.3b), a small unimpacted waterbody similar in other characteristics to No

Name Lake, and Peterson Cove, a Sturgeon Lake embayment remote from Mattabi but

otherwise similar to Mine Creek Bay (Figure 2.3a). All stations were located at water

depths of about 1.0 to 2.0 m.

The exposure gradient in Bell Creek is not clearly defined and waterborne metal

concentrations change little with distance downstream of the mine. Exposure and reference

sites for collection of fish included a downstream exposure area (Figure 2.4a), whereas a

reference area was chosen on the English River (Figure 2.4b). A reference area separate

from Bell Creek was chosen because large fish upstream of Mattabi in Bell Creek (e.g.,

Beak International Incorporated/Golder Associates Ltd.
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northern pike, white sucker) are able to freely move downstream and their exposure history

would be uncertain. This reference area was selected after consultation with local Ministry

of Natural Resources (MNR) biologists and examination of candidate areas at the beginning

of the field program.

Water samples were collected at each fish sampling station and each benthic sampling area

for chemical characteization.

2.4 Statistical Power

The statistical power of the study design was evaluated using the Borenstein and Cohen

(1988) computer code for power analysis. In Bell Creek and the English River (H2, H3

and H4), the total sampling effort of 30 fish distributed equally among two groups

(reference and exposure areas) is sufficient to expect that an effect size (average difference

between groups) of two within-group standard deviations could be detected with a power

of 0.8 or better (i.e., chance of false-negative conclusion (beta) less than 0.2) using a

significance criterion based on a chance of false-positive conclusion (alpha) less than 0.05.

The total sampling effort of 40 fish (H7, H8, H9) distributed equally among two groups

(reference and exposure areas) is sufficient to expect that an effect size (average difference

between groups) of one within-group standard deviation could be detected with a power of
0.8 or better using a significance criterion based on an alpha of less than 0.05. The total

sampling effort of 8 sampling stations for fish (H5) distributed equally among two groups

(reference and exposure areas) is sufficient to expect that an effect size (average difference

between groups) of three within-group standard deviations could be detected with a power

of 0.8 or better using a significance criterion based on an alpha of less than 0.05.

In the lake habitat, the total sampling effort of 21 sampling stations for benthos, sediment

chemistry and toxicity (Hl and H6) equally distributed among seven groups (two

reference, 5 exposure) is sufficient to expect that an effect size of two within-group

standard deviations could be detected with a power of 0.8 or better using an alpha less

than 0.05.

The absolute difference indicated by the one to three standard deviations will vary from

one monitoring parameter (effect measure) to another.

Beak International Incorporated/Golder Associates Ltd.
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For H9 arLd H12, with a total of eight stations (reference and exposure), it should be

possible to detect strong chemistry-biologytoxicity correlations (those that exceed r:0.7;
power:O.8). For H10 and Hl1, with a total of 15 stations (using only exposure stations),

it should be possible to detect strong chemistry-biology-toxicity correlations (those that

exceed r :0.7; power :0.8).

Beak International Incorporated/Golder Associates Ltd.
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3.0 FIELD AND LABORATORY MBTHODS

3.1 Sampling Time and Crew

The field survey was conducted at Mattabi from 15 to 23 October 1997. The field crew

consisted of Robert Eakins and Alan Burt of Beak International Inc., and Don Sinclair and

Ryan Benson of Golder Associates Ltd.

3.2 Sampling Station Characterization

Sampling stations for the Mattabi program are illustrated in Figures 2.3a and,2.3b, and

Figures 2.4a and 2.4b. Habitat information and station coordinates are provided in

Appendix 2.

Sampling areas included five exposure sediment/benthic sampling areas (MME1 to
MME5) downgradient of Mattabi in No Name Lake and Mine Creek Bay. Reference

areas for these exposure areas consisted of MMR1 in Peterson Cove (Sturgeon Lake), and

MMR2 in Tag Lake south of Mattabi. These reference areas were representative of
habitat conditions in Mine Creek Bay and No Name Lake, respectively. Three stations

were sited within 20 m of a marker buoy located in each area, providing three replicates

within each area. Global Positioning System (GPS) coordinates were recorded for each

station.

Four fish exposure area stations were sampled in the middle reach of Bell Creek. Each

was located in the zone of historical influence from the mine, including elevated levels of
metals in water and sediment. Overall, these stations are all exposed to mining effects to

similar degrees, and are sufficiently close to one another such that large fish may be

expected to move freely among all exposure stations. Although exposed fish may move

upstream and vice versa, most of the habitat freely used by fish is affected, with partial

habitat barriers (rapids) further upstream and downstream discouraging routine movement

of large fish further upstream and downstream (i.e., to Bell Lake on Sturgeon Lake).

The four fisheries reference stations were located in similar proximity to one another in

the English River in an area of habitat similar to Bell Creek. Habitat in both fish sampling

locations was characteized as wide, slow-moving, soft-bottomed streams, with depths of

typically <2 m.

Beak International Incorporated/Golder Associates Ltd.
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3.3 Sampling Effort

The numbers and distribution of each type of sample collected at Mattabi are summarized

in Table 3.1. Variable numbers of fish collected at each station reflect the presence/

absence and abundances of white sucker and northern pike.

3.4 Water Chemistry

Detailed field sampling procedures, including water quality sampling procedures, are

outlined in Annex I (provided as a separate document) and summarized in this section.

3.4.1 Field

Most of the 15 water quality samples (with one exception) were collected on 23 October

1997. Samples from the reference site in Peterson Cove were collected on 22 October

1997. An additional sample was collected from the treated effluent discharge channel.

Sampling was conducted under dry weather conditions and without significant rainfall

during the previous three days. Samples were collected for laboratory analysis of:

o total and dissolved metals (Al, Sb, As, Ba, Be, Bi, B, Cd, Ca, Cr, Co, Cu, Fe,

Pb, Mg, Mn, Hg, Mo, Ni, K, Se, Ag, Sr, Ta, Sn, IJ, V, B and Zn); Zn, Cu, Pb,

and Cd are most relevant at Mattabi;

o nutrients (nitrate, nitrite, ammonia, P);

. major ions (including sulphate and ion balance);

o acidity, alkalinity, hardness, specific conductance;

. pH;

o colour;

o dissolved organic and inorganic carbon;

o solids (total suspended and dissolved); and

o turbidiU.

In addition to samples collected for laboratory analysis, field determinations were made of

specific conductance, water qualþ, pH and dissolved oxygen, with results recorded in field

records. All field measurements were made on-site using calibrated meters.

Beak International Incorporated/Golder Associates Ltd.
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Type of Sample

Sampling
Lrrcations

Ch¡onic
ToxiciW

Sediment
Benthos

Toxicitv Water
Fish for Tissue

Analysis
Fish

Coinmunity Fish for Measurement

Each of 2 Reference
Lake Areas*

3 stations 2

Each of 5 Exposure
Lake Areas**

3 stations 5

Bell Creek 4 stations 15 northern pike
15 white sucker

4 stations sucker - 20 males, 2l females
pike - 15 males, 20 females

English River
(Reference)

4 stations 16 northern pike
16 white sucker

4 stations sucker - 21 males, 2l females

nike - 21 males. 29 females

Total No. of Samples 2ll 152 623 g4 1685

TABLE 3.1: SUMMARY OF SAMPLES OBTAINED AT MATTABI

' Each benthic sample is a composite of five grabs; water conductivity and pH measured at each station

2 Water sampling stations correspond to sediment sampling areas and fish sampling stations.

t White sucker and northern pike in Bell Creek and English River (reference). Tissues analyzed include gill,
kidney, liver (metallothionein and metals) and muscle (metals only) for each fish.

a These collections produce the fish for analysis and measurement as well as CPUE (catch-per-unit-effort)
and taxa for the station.

5 Fish measurements included fork length, weight, liver weight, gonad weight and fecundity

* Reference areas include Tag Lake and Peterson Cove (Sturgeon Lake)

**Exposure areas include No Name Lake (highest exposure) plus four above-background areas in Mine
Creek Bay.
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All samples were placed on ice in coolers immediately after collection, and were transferred

to a refrigerator prior to field processing. All samples requiring analysis without chemical

preservation were kept chilled until delivery to the laboratory.

Sample containers, filtration and sample preservation procedures are identified in Annex 1,

and include use of high density polyethylene containers confirmed free of measurable metal

contamination, ultrapure nitric acid and de-ionized distilled water also confirmed by the lab

to be free of measurable metal contamination (for field, trip and filter blanks), and a

filtration procedure using polypropylene-stoppered syringes with 0.45 micron syringe-filters.

All sampte preparation was carried out in a clean indoor work space.

Quality assurance/quality control procedures followed in the field included collection of
sample duplicates and preparation of trip blanks (Appendix 1). Unfortunately, field blanks

and filter blanks for Mattabi were prepared but not analyzed owing to miscommunication

with the chemistry laboratory.

3.4.2 Laboratory

All water samples were forwarded to the analytical laboratory (Philip Analytical Services

Corporation, Burlington and Mississauga, Ontario) within four days of collection.

Procedures used for laboratory analysis are sunmarized in Table3.2.

Results of QA/QC analyses indicated no apparent contamination of samples with key metals,

based on data from field duplicates and the trip blank. Dissolved and total metal results for

field samples did not indicate any significant contamination by dissolved metal sample

preparation (i.e., dissolved metals were generally I total metals), although field and filter

blanks were unavailable and thus could not be used to support this conclusion. Data quality

appeared adequate for the testing of hypotheses at Mattabi.

3.5 Sediment Chemistry

Annex 1 provides more detail on procedures followed in the field for the collection and

handling of sediment samples, which are suflrmarized below.

At each station, samples for benthos were collected prior to sampling for sediment chemistry

and toxicity to prevent disruption of the benthic communþ. For both chemistry and benthic

Beak fnternational Incorporated/Golder Associates Ltd.
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TAbIe 3.2: LABORATORY METHODS AND BOTTLE/PRESERVATIVE PROCEDT]RES USED IN WATER SAMPLE ANALYSIS

Alkalinity

as

Par¡meters Method
Acidity Standard Methods (17th ed.) No. 23108

U.S. EPA Method No. 305.1

Standard Methods (l7th ed.) No. 2320
RCAP Calculations

Tot¿l Dissolved Solids(Calculated)
Hardness(as CaCO)

Bicarbonate(as CaCO3, calculated)

Carbonate(as CaCO3, calculated)

Cation Sum

Anion Sum

Ion Balance

Colour U.S. EPA Method No. 110.3(Modified)
(Reference-Std Methods( 17th)2 l20CMod)

Specific Conductance U.S EPA Method No. 120.1

Manual Conventionals for RCP(pH,Turb,Conduct,Color) U.S. EPA Method No. 150.1, 120.1, 180.1

and 110.3

Hardness U.S. EPA Method No. 130.2
Ion Balance

pH, Ilydroge4 Ion Activity U.S. EPA Method No. 150.1

Total dissolved Solids U.S. EPA Method No. 160.1

Total Suspended Solids U.S. EPA Method No. 160.2

Turbidity, IlltraViolet U.S. EPA Method No. 180.1

RCAP MS Package, 8 Element ICPAES Scan

B, Fe, P, Zn, Ca, Mg, K, Na

ICP-MS 25 Element Scan, Clean lVater Package

Al, Sb, As, Ba, Be, Bi, Cd, Cr, Co, Cu, Pb, Mn, Mo, Ni, Se,

As. Sr, Th, Sn, Ti, U, Y,B,Fe,Zn

U.S. EPA Method No. 200.8(Modification)

Alkalinity for RCAP Packages 30, 50 and MS U.S. EPA Method No. 310.2
Anions for RCAP 50 and MS(CI,NO2,NO3,o-PO4 & SO4) U.S. EPA Method No. 300.0 or

U.S. EPA Method No. 350.1, 354.1,353.1,
365.1 and.375.4.

Dissolved Organic Carbon, as Carbon for RCAP MOE Method No. ROM - l02ACE(Modified) 100 ml Boule Glass
Ammonia for RCAP Packages 30, 50 and MS

Bottle Requirement
250 ml Bottle Glass

250 ml Bottle Glass

100 ml Bottle Glass

100 ml Bottle Glass

250 ml Bonle HDPE

250 ml Bottle Glass

250 ml Bottle HDPE

100 ml Bottle Glass

I L Bottle Glass

500 ml Bottle Glass

100 ml Bottle Glass

125 ml Boule HDPE

250 ml Bottle HDPE
250 ml Boule HDPE
125 ml Boule HDPE

250 ml Bottle HDPE
250 ml Bottle HDPE

100 ml Bottle Glass

250 ml Bottle HDPE
250 ml Bottle Glass

Preservative Type
no preservative

no preservatlve

no preservatlve

no preservative

no preservative

no preservative

HNO. to pH < 2

no preservative

no preservatlve

no preservative

no Dreservatlve

HNO, to pH < 2

no preservative

no preservative

HNO, to pH < 2

no preservâtlve

no preservative

no preservative

H2SO4 to pH < 2

no Dreservative

HrSOo to pH < 2

HNO3 ro pH < 2

+ 5% K2Cr207

Max. Holding
Time

14 days

14 davs

48 hours

28 days

6 months

14 days

7 davs

7 days

48 hours

14 days

48 hours

3 days

28 days

28 daysOrganic Nitrogen(TKN - NII3)

MDS Internal Reference Method

U.S. EPA Method No. 200.7

ASTM Method No. D1426-79 C

Refer - Method No. 1100106 Issue 122289

U.S. EPA Method No. 350.1

U.S. EPA Method No. 351.1

U.S. EPA SW846 Method No. 74704

Standard Methods(l8th ed.) No. 3112B

Mercury, Cold Vapour ÄA 100 ml Bottle Glass 7 days
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sampling, the boat (or sampling personnel) were re-positioned between sediment grabs to

minimize any potential for sampling of disturbed sediments. Finally, sediment areas were

sampled in a sequence from areas identified to be less impacted to more impacted to

minimize the potential of cross-contamination between sites.

Sediment samples were collected from three stations in each of seven areas along the

sediment chemistry gradient. Samples were collected manually using a standard stainless

steel petite Ponar grab. Sediments were collected from depths ranging from 1 to 2 m.

Ten to fifteen grab samples were collected at each station depending on the quantity of

material retrieved in each grab. Sediment pH and redox potential were measured from

several minimally disturbed sediment grabs at each station as the composite samples were

collected.

Upon retrieval of the grab, surface water was allowed to run off before the sediment was

placed into a plastic tub. The top 2 to 3 cm of sediment was collected using a stainless

steel spoon and placed into a 20-L bucket with a polyethylene liner. This procedure was

repeated with each grab and new material was thoroughly mixed with the previous

material until at least eight litres of sediment per station had been collected. Subsamples

of the homogenized sediment sample were dispensed into appropriate sample containers.

Three different types of sediment samples were collected for analysis from each site

a

a

a sample for "total" metals analysis, based on a nitric acid/hydrogen peroxide

extraction procedure;

a sample for "partial" metals analysis using a hydroxylamine hydrochloride

procedure which is designed to solubilize amorphous Fe and Mn

oxyhydroxides, along with their associated trace metals; and

a sample for analysis of Acid Volatile Sulphide (AVS) and Simultaneously-

Extracted Metals (SEM).

o

In addition, two field duplicate samples were collected from selected locations for total

metals determination using extraction with aqua regia, to confirm the comparability of

results using aqua regia and nitric acid/hydrogen peroxide extractions. Subsamples for

partial metal extraction were collected by filling half a 500-mL sample bottle with

sediment, which was then topped with a layer of site water. These samples were frozen at

the end of each sampling day. Subsamples for SEM/AVS analyses were placed into a

Beak International Incorporated/Golder Associates Ltd.
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250mI- whirl-pak bag, and then into a I-Ljar once the air had been removed from the

bag. The l-L jar was then filled with sediment so that the whirl-pak bag was surrounded

by sediment which prevented exposure to air.

Samples for chemical analysis were forwarded to Philip Analytical Services Corporation.

Analyses included metals (total and partial), moisture, bulk density, Munsell colour, total

organic carbon (TOC), loss-on-ignition (LOI), grain size and SEM and AVS. Munsell

colour, bulk densþ and percent moisture were done by BEAK staff.

Quality assurance/quality control procedures in addition to routine lab QA/QC included

collection of hidden duplicate samples for metal analysis.

3.6 Sediment Toxicity

Sediment samples for toxicity testing were collected from the five exposure areas and two

reference areas. A minimum of seven litres of sediment was collected from each of the

three stations located within each of the seven areas described in the previous subsection,

and were placed in20-L plastic food-grade buckets with polyethylene bag liners.

Toxicity tests conducted on each sample included: Hyalella azteca survival and growth

(Environment Canada, 1996 Draft Method); Chironomus riparius survival and growth

(Environment Canada, 1997 Draft Method); and Tubifex tubífex survival and reproduction

(ASTM 81384-944, 1995). Chironomus and Hyalella tests were conducted at BEAK's

toxicity testing laboratory in Dorval, Quebec, whereas the Tubifex tests were completed at

the National Water Research Institute, Environment Canada, in Burlington, Ontario.

3.7 Benthic Invertebrates

3.7.1 Field

Benthic invertebrates samples were collected from each of three stations in each of seven

sediment sampling areas. At each station, five petite Ponar grab samples were collected

from water depths of I to 2 m and pooled to produce one sample. Each of the five grab

samples was sieved using a250 pm mesh screen prior to preservation to a minimum level of

l07obuffercd formalin. All samples were collected by the same two field crew members.

Beak International Incorporated/Golder Associates Ltd.
3.5



Mattabi Miqe Site Report September 1998

3.7.2 Laboratory

All samples were processed jointly by the BEAK Benthic Ecology Laboratory and by

Zaranko Environmental Assessment Services (ZEAS), Guelph, Ontario. Both laboratories

followed the same laboratory protocols summarized below.

In the laboratory, samples were inspected to insure that they were adequately preserved and

correctly labelled. Samples were then stained to improve the sorting recovery.

Prior to detailed sorting, the samples were washed free of formalin in a 250 ¡,cm sieve under

ventilated conditions. The benthic fauna and associated debris were then elutriated free of
any sand and gravel. The remaining sand and gravel fraction was closely inspected for any

of the denser organisms, such as Pelecypoda, Gastropoda and Trichoptera with stone cases

that may not have all been washed from this fraction. The remaining debris and benthic

fauna after elutriation were washed through 500 ¡rm and 250 ¡rm sieves to standardize the

size of the debris being sorted and facilitate a minimum of 95 % recovery of benthic fauna.

All benthic samples were processed with the aid of stereomicroscopes. A magnification of
at least 10X was used for macrobenthos (invertebrates > 500 pm) and 20X for

meioinvertebrates (invertebrate size >250 to <500 ¡.rm). Benthos was sorted from the

debris, enumerated into the major taxonomic groups, usually order and family levels and

placed in vials for more detailed taxonomic analysis.

Benthic invertebrates were most commonly identified to the lowest practical level, genus or

species for most groups. The level to which each group was identified and the taxonomic

keys that the identification were based on are provided in Appendix 5.

To assess benthic data quality, subsampling error was determined for both density and

number of taxa in l0% of the samples that were subsampled. Ten percent of sorted samples

were also resorted by an independent taxonomist to ensure 95% recovery of all

invertebrates.

A voucher collection or reference collection of benthic invertebrate specimens was compiled.

This is a collection of representative specimens for each taxon so that there can be continuity

in taxonomic identifications if different taxonomists process future samples. The voucher

collection will be maintained at BEAK. The BEAK and ZEAS Benthic Ecology

Beak International Incorporated/Golder Associates Ltd.
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Laboratories also maintain master reference collections of all taxa which have been identified

by the labs.

The specimens selected for the voucher collection were preserved such that they will remain

intact for many years. Chironomids and oligochaetes remain on the initial slides and

representatives of each taxon were circled with a permanent marker and labelled. All other

species were preserved in 80% ethanol in separately labelled vials. Each vial contains a3%

solution of glycerol to prevent spoilage of the fauna if the vials accidentally dry out.

3.7.3 Chironomid Deformities

In the last decade there has been considerable attention paid towards the use of chironomid

mouth part deformities to monitor contaminant effects. Previous studies have shown that

the incidence of chironomid deformities (especially in Chironomus) can be associated with

contaminated sediments.

For the 1997 study, all mounted chironomid specimens from each site were scored for

mandible and mentum abnormalities. These data were not used in the testing of specific

hypotheses, but are discussed briefly in Section 4.0.

3.8 Fish

3.8.1 Collection and Sample Procesdng

Fish were collected at each of the four Bell Creek and four English River (reference)

stations using experimental monofilament gillnets, consisting of 150-foot panels with mesh

sizes 1 .5, 2, 2.5, 3, 4 and 5 inch stretch mesh. A minimum of two overnight sets was

completed at each station.

All fish captured were identified and enumerated, and measurements were taken of total

length, fork length and body weight. Live specimens of species other than northern pike

and white sucker were released after these measurements were taken. Once the target

numbers of northern pike and white sucker were obtained (20 males and 20 females), only

non-viable specimens of these species were retained. Viable excess catch of sentinel

species were released.

Beak International Incorporated/Golder Associates Ltd.
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Records of catch-per-unit-effort (numbers - CPUE, biomass - BPUE) were maintained for

each gillnet set by accounting for numbers and biomass of fish, as well as the duration of
gillnet sets.

Viable northern pike and white sucker for tissue metallothionein and metal analysis were

maintained alive (requirement for MT analysis) in plastic garbage pails containing site

water and were transported to shore for processing. Fish processed for tissue analyses

were first processed for biological measurements including fork length, total length, body

weight, age, liver weight, gonad weight and fecundity. Dead northern pike and white

sucker specimens were processed for biological measurements only.

Samples for tissue analysis were dissected from freshly euthanized northern pike and white

sucker specimens. These dissections included removal of the entire liver, kidney and gills

(including gill arches) from each specimen and placement (after liver weight

determination) in labelled, plastic bags in direct contact with dry ice. A small (generally

<50 g) boneless, skinless dorsal fillet of muscle tissue was also collected from each

specimen sampled for tissue analysis. All fish tissues were kept on dry ice throughout the

field program and during shipment to the Department of Fisheries and Oceans laboratory

(Dr. J. Klaverkamp) in Winnipeg.

Biological measurements on fish were carried out according to procedures outlined in

Table 3.3. Detailed protocols for these determinations are available in Annex 1.

3.8.2 Tissue Metallothionein and Mebl Analyses

All analyses of Mattabi fish tissues were carried out at the Department of Fisheries and

Oceans, Freshwater Institute, under the direction of Dr. J. Klaverkamp. Analyses were

completed on tissues from 15 to 16 northern pike and white sucker from each of the two

sampling areas. Laboratory procedures are as documented by Dr. J. Klaverkamp

(Annex 1).

Beak International Incorporated/Golder Associates Ltd.
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TABLE 3.3: BIOLOGICAL DETERMINATIONS MADE IN NORTHERN PIKE AND
WHITE SUCKER SPECIMENS

Measurement Procedure

Fork Length, Total
Length

Fish Weight

Liver Weight, Gonad
Weight

Fecundity

Age

Fish measuring boards, to nearest 1 mm

Calibrated spring scales, to nearest 5 g

Calibrated electronic balance, to nearest 0.1 g (based on fresh
weight).

Measurement of volume (by water displacement) of
predetermined number of preserved eggs (formaldehyde), and
measurement of preserved ovary volumes, to nearest mL.

Examination of annuli on cleithra (northern pike) and in sections
of first large left pectoral fin rays (white sucker), to nearest
year.
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4.0 DATA OVERVIEW

This section swnmarizes the major trends for each of the data components (water, sediment,

sediment toxicity, benthos and fish), whereas results of hypotheses testing based on the data

are presented in Section5.2.

4.t Water Chemistry

Selected water chemistry data for Mattabi are swnmarized in Table 4.1 (total metals and

general chemistry) and Table 4.2 (comparing total versus dissolved metals). Detailed data

for all parameters and samples are presented in Appendix 3.

Effluent chemistry was sampled during the water chemistry sampling program at Mattabi,

with results presented in Appendix 3 ("discharge" sample). Results show the effluent to be

enriched with zinc, calcium and sulphate in particular. Mean effluent quality conditions for

October 1997 at Mattabi, as provided by Mr. Al Scott (Mattabi Mines) (pers. comm.), are as

follows:

o pH:

o TSS

o As:

. Cu:

o Fe:

o Pb:

o Ni:

o Zn;

8.79

3 mglL

0.042 mglL

0.010 mglL

0.304 mglL

0.025 mglL

0.020 mglL

0.32 mglL

QA/QC data associated with water chemistry analyses are provided in Appendix 1. Results

of the QA/QC program indicate that the quality of Mattabi water chemistry data are adequate

for testing of hypotheses, with data quality objectives for replicate samples met for key

metals.

Concentrations of zinc, copper, cadmium and lead in water were elevated in Bell Creek

(exposure) samples downstream of Mattabi relative to conditions in the English River

(reference). Of these, only zinc occurred at concentrations greater than Canadian Water

Qunlity Guidelines (CWQGs), with concentrations of 0.031 to 0.061 mglL for total zinc.

Beak International Incorporated/Golder Associates Ltd.
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Table 4.1: Selected Water Quality Results at the Mattabi Mine Site, October 1997. Total Metals and General Chemistry.
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Table 4.2: Concentration of Total Metal Concentrations versus Dissolved Metal Concentrations Detected in Water Samples Coltected at Mattabi Mine Site, October 1997.
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The sample from Station MME6 in Bell Creek showed lower metal concentrations than those

from further downstream, apparently owing to less complete mixing of Mattabi effluent in

the creek at the more upstream site relative to downstream (i.e., MME6 was located

immediately offshore of the effluent discharge point). Water hardness, calcium

concentration and conductivity were also greater in Bell Creek than at the reference site (or

in Sturgeon Lake), reflecting the effects of lime addition at the Mattabi treatment plant.

In addition to the metals noted above, selenium and cobalt concentrations were detectable in

treated Mattabi effluent but were lower in concentration in Bell Creek (Se was not detected

in river samples; Appendix 3). This indicates that the mine may also be a source of these

two metals. Hypotheses relating to water quality effects were tested based on conditions

measured in Bell Creek and the English River.

Metal concentrations (total and dissolved Al, Zn, Cù, Pb, Cd) were elevated in No Name

Lake (MMEI) relative to exposure areas in Mine Creek Bay (Sturgeon Lake; MME2 to

MME5), where metal levels were much less elevated relative to reference sites. Of these

metals, all except Pb occurred in excess of their respective Canadian \ilater Quality
Guidelines for the protection of aquatic life (Table 4.1). No Name Lake water quality is

affected by ARD, whereas ARD sources to Mine Creek Bay have been largely eliminated

through site rehabilitation activities. Also, any residual ARD sources to Mine Creek Bay are

dispersed owing to the large assimilative capacity of Snrrgeon Lake. Accordingly, metal

concentrations in Mine Creek Bay were found to meet the Canadian guidelines. These

substantially greater metal concentrations in No Name Lake relative to Mine Creek Bay

indicate that sediment-related hypotheses, tested using the sediment chemistry gradient from

MMEI (No Name Lake) to MME5 (Mine Creek Bay), may be confounded by effects from

elevated aqueous metal concentrations at MMEI. In particular, zinc concentrations of 2.61

mglL are close to levels known to be acutely toxic to invertebrates (e.g., LC50 value for

Daphnia tnngna about 2.8 mglL in hard water; U.S. EPA, 1987). The high metal

concentrations at MME1 are accompanied by hard water conditions (hardness : 285 mglL)

which may act to modify metal effects relative to those which may occur at water hardness

levels of about 45 mglL in Mine Creek Bay.

The total and dissolved concentrations of selected metals are provided in Table 4.2 and in

Figure 4.I, with a complete data set provided in Appendix 3. Dissolved metal

concentrations were similar to those for the corresponding total metals for most key metals.

Dissolved lead levels were, however, substantially less than total lead levels in the most

Beak International Incorporated/Golder Associates Ltd.
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Figure 4.1.: Mean Total and Dissolved Metal Concentrations in Water at Reference and Exposure Areas, Mattabi Mine, October I99T
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metal-enriched sample (e.g., No Name Lake). The lower dissolved lead relative to total lead

concentrations at MME1 may reflect lead precipitation or coprecipitation with iron

hydroxide, as suggested by the substantial total iron concentration in the water (Table 4.2).

4.2 Sediment Chemistry

Fine-grained sediments are present both at stream and lake sampling stations; however,

sediments were collected for hypothesis testing only at lake stations. Historical sediment

quality data for Bell Creek indicate high but spatially heterogeneous metal concentrations in

Bell Creek sediments, whereas those in Mine Creek Bay show a more systematic spatial

gradient, facilitating a more effective study design in the latter area. Nonetheless, any

biological effects observed in fish in Bell Creek may be attributed to either or both sediment

metals and aqueous metals.

Sediment chemistry data are summarized in Table 4.3 (total metals), Table 4.4 (partial

metals and Table 4.5 (acid volatile sulphide/simultaneously extracted metals). All raw data

are provided in Appendix 4. The total metal concentrations are compared with Canadian

Interim Sediment Quality Assessment Values (CISQAV) (Environment Canada, 1995). The

TEL (threshold effect level) refers to the concentration below which an adverse effect is

likely to rarely occur, while the PEL (probable effect level) refers to the concentration above

which one could frequently expect adverse effects. All sediment QA/QC data are provided

in Appendix 1.

Total Metal Concentrations and Physical Sediment Characteristics

All sediments were chancterued as organic-rich and sandy, although reference area MMR1

in Sturgeon Lake tended to be somewhat coarser in grain size than other areas. Organic

(TOC) concentrations were typically 20 to 30%. Sediment colour was classified as black in

the exposure gradient, but somewhat different in colour at the reference sites (Table 4.3).

Concentrations of total zinc, lead, cadmium, copper, arsenic, nickel and mercury in

sediments exceeded PEL levels at most exposure site stations, with maximum values as

much as two orders of magnitude greater than PELs for zinc (Table 4.3 and Figure 4.2).

There was a general decreasing trend in concentration from MMEl"to MME5 although, for

some metals other than zinc, concentrations were greater at MME5 than at MME4. Total

Beak International Incorporated/Golder Associates Ltd.
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Table 4.3: Selected Serliment Quality Results at Mattabi Mine Site, October 1997. Metals Results Represent Total Metals Analyses.
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' CtSqAV - Threshold Effect lævel (TEL)
o CISqnV - erobable Effæt lævel (PEL)
' m - Guideline vatws not available
' Silt md ctay siæ fractiom could not be readily distinguished owing to sdim€nt consistency (Philip Ana.lytical Services, Pe¡sonal Comuication).
f - Denotes valws that excæd the Threshold Etræt lJvel (TEL)
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Table 4.4: Selected Sediment Quality Results at Mattabi Mine Site, October 1997. Metals Results Based on Partial Extraction.

EXPOSUR]i STATIONS
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Table 4.5: Acid Volatile Sulphide (AVS) and Simultaneously Extracted Metals (SEM) Results and Ratios of Sediment Samptes from Mattabi Mine Site, October 1997.

EXPOSURE STATIONS
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metal concentrations were greater at all exposure areas than at either of the two reference

areas

Generally, similar results were obtained in duplicate samples extracted using the hydrogen

peroxide/nitric acid leach and conventional aqua regia (Appendix 1).

Geochemical Fractions

Partial metal extractions and ratios of acid volatile sulphide and simultaneously extracted

metals may potentially be useful indicators of sediment metal bioavailabilify or sediment

toxicity. Thus, these measurements may be of greater value than total sediment metal

concentrations as tools to predict biological impact.

Pørtial Metals

At Mattabi, partial metals represented small fractions of total metals for zinc, copper,

cadmium and lead (Table 4.4; Figure 4.2). In the most contaminated sediments, these

fractions were about l0% for zinc and 1I% for some of the other metals (Cu, Cd). The

partial iron fraction was about I0% of total iron found in exposure sediments, indicating that

iron hydroxide-bound forms may account for the partial fractions for most metals (i.e., those

having partial metal fractions of <10%).

Partial metal concentration gradients were weaker than those for total metals or not evident

for key metals from MME1 to MME5. This implies that most of the metals present in

Mattabi sediments require a more aggressive leach than hydroxylamine hydrochloride to

produce dissolution, and that the largest fractions of these metals are not controlled by iron

hydroxide coprecipitation or by more readily dissociated particle-metal forms.

Acid VolaÍile Sulphide (AVS) ønd Simultaneously Extracted Metøls (SEM)

In general, SEM/AVS ratios ( 1 may reflect non-toxic sediment conditions because some

of the key metals (e.g., Ni, Pb, Cu, Cd, Zn) which are often associated with sediment

toxicity will be in sulphide forms which reduces their bioavailability. However, it is

possible that sediments with SEM/AVS ratios < I will still be toxic due to the presence of
other metals (e.g., arsenic, mercury) which are not included in the SEM analysis.

Beak International Incorporated/Golder Associates Ltd.
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SEM/AVS ratios ) 1 often reflect sediments that may be toxic because there is insufficient

sulphide to react with the bioavailable metals to make them less toxic. Again, SEM/AVS

ratios ) 1 do not always accurately predict that sediments will be toxic because other

factors, such as organic material or clay, will also bind metals, thereby reducing their

toxicity.

The SEM/AVS ratio was developed to predict acute sediment toxicity and not-necessarily

for predicting chronic effects, including effects on the benthic community. However, it is
not unreasonable to expect that, if sediments are acutely toxic, there would be some

change in the benthic community structure that reflects this toxicity. Therefore, there may

be a correlation between SEM/AVS ratios > 1 and effects observed on benthic

communities. This correlation is investigated in this report.

SEM/AVS ratios calculated for Mattabi sediments are presented in Table 4.5 and

summarized in Figure 4.3. The data indicate spatially variable results, with ratios averaging

above 1 for most sampling areas including one of the reference areas. With the exception of

one of the three No Name Lake (MMEI) sediment samples, there is no clear difference in

mean SEM/AVS ratios between reference and exposure areas. At MMEI, however, the

ratios were more variable among the three sediment samples, with one value greater than at

other sites.

Aqua Regia versus Nitric Acid/Hydrogen Peroxide Extraction Method

Two samples (MMR1-l and MME1-2) were analyzed for total metals after extraction by

aqua regia to compare with results obtained by analysis using the nitric acid/hydrogen

peroxide leach used for total metals analysis throughout this study (Appendix 1). There was

relatively little variation in results between the two methods, with Cu, Cd and Pb results

differing by <I2% between the two extraction procedures.

4.3 Sediment Toxicity

Toxicity tests were carried out on the 15 sediment samples collected along the sediment

quality gradient (three at each of MME1 to MME5) and from the six reference sediment

samples (three each in the two reference areas). The tests included Chironomus riparius

survival and growth, Hyalella azteca survival and growth, and Tubifex tubifex survival and

reproduction. The principal endpoints in the Tubifex test are sublethal reproductive

Beak International Incorporated/Golder Associates Ltd.
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Table 4.6: Sediment Toxicity Results, Mattabi Mine, October 1997

Chironomus riparius
Station

Hyalella azteca Tubifex tubifex

MMEl-1
MMEl-2
MMEl-3

MMRl-1
MMRl-2
MMRl-3

MMR2-1
MMR2-2
MMR2-3

Survival
+ S.D.

(vo)

56*+6
16* +9
42* +4

50* +0
72¡19
74+9

86t6
44* +- 6

70 +7

64+6
88t8
54*+6

80t 10

80t 10

82+ ll

58*+4
38* -r 4

28* + 18

76 x.9
52*+8
78+11

Mean Dry
WeighlOrganism

+ S.D.
(me)

0.56* -r 0.05

0.33* + 0.04
0.44* + 0.06

0.35x + 0.11

0.69 t 0.06

0.72 t 0.08

0.72 x.0.05
0.67 tO.Il
0.54 + 0.11

0.72 x.O.O9

0.53 t 0.09

0.61x + 0.07

0.6 t 0.16

0.69 t 0.07

0.63 t 0.06

0.21* + 0.06

0.28* + 0.11

0.69 x.0.2

0.72 x.0.06

0.63x + 0.05

0.63 t 0.07

Survival
+ s.D.

(vo)

64+6
L2* + 16

58x + 1l

88t 13

64*+9
60* +7

46*+9
12* + 16

12*+8

7O+12
58*+4
22* + 25

86t 11

8x+13
0*

56*+9
42*+8
3O* + 27

58x+8
18*+4
70t 10

Mean Dry
Weight/Organism

+ S.D.
(me)

0.16* + 0.06

0.16 t 0.13

0.32* + O.O2

0.24 t 0.08

0.15* + 0.04

0.24 t 0.05

0.13 t 0.05

0.16 t 0.02

0.22 + O.23

0.21 t 0.05

0.07* + 0.04

0.16x + 0.04

0.16 t 0.03

0:14* + 0.04

0.28* -r 0.05

0.28:0.05
0.27* + O.O4

0.20 t 0.09

0.23 x.0.14

0.19 t 0.06

Survival
+ S.D.

(vo)

100

100

100

95 x.lI.2
90 *. 13.7

90 x. 13.7

Mean Young

Produced
per Adult

25.20 x.5.33
21.75 x.5.32
23.65 x.0.76

20.44 x.5.22
13.42t 4.31

13.85 r 4.33

18.95 t 5.38

12.22 x.6.83
13.80 + 1.63

19.25 x.4.38
24.25 x.5.10
16.88 x.2.57

31.66 x.4.18
28.14 t 5.98

33.25 x.3.82

24.75 x.3.60
23.21+ 2.83

32.6O + 3.44

25.30 r 3.83

25.75 t2.93
19.70 t 3.55

100

100

100

MME2-1
i0/4Ì[lB2-2

MME2-3

MME3-1
MME3-2
MME3-3

MME4.l
lwIE4-2
MME4-3

MME5-1
MME5-2
MME5-3

95 x.Il.2
95 + II.2

100

100

93.75 + 12.5

100

:

100

100

100

100

100

100

* Indicates that the growth or survival was significantly less than the growth or survival of the biological control
(p<0.05 or p<0.01 for the Student T test)
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endpoints, because this species is recognized as insensitive in terms of its mortality response

to many toxicants. Laboratory report summaries are presented in Appendix 4, with full

reports provided in Annex 1.

Survival of all three species showed little apparent response to the sediment quality gradient

(Figure 4.4; Table 4.6). Mortality responses occurred in both Chironomu.r and Hyalella in

both reference and exposure area sediments. The data suggest a greater response in Hyalella

in the most contaminated sediments (MMEI) than at most other locations. This contrasts

with sediment toxicity results obtained in 1991-1992, which showed no effects on Hyalella

but some lethal and sublethal effects in Chironomus.

At the sublethal level, reference-exposure differences were similarly absent or at best weakly

apparent. Production of young in Tubifex appeared to be slightly reduced in MME1

sediments relative to most sediments, but MMR2 reference sediments produced a similar

response, suggesting this was not a mine exposure effect. Hyalella growth was lowest at

MME3 and Chironomus growth lowest at MME4 on average, although growth in these

sediments was variable within each of the two areas and mean sizes were not substantially

different than growth observed in some of the reference sediments.

Toxicity of sediments did not appear to be related to the SEM/AVS ratio, despite the fact

that ratio values fell both above and below 1.0 in the dataset (Figure 4.5). Indeed, the fact

that significant levels of Hyalella and Chironomus mortality occurred at SEM/AVS ratios

below 1.0 suggest that the SEM/AVS model was ineffective in this instance.

Sediment toxicity also did not appear related to the sum of molar Cd, Cu, Pb and Zn (partial

extractions), expressed as fraction of the molar concentration of iron in the partial extractions

(Table 4.4; Figure 4.6). A possible relationship here could be that toxicity occurs when

heavy metals are present in excess of the molar concentration of Fe, because the excess

portions are not coprecipitated with iron. This possible model is somewhat analogous to the

model that states that SEM in excess of AVS concentrations can cause toxicity.

Beak International Incorporated/Golder Associates Ltd.
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4.4 Benthic Invertebrates

Benthic invertebrate data are provided in Appendix 5. Associated QA/QC data are provided

in Appendix 1. Data summaries are provided in Table 4.7 and Figure 4.7.

Benthic community trends are apparent in the sediment chemistry gradient, with reduced

numbers of taxa in the most exposed stations, as well as changes in the abundances of
possible indicator taxa. Common or abundant taxa included Harpacticoida and chironomids,

with certain coÍrmon taxa conspicuously absent or abundant at the most impacted stations.

The sensitive taxa included Hydracarina (mites), Caenis (mayfly) and Pisidiun (mollusc),

whereas the chironomid Psectrocladius was abundant and dominant uniquely at MME1 (No

Name Lake) stations. These trends do not appear to be attributed to variations in sediment

texture or organic content, as all sediments generally appeared similar in the field (No Name

Lake similar to Tag Lake, Mine Creek Bay similar to Peterson Cove). To further illustrate

this point, the greatest differences in sediment texture were observed between the two

reference areas (coarsest and finest) and yet the benthic trends noted above correspond with

reference-exposure area differences.

Data on mouth-part deformities and abnormalities in chironomid larvae are presented in

Appendix 5. The data suggest no reference-exposure differences in the incidence of
anomalies.

4.5 Fish

4.5.1 Fish Health and Community

Detailed biological measurements on all fish captured in the Mattabi survey are presented in

Appendix 6.

Several species of fish were captured in Bell Creek (exposure area) and the English River

(reference area) (Table 4.8). The two sentinel species (northern pike and white sucker) were

relatively abundant in each area, although pike appeared to be more abundant in the

reference area and sucker more abundant in the exposure area. Catch-per-unit-effort in

terms of numbers and biomass for all fish species combined were not distinctly different

between the reference and exposure areas (Table 4.8; Figure 4.8). The principal difference

in the fish community between the two areas is the presence of lake whitefish in the English

Beak International Incorporated/Golder Associates Ltd.
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Table 4.8: Catch per Unit Effort in the Reference and Exposure Areas. Mattabi Mine, October 1997.

All Fish
(f¡sh/hr)

0.821

0.437
0.580

0.345

0.546

o.744
0.868
0.806

1.004
0.783
0.893

0.593
0.44'l

o.517

0.662

0.931

1.147
1.039

1.008

0.761

0.885

1.073

0.930
1.002

0.418
0.913
0.665

0.898

Northern

Pike
(fish/hr)

Wh¡te

Sucker
(fish/hr)

Walleye
(f¡sh/hr)

Yellow

Perch
(fish/hr)

Sauger
(fish/hr)

Shorthead

Redhorse
(fish/hr)

l-ake

whitefish
(fÈh/hr)

Lake

Herr¡ng
(fish/hr)

0.359

0.049

0.134

0.086

0.157

0.359

0.243
0.357

0.1 29

0.272

0.000

0.049

0.000

0.000

0.012

0.1 03

0.049
0.045

0.086

0.071

0.000

0.000

0.000

0.000
0.000

0.000

0.049

0.045
0.043
0.034

0.000
0.000
0.000
0.000
o.0oo

0.000

0.000

0.000

0.000
0.000

0.099
0.395
o-247

0.397
0.395
0.396

0.099
0.000
0.050

0.149

0.039
0.094

0.000
0.000
0.000

0.000
0.039
0.020

0.000
0.000
0.000

0.000
0.000
0.o00

0.335

0.087

0.211

0.478
0.652

0.565

0.048
0.000

0.024

0.048

0.043

0.046

0.000

0.000

0.000

0.096
0.000

0.048

0.000
0.000
0.000

0.000
0.000
0.000

o.247

0.088

0.168

0.1 98

0.309

0.253

0.099
o.o44
0.071

0.000

0.000

0.000

0.000

0.000

0.000

0.049
0.000

0.025

0.000

0.000

0.000

0.000
0.000

0.000

0.188 o.3s2 0.034 0.056 0.000 0.032 0.000 0.000

0.490
0.6't8
0.554

0.196

0.176
0.186

0.049
0.132
0.091

0.000
o.o44
o.022

0.000
0.000
0.000

0.098
0.000
0.049

0.098
0.176
o.137

0.000
0.000
0.000

0.336
0.313

0.325

0.240
0.090

0.165

0.096
0.000
0.048

0.000

0.045

0.022

0.000

0.000

0.000

0.048
0.000

o.o24

0.288
0.313
0.301

0.000

0.000

0.000

0.230

0.000

0.115

0.192
o.443
0.317

0.422

0.221

o.322

0.153

o.177
0.165

o.o77

0.089

0.083

0.000
0.000

0.000

0.000
0.000

0.000

0.000
0.000

0.000

0.304
0.217
0.261

0.038
0.087
0.062

0.000
o.217
0.109

0.000
0.043
o.o22

0.000
0.043
o.o22

0.000
0.000
0.000

'0.076

o.261
0.168

0.000
0.043
o.o22

0.314 0.183 0.142 0.058 0.026 0.018 0.152 0.005

Fishing

Time
(hrs)

19.5

20.6
22.4
23.2

21.4

20.2
25.3
22.8

20.9

23.0

22.0

20.3
22.7
21.5

21.8

20.4

22.7
21.5

20.8

22.3
21.6

26.1

22.6

24.3

26.3
23.0
24.7

23.O

Date/Time DateÆime
Set Lift

10/15/97 15:50

10117/97 15'.15

10/18/97 12:25
1O/18197 12:15

1Q/16/97 11:20

10/18197 11'.50

10/19/97 10:50

1Q/19/97 11:25

Mean

10115/97 16:2O

10/16197 13:25
101'16197 12:30
10/17197 14:45

Mean

10117197 14:1Q

10/18/97 11:00

10/18/97 1 1:05
10/19/97 10:00

Mean

10/16/97 13:30
10/18/97 10:50

10/17197 9'.45

10/19/97 9:30
Mean

Mean

10/19/97 14:05
10/2119711'.3s

1O/20/97 1O:3O

1Q/22/97 10:15
Mean

10119197 14:20
10121197 11:20

1O/2O/97 11:1Q

1O/22197 9:4O

Mean

1Q/20/97 9:45
10122197 11:20

1O121197 11:50
1O/23197 9:55

Mean

1O/2O/97 1O:1O

1O/22197 11:30
10/21197 12:.30

1O/23/97 1O:3O

Mean

Mean

Station

MM6

MM7

MM8

MM9

Ail

MMlO

MM11

MM12

MM13

Ail

Area

Exposure

Reference
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River but not in Bell Creek; this probably represents an effect of habitat differences between

Bell Creek and the English River. That is, the English River is a much larger river in
general than Bell Creek, and thereby provides suitable habitat for lake whitefish. This

habitat difference was less apparent at the local level, because all sampling areas were in

wide (generally 100 to 1,000 m in width) reaches having relatively shallow mean depths.

Deeper water suitable for whitefish, however, is present near reference areas, whereas

habitat barriers (shallow riffles) probably prevent the seasonal movement of whitefish from

Sturgeon Lake or Bell Lake into exposure areas in Bell Creek.

Size at age graphs show little apparent differences in growth of white sucker between

reference and exposure areas (Figure 4.9; Table 4.9). However, northern pike showed

greater growth in the Bell Creek exposure area than in the English River.

Similarly, liver size, gonad size (Figure 4.10; Table 4.9) and fecundity (numbers of eggs)

(Figure 4.11) appeared greater at age for northern pike and similar for white sucker in Bell

Creek relative to English River fish.

4.5.2 Fish Tissues

Tissue metal and metallothionein concentrations are provided in detail in Appendix 6. Data

summaries are presented in Figures 4.12 to 4.14 for metals, Figure 4.15 for metallothionein

(MT), and in Table 4.10 for both metals and MT.

Metal analyses showed some apparent reference-exposure area differences for a few metals

in some tissues. Tissues accumulating the highest metal concentrations were kidney for

cadmium (both species) and liver for copper (both species). Zinc was accumulated most by

liver in sucker and kidney in pike. In white sucker, lead was higher in gills of exposed fish,

whereas there was less difference between areas for lead in liver and kidney. In pike, lead

was higher in gills and kidney in exposed fish, and there were no area differences in liver or

muscle lead levels. Zinc in pike appeared more elevated in reference fish gill than in gill

from exposed fish. Selenium was, on average, greater in exposed sucker and pike than in

reference fish for all tissue fypes, and among all metals showed the most consistent

reference-exposure difference. Water chemistry data show trace levels of selenium in the

treated effluent (0.004 mglL) but undetectable concentrations in all samples from the

environment (<0.002 mglL), suggesting that the observed reference-exposure difference in

tissue selenium could be mine-related (refer to Appendix 3).

Beak International Incorporated/Golder Associates Ltd.
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Northern Pike Fork Length at Age - Mattabi Mine
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Figure 4.9: Fork Length at Age and Body Weight at Age of Northern Pike and White Sucker Collected at Mattabi Mine, October 1997,



Table 4.9: Summary of Biological Characteristics of Northern Pike and White Sucker, Mattabi Mine (values are mean * 1 S.E.).

White Sucker
Males

2t
10 t 0.4

43.2 + 0.479
46.8 t 0.536
I4I2 x.45.5
54.7 x.2.21
18.8 t 0.707

not applicable

Females

2I
12 + 0.5

46.0 + l.l5
50.0 t 1.25

I7 14 x. IL5
92.0 x.8.46
21.6 x.2.26

20476 x.1679

Northern Pike
Males

T6

5+0.7
55.1 ¡2.62
59.5 t 2.80
1535 t 181

16.9 ¡2.05
12.7 t 1.55

not applicable

Females

20
4+0.4

57.O x.1.96
60.7 =2.07
1123 x.197
42.3 ¡ 5.12
21.6 +2.25

14276 x.1496

Reference Areas

White Sucker
Males

2t
14 + 1.0

44.2 + 0.448
48.1 x.0.482
1480 x.43.4
65.8 t 3.02
I7 .3 x.0.849

not applicable

Females

2I
10 t 0.6

45.9 x.0.419
50.4 t 0.348
1107 x.66.5
105 t 6.89

28.3 t l.l4
19866 t 1199

Northern Pike
Males

2I
4+0.4

44.1+ 1.24

47.2 x. L.3I
693.3 + 65.9

7.69 + l.3l
6.27 + O.789

not applicable

Females

29

5+0.3
53.6 t 1.59

57.3 x.1.66
1329 ¡ 130

22.5 x.2.86
14.6 x.1.64
8998 t 945

Biological Measurement

Sample Size
Mean Age (yrs)
Mean Fork Length (cm)
Mean Total Length (cm)
Mean Weight (g)
Mean Gonad Weight (g)
Mean Liver Weight (g)
Mean Fecundity (eggs/female



Northern Pike Liver Weight at Age - Mattabi Mine
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Table 4.10: Summary of Tissue Metallothionein and Selected Metal Concentrations, pglg fresh weight, Mattabi Mine (values are mean t 1 S.E.).

Reference Areas

White Sucker

Muscle
not applicable
0.020-+ 0.0004

0.005-r 2.128-lI
O.4OI x.0.027

0.005 + 2.12F-lI
0.300 t 0.023

0.2O7 + 0.0116
2.74 x.O.ß0

Gill
34.3 x.2.41

0.0142 t 0.0016
0.0352 + 0.0031

0.779 x. O.O3O

0.0258 t 0.0035

0.0278 t 0.0023
0.076 t 0.004
11.8 t 0.195

Kidnev
105 + 8.29

1.78 t 0.231
0.177 =0.023
1.59 x.0.074

0.292 x.0.012
0.119 t 0.016
0.788 t 0.037
19.5 -r 0.567

Liver
409 ¡ 59.9

0.266 x.O.O27

0.028 + 0.0016
13.7 +2.23

0.234 x.0.OO7

0.142 x.0.016
0.142 x.O.O34

27.2 + l.2l

Northern Pike
Muscle

not applicable
0.0195 t 0.0004
0.005 t 2.128-Ll

O.270 + O.016

0.005 t 2.128-11
0.590 t 0.053
0.160 t 0.006
3.36 + O.IO7

Gilt
2.54 ¡ 0.256

0.007 + 0.0003
0.0121 t 0.0014

0.686 + 0.033

0.041 t 0.013
0.143 + 0.028

0.126 x.O.O22

59.4 x.12.0

Kidnev
99.1 x.6.52

0.269 x.0.041
0.126 t 0.009
I.O2 ¡ O.O26

0.286 t 0.009
0.482 x.O.O64
1.04 t 0.048
ll4 x.6.06

Liver
290 x.34.7

0.088 t 0.015
0.036 t 0.004

11.9 + 1.78

0.232 ¡O.OO8

1.25 t 0.301
1.14 t 0.059
31.7 t 1.83

Component

Metallothionein
Cadmium
Cobalt
Copper

Lead

Mercury
Selenium
Zinc

Exposure Areas

White Sucker
Muscle

not applicable
0.019 t 0.0011

0.005 t 2.278-II
0.349 x.0.017

0.005 + 2.218-II
0.059 t 0.0094

1.46 x.0.119
2.93 =0.123

Gill
23.4 + 1.98

0.0075:0.0002
0.042 + O.OO42

O.821 + 0.0405

0.101 t 0.014
0.0148 t 0.0026

0.334 t 0.016
13.7 x.0.268

Kidney
97.8 x.5.23
1.20 + 0.148

0.136 t 0.0102
I.7l x.0.0376
0.327 r 0.010

0.0184 t 0.003

2.99 x.0.180
2I.l x.0.165

Liver
386 r 51.1

0.159 + 0.0126
0.0284 t 0.0028

13.8 t 1.93

0.2'74 + O.OI23

0.0156 + 0.0021

2.79 x.0.141
26.3 ¡ 1.65

Northern Pike
Muscle

not applicable
0.0216 + 0.0004
0.005 + 2.278-ll

0.265 x.0.Ol4
0.005 t 2.278-Il

0.163 t 0.040
1.87 t 0.157
4.11 t 0.139

Gill
3.96 x.0.57

0.093 + 0.0013

0.044 t 0.009
11.2 t 0.108

0.241 t 0.051

0.303 t 0.016
3.80 t 0.099
2'7.3 x.IL3

Kidney
148 = Ll.]

0.208 + 0.017

0.203 ¡O.O2I
1.10 ¡ 0.122

0.365 t 0.019

0.0728 t 0.020
3.48 t 0.353
118 + 11.5

Liver
274 x.38.5

0.093 t 0.0237
0.044 t 0.005
lI.2 x.1.79

0.241 + 0.0100
0.303 t 0.149
3.80 t 0.213
27.3 + I.78

Component

Metallothionein
Cadmium

Cobalt
Copper
Lead

Mercury
Selenium
Zinc



Northern Pike Fecundity at Age - Mattabi Mine
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Figure 4.11: Fecundity at Age of Northern Pike and White Sucker Collected at Mattabi Mine, October 1997



Cadmium in White Sucker Tissue
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Figure 4.12: Mean Concentration of Cadmium, Copper, Lead,Zinc and Selenium in White Sucker Tissue.

Mattabi Mine, October 1997

Area means (t I S.E.).



Cadmium in Northern Pike Tissue
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Figure 4.13: Mean Concentration of Cadmium, Copper, Lead,Zinc and Selenium in Northern Pike Tissue,

Mattabi Mine, October 1997
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Selenium versus Mercury in White Sucker Liver
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Mattabi Mine, October 1997.
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Metallothionein in White Sucker Tissue

b¡b¿
q)

o

c!
o
à

500

450

400

350

300

250

200

150

100

50

0

T

reference exposure

Eliver ukidney trgill

Metallothionein in Northern Pike Tissue

bô
ÞD3
É
o
Êo

o
à

350.0

300.0

250.0

200.0

150.0

100.0

50.0

0.0
reference exposure

T T

@liver Ekidney Egill

Figure 4.15: Mean Concentration of Metallothionein in White Sucker and Northern Pike Tissue,

Mattabi Mine, October 1997

Area means (t I S.E.).



Mattabi Mine Site Report September 1998

Recent studies have shown an ameliorative effect of tissue selenium concentrations on the

bioaccumulation of mercury (Jack Klaverkamp, Freshwater Institute, pers. comm.). That is,

selenium may inhibit the accumulation of mercury in fish tissues (Turner and Swick, 1983).

In order to explore this relationship with the Mattabi data, plots of mercury against selenium

were done for each tissue type from each species (Figure 4.I4). This relationship appears to

apply to muscle tissue in both white sucker and northern pike and less so in the other tissues,

although the relationship was evident in white sucker liver and northern pike kidney.

As illustrated in Figure 4.I5, tissue MT concentrations showed no obvious substantial

reference-exposure difference for any tissue in either species. Concentrations of MT were

highest in liver and lowest in gill in both species.

Correlation analysis of metals in tissues versus metallothionein in tissues indicates some

apparent relationships (Tables 4.Ila and 4.11b). The strongest relationship occurs between

copper and MT in pike liver, although the molar sum of Cd, Cu andZn and MT in northern

pike liver also shows a strong relationship. The occurrence of significant relationships

within tissues, for reference and exposure areas combined, coupled with an apparent lack of
area differences in most tissue metals and MT in fish (Figures4.13 and 4.15), implies a

cause-effect linkage between metals and MT but that the tissue responses were unrelated to a

mine effect. All significant correlations for liver are positive in both species, whereas

significant correlations for gill and kidney are usually negative. Many of the significant

correlations, other than those noted above for pike liver, may be spurious.

Beak International Incorporated/Golder Associates Ltd.
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Table A.lLaz Correlation Matrix for Tissue Metal and Metallothionein Concentration
at Mattabi Mines

White Sucker

MT
Gill Liver N

CdCuZn-Gill
CdCuZn_Kidney
CdCuZn-Liver
Aluminum_Gill
Aluminum-Kidney
Aluminum_Liver
Arsenic-Gill
Arsenic_Kidney
Arsenic Liver
Chromium_Gill
Chromium_Kidney
Chromium_Liver
Nickel_Gill
Nickel_Kidney
Nickel Liver
Lead_Gill
Lead-Kidney
Lead_Liver
Selenium_Gill
Selenium_Kidney
Selenium_Liver
Zinc_Gill
Zinc_Kidney

-0.2647

-0.1070

-0.0116

-0.1285

0.0041

-0.2707

-0.2245

0.0510

0.1097

0.1238

-0.1414

-0.0040

-o.t027

-0.0789

0.0368

0.0273

o.o47l

0.0571

30

30

31

31

30

31

31

30

31

31

30

31

31

30

31

31

30

3I
3t
30

3l
31

30

31

significant correlation with a = 0.05

Note: all tissue metal concentrations are log transformed
CdCvZn= ) Cd, Cu and Znin p,moUgram fresh weight

Probabilities (l-tailed test)
Gill Kidney Liver

0.0787

0.1165

0.2833
0.3945

o.3366
0.4754

o.2819
0.0010

0.2573

0.422r
0.4913

0.2186

0.0048

0.4916

0.0001

0.3801

o.o704
0.0319

0.0052

0.2454

0.4420

0.4006

0.2946

0.0025



Table 4.1"1b: Correlation Matrix for Tissue Metal and Metallothionein Concentration
at Mattabi Mines

Northern Pike

MT
Liver NGill

CdCuZn_Gill
CdCuZn-Kidney
CdCuZn-Liver
Aluminum-Gill
Aluminum_Kidney
Aluminum Liver
Arsenic-Kidney
Arsenic Liver
Cadmium-Gill
Cadmium-Kidney
Cadmium_Liver
Chromium_Gill
Chromium_Kidney
Chromium Liver
Copper_Gill
Copper_Kidney
Copper_Liver
Iron_Gill
Iron_Kidney
Iron Liver
Mercury-Gill
Mercury-Kidney
Mercury Liver
Nickel_Gill
Nickel-Kidney
Nickel Liver
Lead-Gill
Lead-Kidney
Lead Liver
Selenium_Gill
Selenium_Kidney
Selenium_Liver
Zinc_Glll
Zinc_Kidney

0.2815

o.26t6

0.0529

-0.1410

-o.1614

-0.0167

0.2522

-o.2052

-0.1682

0.1358

-0.1 864

-o.r797

0.2460

-0.2052

-o.o24r

0.264r

0.2085

0.0929

-0.0043

30

31

31

31

31

31

24

3I
31

31

3T

31

3I
3l
3l
31

31

31

3r
31

31

31

3l
31

3t
3l
31

31

3l
3l
24
31

31

31

31ver

significant correlation with s = 0.05

Note: all tissue metal concentrations are log transformed
CdCuZn = X Cd, Cu and Znin ¡tmoVgram fresh weight

Probabilities (1-tailed test)
Gill Kidney Liver

0.0t23
0. l34l

2.768-08

0.0181

0.0474

0.0023
0.3888

0.t829
0.0756

0.2247

0.2333

5.438-rr

0.1577

0.0131

0.0087

0.1840

0.1667

0.t302
0.4645

0.0052

0.0855

0.1233

0.0205

0.1341

0.0006

0.0625
0.0005

0.4487

0.0776
0.0098

0.0226

0.0289

0.0060

0.3096

0.4909
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5.0 HYPOTIIESIS TESTING

5.L Methods

The 12 hypotheses tested at Mattabi are listed in Table 5.1, along with a more specific listing

of the "effect" (response) and "exposure" (predictor) variables to be examined under each

hypothesis. The general reasoning behind all of these hypotheses is that a mine "effect" is a

measurable difference between reference and exposure locations, and/or a trend between

locations that are exposed to different degrees of contamination. The hypotheses address

either the abilþ of a particular monitoring tool to detect such an effect (and, in aggregate,

whether an effect exists), or the relative ability of two different monitoring tools, that are

being compared to one another, to detect such an effect. H5 through H8 are of the first type,

whereas Hl through H4 are of the second type. H9 through H12 address the relative abilþ
of two monitoring tools to detect a correlation between specific predictor and response

variables.

These different types of hypotheses require different methods of statistical analysis. The

following subsections describe the statistical approach in each category. In all cases,

appropriate data transformations were applied prior to statistical analysis, such as log

transformation for chemical concentrations or other parameters that span a wide range, and

arcsine square root transformations for percent response variables. A significance criterion

was used for all the statistical analyses, and use of the term 'significant" implies that this

criterion was met.

It should be recognized that the term "predictor" variable is not intended to mean that the

measure of exposure used (e.g., metal concentration in water) can be used to "predict" a

specific biological response at all mine sites or in other surveys at this mine site. Nor does it
imply that the predictor is necessarily the cause of a biological effect. Rather, the predictive

ability is only suggested by correlation between effect and exposure measures.

5.1.1 Hl - Comparison of Sediment Toxicity Tests

Hypothesis Hl addresses the relative ability of three sediment toxicity test tools (response

measures) to detect a mine effect. In particular, the Hyalella azteca, Chíronomus riparius

and Tubifex tubiftx tests were compared to determine whether these tools differ in their

ability to detect a mine effect (i.e., a reference versus exposure area difference, or a trend

Beak International Incorporated/Golder Associates Ltd.
5.1



TABLE 5.1 VARIABLES AND HYPOTTIESES AT MATTABI

Hypothesis Y variabtes X variables
Sediment Toxicity Response i
Sediment Toxicity Response i

Lake Area Identifier

Metal i in Tissue i Creek IdentifierH2

Test (Ho)
no trend or area x tool
interaction bv ANOVA

no R/E tool
interaction

Comment
Hyalella, Chironomus andTubifex tests are the
monitorins tools of interest.

Tissues for white sucker and northem pike done

H3
Metal i in Tissue

MT in Tissue i
MT in Tissue i

Creek Identifier

Metal i in Tissue j
MT in Tissue i
CPUE for sucker, pike and all fish Creek Identifier

BPUE, No. of Fish Taxa Creek Identifier

No. ofTaxa
Benthic Density
Indicator Taxa

Creek Identifier

Area Number in Order of Decreasing
Sediment Metal Concentration

Creek Identifier

no R/E tool
interaction
no R/E tool
interaction

no RÆ difference
by ANOVA

no R/E difference
bv ANOVA

no trend or R/E
difference by ANOVA

no RJE difference
by ANOVA

as

Tissues for white sucker and northem pike done
sepa¡ately by sex, as required.
Tissues for white sucker and northern pike done
seoaratelv bv sex. as

CPUE by species and for all fish in Bell Creek and
reference creek using gill net.

CPUE by species and for all fish in Bell Creek and
reference creek using eill net.

Collections at 3 stations per area, 5 exposure a¡eas and 2
reference areas.

Analysis done separately for males and females (pike
and sucker). Used age as a covariate as appropriate.

H4

H5

H6

H6 (benthos)

H7 længth at age

Weight at age

w at

H8 Liver weight, gonad weight by sex, at Creek Identifier
age. Fecundity at age (fer44es).

H9*

Benthic Density
No. of Benthic Taxa
Indicator Taxa

Partial Metal i in Sediment (1)
Total Metal i in Sediment (2)
SEM/AVS Ratio

no R/E difference
by ANOVA

sâme

correlation

sarne

corlelation

Mature white sucker and northem pike.

Water quality in Bell Creek reflects mine
influence.

Use various sediment chemistry results.

No. of Fish Taxa Dissolved Metal in Water (Tool 1)
Length and Weight at age Total Metal in Water (Tool 2)
Gonad and Liver wt at age and weight
Fecundity

Hl0

Sediment
Hil Benthic Density

No. of Benthic Taxa
Indicator Taxa

Hlz* Metal i in Tissue j
MT in Tissue j

Sediment Benthic PCs
Triad Sediment Toxicity Endpoints

H]potheses Sediment Chemistry PCs

Definitions: MT
R/E
CPUE
BPUE

Sediment Toxicity Results

Metal i in Water (dissolved and
toral)

same

correlation

same

correlations

correlation
C-8, C-T and B-T

no

Use various toxicity endpoints (Hyalella, Chironomus,
Tubifex tests).

Tissues for white sucker and northem pike done
separately by sex, as required.
Sphericity test
Mantel's test

Benthic Variables (B)
Toxicity Variables (T)
Chemistry Variables (C)

= metallothionein

= reference/exposure

= catch-per-unit-effort (number of fish caught per unit fishing effort)
- biomass-per-unit-effort (mass of fish caught per unit fishing effort)

* H9 and Hl2 are C/I comparisons with reference stations included in the correlations. Results to be interpreted cautiously
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with degree of exposure within the exposure area). An area identifier, ordered within the

exposure area to reflect distance from the mine site (i.e., MME1 to MME5), was used as a

surrogate for degree of exposure to mine-related contaminants, based on the fact that with

increased distance there is an attenuation in contaminant levels. The use of direct measures

of exposure in evaluating sediment toxicity test results is included within the context of the

overall Sediment Quality Triad hypothesis (Section 2.3.5). Analysis of variance (ANOVA)

was used to address this hypothesis, as described below.

Essentially, the ANOVA is used to compare tool effectiveness in two ways:

by determining if there is a reference area - exposure area difference in mean

values for each tool (a larger difference indicates greater effectiveness); and

by determining if there is a linear trend or gradient in response within the

exposure area (a significant trend and greater slope indicates greater

effectiveness).

The ANOVA partitions overall variance in the response measure into a number of terms,

representing effects of particular interest. These include:

A "Ref vs Exp x Tool" term which indicates whether the Reference versus

Exposure difference is similar for both tools being compared (e.g., for Hyalella

toxicity and Tubifex toxicity). It measures how much the spread between

Line 1 and Line 2 differs from the spread between Line 3 and Line 4 in
Figure 5.1. Lines I to 4 represent the means of the response measures for each

tool in the reference or exposure area. This term also indicates how much the

Line 1 to Line 3 spread differs from the Line 2 to Line 4 spread, or the degree

of difference between the slopes of the two lines shown in Figure 5.2. A larger

difference between the reference and exposure means for one tool relative to

the other would indicate a greater effectiveness for the tool with the greater

difference. For this example, the absolute reference-exposure difference for

each tool is small, but the differences are in opposite directions. This produces

a significant Ref vs Exp x Tool interaction, which implies that Tool I (Hyalella

growth) is more effective than Tool 2 (Tubifex reproduction). The interaction

is also illustrated in Figure 5.2.

o

a

Beak International fncorporated/Golder Associates Ltd.
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o A "Linear Trend x Tool" term which indicates whether the linear trend in the

Exposure area (e.g., from near-field to far-field) is similar for both tools. It
measures how much the Line 2 to Line 5 spread differs from the Line 4 to
Line 6 spread in Figure 5.1. This term also indicates the degree of difference

between the Line 5 and Line 6 slopes. A greater slope in the Line 5 (Tool 1)

than in Line 6 (Tool 2) indicates a greater effectiveness of Tool 1 in this

example.

In all cases, to test whether the spread described in either of the above two "effect" terms

is significant, each is compared to the spread of the exposure means for each reach around

Lines 5 and 6 (i.e., to a lackof fit "error" term). If the "effect" variance is large relative

to the "error" variance, then the effect is considered to be present, and the tool is

concluded to be responsive to mine exposure.

The "lack of fit" spread is compared in turn to the overall "within reach" spread (i.e.,

between stations in a particular reach), in order to test whether there may be any other

(i.e., non-linear) trend among the exposure means, that is whether a straight line can be

drawn through response measures for all exposure reaches. If "lack of fit" is significant,

the nature of the trend is examined and, if appropriate, the analysis is repeated using a

non-linear (second order) trend term instead of a linear trend term. This would appear in

Figure 5.1 as curved lines rather than the straight Lines 5 and 6.

The response measures for Hl Qlyalella or Tubifex toxicity) were standardized prior to

statistical analysis, in order to make them equally variable within a reach, since

homogeneity of variance is an assumption of the ANOVA procedure. The standardization

procedure involves dividing the Hyalella growth values by the pooled within-reach

standard deviation for Hyalella growth, and dividing the Tubifex young production values

by the pooled within-reach standard deviation for Tubiþx production of young.

5.1.2 H2 through H4 - Fish Tissue Metals and Metallothionein

These hypotheses also test the relative abilþ of related exposure tools in fish to detect a

mine effect. However, unlike Hypothesis Hl, for Hypotheses H2 to H4 there is only a

single level of exposure and mine effects are identified only by detection of reference-

exposure differences using ANOVA. A test of "trend" is simply by comparison of

responses at the reference and exposure areas. A significant interaction between the two

Beak International Incorporated/Golder Associates Ltd.
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tools being compared suggests a greater effectiveness in the tool with the larger difference

between exposure area response and reference area response. Figure 5.3 illustrates this

approach.

5.1.3 H5 through H8 - Fish Communityand Fish Health

These hypotheses test the ability of individual monitoring tools to detect a mine effect (fish

catch-per-unit-effort, fish growth, etc.). To determine if a fish monitoring index can detect a

mine effect, a simple ANOVA test is used to determine whether the index varies more

between areas than it does within areas. If so, then the pattern of differences between areas

is examined to confirm that the response is consistent with a mine effect.

Figure 5.4 illustrates the approach. The patterns on the top graph are consistent with a mine

effect (decreased fish catch near the mine). The bottom graph illustrates effects not typically

consistent with a deleterious mine effect. However, judgement is always needed in

interpretation of response patterns. For example, an increased fish catch near the mine could

represent a mine effect if the mine caused nutrient enrichment rather than toxicity.

For both northern pike and sucker, fish growth and organ size were examined at age because

the response measures can vary with fish age. Therefore, an age covariate was added to the

ANOVA model to adjust all fish to a common age. To address the situation where fish grow

at different rates in different areas, the analysis was also carried out with body weight as a

covariate (Environment Canada, 1998). In addition, growth and organ size differed by sex

for both species. Therefore, all analyses for H7 and H8 were carried out by sex.

5.1.4 H6 - Benthic Community Structure

Hypothesis H6, when considered with respect to the No Name Lake-Mine Creek Bay benthic

communities, was tested across reference and exposure areas to assess reference-exposure

differences, and within the exposure area for trends within the gradient. An area identifier,

ordered within the exposure area to reflect relative position within the sediment quality

gradient (El : highest metal concentrations, E5 : lowest concentrations), was used as a

measure of mine exposure. ANOVA was used to address this hypothesis, as described

below.

Beak International Incorporated/Golder Associates Ltd.
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The ANOVA partitions overall variance in the response measure into a number of terms

representing effects of particular interest. These include:

a An "Among Reference" term which indicates whether the Reference reaches

are similar to each other. It measures the spread of reference means around

Line I in Figure 5.5 (i.e., around the grand reference mean represented by the

solid line). This term is quantified in order to indicate whether reference

reaches are differentially influenced by some factor that may also be

confounding effects in the exposure area.

A "Ref vs Exp" term which indicates whether the Reference and Exposure

reaches are similar to each other. It measures the spread between Line 1

(reference mean) and Line 2 (exposure mean) in Figure5.5 (i.e., between

reference and exposure means). A reference-exposure difference is generally

indicative of tool effectiveness, assuming that the direction of the difference is

consistent with impact.

A "Linear Trend" term which indicates whether there is a linear trend in the

Exposure area (e.g., from near-field to far-field). It measures the spread

between Line2 and Line 3 (the exposure trend line) in Figure 5.5 (i.e., the

difference in slopes). A significant linear trend, i.e., a near-field to far-field

gradient is indicative of tool effectiveness, assuming that its direction is

consistent with impact.

o

In all cases, to test whether the spread is significant, as described in any of the above three

"effect" terms, each is compared to the spread of exposure reach means around Line 3

(i.e., to a "lack of fit" error term). This "lack of fit" error term accounts for the residual

variability in the data after the above three terms are subtracted from the total among-reach

variability. If an "effect" term is large relative to the "lack of fit" error, then the effect is

more likely to be significant.

The "lack of fit" spread is compared in turn to the overall "within reach" spread (i.e.,

between stations within a reach), in order to test whether there may be any other (i.e.,

non-linear) trend among the exposure means, that is whether a straight line is the best

description of the trend. If "lack of fit" is significant, the nature of the trend is examined

and, if appropriate, the analysis is repeated using a non-linear (second order) trend term

instead of a linear trend term. This would appear in Figure 5.4 as a curved line rather

than straight Line 3.

Beak International Incorporated/Golder Associates Ltd.
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In the example, the data points in Figure 5.5 represent numbers of benthic taxa in each

area and station. The ANOVA shows a significant "Ref vs Exp" effect, because there is a

substantial difference between Lines I and 2. The ANOVA also shows that there is a

significant "Linear Trend" effect, because numbers of taxa are lowest near the mine

(Reach El) and increase as we move further away (i.e., slope of Line 3). The

interpretation would be that benthic species richness is responding to mine exposure.

5.1.5 H9 throughElz - Tool Integration Hypotheses

Hypotheses H9 to H12 address the relative ability of two monitoring tools to detect a mine

effect. For example, in H10, partial metal in sediment was compared to total metal in

sediment, for each of the key metals, to determine whether these two monitoring tools

differ in their ability to detect a mine effect (i.e., a correlation between a biological

response measure, such as fish CPUE, and the metal predictor variable). Correlation

analysis was used to address this hypothesis, as described below.

The squared coefficient of correlation (r2) between the response measure (Y) and each

predictor variable (X1 or X2) indicates the proportion of variance in the response measure

that is explained by the predictor (Figure 5.6). The best predictor, for each pair

compared, is the one which explains the highest proportion of variance (i.e., has the

highest r). No statistical test was performed to determine whether rr differs significantly

from rz, because the two r values are based on the same Y data set and are not

independent. However, the individual r values were tested for statistical significance.

Two r values were compared, to draw inferences about which monitoring tool is better,

only when at least one of the r values was of the correct sign (negative or positive) to

suggest a mine effect, and statistically distinguishable from zero based on a one-tailed test.

When differences between r values are small (e.g., <0.1), even though one or both r

values may be statistically significant, a judgement is generally not made that the tool with

the slightly higher r value is better able to detect an effect. Also, the correlations are

generally calculated for many exposure measures (metals), so that judgements with respect

to which exposure measure tool (e.g., total versus dissolved metal concentration in water)

is more strongly correlated with biological response are made by the weighrof-evidence

based on all r values for each tool. The exposure and response measures selected for

inclusion in this analysis were those which showed an apparent spatial relationship to the

Beak International Incorporated/Golder Associates Ltd.
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mine site (i.e., trend among exposure reaches or difference between reference and

exposure reaches).

These correlations can be computed in two ways - including and excluding reference

stations. Response tools correlated with causal agents when reference sites are excluded

are considered more effective than those showing correlations when reference sites are

included. This is because correlations seen within the exposure gradient are clearly

associated with mine impact. The inclusion of data from the two references areas could

potentially impose spurious correlations by producing clusters of data points at low

exposure concentrations.

For H9 andHl2, which involve correlations between responses in fish and water quality,

samples were collected from four exposure stations within a larger exposure area and at

another four stations in a reference area. Aqueous metal concentrations in the exposure

area showed some variation among stations, with the principal difference occurring

between MME6 and the other stations owing to effluent mixing patterns. Thus, the study

design for these hypotheses can be considered either a control/impact (C/I) design or a

control/impact/impact (Cllll) design, depending on whether large fish range throughout

the exposure area on the time scale of fish response and fish movement. For example, MT

concentrations in fish could conceivably respond relatively quickly to exposure

concentrations (as observed at Heath Steele, BEAK, 1998), although a measurable growth

response to a specific exposure level in large fish would probably require that fish be

relatively sedentary and not range throughout the exposure area at Mattabi. To address

the possibility that fish are able to respond to exposure conditions at a relatively local

level, H9 and Hl2 are tested by correlation analysis. In so doing, it is recognized that the

results of the analyses must be interpreted with caution because the large fish sampled are

likely to range freely throughout the exposure area and to be exposed to spatially averaged

conditions. Also, reference station data are included in the analysis to offset the very

limited variation in exposure conditions measured at exposure stations.

For H10 and H11, which are sediment-related hypotheses, correlation analysis can be

reasonably completed using only data from the five exposure areas sampled. Thus, H10

and H11 are tested without the use of reference site data.

Beak International Incorporated/Golder Associates Ltd.
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Hypothesis H9

At Mattabi, H9 (relationship between water chemistry and biological variables) is tested

both using fish health and community tools. This hypothesis compares the effectiveness of

dissolved versus total metals in water as predictors of biological response. As noted

above, this analysis is of limited value because it cannot reasonably be done exclusive of
reference stations and because of the limitations imposed by the C/I design. Some of the

biological responses observed in H5 through H8 did not appear to be in response to metal

exposure (e.g., greater growth, organ size, etc.). However, because the underlying nature

of dose-response patterns in the natural environment is uncertain, H9 has been tested

under the general assumption that the response could be potentially attributed either

directly or indirectly to mining effects.

Hypothesis H9 is not tested using benthic community tools. This is because most of the

exposure areas for benthos are located in Mine Creek Bay, where water-borne metal

concentrations are greatly diluted by Sturgeon Lake. Water quality variations from station

to station here are small and concentrations low relative to Canadian surface water

guidelines. Thus, it is unlikely that benthic effects would be attributed to water quality,

with the possible exception of effects in No Name Lake (area HE1).

Hypothesis H10

Hypothesis HlO tests both benthic index versus sediment chemistry correlations and

sediment toxicity versus sediment chemistry correlations. The sediment chemistry tools

include total metal concentrations (hydrogen peroxide/nitric acid extraction), partial metal

concentrations (hydroxylamine extraction) and the ratio of the molar sum of

simultaneously extracted metals (SEM) and acid volatile sulphide (AVS). Metals included

in the SEM value are Cd, Cu, Ni, Pb and Zn. These are the metals often contributing to

toxicity and potentially rendered non-bioavailable by the formation of metal

monosulphides.

Hypothesis Hll

Hypothesis Hl1 examines the remaining component of the "sediment quality triad" - the

correlation between benthic indices and sediment toxicity. The toxicity tests include

Beak International Incorporated/Golder Associates Ltd
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amphipod (Hyalella azteca), chironomid (Chironomus riparius) and oligochaete (Tubifex

tubifex) tests on sediment samples from each lake station.

Hypothesis H12

H12 (relationship between water and fish tissue chemistry response) is tested using total

metal concentration in water, and metallothionein and metals in fish tissues. As noted

previously , HL2 cannot be rigorously tested due to limitations imposed by the C/I design.

5.1.6 Triad Hypotheses

The "triad" hypothesis addresses the issue of whether chemical contaminants may be

responsible for biological "effects" that are apparent in the study area. This hypothesis

has not been articulated explicitly in the set of 13 hypotheses that were developed by the

AETE (Section 1.0); however, it is consistent with the interest in H9 through H12 about

the ability or relative ability of monitoring tools to detect correlations or relationships

between chemical, toxicological and biological parameters. The basic approach to

evaluation of the triad hypothesis is to simultaneously examine three types of correlations:

chemical-toxicological (C-T), toxicological-biological (T-B) and chemical-biological

(C-B). These are the three "arms" of the triad that would support an interpretation that

chemical contaminants are responsible for biological effects. There should be significant

correlations on all three arms before the hypothesis that chemical contaminants are the

cause of the effect is accepted.

Statistical approaches to triad evaluation follow Green and Montagna (1996) and Chapman

(1996). One approach is to examine the three bivariate correlations (C-T, T-8, C-B) for

different sets of chemistry, toxicity and biology monitoring tools. Then, the overall

evaluation of the triad hypothesis is based on "weight-of-evidence" considerations (i.e.,

are there sets of parameters showing significant C-T, T-B and C-B correlations, how

many sets are there that meet this criterion, and how strong are the correlations in

general?). This approach is simple, but rather tedious when there are many different

chemistry, toxicity and biology monitoring tools to be paired in different ways.

A more holistic approach was applied using principal components analysis (PCA) to

reduce the large number of variables to one or two dominant principal components (PCs)

representing the mine effect gradient in chemistry (based on the original chemical

Beak fnternational Incorporated/Golder Associates Ltd.
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variables), one or two representing the gradient in toxicity, and one or two representing

the gradient in biology. Then multiple correlation coefficients (R) are computed using the

PC variables to represent the dominant C-T, T-B and C-B correlations (if any) on each

arm of the triad. Mantel's test was used to produce a single measure of concordance on

each arm of the triad, equivalent to R2 (e.g., Figure 5.7). Finally, Bartlett's test of
sphericity was applied to determine if there is a significant overall concordance across the

three arms of the triad.

5.2 Results

The general conclusions with respect to hypothesis testing at Mattabi are summarized in

Table 5.2. The following sections present the findings in more detail, based on the statistical

tables and figures presented in Appendix 7. The discussion is focused on results that meet

the significance criterion of p <0.05. Use of the term "significant" implies that this criterion

was met, although "suggested" results may be mentioned as such when the criterion is

approached but not achieved. The reader is reminded that tool effectiveness discussed herein

pertains to the specific Mattabi dataset produced in this study, and conclusions should not

necessarily be considered generally applicable at other mine sites.

5.2.1 Hl - Sediment Toxicity as a Response to Exposure

None of the Tubifex, Hyalella or Chironomøs lethal or sublethal responses (arcsine square

root of %) showed a trend that can be related to a mining effect (reference-exposure

difference or exposure area trend). Significant differences in responses for Chironomus

growth and Tubifex production of cocoons and young were evident among areas, but these

differences did not occur between reference and exposure atea groups. The lack of toxicþ
response to mine exposure is perhaps surprising, given the extreme sediment metal

concentrations present. The small partial metals fraction may reflect this low bioavailabilþ

and low toxicity associated with sediment metals.

5.2.2 H2 - Comparison of Fish Tissues for Metal Concentration

This hypothesis was tested metal by metal in a two step process. First, ANOVA was used to

identify whether a reference-exposure difference exists for each tissue (liver, gill, kidney,

muscle) and metal. Effects of age and sex on metal concentration were also evaluated at this

stage. Second, tissues were compared in a pair-wise fashion to identify significant area x

Beak International Incorporated/Golder Associates Ltd.
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TABLE 5.2: STJMMARY AND GENERAL CONCLUSIONS OF HYPOTIIESES TESTED AT MATTABI

Hypothesis Y variables X variables Test (Ho)
Sediment Toxicity Response i
Sediment Toxicity Response j

H2 Metal i in Tissue i
Metal i in Tissue j

H3 MT in Tissue i
MTjq riqque j

H4 Metal i in Tissue j
MT in Tissue j

H5

H6

H6 @enthos)

H7 Weight at age

Length at age

H8

CPUE for sucker, pike and all fish Creek Identifier

BPUE, No. of Fish Taxa Creek Identifier

No. ofTaxa
Benthic Density
Indicator Taxa

Lake Area Identifier

Creek Identifier

Creek Identifier

Creek Identifier

Area Number in Order of Decreasing
Sediment Metal Concentration

Creek Identifier

Creek Identifier

Dissolved Metal in Water (Tool l)
Total Metal in Water (Tool 2)

H1 no trend or area x tool
interaction by ANOVA

no R-/E x tool
interaction

no R/E x tool
interaction

no R-/E x tool
interaction

no R/E difference
bvANOVA

no RÆ difference
by ANOVA

no trend or R/E
difference by ANOVA

no R/E difference
byANOVA

no RÆ difference
by ANOVA

sâme

Comment
All tests showed no significant reference-exposure
differences or trends in the exposure area. Thus, no
discernible difference in effectiveness. Area effects
unrelated to exposure were evident for sublethal responses
in C hi ro no mu s and Tub ifex.

White sucker tissue concentrations of Pb and Zn showed
exposure area elevation only in gill. Se was higher in
exposed sucker muscle and kidney relative to reference
suckers. These metals were also elevated in other tissues
of exposed sucker, but only for one sex. Northem pike Cd
and Zn in muscle, Pb and Co in gill/kidney, and Se in
muscle, gill and liver showed exposure area elevation.
The most effective tissue for monitoring of tissue metals
depends on metal. Linkage of Se and Co to Mattabi is
weak.

MT response only significant for pike gill and kidney
These tissues were equally effective.
MT and Pb, Se and Co elevated in northem pike gill/
kidney. MT and some metals (Pb, Co) were equally
effective in showing mine-related exposure. Se was more
elevated in the exposure area than MT for pike eill.
No significant effect of mine exposure on fish
abundance.

Significant decrease in number of fish species in exposure
area, probably due to habitat factors. No significant effect
of mine exposue on fish biomass.

Significant decrease in exposure area, and exposure area

trends in density, number of taxa and indicator taxa.

No significant differences in growth of white sucker.
Significantly larger pike in exposure area. "Effects" of
exposure beneficial and probablv related to habitat.
White sucker liver signiflcantly larger in exposure fish.
Gonad weight (body-weight adjusted) slightly smaller in
exposed male sucker. Liver and gonad weight and
fecundity in pike all significantly higher in exposed fish.
"Effects" of exposure in pike not consistent with adverse
impact.
Similar correlations for dissolved and total metals. Better
correlations with total Pb versus dissolved. H9 to be
interpreted with caution due to study design limitations.

Liver weight, gonad weight by sex, at
age. Fecundity atage (females).

No. of Fish Taxa
Length and Weight at age

Gonad and Liver wt at age (pike),
Fecundity

H9*
correlation



TABLE 5.2: STJMMARY AND GENERAL CONCLUSIONS OF HYPOTIIESES TESTED AT MATTABI

Hvnothesis Y variables X variables Test lHo)
Hr0

Hll

Hl2*

Sediment
Triad

Hypotheses

Benthic Density
No. of Benthic Taxa
Indicator Taxa
Sediment Toxicity Endpoints

Benthic Density
No. of Benthic Taxa
Indicator Taxa

Metal i in Tissue j
MT in Tissue j

Benthic PCs
Sediment Toxicity Endpoints
Sediment Chemistry PCs

Partial Metal i in Sediment (l)
Total Metal i in Sediment (2)
SEI{/AVS Ratio

Sediment Toxicity Results

Metal i in Water (dissolved and
total)

Benthic Variables (B)
Toxicity Variables (T)
Chemistry Variables (C)

same

correlation

same

correlation

s¿ìme

correlations

no
correlation

C-8, C-T and B-T

Comment
Similar correlations for total and partial metals with
benthic community effécts and sediment toxicity results
(Chironomus and Tubifex sublethal endpoints). Total
metals slightly better correlated than partial metals. No
conelation of SEM/AVS ratios with benthos or toxicity
results. SEM/AVS ratio did not correlate with observed
toxicity results.

Tubifex reproduction showed strongest correlations with
benthic metrics sr¡pporting cause-effect linkages.
Chironomus growth showed some linkage with benthos
but the direction of the correlation is inconsistent with
imoact.
In sucker, only Pb and Zn in gill were correlated with
aqueous metal concentrations. MT concentrâtions in
sucker tissues were unrelated to exposure concentrations.
In pike, Pb in kidney and gill, and Zn in muscle, were
correlated with aqueous concentrations of the same metals.
Pike MT levels in kidney and gill were correlated with Cd,
Pb and Zn in water. These metals in tissue showed similar
correlations with correspondine metals in water.

The sediment quality triad was significant using either
partial or total metals, although the benthos/chemistry
correlation was stronger using partial metals. The
chemistry/toxicity and benthos/toxicity arms of the triad
were not significant.

+ H9 and Hl2 arc C/I comparisons with reference stations included in the correlations. Results to be interpreted cautiously
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tissue (tool) interaction, which would indicate a greater degree of response (i.e.,

effectiveness) in one of the two tissues. This second comparison was made only if two or

more tissues showed a significantly greater concentration in the exposure area for any metal.

In female white sucker, for example, the levels of selenium in kidney and liver exhibited

similar relative degrees of difference between the reference and exposure areas, as indicated

by the reach*tool term which was not statistically different (p : 0.660; see Hypothesis H2

in Appendix 7). However, for selenium in kidney and muscle in female white sucker, there

was a significant reach*tool term (p : 5.41E-04), indicating that the relative differences

between the reference and exposure for these two tissues were not similar. To identify

which tissue demonstrated the larger gradient of difference, the plot provided (following the

ANOVAs lor H2 in Appendix 7) indicates a greater slope for the selenium in liver relative to

selenium in muscle.

Also in Appendix '7 are tables identifying the cases where reference-exposure differences

occurred for each metal, and showing the directions of the differences (whether exposure or

reference fish were higher in concentration). On balance, for Cd, Co, Se, Ni, Zn, Pb, most

(but not all) reference-exposure differences showed higher concentrations in the exposure

area in at least one tissue or species. This provides a degree of confidence that the effects

observed are mining-related.

White Sucker

For white sucker, significantly higher concentrations in exposure fish were found for Pb and

Zn in gill, and for Se. The Se elevation was greater in muscle than in kidney for female

sucker, but greater in kidney than in muscle for male suckers. In addition, there were some

exposure area elevations observed in only one sex, e.g., Pb in female livers, Se in male gills.

Gill displays a greater elevation of Pb and Zn n the exposure area than does muscle, liver or

kidney tissue.

Kidneys display a greater elevation of Se in the exposure area than do muscle tissues for

female white sucker; however, for males, there is a greater elevation in the muscle. Livers

display a greater elevation of Se in the exposure area than do muscle tissues for female white

sucker. Muscle displays a greater elevation of Se in the exposure area than does gill tissue

for male white sucker.

Beak International Incorporated/Golder Associates Ltd.
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Northern Pike

In northern pike, significantly higher concentrations were found in the exposure area for Cd

and Zn in muscle, Pb and Co in gill and kidney, and Se in muscle, gill and liver. In
addition, there were some exposure area elevations that were observed in only one sex, e.g.,

Se in female kidneys, Cr in female muscle and in male kidneys. Water chemistry results do

not suggest a Cr source from Mattabi.

Muscle displays a greater elevation of Cd andZn in the exposure area than does gill, liver or

kidney tissue. Gill and kidney display a greater elevation of Pb and Co in the exposure area

than do liver or muscle. Gill tissue displays a greater elevation of Fe in the exposure area

than does muscle, liver or kidney.

Muscle displays a greater elevation of Se in the exposure area than does gill tissue, and gill

tissues display a greater elevation than liver.

5.2.3 H3 - Comparison of Fish Tissues for Metallothionein Concentration

This hypothesis was tested by identifying whether a reference-exposure difference exists for

each tissue (liver, kidney, gill). Effects of age and sex on MT concentration were also

evaluated at this stage.

As shown in Appendix 7, the only significant MT response occurred in gill and kidney of

northern pike (both sexes combined). There was no significant interaction between tissue

(gill and kidney) or exposure effects on MT response, indicating similar responses for these

two tissues. However, higher levels of MT were measured in the kidney making it a more

reliable tool compared to the very low levels measured in gill.

5.2.4 H4 - Metallothionein vs Metal in Fish Tissues as a Response to Exposure

The only fish tissues showing both MT and metal responses were northern pike gill and

kidney. Northern pike gill and kidney showed elevated MT, Pb, Se and Co in the exposure

area relative to the reference area. ANOVAs for gill and for kidney showed no significant

interaction between tool (MT, metal) and exposure effects, for either Pb or Co, indicating

similar effectiveness of MT and metal. However, Se showed a stronger elevation in the

exposure area than MT for pike gills.

Beak International Incorporated/Golder Associates Ltd.
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5.2.5 H5, H6 - Fish CPUE, Fish Community as Responses to Exposure

Fish CPUE

The ANOVAs for CPUE for individual species and for all fish (numbers of individuals)

showed no significant difference in CPUE between reference and exposure areas. The white

sucker CPUE difference was insignificant (p : 0.072), because of only a slightly greater

abundance of sucker in the exposure area (Bell Creek) catches (Appendix 7). These results

indicate no effect of mine exposure on fish abundance.

Fish BPIIE

ANOVAs of biomass-per-unit-effort (BPUE) for individual fish taxa and for all fish showed

no differences between areas (Appendix 7). As stated for CPUE, these results indicate no

effect of mine exposure on fish abundance.

Fish Species

The ANOVA for numbers of fish species present indicates a significant reference-exposure

area difference (Appendix 7). The differences are related to the presence of sauger, lake

whitefish and lake herring in the reference area but not in the exposure area. This fish

community difference can probably be related to the presence of accessible deepwater habitat

near sampling areas in the English River, rather than to any mining-related effect.

5.2.6 H6 - Benthic Community Measures as Responses to Exposure

ANOVAs demonstrated several reference exposure area differences and/or exposure area

trends in the benthic community which are consistent with mining-related effects

(Appendix 7). Reference-exposure area differences were found for log total density and log

(and arcsine square root %) Chironomus (midge) density, whereas exposure area trends were

significant for log total abundance, % Hydracarina (water mite), Pisidium (pea clam)

abundance and numbers of benthic taxa. Nearly significant (p : 0.0S3) trends were found

for arcsine square root % Chironomus (exposure area trend) and log Hydracarina abundance

(exposure area trend, P :0.051; and reference-exposure difference, p :0.054). The

directions of these differences were consistent with mining-related effects (e.g., reduced

taxa, total abundance, Pisidium and Hydracarina abundances; increased Chironomus

abundance). As outlined in Section 3.1, other benthic effects were apparent but not tested,

Beak International Incorporated/Golder Associates Ltd.
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including Psectrocladi¿r.r abundance which was extreme at MMEI, with none present

elsewhere (rendering statistical testing difficult but unnecessary). As discussed previously

(Section 3.1.4), benthic communþ responses appear more likely associated with mine-

related effects than with variations in benthic habitat among areas.

5.2.7 H7 - Fish Growth and Condition as a Response to Exposure

Figure 4.9 shows size-age and weight-length relationships for white sucker and northern

pike. The ANOVA tables showing trends in age-adjusted lengths and weights and length-

adjusted weights are presented in Appendix 7.

White Sucker

White sucker differ by sex in their growth characteristics, with males being generally smaller

than females. ANCOVAs are provided for both males and females using age adjusted data

to account for the effects of age on fish size (Appendix 7). The ANOVAs show no

significant growth differences in male or female white sucker between the reference and

exposure areas. That is, suckers have comparable sizes at age and weights at length

(condition).

Northern Pike

Northern pike, like white sucker, also differ in their growth characteristics by sex, with

males being generally smaller than females. ANCOVAs are provided for males and females

in Appendix 7. Unlike white suckers, however, northern pike were substantially different in

size at age between areas. Both males and females were substantially larger at age in the

exposure area than in the reference. Fish condition (length-adjusted weight) was similar in

both areas. Thus, a fish of a given length had a comparable weight in both reference and

exposure areas, but a specimen from the exposure area would tend to be younger. Reasons

for the enhanced growth in pike in the exposure area ate unclear, but appear inconsistent

with a mining impact or possible reduced food base.

5.2.8 H8 - Organ Size as a Response to Exposure

Summaries of data on liver weight, gonad weight and fecundify (numbers of eggs) are

presented along with ANOVAs in Appendix 7 for both northern pike and white sucker.

Males and females are treated separately for all measurements, and results are adjusted for

fish age or fish size.

Beak International Incorporated/Golder Associates Ltd.
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White Sucker

In white sucker, both body weight and age-adjusted liver weight in males showed significant

reference-exposure differences. In this case, mean liver weight at age and at body weight

was greater in exposed fish than in reference fish. This could potentially be construed as an

increase in liver energy storage, which may be inconsistent with a mine effect. The opposite

response for gonad weight (slightly and statistically smaller gonads) occurred in exposed

males, when the data were adjusted for body weight.

Northern Pike

In northern pike, all three parameters showed significant reference-exposure differences.

Liver weight, gonad weight (both sexes) and fecundity were greater in Bell Creek northern

pike (applies to age and/or body-weight adjusted data). These findings are consistent with

the greater size of male and female northern pike at age - that is, larger fish have larger

organs. However, the fact that females retain these organ size differences after body weight

adjustment indicates that the responses are relatively strong. Overall, these responses appear

to indicate more robust fish in Bell Creek. This may not be consistent with an obvious mine

effect.

s.2.9 H9 - Dissolved vs Total Metal in'Water as a Predictor of Biological Response

in Fish

Hypotheses 9 through 12 involve examination of correlation coefficients between measured

parameters. The correlations for H9 were computed using all reference and exposure area

CPUE, BPUE, fish growth and organ sizelfecundity measurements from Hypotheses H5 to

H8 with emphasis on metals that showed significant area differences. The correlation matrix

is shown in Appendix 7. The most relevant correlations are those for dependent variables

(responses) showing reference-exposure differences consistent with a mining effect.

However, as discussed for H5 to H8, it is suspected that the fish "effects" observed

(increased growth and organ size in some cases) may be unrelated to metal exposure. Only

the decreased body-weight adjusted organ size in female pike and male sucker appear

consistent with a metal exposure impact.

For the most part, correlation coefficients were similar for dissolved and total metal fractions

for some metals (Cu, Fe, Mg, Zn), but were higher for total lead than for dissolved lead.

Beak International Incorporated/Golder Associates Ltd.
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These data should, however, be interpreted very cautiously because, as noted above, most of

these correlations may not reflect cause-effect relationships. Also, as noted previously, the

mobility of fish within the localized exposure zone gradient and the inclusion of reference

site data in the analysis limit the validþ of any conclusions that can be drawn.

5.2.10 H10 - Metals in Sediment as Predictors of Biological Response

For H10 and H11, correlations were computed excluding the reference station data. As

noted previously, it is appropriate to exclude the reference stations as the correlations more

clearly reflect relationships within the mine exposure gradient, and are not potentially

skewed by the extreme low values on the x-axis driven by the six reference area stations.

Thus, a result producing a high correlation coefficient when tested with exposure station data

only is more effective than one producing high values when reference station data are

included.

For tool comparison, no statistical tests are performed to compare the correlations generated

by two measurement tools. However, differences of 0.1 or more between coefficients are

considered worthy of discussion, as long as at least one of the coefficients is statistically

distinguishable from zero.

Tables showing correlation coefficients between sediment measurements (total, partial,

SEM/AVS ratio) and benthic and sediment toxicity testing results are presented in

Appendix 7.

Total and Partial Metals and SEM/AVS Ratios as Predictors of Benthic Community

and Toxicity Response

Both total and partial metals were correlated with the benthic community responses identified

in H6. Significant correlations were seen with many metals including As, Cd, Cu, Fe, Pb,

Ni, Se and Zn. Neither the total nor the partial metal measurements were greatly superior in

terms of the numbers of significant correlations or strength of the correlations, although total

metals were slightly superior in terms of exhibiting the appropriate sign for the correlations

and a slightly greater number of significant correlations. This observation is consistent with

the fact that sediment chemistry trends were stronger for total metals. Both total and partial

metals were more effective than the SEM/AVS ratio, which did not correlate with any

benthic response.

Beak International Incorporated/Golder Associates Ltd
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Sediment toxicity correlations are evaluated using sediment toxicity endpoints, with a focus

on Chironomus growth and Tubifex reproduction which showed significant among area

differences in Hl (regardless of these differences being unrelated to exposure), as well as

other sediment toxicity test results. As observed with benthic responses, significant

correlations were found with both total and partial metals. Neither total nor partial metals

was clearly superior as the independent variable group. The significant positive correlations

. between total metals and Chironomus growth appear unusual, but are consistent with the

increased growth measured in sediment toxicþ tests completed at Mattabi in the early 1990s

(NTC and BEAK, t993) and may indicate an unexplained but real effect of metal exposure

in this case.

Overall, H10 results suggest that benthic community responses are slightly better correlated

with total metals than with partial metals. This result is consistent with the observed

exposure-related trends seen in H6 and in terms of the stronger spatial responses observed in

total metals relative to partial metals. H10 results for sediment toxicity may be less

conclusive in terms of distinguishing greater effectiveness in total or partial metals.

However, if the positive correlations between total metals and Chironomus gtowth reflect a

metal exposure response, then total metals could be considered more effective than partial

metals in this case. The SEM/AVS ratio was not correlated in a meaningful way with any

benthic or sediment toxicity responses.

5.2.11 H11 - Sediment Toxicity as a Predictor of Benthic Community Response

Tables showing correlation coefficients between toxicþ endpoints (Chironomus growth,

Tubifex numbers of cocoons and young) and benthic indices (total density, numbers of taxa,

% indicator taxa) are presented in Appendix 7. The toxicity parameters chosen for testing

here include those showing significant among station differences in H1, even though these

differences did not occur between reference and exposure areas. Other toxicity parameters

were also considered including Hyalella results, and the correlation analysis broadened to

consider dependent variables of interest that may not have been considered in H6. In

particular, the analysis includes an examination of correlations between toxicity response in

the laboratory and the abundance of the same or related organisms in the benthic community

(e.g., is there a link between Hyalella survival and Hyalellø density in the environment?).

Regardless of the lack of mining-related sediment toxicity effects in Hl, several significant

correlations occurred between sediment toxicity and benthic response. Correlations were

Beak International Incorporated/Golder Associates Ltd.
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strongest between the Tubifex reproduction endpoints and benthic endpoints. Thus, based on

these comparisons, Tubífex reproduction responses appear to provide better indicators of

benthic effects than Chironomus growth or other toxicity test results. It is interesting to

observe the absence of correlations between Hyalella, Chíronomus and Tubifex results and

the relative abundances of these same taxa in the benthic community.

5.2.12 H.lz - Total vs Dissolved Metals in Water as Predictors of Metal and

Metallothionein in Fish

Tables showing correlation matrices between total and dissolved concentrations in water and

fish tissue metal concentrations are presented in Appendix 7. Emphasis is placed on those

metals and tissues showing significant mining exposure-related responses in H2 and H3.

Correlations could not be done for cobalt and selenium which showed significant exposure-

reference area differences in tissue levels because aqueous selenium and cobalt were below

detection limits in water at most stations. However, the possibility that cobalt and selenium

concentrations in fish tissues could be affected by the mine cannot be discounted because,

although these metals showed little or no evidence of elevation in the exposure area, they

were detected in the effluent.

The only significant responses in white sucker were for Pb and Zn in gill (both sexes) and

for Pb in liver (females only). The correlation coefficients indicate a comparable linkage

between metal in tissue and water for both total and dissolved forms. This conclusion is

relatively weak, however, as it is based on a C/I design that precludes rigorous dose-

response evaluation.

In northern pike, significant tissue-water correlations were found for MT in kidney and gill

with aqueous Cd, Pb and Zn. Significant tissue-water correlations were found for Pb in

kidney and gill, andZn in muscle.

For most metals examined in this hypothesis, dissolved and total metals produced similar

correlation coefficients. For cadmium, significant correlations could be identified only for

total metal results, owing to the dissolved metals values falling below detection limits.

Beak International Incorporated/Golder Associates Ltd.
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5.2.13 TriadHypothesis

There are a number of chemistry (C), toxicity (T) and biology (B) monitoring tools that

show significant bivariate correlations on all three arms of the "triad". For zínc, the

correlations involving total metals were similar to those involving partial metals.

However, for other metals, notably copper and cadmium, the correlations involving total

metals were quite different than those involving partial metals. Spatial patterns of partial

metals (except for zinc) did not follow those of total metals and were not clearly mine-

related.

A more holistic evaluation of the sediment quality triad, involving multivariate analysis, is

presented in Appendix 7. The many sediment chemistry variables were reduced by

principal components analysis (PCA) to two sediment principal components (SPCs)

representing sediment chemistry gradients. This PCA used both total metals and partial

metals but not SEM/AVS results. Only partial and total metals appeared effective in

hypothesis testing.

For partial metals, the dominant SPC1 (accounting for most (47%) of the overall variation

in sediment quality) represents a mining-related gradient (Figure 5.8). Sediments

influenced by mining tend to have a higher metal content, higher density, less moisture

and less organic content than reference sediments. The subdominant SPC2 (accounting for

20% of the variation in sediment quality) represents variation in grain size, with more fine

sediments at one end, versus sand at the other. The large lake stations (Mine Creek Bay

and Peterson Cove) tend to contain more sand. Partial copper and cadmium tend to

associate with sandy sediments rather than following the mining-related gradient in total

metals.

For total metals, SPC1 accounts for 66% of the overall variation in sediment chemistry

(Figure 5.9). SPC1 represents a mining-related gradient. As for partial metals, sediments

influenced by mining tend to have a higher metal content, higher density, less moisture

and less organic content than reference sediments. The dominant SPC2 represents mainly

a grain size gradient, and explains only 14% of the overall sediment quality variation. It

primarily separates Station MMR2-2 from all the others, based on fine texture. However,

other reference stations and Mine Creek Bay stations tend to have more sand than No

Name Lake stations.

Beak International Incorporated/Golder Associates Ltd.
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Sediment (Total Metals) PCA Results
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The many benthic community variables were reduced by PCA to two benthic BPCs

representing gradients in the biological make-up of the community. The dominant BPCl,

accounting for 29% of the overall variation in species composition, primarily represents

Hydracarina, Pisidium, Tanytarsini chironomids, ostracods and Hyalella (pollution

sensitive taxa) as well as the chironomid Psectrocladius (pollution tolerant taxa)

(Figure5.10). Tolerant species dominate at No Name Lake, while sensitive species

characterize the reference stations. The subdominant BPCZ, accounting for I77o of the

variation in species composition, represents Chironomøs primarily, and separates Mine

Creek Bay stations from all others.

The dominant partial metal gradient (SPCI) was significantly correlated with BPC1

(multiple R : 0.81, p <0.001; Figure 5.11). This mine-related gradient (SPCI) was not

significantly correlated with sediment toxicity, although SPC2 for partial metals was

significantly correlated with Chironomus growth and Tubifex production of cocoons and

young (multiple R : 0.66, p : 0.019). The large lake sediments (e.g., Mine Creek Bay

and Peterson Cove), which group together on SPC2, tend to provide for better Tubifex

reproduction than either No Name Lake or Tag Lake sediments. However, "toxicity"

does not appear to be driven by mine-related sediment features.

The dominant benthic community gradient, BPCI, representing sensitive vs tolerant

species, was not significantly correlated with sediment toxicity, but toxicity was

significantly correlated with BPC2, representing Mine Creek Bay species (i.e., better

growth in Mine Creek Bay). The dominant benthic community gradient, BPCI, was

related to the dominant sediment quality gradient (SPCI) which represents mine influence.

Thus, the sediment features that drive toxicity (growth of test species) are different from

those that drive benthic community composition. As noted in hypothesis testing (H1),

relatively little toxicity was measured at Mattabi.

Based on Bartlett's sphericity test, and using only the dominant (mine-related) sediment

quality and benthic community gradients, the sediment quality triad overall was

significant. This demonstrates that chemistry, benthic and toxicity tools are linked,

despite the weakness of the benthos-toxicity and chemistry-toxicity arms of the triad.

When the triad analysis was repeated using total rather than partial metals, the sediment-

benthos arm of the triad was weakened and the other arms were not substantially altered

relative to the partial metal triad (Figurc 5.12). Results of this analysis are provided in

Beak International Incorporated/Golder Associates Ltd
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Appendix 7. The sediment quality triad with total metals overall was significant despite

the fact that none of the arms using the major PC axes were significant.

To illustrate an alternate approach, Mantel's test was performed in parallel with the

previous analysis. Results are illustrated in Figure 5.13. For each of the benthic

community, sediment chemistry (total metals) and sediment toxicity datasets (appropriately

. transformed), euclidean distance matric_es were derived indicating overall similarities

between pairs of stations. Concordance between the three pairs of distance matrices

(benthos-chemistry, benthos-toxicity and chemistry-toxicity) was tested using Mantel's test

(10,000 iterations). Overall, results indicated that none of the associations across each of
the arms of the triad (B-C, B-T, C-T) was statistically significant, and the Bartlett's

Sphericity Test was not statistically significant (p >0.05). This solution supports the

conclusion that the triad is relatively weak at Mattabi.
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6.0 EVALUATION OF AQUATIC EFFBCTS
TECHNOLOGIES

6.L Introduction

The Mattabi Field Evaluation program evaluated several of the aquatic effects monitoring
-*'tools" considered by the AETE program. These tools were evaluated through testing

twelve of the thirteen hypotheses pertinent to the 1997 fteld program, as well as by

examination of other tool performance indicators other than those specific to these

hypotheses (e.g., sediment qualrty triad, chironomid deformities, other cause-effect

relationships, practical aspects). To avoid repetition, the cost-effectiveness aspects of the

monitoring technologies are considered collectively in a summary report on all four of the

1997 fteld sites, because costs for each specific technology were approximately equal at the

four sites (BEAK and GOLDER, 1998b). The summary report also evaluates the overall

effectiveness of each monitoring tool, based on the results of all four sites.

Monitoring tools may be organized within "tool boxes" under the four guiding questions

formulated under the AETE program to develop the hypotheses tested (from Section 1.1):

1. Are contaminants getting into the system?

2. Are contaminants bioavailable?

3. Is there a measurable (biological) response? and

4. Are contaminants causing the response?

Tool boxes and monitoring tools may be categorized under these four questions. Some tools

may logically fit under more than one question; for example, toxicity testing tools may fit

under Questions l, 2 or 3. Table 6.1 provides a reasonable framework for organization of

these tools, although alternate frameworks may be equally valid.

The fourth question cannot be answered by the application of individual tools, unlike the first

three questions. Rather, the fourth question can be answered only by integrating the use of

tools between and among tool boxes through testing for statistical linkages between potential

cause and effect variables (e.g., do chemical concentrations and biological measurements

correlate with one another?). The most effective tools are clearly those used in combinations

that provide a yes answer to Question No. 4. The sediment quality triad represents a means

of addressing Question No. 4.

Beak International Incorporated/Golder Associates Limited
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Ouestion Tool Boxes Tools

Are contaminants getting
into the system?

Water chemistry total metal concentrations
dissolved metal concentrations

Sediment chemistry o total metal concentrations
o partial metal concentrations
¡ acid volatile sulphide and sequentially

extracted metals

Are contaminants
bioavailable?

Fish tissues organ/tissue metal concentration
organ/tissue metallothionein
concentration

Is there a measurable
response?

Effluent chronic toxicityl e fathead minnow survival and growth test
o Ceriodaphniadubia(microcrustacean)

survival and reproduction test
. SelenasÍrum capricornutum (algae)

growth test
c Lemna minor (duckweed) growth test

Sediment toxicity a Chironomas riparius (larval insect)
survival and growth test
Hyalella aztece (crustacean) survival
and growth test
Tubifex tubifex (aquatic worm) survival
and reproduction test

a

Fish health indicators ¡ fTsh growth (length, weight and age)
. fish organ size, fecundity

Fish population/community
health indicators

a fish catch-per-unit-effort (CPUE - by
species and total)
fish biomass-per-unit-effort (BPIIE - by
species and total)

a

Benthic community health
indicators

. densities of benthic invertebrates
¡ numbers of benthic invertebrates
o benthic community indices (e.9., EPT

index)
o frequency of chironomid deformity

Periphyton community health
indicators

r periphyton cornrnunity biomass
o numbers of periphyton taxa

Are contaminants causing
the response?

Pair-wise combinations of
the above tool boxes

o chemistry x biology tool correlations
o toxicity x biology tool correlations
o chemistry x toxicity tool correlations
o Sediment Quality Triad

TABLE 6.1 GUIDING QUESTIONS, TOOL BOXES AND TOOLS CONSIDERED IN THE 1997

FIELD PROGRAM. TOOL BOXES AND TOOLS IN BOLD PRINT ARE
SPECIFICALLY CONSIDERED AT MATTABI

1 Effluent chronic toxicity measured in the laboratory may also be categorized under Questions 1 or 2 (Are
contaminants getting into the system?,or, Are contaminants bioavailable?).
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The hypotheses are formulated to answer two general types of questions

Is the tool effective in measuring a mine effect (i.e., is there a reference -

exposure difference or an exposure area gradient)?; and

Is one tool more effective than another in measuring an effect?

The "effectiveness?' of monitoring tools as discussed herein is specific to the Mattabi dataset.

Mattabi represents one of four mine sites considered in the AETE 1997 Field Program, and

only one of dozens of mine sites across Canada. A tool that is found to be of little value at

Mattabi for detecting mine effects may be very useful at other sites and vice versa.

Therefore, the reader is cautioned not to assume that the conclusions drawn from the Mattabi

data will necessarily be broadly valid at mines across Canada. As shown in the AETE 1997

Field Program Summary Report (BEAK and GOLDER, 1998b), monitoring tools can

respond very differently from site to site. Also, the presence or absence of a particular

mine-related effect may simply reflect exposure level or bioavailability at the site. In the

latter case, the absence of an effect may simply indicate that the tool was suitable for

showing no effect.

6.2 Are Contaminants Getting Into the System?

6.2.1 Water Chemistry Tool Box

Hypothesis Testing Aspects

At Mattabi, water chemistry sampling in Bell Creek showed that metals were "getting into

the system". This was demonstrated by elevated downstream concentrations in total and

dissolved concentrations of several metals (e.9., zinc, copper, lead, cadmium, aluminum),

and with increased selenium and cobalt concentrations measured in the effluent. In No

Name Lake and Mine Creek Bay, sediment concentrations of cadmium, copper, lead and

zinc clearly demonstrated that metals were getting into the system.

In testing of Hypotheses H9, elevated aqueous metal concentrations measured in Bell Creek

were associated with enhanced fish size and fecundity at age. However, the effects observed

for the most part were not consistent with an adverse impact, and the correlations may be a

result of the C/I design and the responses more related to natural differences between

reference and exposure areas. A few correlations were also observed between metal

o
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concentrations in water and tissue response (H12), with these responses more consistent with

an exposure effect than noted for H9.

Other Consi.derations

The collection of dissolved metal samples according to the methods described in Annex 1

"(provided under a separate cover) was not onerous, but required approximately five

technician hours (additional relative to total metal samples) to filter and preserve the 18

samples (15 plus field duplicates and effluent samples).

The syringe and filter apparatus required, based on recoÍrmendations by chemists with the

Geological Survey of Canada (GSC), were difficult to procure in Canada. Importation of the

syringes from the U.S. required over one month due to delays at Canada Customs; thus,

syringes were borrowed from GSC until delivery of our order. Availability of similar

filtration materials necessary for ultra-trace metal work may be problematic in the future,

requiring careful planning.

The commercial laboratory used required very specific instruction to provide sampling

containers and filtration materials consistent with the speciñcations provided by GSC. For

example, commercial laboratories often provide low density rather than high density

polyethylene containers for metal samples, and may also provide containers with coloured

lids such as "Falcon" tubes to consultants or mining companies. GSC has shown that such

containers can contribute low levels of metals to water samples, and thus may not be suitable

in aquatic effects monitoring where metal concentrations of interest are equal to or often

below surface water quality guidelines.

The filtration procedure involved squeezing the water through a syringe-mounted filter, and

was somewhat difficult and time-consuming due to the slow rate of filtration, rinsing

requirements, etc. Also, where suspended solids levels are higher, filters became quickly

clogged and required replacement.

Sample contamination was generally not apparent in the dissolved metal results, as dissolved

metal concentrations were generally less than or equal to total metal concentrations (with

exceptions occurring mainly at low concentrations near the detection limits).
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To conclude, water chemistry (metal concentration) measurements were effective predictors

of exposure at Mattabi. Neither total nor dissolved metal concentrations were more effective

predictors of impacts in fish.

6.2.2 Sediment Chemistry Tool Box

Hypothesis Testing Aspects

In the exposure areas of No Name Lake and Mine Creek Bay, sediment concentrations of
most metals demonstrated that contaminants were getting into the system. The gradients

were most strongly demonstrated for total metals. The sediment chemistry tools of total

metals, partial metals and SEM/AVS were evaluated through Hypotheses H10 by identifying

reference versus exposure differences or concentration trends within the exposure gradient,

and by examination of sediment metal correlations with biological responses (both benthic

indices and sediment toxicity).

In general, reference-exposure differences and exposure area trends were observed for Zn,

Cd, Cu, Pb, Ni and to a lesser degree for Hg and As.

Total metal and partial metal concentrations provided value in predicting biological effects in

benthic communities or sediment toxicity. Neither total nor partial metals showed

substantially better correlations with benthic community responses or toxicity, although

correlations with total metals tended to be slightly superior in terms of the overall numbers

of significant correlations. The SEM/AVS results did not show any significant correlation

with the benthic metrics. There was only one weak correlation with a sublethal sediment

toxicity response, but in the wrong direction, indicating that this sediment tool was not

effective in predicting effects at Mattabi.

Other Considerafions

Total metals and partial metals were similar in effectiveness in predicting biological effects,

although the overall sediment quality triad was stronger when calculated with partial metals.

The use of partial metals requires that the field crew have access to a freezer or dry ice since

the samples have to be frozen after collection. The samples must also be kept frozen during

transport to the analytical laboratory. In some field situations, this could increase the cost of

sample collection, further decreasing the cost-effectiveness of this tool.
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Sediment metal analyses may be more effective than aqueous metal analyses situations where

aqueous metal concentrations are affected only sporadically (e.g., only in response to runoff

or to intermittent effluent discharge), with concentrations approaching natural background

between these impact events. This is because sediments will act to integrate metal loadings

gradually over time while the water column may flush more rapidly.

The ineffectiveness of AVS and SEM determinations is perhaps not surprising, given the

underlying assumptions in the SEM/AVS model. The SEM/AVS model relates the molar

concentration ratio of potentially toxic simultaneously extracted metals (Cd, Cu, Pb, Ni, Zn)

to the molar concentration of amorphous solid metal sulphide (predominantly FeS; Allen et

al., 1993). Where the SEM/AVS ratio is >1.0, some of the metals are not rendered

unavailable by formation of metal sulphides and toxicity may occur (e.g., Long et a|.,1998).

At lower ratio values, toxicity should not occur. In many mining-impacted sediments,

including those in No Name Lake and Mine Creek Bay, metals are often introduced to the

environment in complex metal sulphide minerals in tailings or other solids, and may not be

controlled in their mobility by simple monosulphide forms. The potentially large fraction of

sulphide mineral present and the uncertain behaviour of minerals such as pyrite (iron

sulphide), sphaleride (zinc sulphide), chalcopyrite (copper sulphide) and galena (lead

sulphide) in the extraction potentially introduces a major uncertainty relating to the

assumptions associated with the SEM/AVS model.

6.3 Are Contaminants Bioavailable?

This question is answered through the measurement of metal bioaccumulation or biochemical

responses to metal bioaccumulation (i.e., MT). Overall, the Mattabi results suggest th4t

metals from the mine are sparingly bioavailable to fish in Bell Creek.

6.3.1 Tissue Metal Concentrations

Hypothesis Testing Aspects

The effectiveness of tissue metal concentrations as indicators of metal bioaccumulation is

determined by the identification of differences between exposure and reference areas, with

higher values in the exposure area indicating effectiveness. Tissues showing greater

exposure-reference differences are considered more effective than those showing smaller

differences for the same metal.
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The relative affinities of metals for specific tissues tended to be the same in the two species.

For example, copper accumulated principally in liver, cadmium and lead in kidney, and

selenium in both liver and kidney in both species.

Reference-exposure area differences in tissue metal concentrations in sucker were evident

only for Pb and Zn, and only in gill among the key metals associated with Mattabi (Zn, Cu,
"Pb, Cd). The degree of difference for Zn, in particular, is very small ( <rc% difference in

area means; refer to Table 4.10). These results suggest that the principal metals from

Mattabi are low in bioavailability (or are efficiently excreted) in white sucker. Selenium,

however, was more concentrated in all tissues in exposed sucker (but not always in both

sexes) and appeared to respond more effectively than any other metals; however, the

connection of a selenium source with the mine is somewhat tenuous.

As in white sucker, the principal metals from Mattabi showed limited bioavailability in

northern pike, with slightly greater tissue concentrations evident in the exposure area for Cd

(muscle), Pb (gill and kidney) and Zn (muscle). As noted for sucker, Se and Co also

appeared to respond, although for both metals a source linkage with Mattabi is not in strong

evidence. Thus, tissue metal concentrations were apparently responsive to exposure in

Mattabi pike, but only weakly so for the key metals. In neither species was a response in

tissue copper observed.

Hypothesis 12, which compares correlations between metals in water and metals in fish

tissues, showed significant correlations for Pb in liver of female sucker, and for Pb and Zn

variously in gill, kidney and muscle of sucker and/or pike. These correlations are consistent

with exposure-reference differences in H2. Hypothesis 12, however, is probably less

effective in testing tissue metal tools for Pb than is H2, because of the large number of non-

detect lead and chromium concentrations in the water quality data set. Correlations of tissue

concentrations of Co and Se with waterborne levels could not be determined inHL2 because

these metals were below detection limits at most sites.

Other Considerations

From a practical standpoint, collection of tissues for metal analysis was not problematic,

although more effort was required for fish collection and dissection than was necessary for

small fish viscera at other mine sites in the 1997 AETE Field Program. The cold water
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conditions in October 1997 were conducive to maintaining viable fish for dissection,

although viability was necessary for MT rather than for metals.

The correlations observed between concentrations of some metals in tissues and MT in
tissues were good in some cases, especially in northern pike liver for Cu and the molar sum

of Cd * Zn * Cu. These correlations imply cause-effect relationships within the tissues.

The correlations between tissue metals and tissue MT in both species, especially in liver,

imply metals and MT in liver effectively respond to accumulated metals, although the

accumulation is not clearly connected with a mine effect as indicated previously.

6.3.2 TissueMetallothioneinConcentrations

Hypothesis Testing Aspects

The effectiveness of tissue MT concentrations as indicators of exposure to bioavailable

metals from mine exposure is determined by identification of differences between exposure

and reference areas, with higher values in the exposure area indicating effectiveness. Where

more than one tissue fype (gi[, kidney, liver) shows a significantly elevated exposure area

response, the tissue(s) having larger exposure-reference differences are identified as more

effective.

At Mattabi, significant MT responses were found in northern pike only, with responses

observed in gill and kidney. No response was identified for pike liver. This limited

response in MT at Mattabi appears consistent with the limited metal bioaccumulation

measured in Mattabi fish.

Other Considera.tions

The collection of tissues for MT analysis was not problematic, although the effort required

for sample collection was greater than for fish viscera for other 1997 AETE field sites. The

cold water conditions of October 1997 were conducive to maintaining fish viabilþ until

dissection, as required for MT. Maintenance of a dry ice supply was logistically difficult

and expensive, with the supply delivered every three days by bus from Winnipeg to lgnace,

and by taxi from Ignace to field headquarters.

Liver MT levels were strongly correlated with liver metal levels for Cu and the molar sum

of Cd * Cu * Zn in northern pike. Similar correlations were not seen for other tissues.
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This result implies a more effective MT response in liver than in other tissues once metal

bioaccumulation occurs, although the metal source appears unrelated to Mattabi (i.e., liver

Cd, Cu andZn concentrations did not show a reference-exposure difference).

6.4 Is There A Measurable Effect?

The answer to this question is evaluated through Hypotheses Hl, and H5 through H12. The

hypotheses tested at Mattabi are based on a measurable effect in fish and benthos (H5

through H8) and on the integration of tools hypotheses (H9 through H11) which look for

correlations between the measurable effect and the possible causal agents. Overall, the

results suggest that the benthic community is affected by exposure, but that measurable

sediment toxicity, as tested in H1, is not. Reasons for this paradox are unclear.

6.4.1 Sediment Toxicity

Hypothesis Testing Aspects

The effectiveness of sediment toxicþ as an indicator of metal bioavailability is determined

by the identification of differences in toxicity between reference and exposure areas and/or

the occurrence of trends within the exposure areas (near-field to far-field). Effectiveness is

also determined by the strength of correlations between possible causal agents (metals in

sediment) and sediment toxicity and between sediment toxicity and the benthic community.

Sediment toxicity was evident in all three test species, including mortality and growth

impairment in Hyalella and Chíronomus, and reproductive impairment nTubifex. However,

none of these responses could be related to a mining effect in Hl. Additionally, toxicify was

not strongly correlated with sediment chemistry or associated with the SEM/AVS ratio.

These results suggest that metals in exposure area sediments, although high in concentration,

were low in bioavailability. Despite the general lack of strong linkages with sediment

chemistry or with exposure to mine effects, some correlations were found between toxicity,

especially Tubifex reproduction, and benthic response. These correlations may be spurious,

as they are inconsistent with any toxicþ-benthos linkage in the triad analysis, or with any

other evidence. Overall, sediment toxicity generally responded poorly or not at all to
sediment contamination at Mattabi.

These results underscore the importance of analyzing field reference sediments in evaluating

sediment toxicity, because field references proved toxic in some cases.
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Other Considera.tions

From a practical standpoint, sediment toxicity was readily assessed at Mattabi. Hyalella and

Chironomus showed reduced survival in some sediments, while Tubifex showed no

significant lethality response. Tubifex testing is not currently widely available from

commercial laboratories. Commercial testing capabilþ is widely available for sediment

- testing with Chironomus and Hyalella.

6.4.2 Benthic Community Health Indicators

Hypothesis Testing Aspects

Monitoring of benthic communþ parameters was effective in identifying response to mining

effects in the exposure areas at Mattabi, with effects on total density, total numbers of taxa

and on specific sensitive and tolerant indicator species. This effectiveness was evident in

terms of reference-exposure differences and with respect to correlations with sediment metal

concentrations in H10 and in the triad. No associations were seen between benthic indices

and SEM/AVS results, suggesting that this is not an effective tool in predicting benthic

effects at Mattabi.

Other Considerafions

The collection of benthos for analysis at Mattabi was accomplished readily and required

routine effort.

The incidence of chironomid deformity and abnormality, based on examination of mouth

parts in mounted specimens, was low throughout the reference and exposure areas

(Appendix 5), indicating that this tool would be ineffective in measuring biological responses

to metals at Mattabi.

6.4.3 Fish Health Indicators

Hypothesis Testing Aspects

Fish health indicators, including community level indicators (catch/biomass-per-unit-effort,

number of taxa) and population/individual level indicators (growth, organ size) were not

rigorously tested at Mattabi owing to the limitations imposed by the CII design.
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Nonetheless, most of the fish health indicator evidence shows little negative impact of mine

exposure on fish abundance or biomass, and effects on numbers of taxa are likely related to

reference-exposure area habitat differences. When reference-exposure differences in fish

growth were evident (northern pike), the differences did not support a metal impact

conclusion (i.e., exposed fish grow faster). Similarly, liver weight, gonad weight and

fecundity responses, which occurred in both species, did not support an adverse mine impact

conclusion (i.e., exposed fish tended to have larger livers and gonads when adjusted for age

and/or body weight).

Overall, the general absence of "negative" impacts on fish health, such as reduced

abundance, growth or reproductive perfonnance, are consistent with the results of fish tissue

analyses. That is, tissue analyses imply that key metals from Mattabi are low in
bioavailability, as measured by determination of tissue metal or MT concentration;

accordingly, little deleterious impact should be expected.

Other Considera.tions

Fish measurements were readily taken and dissections readily performed in the field. The

skill sets used here are the same as required in support of the adult fish survey of

environmental effects monitoring programs for the pulp and paper industry.

Given that significant differences occurred in fish health indicators between the Mattabi

reference and exposure areas, and that the differences do not support a mine impact

conclusion, this indicates some important aspects with respect to the interpretation of these

data. If the differences observed were exposure-related, then exposure to metals at non-toxic

concentrations can potentially produce more robust fish. If the differences are unrelated to

metal exposure and are simply in response to the sampling of distinct fish populations, then

the probability is high at other sites of declaring a mine impact when the causes of the

response differences are more likely associated with other (natural) factors. The probability

is particularly high within a Cll study design framework such as implemented for fish at

Mattabi.
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6.5 Are Contaminants Causing the Responses?

As indicated previously, this question is not answered directly through the application of

specific monitoring tools evaluated in this study, or through any of the hypotheses tested.

Rather, the question is evaluated only by a weight-of-evidence provided by affirmative

responses to the first three questions, and particularly by the strength of correlations between

exposure indicators (chemical concentrations) and biological responses in hypotheses H9

through H12. Strong linkages between sediment chemistry, sediment toxicity and benthic

community characteristics in the sediment qualþ triad would provide further support that

contaminants cause the responses.

At Mattabi, evidence indicates that contaminants (metals) are getting into the system.

However, analyses of fish tissues for metals and MT suggest that metals in Bell Creek are

sparingly bioavailable. The biological responses obseryed in fish (growth, reproductive

indicators, organ size) are generally not indicative of an adverse effect, a result that is

consistent with low metal bioavailability.

If sediment toxicity can be considered to reflect bioavailability of metals in sediment,

sediment metals at Mattabi are low in bioavailability (i.e., sediment toxicþ was not strongly

related to metal concentrations). This absence of strong metal-related toxicity is unusual,

given the very high concentrations of metals such as zinc in the sediments.

Benthic community responses are evident and are associated with proximity to mine sources

and with metal concentrations in sediments. This result implies that benthic responses are

associated with contaminants and that benthic community responses can be more sensitive

than sediment toxicity responses.

The sediment quality triad produced either weak or insignificant linkages between sediment

chemistry, sediment toxicity and sediment biota, depending on the statistical solution and

datasets used. The strongest linkage was found between partial metal concentrations and

benthos. These results provide limited support for cause-effect relationships between

chemistry and biota, chemistry and toxicity, and toxicity and biota. One may conclude that

sediment metals are relatively low in bioavailability, to such an extent that other factors

(e.g., minor grain size differences, natural "toxicants", etc.) tend to mask any impacts of

sediment-associated metals.
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Based on the above considerations, the Mattabi example serves to illustrate that metals

released to the environment from mining activities can in some cases produce little impact,

despite the presence of high concentrations in sediments and water. Hypotheses tested here

also show that tools thought to better measure bioavailable metals (e.g., dissolved metals in

water, partial metals in sediment) are not necessarily more effective than total water and

sediment analyses.

6.6 Section Summary

Table 6.2 provides a summary of the effectiveness rankings of the aquatic monitoring tools

evaluated at Mattabi. Table 6.3 compares the effectiveness of alternate tools that may be

used to measure metal concentrations, metal bioavailability or biological response.

Some of the tools evaluated demonstrated a mine effect at Mattabi whereas others did not.

Tools demonstrating or partially demonstrating effects at Mattabi included most in the

water and sediment chemistry tool boxes (with the exception of SEM/AVS), most in the

benthic community tool box, and some of the fish tissue and MT tools (i.e., all tissues

were effective, but for few metals and with differences between species and sexes). Tools

that did not demonstrate effects included several in the fish health, fish

population/community, and sediment toxicity tool boxes. The limited effectiveness of

some of these tools may be due to low metal bioavailability, possibly combined with small

differences in habitat, food abundance, ets. Of the tools in the same tool box ranked as

demonstrating effects, major differences in effectiveness were not evident at Mattabi. This

indicates that cost-effectiveness will be important in evaluation of these tools. Cost-

effectiveness is assessed in a separate summary report on the four 1997 field sites (Heath

Steele, Myra Falls, Dome and MattabÐ (BEAK and GOLDER, 1998a).

A tool was considered to partially demonstrate an effect if it occurred with a limited

number of endpoints, if the response was minimal, or if the response was in a direction

inconsistent with adverse impact. For example, total and dissolved metals in water

showed a partial effect in that they were unrelated to any adverse health impacts in fish,

but did correspond with some fish tissue metal responses. Fish tissue metal concentrations

were affected but in many cases not in terms of the key metals from the mine; thus, the

effects were partially demonstrated. Liver weights adjusted for age were greater in

exposed sucker and pike - an effect not clearly consistent with adverse impact and

therefore considered a partial effect.
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TABLE 6.2: EFFECTIVENESS OF MONITORING TOOLS TESTED AT MATTABI

Comment

Increased concentrations of Zn, Cl, Pb and Cd in exposure area. Se and Co
source implied by effluent sample analysis. Increased concentrations appeared
unrelated to any adverse effects on fish growth, community structure or organ
size, but did show some relationships with tissue metal levels in fish.

Gradients in exposure area evident, particularly for total Zn, Cu, Cd and Pb,
but were weaker for partial metals. The corresponding correlations between
partial metals and benthic responses were slightly weaker than those for total
metals. Correlations occurred between sediment metals and the benthic
community.

SEM/AVS was not correlated to biological impact or toxicity. Chemical
determination may be confused by the abundance of complex metal sulphide
minerals in sediments.

No response to mine-related effects. Mortality and growth responses occurred
in Hyalella and Chironomus, and reproductive responses occurred in Tubifex,
althoueh effects were unrelated to Mattabi

Unresponsive to mine exposure, except for Se. Evidence for a Se source in
effluent is weak.

Unresponsive to mine exposure except for Se in females; weak correlations
between liver MT and liver Zn, liver MT and liver Cu*Zu*Cu.

Responsive with respect to Pb, Zn and molar sum of Cd+Cu+Zn. No positive
gill metal correlations with gill MT were found.

Unresponsive to mine exposure, except for Se. No positive kidney metal
correlations with kidney MT were found.

Effectiveness

Effect Not
Demonstrated

Effect
Partially

Demonstrated
Effect

DemonstratedTools

Toøl Met¿ls

Dissolved Metals

Total Metals
Partial Met¿ls

SEM/AVS

Hyalella azte ca, Chironomus
riparius, Tubifex tubdex

White Sucker

Metals:
¡ Muscle

¡ Liver

a Gill

a Kidney

Tool Boxes

Water Chemistry

Sediment Chemistry

Sediment Toxicity

Fish Tissues
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TABLE 6.2: EFFECTIVENESS OF MOMTORING TOOLS TESTED AT MATTABI (cont'd)

Comment

Responsive for Cd, Zn, Se (both sexes). Evidence for a Se source at mine is
weak-

Unresponsive to mine exposure except for Se. Liver MT strongly correlated
with liver metals for Cu and Cd+Cu+Zn.

Responsive for Pb, Co and Se. Meaningful correlations between liver MT and
liver metals were not evident.

Responsive for Pb, Co (both sexes) and Se (females only). Evidence for Se and
Co source at mine is weak. Weak correlation between kidney MT and kidney
lead.

Liver MT unresponsive to mine exposure. Correlated with hepatic Zn and
Cu+Zn+Cd.

Gill and kidney unresponsive to mine exposure. No positive correlations
between gill/kidney MT and gill/kidney metals.

Hepatic MT unresponsive to exposure. Strong correlations between hepatic

metals (Cu, Cd+Cu+Zn) and MT.

Gill and kidney responsive to mine exposure. Positive correlations between
gill/kidney MT and tissue met¿ls were absent or weak.

Effectiveness

Effect Not
Demonstrated

Effect
Partially

Demonstrated
Effect

DemonstratedTools

Northern Pike

Metals:
¡ Muscle

¡ Liver

. Gill

a Kidney

White Sucker MT

¡ Liver

¡ Gill
. Kidney

Northern Pike MT

r Liver

a Gill

Kidneya

Tool Boxes

Fish Tissues (cont'd)
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TABLE 6.2: EFFECTIVENESS OF MONITORING TOOLS TESTED AT MATTABI (cont'd)

Comment

No difference in weight at age for reference and exposure fish.

Exposed fish not negatively affected, but much larger at age. Fish condition
(weight at length) urnffected.

Liver weight (adjusted for age or body weight) greater for male exposure fish.
Nature of "effect" not clearly mine-related.

Larger liver weights (at age or body weight) in exposed females, and males (at
age only). Nature of effect not clearly mine-related.

Body weight-adjusted gornd weight slightly reduced in exposed males þotential
mine-related effect).

Larger gonad weights for exposed fish. Effects not clearly mine-related

No difference in fecundity at age or body weight.

Greater fecundity at age but not at body weight. Effects not clearly mine-
related.

CPUE was slightly (but not significantly) greater in exposure area. Effect not
clearly related to exposure.

CPUE for pike was comparable in reference and exposure areas.

CPUE for all fish was comparable in reference and exposure areas.

Effectiveness

Effect Not
Demonstrated

Effect
Partially

Demonstrated
Effect

DemonstratedTools

Body Size and Age (Grovth)

o White sucker

. Northern pike

Liver Weight

¡ White sucker

r Northern pike

Gonad Weight

o White sucker

. Northern pike

Fecundity

¡ White sucker

¡ Northern pike

CPI.]E

¡ White sucker

¡ Northern pike

o All fish species

Tool Boxes

Fish Health
Indicators

Fish Population/
Community Health
Indicators
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TABLE 6.2: EFFECTMNESS OF MONITORING TOOLS TESTED AT MATTABI (cont'd)

Comment

BPUE was comparable in reference and exposure areas for sentinel
species and all fish.

Numbers of species in catches were greater in reference area than exposure,
owing to presence of coregonids exclusively in the reference. This is believed
to be due to a habit¿t effect uruelated to exposure.

Exposure-reference difference and exposure area trend observed.

Exposure area trend observed, but no reference-exposure area difference.

Reference-exposure differences and exposure area trends evident in
Chironomus, Pi sidium and Hydracarina abundances.

Effectiveness

Effect Not
Demonstrated

Effect
Partially

Demonstrated
Effect

DemonstratedTools

BPT]E

¡ White sucker
r Northern pike
¡ All fish species

Number of species

Benthic Density

No. ofTaxa

Abundances of Indicator
Species

Tool Boxes

Benthic Community
Health Indicators



TABLE 6.3: COMPARATIVE EFFECTIVENESS OF MONITORING TOOLS AT
MATTABI

Tools Comparison

Total Metals vs Dissolved Metals in
Water

Total and dissolved metal concentrations approximately equal in reflecting elevated
metal concentrations. Concentrations ofboth appeared unrelated to most biological
effects, although some correlations occurred between metal concentrations and tissue
response.

Total Metals, Partial Metals and
SEM/AVS in Sediment

Total and partial metals were, on average, similar in reflecting benthic effects, with
total metals slightly better correlated than partial metals. Total metals also better
reflected mine gradients (showing "contaminants getting into the system"). The
SEM/AVS ratio was unrelated to benthic effects or sediment toxicity.

Sediment Toxicity Tests None ofthe tests indicated mine-related impact (i.e., reference-exposure differences
or exposure area gradients). Tubifex was not effective as a survival test. Absence of
mine-related sediment toxicity precluded more rigorous evaluation of tests.

Benthic Community Health Indicators
(density, no. oftaxa, indicator taxa)

Several indices indicated mine-related impact including total density, no. oftaxa, and
abundance of Hydracarina, Chironomus and Pisidium. Of these indicators, number
of taxa and % Hydracarina were most strongly correlated with sediment metal
concentrâtions.

Fish Tissues - Metals In sucker and pike, no tissue was clearly superior in responding to mine exposure
overall. In sucker, gill was the only tissue responding to any of the major Mattabi
metals. In pike, gill, kidney and muscle all responded in terms of some of the major
metals. Liver responded effectively to bioaccumulated Cu4Cd*Zn and Cu in pike,
but metal source in liver unrelated to mine exposure.

Fish Tissues - Metallothionein In sucker, MT levels did not respond to mine exposure in any tissues. In pike, gill
and kidney were responsive to exposure. Pike liver from all reference-exposure fish
responded to accumulated metals (Cu, Cd+Cu+Zn) but response unrelated to mine
exDosure.

Fish Tissues - Metals vs
Metallothionein

In the only tissues where MT and metals both responded to exposure (gill and kidney
in pike), MT and tissue metals responded similarly. For MT and tissue metals
overall, effects were more often demonstrated for metals than for MT.

Fish Health Indicators Among the responses observed (growth, condition, liver weight, gonad weight,
fecundity), most were inconsistent with adverse mine effects. A small reduction in
gonad size in exposed male sucker could be construed as a mine effect. Liver weight
increases in both male sucker and in pike, gonad weight increases in pike and

increased somatic growth in pike are all less obviously related to mine exposure.

Fish Population/Community Health
Indicators

Neither CPUE, BPUE nor numbers of fish taxa were responsive to mine exposure
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Overall, the relatively subdued impacts of metals in the environment near Mattabi are

unexpected and noteworthy. This result contrasts with the greater bioavailabilþ and

impact observed at the two other base metal mines studied in this program (Heath Steele,

Myra Falls). This is particularly unusual considering that metal concentrations in

sediments (e.g., Zn) at Mattabi are at higher concentrations than measured at other

locations.

Beak International Incorporated/Golder Associates Limited
6.13
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Quality Assurance/Quality Control



BEAK MEMO

To PauI McKee, Project Manager
Dennis Farara, Project Manager

From: Pierre Stecko, QA Officer

Ref: AETE t997 - Mattabi Mine Data QA Report Date: tr{.ay 29, L998

W'e have reviewed the t997 AETE data collected from the Mattabi mine and have

conducted a data quality assessment (DQA) in comparison to the data quality objectives

(DQO) outlined in the Quality Management Plan (QMP). A summary of the results of
the data quatify assessment is presented below, categotued by study.

Water Chemistry - Conventional and Aggregate Parameters CIable 41.1)

Trip blanks (there were no field btanks taken at MattabÐ met DQOs in all cases. There

were no DQOs set for laboratory precision for water chemistry. However, we assessed

the data for parameters with > 50% difference between replicates and duplicates (as a

percentage of the mean). NO FLAGS.

Water Chemistry - Metals and Nutrients (Iable 41.1)

Trip blanks (there were no field btanks taken at Mattabi) met specified DQOs.

However, very low, but detect¿ble concentrations of total zinc occurred in the trip

blank (up to 4 ¡tglL), suggesting that some contribution from the deionized water, the

fixing or analysis reagents, or the sample jars (or lids) may have occurred. No

nutrients, and only one metal exhibited differences greater than 50% between

laboratory replicates or field duplicates. FLAG: Dissolved lead at MMR1 was flagged

for variability between field duplicates. It should be noted that this flag occurs near the

limit of quantitation, where further resolution is low.



Sediment

a) Total Metals (Tabte LL.2)

Recovery of total metals in matrix spikes varied from 78 to I20%, while the DQO for

laboratory accuracy was tO% (i.e., 90 to tl|% recovery). DQOs for laboratory

precision were not exceeded for the key metals considered in this study. FLAGS:

il""ou"ry of barium (MMS5-1 Í78%l; MMSR1-2 tl20%h MMS1-3 l7l%l), beryllium

(MMSR]-2; t20%), boron (MMSRI-2 187%l; MMSI-3 f89%l), cadmium (MMS1-3;

t2o%), lead (MMSRl-2; l2O%) and silver (MMS5-1 [89%l; MMS1-3 182%D. In

addition, DQOs for laboratory precision between replicates (10%) was exceeded for

bismuth, boron and tin in the MMS5-1 field duplicate; calcium and magnesium at

MMS5-2; for antimony and tin at MMSR1-2; and for beryllium and boron at MMS1-2.

In addition, we assessed the data for parameters with ) 5O% ditrerence between field

duplicates (as a percentage of the mean). Based on this assessment, particle size and tin

are flagged at MMS5-1; and particle size and beryllium are flagged at MMS1-3'

b) Partial Extraction (Table A.1.3)

Recovery of metals extracted with NH'OH-HCI n 25% (vlv) acetic acid in matrix

spikes vãried from 89 to 120%, while the DQO for laboratory accuracy was l0% (i.e.,
qO to Ity% recovery). There are no flags for laboratory accuracy for the key metals

considered in this study. FLAGS: Barium (MMS5-1; 89%), beryllium (I20% at

MMS5-1 and MMS1-3), and selenium (120% at MMS5-1 and MMS1-3).

In addition, precision was assessed with laboratory duplicates (i.e., samples that were

split and digested separately in the laboratory). There are no DQOs for laboratory

duplicates, however, we assessed the data for parameters with >
beiween laboratory duplicates. The only flag from this assessment was for titanium at

MMSl-3.

c) Simultaneously Extracted Metals (Table 41.4)

The concentration of metals extracted with the acid volatile sulphides was assessed for

laboratory precision in two laboratory duplicates (i.e., samples that were split and

digested ."p"t"t"ty in the laboratory). Although no DQO was specified for precision

among laboratory duplicates, the dat¿ was assessed for variability of greater than 50% -

None of the key metals (cadmium, copper, nickel, lead and zinc) are flagged- FLAG'
Boron at MMS5-2.

d) comparisons of Metal concentrations in Different Extracts

The amount of metal mobilized by the different extractants was checked for

discrepancies. Total metals were assessed using a nitric acid and peroxide mix- To

determine the comparability to Canadian Sediment Quatity Guidelines (which are



developed for metals extracted with aqua regia), some samples were extracted with

aqua rãgia for comparison. The two methods compared well, although some significant

differences were flãgged for beryllium and molybdenum (Table 41.5). Concentrations

removed by the partial extraction were always lower than those removed by the aqua

regia and total extraction, consistent with the weaker nature of the extractant used.

Tñere were some inconsistencies in the comparison of simultaneously extracted metals

and total metals (i.e., SEM were often greater than total metals; Table 41.6). These

inconsistencies may be due to the wet extraction, whereby errors can be introduced in

sub-sampting for the estimate of the weldry ratio (i.e., if a particularly wet sub-sample

is taken, metals concentration of a dry weight basis will be overestimated).

Sediment ToxicitY (Iable AL.1)

Control mortality was always below the specifîed DQO of 30%. In addition, we

reviewed coefficients of variation for the controls, variation between initial test and re-

tests and the reference toxicant results (control charts). FLAGS: Variability between

re-tests for Chíronomus riparíøs exceeded 50% for survival and growth at MMS4-3,

and for growth at MMS3-2 and MMSR1-3. Variabilify between re-tests for Hyalella

aztecaexceeded 50Vo for growth and survival at MMS4-3'



Teble Al.1: Matl¡bi Water Chemistry QA/QC

Analysis of Water

Pameter LOa Units

EXPOSTJRE STATIONS

MM2
Total

MM2
Total

Field Dup

DQA
(% diff)
vs. FI)

MM2
Dissolved

MM2
Dissolved

Field Dup

DQA
(% diff)
vs. FÏ)

Acidity(as CaCO3)
AlkaliniÇ(as CaCO3)
Aluminum
Ammonia(as N)
Anion Sum

Antimony
Anenic
Barium
Beryllium
Bicarbonate(as CaCO3, calculated)

Bismuth
Boron
Cadmium
Calcium
Ca¡bonat{as CaCO3, calculated)

Cation Sum

Chloride
Chromium
Cobalt
Colour
Conductivity - @25øC
Coppcr
Dissolved Inorganic Carbon(as C)
Dissolved Organic Carbon@OC)
Ilardness(as CaCO3)
Ion Balance

kon
l:ngelier Index at 20øC

I:ngelier Index at 4øC

I,¡ad
Magnesium

Manganese

Mercury (total)
Mercury (dissolved)
Molybdenum
Nickcl
Nitrat{as N)
Nitritdas Ð
Orthophosphat{as P)
pH
Phosphorus

Phosphoms, Total
Potassium

Rcactive Silica(SiO2)
Saturâtion pH at 20øC

Saturation pH at 4d
Selenium

Silver
Sodim
Shontium
Sulphate
Thallium
Tin
Titanir¡m
Total Dissolved Solids(Calculated)

Total Kjeldahl Nitrogen(as N)
Total Suspended Solids

Turbidity
Umium
Vanadium
Tinc
Fluoride

I
I

0.005

0.05

na

0.0005

0.002

0.005

0.005

I
0.002

0.005

0.00005

0.1

I
na

t
0.0005

0.0002

5

I
0.0,003

0.2

0.5

0.1

0.01

0.02

na

na

0.0001

0.1

0.0005

0.0001

0.0001

0.0001

0.001

0.05

0.0t
0.01

0.1

0.1

0.01

0.5

0.5

na

na
0.002

0.00005

0.1

0.005

2

0.0001

0.002

0.002

I
0.05

I
0.1

0.0001

0.002

0.001
o.o2

mglL
mglL
mg/L
mglL

meq/L
mg/L
mg/L
mg/L
mglL
mg/L
melL
mglL
mglL
mg/L
mg/L

meq/L
mglL
mg/L
mglL
TCU
us/cm

mg/L
mg/L
mglL
mglL

o/o

mglL
na

na

mglL
mClL
mg/L
mglL
mg/L
mglL
mg/L
mg/L
mg/L
mg/L
Units
múL
mglL
mglL
mglL
units

units

múL
mglL
mglL
mglL
mglL
mglL
mglL
múL
mglL
mg/L
mglL
NTU
mglL
mg/L
mC/L
mC/L

0.00

2.05

5.13

6.67
11.54

4.08

22.22

5.13

0.00

3.39

7.41

4

29

0.006

nd

1.04

nd

nd
0.009

nd

29

nd

0.M
nd

13.9

nd

t.03
nd

nd

nd

8

106

0.0016

47

0.62

0.05

-0.907

-t.31
0.0001

2.3

0.0049

nd

nd

nd

nd

nd

nd

7.9

nd

nd

0.5

1.5

8.8

9.2

nd

nd

2.1

0.028

2t
nd
nd

nd

0.22

nd
0.3

nd

nd

0.014
nd

0.00

7.14

0.00
Y

nd
nd

0.007

nd

nd

nd

nd

':'

nd

1'

0.0019

5.8

o:

nd

-
nd

2.s
0.001

nd
nd

:

nd

ï
nd

nd

2

0.027

nd

nd

nd
u:

nd

nd

0.013

"j'

nd

nd

0.007

nd

nd

nd

nd

':'

nd

'j
0.002

6.2
5_5

4

27

0.006

0.05

0.998

nd

nd
0.009

nd

27

nd

0.029

nd

14.9

nd
l.0l
nd

nd
nd

8

106

0.0018

46.3

0.77

0.06

-0.894

-1.29

0.0001

2.4

0.0046

nd

nd

nd
nd

nd

nd

7.9

nd

nd

nd

1.5

8.83

9.23

nd

nd

1.9

0.027

2t
nd

nd

nd

0.18

nd

0.3

nd

nd

0.016
nd

4,12

0.00

10.00

3.64

0.00

13.33

20.00

0.00

0.0001

nd

nd

0.014

0.00

7.14

3t;

6.94

'iu

0.00

0.00

11.76

nd

2.4
0_0008

rio
21.s8

18.18

1.44

1.54

0.00

4,26

u,:,

nd

n¡l

a;
nd

t.9
0.02't

nd

nd

nd

58

t;
nd

lt

0.00

0.34

o.:,
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Table Al.l: Mattsbi W¡ter Chemistry QA/QC

Analysis of Water

Pârameter LOa Units

REFERENCE STATIONS

MMRI MMRI
Total

Lab Rep

DQA
(% difÐ
VS. LR

MMRI
Total

Field Dup

DQA
(% difÐ
vs. FD

DQA
(% d¡fr)

LR vs. FI)

MMRI
Total

Field Dup2

DQA
(% diff)
vs. FD2

DQA
(% diff)

FD vs. FD2

Total

CaCO3) I
I

0.005

0.05

na

0.0005

0.002

0.005

0.005

I
0.002

0.005

0.00005

0.1

I
na

I
0.0005

0.0002

5

I
0.0003

0.2

0.5

0.1

0.01

0.02

na

na

0.0001

0.1

0.0005

0.000t
0.0001

0.0001

0.001

0.05

0.01

0.01
0.1

0.1

0.0t
0.5

0.5

na

na

0.002

0.00005

0.1

0.005

2

0.0001

0.002

0.002

I
0.05

I
0.1

0.0001

0.002
0.001

0.02

mg/L
mglL
mg/L
mglL

me.q/L

mg/L
mglL
ng/L
mglL
mglL
mg/L
mglL
mglL
mglL
mg/L

meq/L
mglL
mglL
mg/L
TCU
us/cm

mglL
mglL
mglL
mg/L

mglL
na

na

mglL
mglL
mglL
mg/L
mglL
mg/L
mglL
mglL
mglL
ng/L
Units
mglL
mglL
mg/L
mglL
uis
units

mglL
mg/L
mglL
mglL
mglL
mglL
mglL
mglL
mglL
mgll-
mg/L
NTU
mglL
mg/L
mg/L

CaCO3)

N)
Sum

CaCO3, calculated)

CaCO3, calculated)
Sm

Colou
-@)søC

Inorganic Caröon(as C)
Orgmic Carbon@OC)

CaCO3)
Balmæ

Index at 20øC

Index at 4øC

(total)
(dissolved)

ì0
ìÐ

P)

Total

Silica(Si02)
Satumtion pH at 20eC

pH at 4øC

Dissolved Solids(Calcutated)

Kjetdahl Nihogen(æ N)
Suspended Solids

Umim
Vmadium

2

28

0.005

nd
1.03

nd

nd
0.007

nd
28

nd
0.015

nd

13.7

nd
1.05

nd
nd

nd

t6
l12

0.002

na

29

nd

2

29

0.005

nd

1.04

nd

nd

0.008

nd

29

nd
0.0t
nd

13.8

nd

1.05

nd

nd

nd

t2
I05

0.0013

48.5

0.76

0.05

-1.23

-1.63

nd

2.3

0.0026

nd

nd

nd

nd

nd

nd
7.6

nd

0_8

1.6

8.78

9.t8
nd

nd

2

0.028

2l
nd

nd

nd

0.21

nd
0.3

nd

nd

0.006
nd

0.00

3.51

0.00
3.sl 0.00

0.97

13.33

3.51

¿o¡o

0.73

0.00

0.008

13.9

60.87

1.45

22.22

0.72

nd

;
na

0.00 28.57

6.45

42.42

28.s7

48.4

0.92

0.05

-1.24
-1.64

nd

2.3

0.0026

nd

nd

nd

nd
nd
nd
7.6
nd

0.21

19.05

0.00

0.81

0.61

0.00

0.00

2.3 0.00 0.00

nd

nd

nd

1"

1.5

0.00

0.8

1.6
8.8

9.2

nd

nd
2

0.027

2l
nd

nd

nd

0.18

nd

0.5

nd

nd
0.006

nd

nd

0.60.00

0.00

o,23

o.z2

28.57 28.57

6.45 6.45

0.00

3.64

0.00

2 0.00 0-00

2t 0.00 0.00

0.2

nd

o.o

";

10.53

1a aa

15.38

s0.00

0.00

4.88

24.57
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Table Al.l: Mattabi \ileter Chemistry QAiQC

Analysis of rrly'ater

Pmeter LOa Units

REFERENCE STATIONS
MMRI

Dissolved

MMRI
Dissolved

Lab Rep

DQA
(% diff)
vs. LR

MMRI
Dissolved

Field Dup

DQA
(% d¡ff)
vs. FD

"j

nd

nd

0.007

nd

nd

nd

nd

':'

nd

"jt

0.0008

5.9

t-,

nd

0.0002

2.5

nd

nd

nd

'j

.O
0.01

"j

"..

nd

nd

0.007

nd

nd

nd

nd

''.,

nd

nd

0.00

nd

t5 1.98 0.00

5.9

4.9

0.00
7,84

0.0011

6

5.1

31.58

1.68

3.85

nd

0.0001 66.67

0.002.-5

nd

0-00 2.5

nd

nd

nd

"-,

nd

nd
nd

nd

nd

"r"

nd

nd

1.9

0.026

2 s.13

nd

nd

t.9
0.027

0.00

3.77

nd

nd

nd

'l

nd

nd

nd

ó0 t.6s

nd

nd

0.008

nd

nd

0.006 28.57
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Table 41.1: Mattabi Water Chemistry QA/QC

Analysis of Water

Parameter LOQ Units

REFERENCE STATIONS BLANKS

MMR2
Total

MMR2

Total

Iab Rep

DQA
(% difÐ
vs. LR

MMR2
Dissolved

MMR2
Dissolved

Iab Rep

DQA
(% diff)
vs. LR

Trip Blank Trip Blank
Total Dissolved

Acidity(as CaCO3)
Alkalinig(as CaCO3)
Aluminum
Ammonia(as N)
Anion Sum

Antimony
A¡senic
Barium
Beryllium
Bicarbonate(as CaCO3, calculated)

Bismuth
Boron
Cadmium
Calcium
Carbonate(æ CaCO3, calculated)
Cation Sum

Chloride
Ch¡omium
Cobalt
Colou¡
Conductivity - @5øC
Copper
Dissolved Inorganic Carbon(as C)
Dissolved Orgmic Caóon(DOC)
Hardness(as CaCO3)
Ion Balance

kon
Ingelier Index at 20øC

kngelier Index at 4øC

Iæad

Magnesium

Mangmese
Mercury (totål)
Mercury (dissolvéd)
Molybdenum
Nickel
Nitrate(as l0
Nihit{æN)
Orthophosphatdas P)

pH
Phosphorus

Phosphorus, Total
Potassium

Reactive Silica(SiO2)
Saturation pH at 20øC

Saturation pH at 4øC

Selenim
Silver
Sodium
St¡ontium
Sulphate

Thallium
Tin
Titanium
Total Dissolved Solids(Calculated)
Total Kjeldahl Nihogen(as N)
Total Suspended Solids
Turbidity
Umium
Vmadium
Zí¡c
Fluoride

I
I

0.005

0.05

na

0.0005

0.002

0.005

0.005

I
0.002

0.005

0.00005

0.1

I
na

I
0.0005

0.0002

5

I
0.0003

o.2

0.5

0.1

0.01

0.02

na
nâ

0.0001

0.1

0.0005

0.0001

0.0001

0.0001

0.001

0.05

0.01

0.0¡
0.1

0.t
0.01

0.5

0.5

na

na

0.002

0.00005

0.1

0.005

2
0.0001

0.002

0.002

I
0.05

I
0.1

0.0001
0.002

0.00t
0.02

mg/L
mglL
mglL
mglL
medL
mglL
mglL
mglL
mglL
mg/L
mglL
mglL
mglL
mClL
mg/L
medl-
mglL
mClL
mgL
TCU
us/cm

mglL
mglL
mglL
mglL

mg/L
na

na

mg/L
mglL
mg/L
mgL
mgL
mClL
mglL
mg/L
mgL
mglL
Units
mglL
mElL
mglL
mC/L

units

units

mElL
mClL
mClL
mglL
mElL
mC/L

mElL
mElL
mglL
mglL
mglL
NTU
mglL
mglL
mÙL
mg/L

;
nd

0.006

nd

nd

nd

nd

t:

nd

Y

0.0008

5.1

I1.9

nd

1.7

0.0009

nd

nd

Y

0.00

13.64

13.33

0.00

40.00

rr.r r
0.00

8J0
5,71

0.00

4

27

0.028

nd

0.566

nd

nd

0.007

nd

27

nd
nd

nd
7.9

nd

0.615

nd

0.0005

nd

32

58

nd

27.5

4.15

0.t3
-t.5 I
-1.91

0.0003

1.6

0.025

nd

nd

nd

nd
nd

nd

7.6

nd

0.03

nd

2.6

9.07

9.47

nd
nd

I
0.018

nd

nd

nd

nd

1.44

7

t.9
nd

nd

0.00t
nd

4

27

0.028

nd

nd

nd

0.007

nd

nd

nd

nd
t:t

nd

0.0005

nd

32

ns

i
0. l3

0.0002

t.7
0.0254

nd

nd

nd

nd

nd

nd

7.8

nd

0.03

nd
,-t

nd

nd

l.l
0.018

nd

nd

nd
nd

1.39

8

1.9

nd

nd

0.001

nd

0.00

0.00

0.00

0.00

0.00

0.00

2.50

0.014 0.014 0-00

nd

nd

0.006

nd

nd

nd

nd
9.4

;
1'

0.0007

5.2

l t.9

nd

1.9

0.0009

nd

nd
nd

0.00

40.00

6.06

1.59

2,60

0.00

7.4t

9.52
0.00

3.53

13.33

0.00

0.00

1.94

0.03 0.02

nd

nd

nd

nd

nd

nd

1.2

0.0t7

nd

nd

nd

,:

nd
nd

0.002

nd

nd

1.3

0.018

nd

nd

nd

nd
nd

0.002

"-'

nd

nd

nd

nd

nd

nd

nd

'j

t;

Y

2

I
nd

0.07

0.034

nd

nd

nd

nd

I
nd

0.006

nd
0.7

nd

0.011

nd

nd

nd

nd

"j

nd

49.7

nd
4.39
-6.79

nd

nd

nd

nd

nd

nd

nd

nd

nd

6.3

nd

nd

nd
t2.7
13. I
nd

nd

nd

nd

nd

nd

nd

nd

0.06

nd

0.2

nd

nd

0.004
nd

0.0005

nd

Y

nd

;
nd

nd

nd

nd

"j

;
nd

i
nd

nd
nd

nd

nd

nd
nd

l

;
nd

nd
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Tablc Al.2: Mattabi Sediment QA/QC - Total Met¡ls

MMS2-l MMS2-1

Rçlicate
DQA

(%diÐ
vs. R

MMS5.I MMS5.1 DQA
(% d'fÐ

vs. R

MMS5-I MMS5.I MMS5.1

M. Spike MS % Rec. Field Dup

DQA
(% difÐ
vs. FD

MMS5.1

LRof FD
DQA

(% drfi)
vs. LR ofFI)

Replicate

6300

t6
41

56

0.1

2.8

l0
43

14

36

1600

16000

E70

540

6.2

50

23

13

2l
t.2
11

200

13

15000

6600

5.9

l4
59

t.2
1.3

1l
l3
t5
10

620

12000

340

230

1.3

24

4.1

7.1

22

0.2

4.6

230

13

2600

5300

6.2

14

63

1.3

9.2

l4
l3
9.1

600

11000

350

210

1.5

2t
5.1

7.4

24

0.2

180

1l
2100

21.t5

1.96

0.00

6.56

0.0{

t7.E2

7.41

14.29

9.42

328

E.70

2.90

9.09

11.29

1333

21.74

4.11

E.70

0.00

21.69

2439

16.67

21.2E

2.57

227

0.00

5600

6.3

14

64

1.5

8

14

l4
9.1

590

I 1000

360

210

1.4

22

5.3

I
25

0.2

2.7

190

1l
2100

1639

6.56

0.00

E.13

1129

31.5E

7.4t

6.90

9.12

4.96

E.70

5,11

9.09

7.47

t.70

25.53

tl.v2
12.77

0.00

52.05

19.05

16.61

2t2E

325
2.tt

1.94

t1262.5

3360

1 1335

3010

I 1630

2942.5

I 1710

2945

48 49 2.06 51

3.6

1.5

22

26
)l

23

0.38

51 52

4

1.3

21

J1

22

3

1.7

31

15

2.8

0.9

1l

1E.18

12.50

33.96

53.66

158.21

31

0.?8 0.36 1.3 0.28

23 25

5.41 93

24

30.30

4.0E

Component MDL Units

Aluminum

Antimony

A¡senic

Ba¡ium

Bcryllium

Bismuth

Boron

Cadmium

Ch¡omium

Cobalt

Copper

hon

l*ad
Mangancse

Molybdenum

Nickel

Scledum

Silva
Stontium

Thallium

Tin

Titanium

Vanadium

Zi¡c

I
0.2

0.5

0.5

0.2

0.5
,{

0.05

0.6

0.2

0.2

20

0.1

I
0.2

0.5

I
0.05

0.5

0.2

0.2

0.3

I
I

20

20

mS/ks

mgkc
mS/kS

msy'Kg

mgkc
mC/kC

nCÍ(C

m9lk9

mdkc
mC/kC

ñClkc
mc/kc

mC/kc

mC/kC

mC/kC

mgkc
mC/kC

mc/kc

mC/kC

mC/kC

mC/kC

mg/kS

mg/kC

møkc

Calcium

Magnesium

mC/kC

mgJkg

l¡ss on lgnition

Coa¡se Gravel (>4.8mm)

Fine Gravel (2.0-4.8mm)

V. Coarse Sand (1.0-2.0mm)

Coanc Sand (0.50-1.Omm)

Mcd. Sand (0.25{.50mn)

Finc Sand (0.104.25mm)

V. Fine Sand (0.0504.10mm)

Silt (0.002{.050m¡r)

Clay (<0.002rnn)

V. Fine San4 Silt, Clây

(<0.10 mm)
L

lt.r"u*
I

lroc (soti¿)

0.1 (Vo)

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

(vù
(vo)

(vù
(w
(vù
(n
(n
(vù
("/ù

(vù

0.04 mgkc

0.1 ('/")
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T¡blc Al.2: Mattabi Sediment QA/QC - Total Metals

DQA
(% ditr)

FD vs. LR ofFD

MMS5-I MMS5-1

FD M. Spike FD MS % Rec.

MMS5.2 MMS5.2 DQA
(% difÐ

vs. R

MMSRl.2 MMSR1-2 DQA
(% drfi)

vs. R

MMSRI.2
M. Spike

MMSRI.2
MS %Rec.Replicate Rçlicate

5.50

1.60

0.00

1.57

14.29

13.95

0.00

1.41

0.00

1.6E

0.00

2.t2

0.00

6.90

4.65

3.E5

1.79

4.0E

0.00

31¿5

5.41

0.ü)

0.00

0.69

0.0t

1.94

NA
57

490

100

480

52

460

63

470

480

I 100

NA
NA
?00

52

500

490

30

76

50

53

660

470

3100

100

96

78

96

100

90

99

92

94

97

99

100

96

96

89

100

100

100

94

9t
100

6100

8.5

20

)J

0.2

1.9

8.3

14

14

1l
980

13000

540

250

1.2

24

6.2

ll
20

0.2

1.4

2t0
12

3400

3900

0.9

3.9

44

7.1

1.6

1l
1a

43

4700

26

56

1.6

18

3.2

0.16

ll

0.7

110

6.5

330

4300

0.5

3.6

43

6.8

1.5

1l
2.7

42

5000

25

59

1.5

l8
3.1

0.15

l1

0.8

t20
7

320

9.16

57.14

E.00

,.]o

132

6.15

0.00

0.00

235
6.19

3.r2

6.,15

0.00

3.17

6.45

0.00

1333

E.70

7,41

3.08

NA
55

57

110

48

54

5t
30

58

50

94

NA
84

110

57

67

57

NA
70

53

55

170

53

NA

110

110

t20
96

110

81

110

94

94

100

120

110

110

97

110

t20
110

110

110

92

1 1387.5

3092.5

9197.5

2565

2t.2E

18.65

9020

2920

50 52 3.92 60

4.8

3.4

26

33

26

6.1

1.8

18

20

18

36 7.8

0.46 0.09

26 27

Component MDL Units

Aluminum

Antimony

A¡senic

Bæium

Beryllium

Bismuth

Boron

Cadnir¡m

Chromium

Cobalt

Copper

Iron

l¡ad
Mangariese

Molybdenum

Nickel

Selenium

Silver

Srontium

Thallium

Tin

Titanium

Vanadium

Z'¡¡.c

I
0.2

0.5

0.5

0.2

0.5
t{

0.05

0.6

0.2

0.2

20

0.1

I
0.2

0.5

I
0.05

0.5

0.2

0.2

0.3

1

I

20

20

mgkc
mC/kC

mS/kS

mC/kC

mC/kC

mC/kC

tnS/kC

mg/kC

mgkc
mClkc

ßgkc
mgkc
ñdkc
mgÂ.g

mgkg
me,(s
mC/kg

mclkc

mdks
nrC/kC

mgkc
mg/kC

mg/kg

mC/kg

Calcium

Magncsium

nc/kg
mglke

loss on lgnition 0.r (vù

Coane Gravel (>4.8mm)

Finc Gravel (2.0-4.8mn)

V. Coa¡se Sand (1.0-2.0nm)

Coarse Sand (0.50-1.Omm)

Med. Sand (0.25-0.50mn)

Finc Sand (0.10-0.25mm)

V. Finc Sand (0.050-0.l0mm)

silt (0.002-0.05omm)

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

(n
(n
(n
(o/")

(n
(n
(n
(n
(n
(n

Clay (<0.002mm)

V. Fine San4 Silt, Clay

(<0.10 mm)

Mcrcury 0.04 ms/kc

TOC (Solid) 0.1 (n
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T¡blc Al.2: Mattabi Sediment QA/QC - Tot¡l Metâls

MMS1.2 MMS1.2

Rçlicate
DQA

(% difÐ
vs. R

MMSl-2 MMSl-2
MS % Rec.

MMS1.3 MMSl-3
Replicate

DQA
(% difÐ

vs. R

MMS1.3 MMSI.3
MS %Rec.

MMS1.3 DQA
(% diff)
vs. FD

M. Spike M. Spike Field Dup

I 1000

15

150

55

0.5

4.1

l3
100

l6
62

2300

33000

1300

2000

1.8

8l
11

17

l9
1.1

4.6

190

l8
42000

I 1000

16

r50

56

0.4

4

10

110

16

64

2300

33000

1300

2000

1.8

82

l6
t7
l9
1.1

3.7

190

18

43000

0.00

6.45

0.00

1.80

2.47

26.O9

9.52

0.00

3.11

0.00

0.00

0.00

0.00

0.00

123
6.06

0.00

0,00

0.00

21.69

0.00

0.00

235

3.97

4.11

NA
66

620

100

480

50

410

150

480

530

2800

NA
NA

2500

52

560

500

39

74

48

54

610

480

NA

100

95

98

95

92

91

91

93

93

89

98

100

95

97

90

110

93

100

96

93

12000

20

160

69

0.4

5.8

l1
140

17

67

2500

36000

1700

1600

2.3

86

11

13

23

1.4

6.8

220

20

45000

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
67

640

100

460

52

450

160

480

540

NA
NA
NA

2200

52

570

510

33

IJ

49

55

700

480

NA

94

98

7l
93

93

89

r20
92

96

100

100

96

98

82

100

94

96

96

92

I 1000

19

160

64

0.7

5.2

t2
130

16

64

2500

35000

1700

1600

2

83

l6
l9
22

1.4

5

210

19

40000

E.70

5.13

0.00

7.52

54,55

10.91

8.70

1.47

6.06

4.5E

0.00

2.82

0.00

0.00

13.95

3.55

6.06

3?,50

4.44

0.00

30.51

4.65

5.13

11.76

8i2
8.25

2.60

9315

4890

8952.5

4665

9015

4985

8690

4590

433

t5

0.00

8350

4590

39

Ll
2.1

19

22

25

38

2t
19

21

38 39

1.3

1.3

l1
6

2.5

22

45

ll

1.4

20

31

1.3

-l
19

39

1.5

19

62.50

104.00

ts1.45

100.d)

100.00

l(X),00

100.00

6.90

5.13

100.00

1.5 0,00

Component MDL Units

Aluminum

Antimony

A¡scnic

Ba¡ium

Bcryllium

Bismuth

Bmn
Cadmium

Ch¡omium

Cobâlt

Copper

hon

t¿ad

Manganese

MolyMenum

Nickel

Selglium

Silva
Stontium

Thallium

Tin

Titanium

Vanadium

Tinc

I
0.2

0.5

0.5

0.2

0.5

2.5

0.05

0.6

0.2

0.2

20

0.1

1

0.2

0.J

I

0.05

0.5

0.2

0.2

0.3

I
I

mgkc
mC/kc

møkc
mg/kg

ñclke
mc/ks

mC/kc

ñelkC
mC/kC

rndkg
mc/kc

mC/kg

mC/kC

mC/kC

mC/kC

mgkc
møkc
mdkc
mg/kC

møkg
mC/kC

mg/kC

mC/kC

mC/kC

Calcium

Magncsium

20

20

fndkc
mc/kc

loss on Ignition 0.r (n

Coane Gravel (>4.8mm)

Fine Gravel (2.0-4.8mm)

V. Coarse Sand (1.0-2.0mm)

Coane Sand (0.50-l.ftnm)

Mcd. Sand (0.25{.50mm)

Finc Sand (0.10-0.25mm)

V. Fine Sand (0.050{.10mm)

Silt (0.002{.050mm)

Clay (<0.002mm)

V. Fine Sand, Silt, Clay

(<0.10 mm)

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

(vò
(n
(n
(w
(n
(n
(n
(%)

(n
(%)

Mercurv

lr*,*,',

0.04 mc/kC

0.1 (n
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Table 41.3: Mattabi Sediment QA/QC - Partially Extracted Metals

MMSs-1 MMS5.1

Lab

Duplicate

DQA
(% difÐ
vs. LD

MMS5-I
M. Spike

MMSs-1

MS %Rec.

MMSI-3 MMSI-3
Lab

Duplicate

DQ.{
(% difÐ
vs. LI)

MMSl-3
M. Spike

MMSI.3
MS %Rec.

600

2.7

22

2.5

2.2

0.8

t.7
1200

39

140

1.7

n

0.6

4.5

740

6492

834

610

2.6

20

2.3

2.2

0.8

2.8

1200

32

140

1.7

l0

0.4

4.5

760

1.65 NA
2t
110

39

120

22

23

98

94

96

NA
54

NA
2t
96

120

9.4

3l
22

20

97

99

NA

NA
110

110

89

r20

il0
100

96

94

93

NA
95

NA
100

94

120

94

100

ll0
100

97

95

NA

2300

2.7

27

0.2

0.2

3.9

9.9

0.2

3700

30

890

20

l0

0.7

8.3

3800

2100

2

2l
0.2

0.13

3.6

8.5

0.2

3200

19

820

l8

8.4

0.4

7.8

3000

9.09 NA
22

il0
42

120

22

2t
99

100

93

NA
46

NA
20

ll0
120

).)
30

22

t9
96

100

NA

NA
110

ll0
93

120

lr0
100

95

93

93

NA
100

NA
100

92

120

ll0
100

110

97

95

93

NA

3.77

9.52

29.79

25.00

0.00

8.33

0.00

0.00

48.89

0.00

19.72

0.00

42.42

8.00

15.22

0.00

14.49

44.90

8.19

0.00 10.53

9.52 L739

40.00

0.00

2.67

54.55

6.2t

23.53

6362

829

2.02

0.60

4814

1200

46t0
I 138

433

5.32

Component MDL Units

Aluminum (ext.)

Antimony (ext.)

Arsenic (ext.)

Barium (ext.)

Beryllium (ext.)

Bismuth (ext.)

Cadmium (ext.)

Chromium (ext.)

Cobalt (ext.)

Copper (ext.)

Iron (ext.)

Lead (ext.)

Manganese (ext.)

Molybdenum (ext.)

Nickel (ext.)

Selenium (ext.)

Silver (ext.)

Strontium (ext.)

Thallium (ext.)

Tin (ext.)

Titanium (ext.)

Vanadium (ext.)

Zinc (ext.)

I
0.2

0.5

0.5

0.2

0.5

0.05

0.6

0.2

0.2

20

0.1

I
0.2

0.5

I
0.05

0.5

0.2

0.2

0.3

I
I

mgikg

mC/kC

mClkC

mCikC

mg/kg

mC/kC

mCikC

mC/kC

mC/kC

mClkC

mC/kC

mg/kg

mC/kC

mg/kg

mg/kg

mgikg

mg/kg

mClkC

mglkC

melke
mC/kg

mClkC

mg/kg

Calcium

Magnesium

20

20

mg/kg

m/kc
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Table Á'1.4: Mattabi Sediment QA/QC - Simultaneously Extracted Metals

MMS5-2 MMS5-2
Lab

Duplicate

DQA
(% difÐ
vs. LD

MMSt-l MMSI-1
Lab

Duplicate

DQA
(% diff)
vs. LDComponent MDL Units

Aluminum
Barium
Beryllium

Boron
Cadmium

Calcium
Chromium

Cobalt

Copper

Iron
Lead

Magnesium

Manganese

Molybdenum
Nickel
Potassium

Silver
Sodium

Strontium

Sulphur

Thallium
Tin
Titanium

Vanadium

Ztnc
Zirconium

2

0.1

0.1

I
0.05

7

0.1

0.2

0.1

0.2

0.4

J

0.1

0.1

0.2

10

0.1

6

0.1

J

0.5

0.5

0.3

0.1

0.1

0.5

umoVg

umoVg

umoVg

umoVg

umoVg

umoUg

umoVg

umoVg

umoUg

umoVg

umoVg

umoVg

umoVg

umoVg

umoVg

umoVg

umoVg

umoVg

umoUg

umoVg

umoUg

umoVg

umoUg

umoVg

umoVg

umoVg

294.6

0.7

12.9

578.3

9.7

166.2

152.2

9.2

0.4

33.0

6.6

58.7

3t9.1
0.8

50.2

561.8

9.6

178.0

t57.1

9.2

46.t
0.5

35. I

7.2

58.7

6.45

455.9

0.7

12.2

386.5

1.7

20.8

351.1

155.4

107.9

1.9

39.6

0.3

46.8

3.5

0.5

975.2

540.3

0.9

17.3

466.0

1.9

19.4

432.7

185.7

t32.8

1.8

49.5

0.4

49.7

3.9

0.5

1184.2

16.9s

16.67

118.4s 34.29

2.90 18.67

1.08

12.77

7.14

20.836.90

3.17

0.00

17.82

20.69

4.26

22.22

23.45

5.88

tt.97
6.06

8.00 t0.26

5.22

I9.350.00

Sum ofSBM
( CdlCu/Ni/Pb/Zn)
AV Sulphide

68.4 68.3 0.1s

1.48

1.33

997.9 120s.4 18.83

0.1 68.0 67.0 1416.0 1556.0 9.42

SEIì{/,A.VS Ratio 1.0 1.0 0.7 0.8 9.45

I of I



Table 41.5: Mattabi Sediment - Comparison of Aqua Regia Metals to Total Metals

MMSR1-I

Tot

MMSR1.I
AR

o/o

difference

MMSI-2
Tot

MMSI-2
AR

o/o MMS1.2
AR

Lab Rep

MMSl-2
AR

M. Spike

MMSI.2
AR

MS % Rec.

difierence

Component MDL Units

Aluminum

Barium

Beryllium

Boron

Cadmium

Calcium

Chromium

Cobalt

Copper

Iron

Lead

Magnesium

Manganese

Molybdenum

Nickel

Phosphorus

Potassium

Silicon

Silver

Sodium

Strontium

Sulphur

Thallium

Tin

30

0.2

0.1

l0
0.2

20

5

5

5

5

l0
40

5

I
5

50

100

l0
0.5

50

0.1

l0
20

5

5

10

5

5

m/ke s200

43

0.2

9.1

1.8

4500

40

0.1

r.7

9200

12

52

6200

22

2400

63

)
t7

1700

890

730

140

l4
6700

200

430

14.43

7.23

66.67

1l 000 9700

55

0.3

11

97

8500

15

60

2600

34000

1300

4100

2100

t9
82

t200
950

790

l9
370

19

47000

12.56

0.00

50.00

16.67

3.05

9800

55

0.3

1l
97

8200

16

61

2500

34000

1300

4000

2000

l8
84

1200

960

860

18

350

l9
47000

200

t9
39000

I 1000

160

52

110

150

9600

t20
170

2700

37000

1400

5700

2200

68

140

1700

2100

1 100

71

1400

73

48000

110

96

330

72

40000

18

690

110

100

99

ll0
130

1r0

110

130

220

130

150

170

99

100

94

110

290

100

110

110

1500

100

92

130

110

450

t7

tr 55

0.5

l3
100

I

f

5.71
Í
i 12

3.1

51

6100
)1

0.00 t6
62

2300

33000

1300

6.45

3.28

12.24

2.99

0.00

4.88

165.38

':'

rr]r

0.00

tr

1.94

1.63

t2.77
il

62

1.5

l9

1.60

28.57

11.11

2000

1.8

81

Í

I

Í 0.26 t7

l3 7.41 19

0.4

t70
8.3

450

l.l
4.6

190

18

42000

Titanium
Vanadium

tLtnc

lzir.oniu,n

16.22 210

l9
39000

10.00

5.41

7.41

il

4.55

t

.n
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Table 41.6: Comparison of Simultaneously Extracted Metals to Total Metals - Mattabi Sediments

MMS2.1
SEM

MMS2-1

Tot
MMS2-2

SEM

MMS2-2 MMS2-3
SEM

MMS2-3

Tot Tot

n044
IT7

245

1 104

t4122

II66

44

387

28212

6300

56

0.7

10

43

1,4

36

1600

16000

870

540

6.2

50

t3
2l
1.2

2.2

200

IJ

15000

6695

75

i09

628

837s

628

59

28

6200

44

0.2

8.6

32

13

29

t200
14000

600

430

4.9

48

8.4

I7
0.8

t.4
190

t2
1 5000

5489

58

72

38

7s5

7210

584

34

20

t82

19891

6600

58

0.2

7

63

l4
49

1700

17000

990

540

6.1

56

10

2t
i.3
1.5

200

12

20000

230

r9241

Component MDL Units

Aluminum

Barium

Beryllium

Boron

Cadmium

Chromium

Cobalt

Copper

Iron

Lead

Manganese

Molybdenum

Nickel
Silver

Strontium

Thallium

Tin

Titanium

Vanadium

Zinc

)
0.1

0.1

I
0.0s

0.1

0.2

0.1

0.2

0.4

0.1

0.1

0.2

0.1

0.1

0.5

0.5

0.3

0.1

0.1

mdkg
m/kg
mdkg
mg/kg

mglkg

me/kg

mglkg

mglkg

mdkg
mdkg
mg/kg

mglkg

mdkg
mg/kg

mdkg
m/kg
mdkg
mg/kg

mdkg
mgkg
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Table 41.6: Comparison of Simultaneously Extracted Metals to Total Metals - Mattabi Sediments

MMS3-1

SEM

MMS3-1

Tot

MMS3-2
SEM

MMS3-2
Tot

MMS3-3

SEM

MMS3-3

Tot

7483

82

748

885 1

354

35

272

1564r

6000

56

0.2

8.1

36

T4

20

930

13000

490

220

2.2

34

10

24

0.6

t.4
180

11

10000

69

79

835

8361

305

28

221

21615

6400

55

0.2

8.4

56

14

31

1300

i 5000

670

240

2.9

45

24

0.9

1.9

180

11

1 8000

502r

59

46

586

628r

11"'

25

184

13803

s900

47

0.2

7.6

39

13

23

1 100

13000

490

190

1.8

35

11

20

0.6

2.5

190

10

13000

6389

11

Component MDL Units

Aluminum

Barium

Beryllium

Boron

Cadmium

Chromium

Cobalt

Copper

Iron

Lead

Manganese

Molybdenum

Nickel
Silver

St¡ontium

Thallium

Tin

Titanium

Vanadium

Zinc

2

0.1

0.1

1

0.05

0.1

0.2

0.1

0,2

0.4

0.1

0.1

0.2

0.1

0.1

0.5

0.5

0.3

0.1

0.1

m/kg
m/kg
mdkg
m/kg
mg/kg

mg/kg

mglkg
mg/kg

me/kg

mdke
m/kg
mglkg

mg/ke

mglke
mglkg

mdkg
mg/kg

mdkg
m/kg
mdkg
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Table 41.6: Comparison of Simultaneously Extracted Metals to Total Metals - Mattabi Sediments

MMS4-1

SEM

MMS4-1

Tot

MMS4.2

SEM

MMS4-2

Tot

MMS4-3
SEM

446s.4

51.2

69.8

223.3

4422.3

24.7

186.0

2t85.4

MMS4-3

Tot

5905.8

63.0

74.8

389.8

6698.6

5r2.2

37.4

263.8

tt807.4

5s00

49

0.2

7.5

18

I4
l4

750

12000

300

350

4.3

3t

7.6

28

0.4

1.4

230

11

9000

s820.4

79.4

185.2

t42.9

74r3.6

4s5.3

49.7

322.8

423t.5

4900

52

0.2

8.7

5

13

6.1

160

10000

55

260

2.5

26

1.1

)¿

t.4
230

9.7

2800

6000

54

0.2

8.3

12

13

8.7

530

10000

280

160

1.9

25

5.5

25

0.2

2.6

190

11

2700

t67.6

Component MDL Units

Aluminum

Barium

Beryllium

Boron

Cadmium

Chromium

Cobalt

Copper

Iron

Lead

Manganese

Molybdenum

Nickel

Silver

Strontium

Thallium

Tin

Titanium

Vanadium

Zinc

2

0.1

0.1

1

0.05

0.1

0.2

0.1

0.2

0.4

0.1

0.1

0.2

0.1

0.1

0.5

0.5

0.3

0.1

0.1

mdke
mdke
mg/kg

mg/kg

mglkg

mglkg
mdkg
mg/kg

mg/kg

mdkg
mg/kg

mg/kg

mglkg

mdkg
mg/kg

mdke
mdkg
mg/ke

mglkg
mg/kg
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Table 41.6: Comparison of Simultaneously Extracted Metals to Total Metals - Mattabi Sediments

MMS5-1

SEM

6896.9

86.2

120.7

436.8

8052.8

396.8

28t.6

2987.6

MMS5-1

Tot

MMS5-2

SEM

MMS5-2

Tot

53

0.2

8.3

l4
T4

11

980

13000

540

250

1,.2

24

20

0.2

t.4
210

12

3400

MMS5-3 MMS5-3

SEM

MMS5.3

Tot

6600

s9

t.2
11

13

15

10

620

12000

340

230

1.3

24

7.r
22

0.2

4.6

230

I3

2600

7947.s

99.3

t39.1

616.0

9279.3

503.7

36.4

252.9

0.7

9.7

11.6

141.1

8.8

0.4

5.5

88.3

6825

94

105

735

788 1

483

5¿

262

5773

54

7.6

21.

11

1l
850

12000

s60

220

1.3

27

11

18

0.2

1.9

180

9.1

4000

49006100

1i

32.2

317.9

3839.9

Component MDL Units

Aluminum

Barium

Beryllium

Boron

Cadmium

Chromium

Cobalt

Copper

Iron

Lead

Manganese

Molybdenum

Nickel
Silver

Strontium

Thallium

a

0.1

0.1

I
0.05

0.1

0.2

0.1

0.2

0.4

0.1

0.1

0.2

0.1

0.1

0.5

0.5

0.3

0.1

0.1

me/ke

mg/kg

mg/kg

mdkg
mg/kg

mg/kg

mdkg
mglkg

mdkg
me/kg

mglkg

mglkg
mglkg

me/kg

mg/kg

mdkg
mglkg

mg/kg

mdkg
mg/kg

Tin
I rtanlum

Vanadium

Zinc
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Table 41.6: Comparison of Simultaneously Extracted Metals to Total Metals - Mattabi Sediments

MMSR1-1

SEM

12404

202

MMSR1-1

Tot

MMSR1-2

SEM

MMSR1-2
Tot

MMSR1-3

SEM

MMSRl.3
Tot

2t7

217

tt793

248

s3

512

1 860

5200

43

0.2

9.r

1.8

12

3.1

51

25

62

1.5

19

0.26

13

0.4

t70
8.3

450

5866

78

99

92

5588

113

23

247

777

3900

44

7.1

1.6

11

2.7

43

4700

26

56

i.6
i8

0.16

11

0.7

110

6.5

330

3282.5

38.9

56.9

s6.9

3022.2

56.9

13.1

140.0

525.0

3700

39

s.9

1.6

11

2.5

42

4400

24

47

1.5

t7
0.15

11

0.7

110

6.1

360

6100

Component MDL Units

Aluminum

Barium

Beryllium

Boron

Cadmium

Chromium

Cobalt

Copper

Iron

Lead

Manganese

1

0.1

0.1

1

0.05

0.1

0.2

0.1

0.2

0.4

0.1

0.1

0.2

0.1

0.1

0.5

0.5

0.3

0.1

0.1

mdkg
mdkg
mg/kg

mglkg

mdks
mdkg
mdkg
mdkg
rn/kg
mg/kg

mg/kg

mg/kg

mglkg
mdke
mg/kg

mdkg
mdkg
mgkg
mdke
mglkg

Molybdenum

Nickel
Silver

lsnontium

lrnutttu*
lrin
lri*iu.
lvanadium

lrin"
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Table 41.6: Comparison of Simultaneously Extracted Metals to Total Metals - Mattabi Sediments

MMSR2.1
SEM

MMSR2.1

Tot

MMSR2-2

SEM

MMSR2-2

Tot

MMSR2-3

SEM

MMSR2-3

Tot

295r.0

r22.9

4758.r

123.0

30.3

13 1.1

2700

85

6

0.94

5.8

3.1

7.9

3600

29

76

1.4

5.1

0.07

23

1

45

10

78

3522.9

181.8

6t4t.5

t70.6

47.7

t70.4

3000

110

6.6

r.2

6.8

3.2

8.5

4300

27

95

1.9

5.6

1.5

29

1.3

48

13

90

3278.9

t42.1

5031.6

T31.2

38.3

153.0

3000

94

5.8

r.2

6.9

3.6

13

3800

36

87

t.6
5.9

0.09

26

1.2

45

l2
97

MDL UnitsComponent

Aluminum

Barium

Beryllium

Boron

Cadmium

Chromium

Cobalt

Copper

Iron

Lead

Manganese

Molybdenum

Nickel
Silver

Strontium

Thallium

Tin

Titanium

Vanadium

Zinc

)
0.1

0.1

1

0.05

0.1

0.2

0.1

0.2

0.4

0.1

0.1

0.2

0.1

0.1

0.5

0.5

0.3

0.1

0.1

mgkg
mdkg
mdkg
mglkg

mg/kg

mglkg

mdkg
mdkg
mg/kg

mdkg
mdkg
mdkg
mg/kg

m/ke
mdkg
mdkg
m/kg
mdkg
mdkg
mdke
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Table 41.6: Comparison of Simultaneously Extracted Metals to Total Metals - Mattabi Sediments

MMSl-1
SEM

MMSl-1
Tot

MMSl-2
SEM

MMSl-2
Tot

MMSl-3
SEM

MMSl-3
Tot

t230r
100

132

100

t32t
t9606

5927

109

29

t69
26

63762

5000

36

0.2

5.1

60

7

36

1 100

15000

760

1s00

I
39

4.4

11

0.6
'))
9T

8.3

20000

t234r
89

51

72

t532
18313

3364

77

29

t62
26

723r8

I 1000

55

0.5

l3
100

16

62

2300

33000

1300

2000

1.8

81

1,7

T9

1.1

4.6

190

18

42000

15001

9s

125

75

)5

21018

3t02

100

5)

200

30

79976

12000

69

0.4

11

140

t7
67

2s00

36000

1700

1600

2.3

86

13

23

1.4

6.8

220

20

45000

Component MDL Units

Aluminum

Barium

Beryllium

Boron

Cadmium

Ch¡omium

Cobalt

Copper

Iron
Lead

Manganese

Molybdenum

Nickel
Silver

Strontium

Thallium

1

0.1

0.1

1

0.05

0.1

0.2

0.1

0.2

0.4

0.1

0.1

0.2

0.1

0.1

0.5

0.5

0.3

0.1

0.1

mdkg
mg/kg

mdkg
mg/kg

mglkg

mdkg
mg/kg

m/kg
mdkg
mdkg
me/ke

mg/kg

mdkg
mglke
mg/kg

mdkg
mdkg
mdks
mdkg
mdkg

Tin

Titanium

Vanadium

Zinc
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PERCENTAGE RECOVERY OF BENTHIC INVERTEBRATES FROM SAMPLES FOR MATTABI

StatÍon
Number of

Animals
Number of

Animals in Re-
Percent

Recovery

MMBR2-1 3s3 16 95.7

MMB4-1 264 0 100

CALCULATION OF SUBSAMPLING ERROR FOR BENTHIC INVERTEBRATE SAMPLES FOR MATTABI

Station
Number of
Animals in

Number of
Animals in

Standard
Deviation

Coetlïcient
of Variation

MMB3-2 156 124 22.63 16.t6

MMB5-3 246 223 16.26 6.94

SAMPLES THAT REQUIRED SUBSAMPLING FOR MATTABI

Station Fraction Sorted

MMBR1-1 t/4
MMBRl-2 t/4
MMBRl-3 L/5

MMBR2-1 t/2
MMBR2-2 t/2
MMBR2-3 t/2
MMBl-1 t/2
MMBl-2 t/2
MMB2-1 t/4
Mlù.,4B2.2 r/4

MMB2-3 t/4

MMB3-1 t/4
MMB3.2 r/4*
MMB3-3 r/4

MMB4-1 U2

MMB4-2 r/2
MMB4-3 112

MMB5-1 t/4
MMB5-2 t/4
MM85.3 l/4*

*Additional 1/4 sorted for subsampling error



T¡blc 41.7: M¡ttabi Sedinent Toxicity QA/QC

Control St¡tistis

Chircnomus riperius ReTeß

Hyelclle utæe RsTes

Organism

6- 11

0- l1

ripariß

azleca

6-14

2 -20

MMS3.2
rc-test Ftcst

DQA
rê-tcst 2re-tcat

28r18
64

0.69 4 0.2

29

46+6
t2

0.20 + 0.12

s9

¡18.65

110.11

66+6
E

0.44 + 0.16

35

80+10
t2

0.69 * 0.07

l0

48*4
9

0.20 + 0.08

38

50.00

110.11

42+4
l1

0.44 + 0.06

l4

54+6
l0

0.23 * 0.09

4l

25.00

62.69

+sD
(%)

ddorg + SD (mg)

80.E5

44,25

MMS3.1
rc-testrc-tcst

MMS4.3

30 +27
9l

0.27 +0.04
l6

t6+26
163

0.09 + 0.02

22

60.87

100.00

86t11
13

0.16 r 0.03

92*t3
l4

0.23 + 0.03

15

6.74

35.90

*SD
(%)

dilorg + SD (mg)

1of1



CERTIFICATE

OF ACCREDITATION

CERTIFICAT
,

D'ACCREDTTATION

Zenon Enviro nmental Inc.

ZENON EIWIRONMENTAL LABORAIORIES INC. _ BURLINGTON
5555 North Service Road, Burlington, ON

havíng been øss¡'ssed by the CanadíanAssociationfor

EnvímnÃcntal Analytical Laboratorìes (CABL) Inc', under

the øttørþ oîtltcstandañs Courcíl of Canada (SCC), and S"'o'i# n:H#*,ffiîtr å: ;r":Y":å",!#3ffi €¡
i*fuat""y testìng pmgrat4 is hercby recognízedas an CAEAL ?
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rhe scope of accrediutíon apprcved by
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Tabte A2.l: Station Coordinates and Field Chemistry Measurements, Mattabi MineSite

Temperature D.O.

(me/L)

pH

(units)

Eh

(mv)
Conductivity

(ps/cm)Station I.D. Latitude I Longitude 2 ("C)

MMRI-I
MMRI.2
MMRI-3

MMR2-I
MMR2.2
MMR2-3

MMEI-I
MMEI.2
MMEI-3

MME2-I
M}i{Ez-2
MME2-3

MME3-I
MME3-2
MME3-3

MME4-I
M.M.E4-2

MME4-3

MME5-1
MME5-2
MME5-3

49"52'57.6"

49"52',58.2

49"52',57.6"

91o06'52.2"

91"06'54"
glo06'53.4'

6.0

6.0

6.0

I l.15
I l.15
I l.15

7.37

7.37

7.37

122

t22
122

7.0

7.0

7.0

13.3

t3.3
l3.3

7.36

7.36

7.36

-l I
-18

-l l

9.0

9.0

9.0

I1.6
I1.6
I1.6

7.42

7.42

7.42

- 180

-165

-150

-98

-80

-80

49"3&'.57"

49o38'58.8'
49"38'58.8'

9lol4'46.8"
g lo14'51"

91"14'48.6

50.2

50.2

50.2

49"52',58.2"

49"52'58.2"

49"52'56.4"

90"58',27.6

90"58',28.2"

90"58',29.4"

627

627

627

49"52',48.6"

49"52'50.4"
49"52',49.2',

90"59',22.2"

90059'25.8"
90"59'22.2"

9.0

9.0

9.0

10.2

t0.2
10.2

103/l0l
103/l0l
103/l0l

7.4317.46

7.43/7.46

7.43/7.46

-15 I

-90
-131

49"52',51.6',

49052',51.6"

49"52',51.6"

90"59',25.2"

90059',27"

90"59'24"

9.0

9.0

9.0

10.2

10.2

10.2

7.46

7.46

7.46

103

103

103

- 180

-132
-76

9.0

9.0

9.0

10.2

10.2

10.2

7.39

7.39

7.39

-t63
-106

-90

102

102

102

9.0

9.0

9.0

10.3

10.3

10.3

7.39

7.39

7.39

-t25
- 130

-132

l0l
l0l
l0l

49"52'54"

49"52'52.8"
49"52',54"

90059'30"
90"59'31.2"

90"59'27.6"

49"52',52.2"

49"52',51"

49"52',51.6"

90059'37.8"
90059'35.4'
90"59',36.6"

I Latitude - measurements are in degrees North
2 Longitude - measurements are in degrees West
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Table Ä3.1: Water Quality at Mattabi Mine Site

Parameter LOQ Units

Discharge

Total
Discharge

Dissolved
MMEl
Total

MMEl
Dissolved

MME2
Total

MME2
Total

MME2
Total

Date 97110/23 97110123 97110t23 97 t10t23 97 t10/22

Acidity(as CaCO3)

Alkalinity(as CaCO3)

Aluminum
Ammonia(as N)
Anion Sum

Antimony
Arsenic
Barium
Beryllium
Bicarbonate(as CaCO3, calculated)

Bismuth
Boron
Cadmium
Calcium
Carbonate(as CaCO3, calculated)

Cation Sum

Chloride
Chromium
Cobalt
Colour
Conductivity - @25øC

Copper

Dissolved Inorganic Carbon(as C)
Dissolved Organic Carbon(DOC)
Hardness(as CaCO3)

Ion Balance

Iron
Langelier Index at 20øC

Langelier Index at 46C

Lead

Magnesium
Manganese

Mercury
Molybdenum
Nickel
Nitrate(as N)
Nitrite(as N)
Orthophosphate(as P)

pH
Phosphorus

Phosphorus, Total
Potassium

Reactive Silica(Si02)
Saturation pH at 209C

Saturation pH at 4øC

Selenium
Silver
Sodium
Strontium
Sulphate

Thallium
Tin
Titanium
Total Dissolved Solids(Calculated)

Toral Kjeldâhl Nitrogen(as N)
Total Suspended Solids

Turbidity
Uranium
Vanadium
Zinc
Fluoride

I
I

0.005

0.05

na

0.0005

0.002

0.005

0.005

I
0.002

0.005

0.00005

0.1

I
na

I
0.0005

0.0002

5

1

0.0003

0.2

0.5

0.1

0.01

0.02

na

na

0.0001

0.1

0.0005

0.0001

0.0001

0.001

0.05

0.01

0.01

0.1

0.1

0.01

0.5

0.5

na

na

0.002

0.00005

0.1

0.005

2

0.0001

0.002

0.002

I
0.0s

I
0.1

0.0001

0.002

0.001

0.02

mglL
mglL
m9lL
mglL

meq/L
mglL
mglL
mglL
mglL
mgll,
mg[,
mgll-
mglL
mgll
mglL

meq/L
mglL
mg/L
mg/L
TCU
us/cm

mglL
mgtL
mglL
mglL

Vo

mglL
na

na

mgil.
mglL
mglL
mglL
mg/L
mglL
mçlL
mglL
mglL
Units
m9lL
mgll-
mglL
mglL
units

units

mçlL
mglL
mglL
mglL
mglL
mglL
mglL
mglL
mg/L
mg/L
mgll-
NTU
mglL
rîglL
mglL
mglL

2

30

0.098

0.64

54.8

nd

nd

0.01

nd

30

nd

nd

0.00151

831

nd

59

6

nd

0.0021

20

3520
0.0154

29tO
3;7t
0.21

0.471

0.071

0.0002

t7l
0.965

nd

0.0002

0.032
nd

nd

nd

nd

5.t
0.9

7.21

7.61

0.004

nd

20.2

0.872
2600

0.0004

nd

0.043

0.007

0.001l9
868

nd

0.0018

0.0128

5.7

1.5

0.004

nd

21.4

0.91

0.0m4
nd

0.041

3690

l0
34

0.t02
nd

6.28

0.0006

nd

0.022

nd

34

nd

nd

0.00185

71.5

nd

6.59

27

0.0006

0.0031

t2
655

0.0199

zis

0.23

-0.826

-1.23

0.0058

23.7

o.327

nd

nd

0.013

nd

nd

nd

t.3
nd

1.5

0.6

8.09

8.49

nd

nd

19.3

0.119

233

nd

nd

0.004

0.033

0.0006

nd

0.021

nd

nd

0.006

0.00183

73.3

0.0133

6.8

5.5

0.08

0.0021

24.8

0.327

nd

nd

0.014

4
29

0.006

nd

1.04

nd

nd

0.009

nd

29

nd

0.04

nd

13.9

nd

1.03

nd

nd

nd

8

106

0.0016

0.62

0.05

-0.907

-1.31

0.0001

2.3

0.0049

nd

nd

nd

nd

nd

nd

7.9

nd

0.5

1.5

8.8

9.2

nd

nd

2.r
0.028

2t
nd

nd

nd

0.22

nd

0.3

nd

nd

0.014

nd

46.3

o.77

0.06

-0.894

-1.29

0.0001

2.4

0.0046

nd

nd

nd

nd

nd

nd

7.9

nd

nd

1.5

8.83

9.23

nd

nd

1.9

o.0n
2t
nd

nd

nd

0.18

nd

0.3

nd

nd

0.016

nd

0':s2

nd

nd

0.009

nd

nd

4

27

0.006

0.05

0.998

nd

nd

0.009

nd

27

nd

0.029
nd

14.9

nd

1.01

nd

nd

nd

8

106

0.0018

nd

0.0034

47

0.1

0.m02
179

I
nd

0.0002

0.032

nd

nd

0.004

400

nd

nd

2.6t
nd

0.92

8

1.5

nd

nd

0.206
2

nd

nd

0.02

1.5

nd

nd

nd

nd

nd

19.6

0.t21

0.36

3

t.2
nd

nd

2.61

0.35

0.0001

0.094
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Table 43.1: Water Quality at Mattabi Mine Site
MME2 MME2 MME3 MME3 MMB+ MME4 MME5

Parameter LOQ Units Dissolved Dissolved Total Dissolved Total Dissolved Total

DateSampled> 97110122 ftelddup 97110123 97110123 97110/23 97110123 9'1/10123

Acidity(as CaCO3)

Alkalinity(as CaCO3)

Aluminum
Ammonia(as N)
Anion Sum

Antimony
Arsenic
Barium
Beryllium
Bicarbonate(as CaCO3, calculated)

Bismuth
Boron

Cadmium
Calcium
Carbonate(as CaCO3, calculated)

Cation Sum

Chloride
Chromium
Cobalt
Colour
Conductivity - @25øC

Copper

Dissolved Inorganic Carbon(as C)
Dissolved Organic Carbon(DOC)
Hardness(as CaCO3)

Ion Balance

Iron
Langelier Index at20øC
Langelier Index at 4lC
Lead

Magnesium
Manganese

Mercury
Molybdenum
Nickel
Nitrate(as N)
Nitrite(as N)
Orthophosphate(as P)

pH

Phosphorus

Phosphorus, Total
Potassium

Reactive Silica(Si02)
Saturation pH at 20øC

Saturation pH at 4PC

Selenium

Silver
Sodium
Strontium
Sulphate

Thallium
Tin
Titanium
Total Dissolved Solids(Calculated)
Total Kjeldahl Nitrogen(as N)
Total Suspended Solids

Turbidity
Uranium
Vanadium
Zinc
Fluoride

I
1

0.005

0.05

na

0.0005

0.002

0.005

0.005

I
0.002

0.005

0.00005

0.1

1

na

I
0.0005

0.0002

5

1

0.0003

0.2

0.5

0.1

0.01

0.02

na

na

0.0001

0.1

0.0005

0.0001

0.0001

0.001

0.05

0.01

0.01

0.1

0.1

0.01

0.5

0.5

na

na

0.002

0.00005

0.1

0.005

2

0.0001

0.002

0.002

I
0.05

I
0.1

0.0001

0.002

0.001

0.02

mg/L2-2-4
mglL 29 - 29 - 28

mElL nd nd 0.008 nd 0.006 nd 0.005
mg/L 0.07 - nd - nd
meqil 1.04 - 1.03 - 1.01

mgll- nd nd nd nd nd nd nd
mg[- nd nd nd nd nd nd nd
mglL 0.007 0.007 0.009 0.007 0.007 0.007 0.008
mgll- nd nd nd nd nd nd nd
mglL 29 - 29 - 28

mgll nd nd nd nd nd nd nd

mglL nd nd nd nd 0.007 0.005 0.008
mglL nd nd 0.00005 nd nd nd nd

mglL 14.8 14.5 13.9 14.2 14 14.3 13.9

mglL nd - nd - nd
meq/L l.0l - 1.02 - 1.01

mglLl-nd-nd
mglL nd nd 0.0006 nd 0.0007 nd 0.0006
mglL nd nd nd nd nd nd nd

TCUl0-6-10
us/cm 107 - 106 - 105

mglL 0.0019 0.002 0.0019 0.002 0.0016 0.0021 0.0015

mglL 5.8 6.2 - 5.6 - 5.7

mgll- 4.9 5.5 - 4.8 - 5

mglL 45.4 - 45.7 - 45.3

Vo 1.67 - 0.64 - 0.16

mglL, nd nd 0.05 nd 0.06 nd 0.05

na -0.622 - -0.75 - -0.898

na -1.02 - -1.15 - -1.3

mClL nd 0.0001 0.0001 nd 0.0001 0.0002 nd

mglL 2.5 2.4 2.3 2.4 2.3 2.4 2.3

mglL 0.001 0.0008 0.0159 0.0011 0.0035 0.001 1 0.0033

mClL nd nd nd nd nd nd nd

mglL nd nd nd 0.0001 nd nd nd

nEIL nd nd 0.002 nd nd nd nd

mglL nd - nd - nd

mdLnd-nd-nd
mglL nd - nd - nd

Units 8.2 - 8.1 - 7.9

mglL nd nd nd nd nd nd nd

mgll, nd nd - 0.01 - 0.01

mg[, nd nd 0.6 nd nd nd nd

mglL 1.5 - 1.5 - 1.5

units 8.81 - 8.81 - 8.83

units 9.21 - 9.21 - 9.23

mClL nd nd nd nd nd nd nd

mClL nd nd nd nd nd nd nd

mClL 2 1.9 2 2.1 2 2.1 2

mglL 0.027 0.027 0.027 0.027 0.028 0.027 0.028

mglL 2l - 2l - 20

mglL nd nd nd nd nd nd nd

mglL nd nd nd nd nd nd nd

mg/L nd nd nd nd nd nd nd

mgL6058-60-60
mglL 0.15 - O.2l - 0.15

mglL nd - nd - nd

NTU 0.3 - 0.3 - 0.3

mglL nd nd nd nd nd nd nd

mg[, nd nd nd nd nd nd nd

mg/L 0.013 0.014 0.02 0.016 0.018 0.018 0.012
mglL--nd-nd-nd
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Table 43.1: Water Quality at Mattabi Mine Site
MME5

Parâmeter LOQ Units Dissolved
MME6
Total

MME6 MMET MMET
Dissolved Total Dissolved

MME8
Total

MMES
Dissolved

0.025

0.0021

3.8

7

0.07

DateSampled> 97110123 97110123 97110123 9'7110123 97110123 97110123 9'1110123

Acidity(as CaCO3)

Alkalinity(as CaCO3)

Aluminum
Ammonia(as N)
Anion Sum

Antimony
Arsenic

Barium
Beryllium
Bicarbonate(as CaC03, calculated)

Bismuth
Boron

Cadmium
Calcium
Calbonate(as CaCO3, calculated)

Cation Sum

Chloride
Chromium
Cobalt

Colour
Conductivity - @25øC

Copper

Dissolved Inorganic Carbon(as C)
Dissolved Organic Carbon(DOC)
Hardness(as CaCO3)

Ion Balance

Iron
Langelierlndex at20øC
Langelier Index at 4gC

Lead

Magnesium

Manganese

Mercury
Molybdenum
Nickel
Nitrate(as N)
Nitrite(as N)
Orthophosphate(as P)

pH

Phosphorus

Phosphorus, Total
Potassium

Reactive Silica(SiO2)
Saturation pH at 20øC

Saturation pH at 4øC

Selenium

Silver
Sodium

Strontium
Sulphate

Thallium
Tin
Titanium
Total Dissolved Solids(Calculated)
Total Kjeldahl Nitrogen(as N)
Total Suspended Solids

Turbidity
Uranium
Vanadium
Zinc
Fluoride

I
I

0.005

0.05

na

0.0005

0.002

0.005

0.005

I
0.002

0.005

0.00005

0.1

I
na

I
0.0005

0.0002

5

I
0.0003

0.2

0.5

0.1

0.01

0.02
na

na

0.0001

0.1

0.0m5
0.0001

0.0001

0.001

0.05

0.01

0.01

0.1

0.1

0.01

0.5

0.5

na

na

0.002

0.00005

0.1

0.005

2

0.0001

0.002

0.002

I
0.05

I
0.1

0.0001

0.002

0.001
o.o2

mglL
mgll-
mglL
mElI-

meq/L
mglL
mglL
mglL
mglL
mglL
mgll-
mgtL
mglL
mg/I-

mglL
meqL
mglL
m5lL
mglL
TCU
us/cm

mg/L
mg/L
mg[
mglL

7o

mgll-
na

na

mglL
mglL
mglL
mglL
mglL
mglL
mglL
mglL
m9Â,
Units
mglL
mglL
mglL
mglL
units

units

mglL
mglL
mglL
mglL
mglL
mglL
mglL
m9lL
mglL
mglL
melL
NTU
mg/L
m9lL
mglL

nd

nd

nd

14.2

0.0017

5.7

4.7

nd

nd

2.t
0.027

nd

nd

nd

59

nd

nd

0.011

4
24

0.026
nd

0.769
nd

nd

0.009

nd

24

nd

nd

0.00005

8.2

nd

0.74

nd

0.0006

nd

30

78

0.0014

33.7

t.9l
0.08

-1.1'7

-1.57

nd

3.5

0.0159

nd

nd

nd

nd

0.01

nd

7.9

nd

nd

2.1

9.11

9.51

nd

nd

1.2

0.03

13

nd

nd

nd

nd

nd

nd

8.7

0.0006

6

2l
0.038

nd

I .51

0.0005

nd

0.008

nd

2t
nd

0.005

0.00006

22.3

nd

1.64

nd

0.0005

0.0003

44

t'77

0.0019

'77.7

4.1

0.1

-1.09

-1.49

0.0009

5.5

0.0238

nd

0.0002

0.001

nd

nd

nd

7.7

nd

nd

2.5

8.77

9.t7
nd

nd

1.6

0.04

52

nd

nd

nd

0.027

nd

nd

0.007

nd

nd

nd

nd

22.t

nd

OT'

0.0022
4

6.6

o.ãz

4

20

0.036

nd

1.77

0.000s

nd

0.007

nd

20

nd

nd

0.00009

25.8

nd

1.84

nd

nd

0.0003

36

213

0.0019

87.7

1.88

0.11

-0.906

- 1.31

0.0008

6.5

0.0231

nd

0.0002

0.001

nd

nd

nd

7.8

nd

nd

2.4

8.75

9. l5
nd

nd

r.7
0.043

65

nd

nd

nd

0.005

nd

nd

0.007

nd

nd

nd

0.007

nd

nd

nd

nd

24.8

0.017

nd

nd

0.006

nd

nd

0.0003

nd

nd nd

0.001

4.8

6.2

0.04nd

nd

2.4

7

0.m06

0.0001

2.9

0.0127

nd

nd

nd

nd

nd

1.4

0.03

nd

nd

nd

44

nd

nd

0.029

0.0008

5.5

0.021 I
nd

0.0001

0.001

nd

nd

o.7

nd

nd

1.7

0.04

nd

nd

nd

97

nd

nd

0.055

0.0007

6.3

0.0211

nd

0.0001

0.001

nd

nd

1.7

0.043

nd

nd

nd

113

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

0.24

I
0.5

nd

nd

0.059

nd

o.22

nd

0.5

nd

nd

0.057

0.04

ir
nd

0.4

nd

nd

0.031

0.02

nd

nd

0.06
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Table 43.1: Water Quality at Mattabi Mine Site

Parameter LOQ Units

Date Sampled > 97n0123 97^0/23 97n0t23 97t10t23 97n0t23 97/10t23 97n0t23

MME9
Total

MME9
Dissolved

MMElO
Total

MMElO
Dissolved

MMEII
Total

MMEIl
Dissolved

MMEl2
Total

Acidity(as CaCO3)

Alkalinity(as CaCO3)

Aluminum
Ammonia(as N)
Anion Sum

Antimony
Arsenic

Barium
Beryllium
Bicarbonate(as CaCO3, calculated)

Bismuth
Boron

Cadmium

Calcium
Carbonate(as CaCO3, calculated)

Cation Sum

Chloride
Chromium
Cobalt

Colour
Conductivity - @25øC

Copper

Dissolved Inorganic Carbon(as C)
Dissolved Organic Carbon(DOC)
Hardness(as CaCO3)

Ion Balance

Iron
Langelierlndex 

^t20øCLangelier Index at 4gC

Lead

Magnesium

Manganese

Mercury
Molybdenum
Nickel
Nitrate(as N)
Nitrite(as N)
Orthophosphate(as P)

pH

Phosphorus

Phosphorus, Total
Potassium

Reactive Silica(SiO2)
Saturation pH af20øC
Saturation pH at 4øC

Selenium

Silver
Sodium

Strontium
Sulphate

Thallium
Tin
Titanium
Total Dissolved Solids(Calculated)
Toral Kjeldahl Nitrogen(as N)
Total Suspended Solids
Turbidity
Uranium
Vanadium
Zi¡c
Fluoride

I
I

0.005

0.05

na

0.0005

0.002

0.005

0.005

I
0.002

0.005

0.00005

0.1

I
na

I
0.0005

0.0002

5

I
0.0003

0.2
0.5

0.1

0.01

0.02

na

na

0.o001

0.1

0.0005

0.000r
0.0001

0.001

0.05

0.01

0.01

0.1

0.1

0.01

0.5

0.5

na

na

0.002

0.m005
0.1

0.005

2

0.0001

0.002

0.002

I
0.05

I
0.1

0.0001

0.002

0.00r
o.o2

mg/I-

mglL
mg/L
mglL

meq/L
mglL
mglL
mg/L
mglL
mglL
mglL
mg/L
mg/L
mglL
mglL
meqlL
mglL
mglL
mglL
TCU
us/cm

mglL
mglL
mg/L
m9lL

7o

mglL
na

na

mg/L
mglL
mg/l-
mglL
mglL
mglL
mglL
mg/L
mgil-
Units
mglL
mg/L
mglL
mglL
units

units

mçlL
mg/L
mglL
m9lL
mçlL
mglL
mg/L
mgll-
mglL
mgll-
mglL
NTU
mg/L
mglL
mçlL
mglL

6

20

0.036

nd

1.74

nd

nd

0.007

nd

20

nd

nd

0.00006

24.6

nd

1.9

nd

0.0006

0.0002

36

206
0.002

90.6

4.43

0.1

-0.972

-1.37

0.0009

6.1

0.023

nd

0.0001

0.001

nd

nd

nd
'1.8

nd

nd

2.4

8.73

9.t3
nd

nd

1.6

0.045

64

nd

nd

nd

0.28

I
0.5

nd

nd

0.061

0.02

4

l1
0.043

nd

0.273

nd

nd

nd

nd

1l
nd

nd

nd

4.8

nd

0.407

nd

0.0006

nd

68

40

0.0005

17.3

19.7

0.32

- 1.86

-2.26

nd

1.2

0.0112

nd

0.0001

nd

nd

nd

nd

7.8

nd

nd

6.6

9.68

10.1

nd

nd

1.2

0.015

nd

nd

nd

nd

6

16

0.052

nd

0.026

0.0001

1.2

0.004

nd

0.0002

nd

nd

nd

1.2

0.015

0.0002

nd

0.001

2

16

0.043

0.05

o.372

nd

nd

0.005

nd

t6
nd

nd

nd

4.9

nd

0.403

nd

nd

nd

72

40
0.0005

17.2

3.98

0.3

-t.99
-2.39

nd

1.2

0.0153

nd

0.0001

nd

nd

nd

nd

7.5

nd

nd

6.6

9.52

9.92

nd

nd

r.2
0.016

nd

nd

nd

nd

0.24

nd

2.2

0.0002

nd

0.001

0.02

o.025

nd

nd

0.007

nd

nd
nd
nd

25.6

nd

0.0002

0.0022
4.2

6.6

o.ãz

0.023

0.0006

2.6
"1.5

0.2

0.0004

1.2

0.0031

nd

nd

nd

nd

0.01

nd

nd

nd

1.3

0.0r5

0.372

0.0007

6.5

o.o2t3
nd

0.0m1
0.001

nd

nd

nd

nd

t6
nd

nd

nd

5

nd

0.394
nd

nd

nd

70
40

0.0006

t7.t
2.99

0.35

-1.91

-2.31

nd

1.2

0.0177

nd

0.0001

nd

nd

nd

nd

7.6

nd

0.8

6.5

9.52

9.92

nd

nd

r.2
0.015

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

5

nd

nd

nd

nd

nd

nd

nd

nd

nd

4.9

nd

nd

0.0009

2;7

8

o.l a

nd
nd

0.6

";nd
1.8

0.044

nd

nd

nd

113

nd

0.0r
nd

nd

nd

nd

26

nd

nd

nd

23

nd
nd

0.059

0.23
t

0.9

nd

nd

nd

0.00020.0002 0.mo2
nd

nd

0.22

2

0.8

nd

nd

nd
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Table .4'3.1: Water Quality at Mattabi Mine Site

Parameter LOQ Units

Date Sampled > 97n0t23 9'7n0t23 97/10t23 97n0t22 Replicate field dup

MMEl2
Dissolved

MME13
Total

MME13
Dissolved

MMRI
Total

MMRl
Total

MMRl
Total

MMRI
Total

field dup

Replicate
Acidity(as CaCO3)

Alkalinity(as CaCO3)

Aluminum
Ammonia(as N)
Anion Sum

Antimony
Arsenic

Barium
Beryllium
Bicarbonate(as CaCO3, calculated)

Bismuth
Boron
Cadmium

Calcium
Carbonate(as CaCO3, calculated)

Cation Sum

Chloride
Chromium
Cobalt

Colour
Conductivity - @25øC

Copper

Dissolved Inorganic Carbon(as C)
Dissolved Organic Carbon(DOC)
Hardness(as CaCO3)

Ion Balance

Iron
Langelier Index 

^t20øCLangelier Index at 46C

Lead

Magnesium

Manganese

Mercury
Molybdenum
Nickel
Nirrare(as N)
Nitrite(as N)
Orthophosphate(as P)

pH

Phosphorus

Phosphorus, Total
Potassium

Reactive Silica(SiO2)
Saturation pH at20ØC

Saturation pH at 4øC

Selenium

Silver
Sodium

Strontium
Sulphate

Thallium
Tin
Titanium
Total Dissolved Solids(Calculated)
Total Kjeldahl Nitrogen(as N)
Total Suspended Solids

Turbidity
Uranium
Vanadium
Zinc
Fluoride

I
I

0.005

0.05

na

0.0005

0.002

0.005

0.005

I
0.002

0.005

0.00005

0.1

I
na

I
0.0005

0.0002

5

I
0.0003

0.2

0.5

0.1

0.01

0.02

na

na

0.0001

0.1

0.0005

0.0001

0.0001

0.001

0.05

0.01

0.01

0.1

0.1

0.01

0.5

0.5

na

na

0.002

0.00005

0.1

0.005

2

0.0001

0.002

0.002

I
0.05

1

0.1

0.0001

0.002

0.001

0.02

mg[L
mglL
mglL
mglL

meqiL
mgll-
mgll-
mglL
mgÂ-
mglL
m9lL
mçlL
mglL
mglL
mglL

meq/L
mglL
mglL
mglL
TCU
us/cm

mglL
mglL
mg/L
mg/L

7o

mglL

mglL
mglL
mglL
mglL
mglL
mglL
mglL
m9lL
mglL
Units
mglL
mg/L
mglL
mglL
units

units

mglL
mglL
mglL
mglL
mglL
mg/L
mg/L
mgll-
mglL
mglL
mg/L
NTU
mgll-
mg[,
mgil-
ms/L

0.023

0.m08
J

7.7

0.21

6

t6
0.044
0.06

0.371

nd

nd

nd

nd

t6
nd

nd

nd

4.8

nd

0.412
nd

nd

nd
'74

40

0.0005

t7.l
5.28

0.31

-r.79
-2.t9

nd

t.2
0.0152

nd

0.0001

nd

nd

nd

nd

7.7

nd

0.7

6.5

9.52

9.92

nd

nd

t.2
0.015

nd

nd

nd

nd

0.031

2

28

0.005

nd

1.03

nd

nd

0.007

nd

28

nd

0.015

nd

13.7

nd

1.05

nd

nd

nd

l6
lt2

0.002

+i.+
0.92

0.05

-1.24

-1.64

nd

2.3

o.0026
nd

nd

nd

nd

nd

nd

7.6

nd

0.8

1.6

8.8

9.2

nd

nd

2

0.027

2t
nd

nd

nd

0.18

nd

0.5

nd

nd

0.006

nd

2

29

0.005

nd

1.04

nd

nd

0.008

nd

29

nd

0.01

nd

13.8

nd

1.05

nd

nd

nd

t2
105

0.0013

48.5

0.76

0.05

-1.23

-1.63

nd

2.3

0.0026

nd

nd

nd

nd

nd

nd

7.6

nd

0.8

1.6

8.78

9.l8
nd

nd

2

0.028

2l
nd

nd

nd

ns

29

nd

nd

nd

nd

nd

nd

nd

nd

nd

4.9

nd

nd

nd

nd

nd

nd

nd

nd

nd

4.9

;
nd

0.008

13.9

2.3

t6
ns

0.ffn6
3

8.2

oz
nfì

na

nd

nd

nd

na

nd

0.6

nd

nd

nd

0.0001

1.2

0.0031

nd

0.0002

nd

nd

nd

1.3

0.015

nd

nd

nd

26

0.0002

1.2

0.0028

nd

0.0001

nd

nd

0.01

nd

nd

nd

1.3

0.015

nd

nd

nd

26

0.0002

1.5

2

21

0.0002

nd

0.001

0.27
)

2.2

0.0002

nd

nd

nd

nd

o.2l
nd

0.3

nd

nd

0.006

nd

i"
nd

0.4

nd

0.002
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Table 43.1: Water Quality at Mattabi Mine Site

Parameter LOQ Units

Date Sampled > 97110122 Replicate field dup 97/lÙl23 Replicate 97110123 Replicate

MMRI
Dissolved

MMRI
Dissolved

MMRl
Dissolved

MMR2
Total

MMR2
Total

MMR2
Dissolved

MMR2
Dissolved

Acidity(as CaCO3)

Alkalinity(as CaCO3)

Aluminum
Ammonia(as N)
Anion Sum

Antimony
Arsenic
Barium
Beryllium
Bicarbonate(as CaCO3, calculated)

Bismuth
Boron
Cadmium
Calcium
Carbonate(as CaCO3, calculated)

Cation Sum

Chloride
Chromium
Cobalt
Colour
Conductivity - @25øC

Copper

Dissolved Inorganic Carbon(as C)
Dissolved Organic Carbon(DOC)
Hardness(as CaCO3)

Ion Balance

Iron
Langelierlndex 

^t20øCLangelier Index at 49C

Lead

Magnesium
Manganese

Mercury
Molybdenum
Nickel
Nitrate(as N)
Nitrite(as N)
Orthophosphate(as P)

pH
Phosphorus

Phosphorus, Total
Potassium

Reactive Silica(Si02)
Saturation pH 

^f20øCSaturation pH ât 4øC

Selenium

Silver
Sodium
Strontium
Sulphate

Thallium
Tin
Titanium
Total Dissolved Solids(Calculated)
Total Kjeldahl Nitrogen(as N)
Total Suspended Solids

Turbidity
Uranium
Vanadium
Zinc
Fluoride

I
I

0.005

0.05

nÍt

0.0005

0.002

0.005

0.005

I
0.002

0.005

0.00005

0.1

I
na

I
0.0005

0.0002

5

I
0.0003

0.2

0.5

0.1

0.01

0.02

na

na

0.0001

0.1

0.0005

0.0001

0.0001

0.001

0.05

0.01

0.01

0.1

0.1

0.01

0.5

0.5

na

na

0.002

0.00005

0.1

0.005

2

0.000r
0.002

0.002

1

0.05

1

0.1

0.0001

0.002

0.001

0.02

mglL
mglL
mglL
mglL

meq/L
mglL
mglL
m9lL
mglL
mglL
mglL
mglL
mglL
mglL
mglL

meq/L
mglL
mg/L
mglL
TCU
us/cm

m9lL
mglL
mglL
mglL

7o

mglL
na

na

mglL
mglL
mglL
mglL
mglL
mglL
mg/L
mglL
mglL
Units
mglL
mglL
mg/L
mg/L
units

units

mglL
mglL
mg/L
mgll,
mg[,
mElL
mglL
mglL
mglL
mg/L
mglL
NTU
mglL
mglL
mglL
ms/L

nd

nd

nd

r5.3

nd

0.01

nd

nd

nd

1.9

0.026

nd

nd

nd

6t

nd

nd

nd

15.3

0.0011

6

5.1

nd

.0001

2.5

nd

nd

nd

nd

nd

nd

nd

nd

nd

1.9

0.027

nd

nd

nd

60

4

27

0.028

nd

0.566

nd

nd

0.007

nd

2'7

nd

nd

nd

7.9

nd

0.615

nd

0.0005

nd

32

58

nd

27.5

4.15

0.13

- 1.51

- 1.91

0.0003

1.6

0.o25
nd

nd

nd

nd

nd

nd

7.6
nd

nd

2.6

9.O7

9.47

nd

nd

I
0.018

nd

nd

nd

nd

4

27

0.028

nd

nd

nd

0.007

nd

nd

nd

nd

8.1

nd

0.m05
nd

32

ns

nd

0.0002

1.7

0.0254
nd

nd

nd

nd

nd

nd

7.8
nd

nd

nd

nd

8.2

0.01008

5.1

11.9

nd

1.7

0.0009

nd

nd

nd

0.014

nd

nd

0.006

nd

nd

nd

nd

9.4

nd

nd

0.014

nd

nd

0.006

nd

nd

nd

nd

0.007

nd

1'

nd

nd

0.007

nd

nd

15

nd

nd

5.9

5.3

;

.0002

2.5

nd

nd

nd

nd

"O
nd

nd

nd

0.0008 0.0007

5.2

11.9

nd

1.9

0.0009

nd

nd

nd

5.9

4.9

0.13 0.03 0.02

00
2.5

nd

nd

0.03

nd

nd

0.03

ndnd

2.8

nd

nd

nd

r.39
8

1.9

nd

nd

0.00r
nd

t.44
,'Ì

1.9

nd

nd

0.001

nd

nd

nd

0.002

nd

nd

0.002

nd

nd

0.006

";
nd

0.008

2

nd

nd

1 l
0.018

nd

nd

nd

nd

nd

nd

1.2

0.017

nd

nd

nd

32

nd

nd

1.3

0.018

nd

nd

nd
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APPENDIX 4

Sediment Chemistry and Toxicity



Tabte 44.1: Total Metals in Sediment Samples from Mattabi Mine Site

Client ID: MME2-1 MME2-1 MME2-2

Duplicate

MME2-3 MME3-I MME3-2

Component MDL Units

TCP/MS - HNO3-H2O2
Aluminum

Antimony

Arsenic
Barium

Beryllium

Bismuth

Boron

Cadmium

Chromium

Cobalt

Copper

Iron

Lead

Manganese

Molybdenum
Nickel
Selenium

Silver
Strontium

Thallium

Tin
Titanium
Vanadium

Zinc

I

0.2

0.5

0.5

0.2

0.5

2.5

0.05

0.6

0.2

0.2

20

0.1

I
0.2

0.5

I

0.05

0.5

0.2

0.2

0.3

I

I

mg/kg

mg/kg

mC/kg

(%)

6300

t6
4t
56

0.7

2.8

l0
43

t4
36

1600

16000

870

540

6.2

50

23

13

2l
1.2

2.2

200

l3
r 5000

6200

10

32

44

0.2

2

8.6

32

13

29

1200

14000

600

430

4.9

48

2t
8.4

t7
0.8

1.4

190

t2
15000

6600

t4
43

58

0.2

2.8

7

63

t4
49

1700

17000

990

540

6.1

56

24

l0
2l
1.3

t.5

200

t2
20000

6000

8.8

l9
56

0.2

1.6

8.1

36

t4
20

930

13000

490

220

2.2

34

8.8

l0
24

0.6

1.4

180

ll
10000

6400

t2
26

0.2

2

8.4

56

l4
3l

1300

15000

670

240

2.9

45

t6
ll
24

0.9

1.9

180

ll
l 8000

55

il

il

Calcium
Magnesium

Loss on Ignition

Coarse Gravel (>4.8mm)

Fine Gravel (2.0-4.8mm)

V. Coarse Sand (1.0-2.0mm)

Coarse Sand (0.50-1.0mm)

Med. Sand (0.25-0.50mm)

Fine Sand (0. l0-0.25mm)

V. Fine Sand (0.050-0.lOmm)

Silt (0.002-0.050mm)

Clay (<0.002mm)

V. Fine Sand, Silt, Clay
(<0.10 mm)

Mercury

TOC (Solid)

20

20

o.r (%)

11262.5

3360

48

4

1.3

2l
22

22

3l

0.78

0.059

94.14

5Y 2.511

Black

l r050

3250

1.2

1.6

25

24

25

0.53

0.061

94.22

sY 2.s/t
Black

10425

3225

46

4.1

1.4

29

26

l7

22

0.77

2t

0.063

94.0

5Y 2.5/t

Black

t1332.5

3087.5

0.044

95.6

5Y 2.511

Black

10752.5

3020

0.048

95.2

5Y 2.511

Btack

55

6.9

2

2l
27

20

(%)

49 49 56

6.5

0.7

l8
22

20

34

0.45 0.59

28 26

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.04

2323

2423

Bulk Density (e/ml-)

Sediment Mositure (%o)

Munsell Number

Munsell Colour

0.1
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Table 44.1: Total Metals in Sediment Samples from Mattabi Mine Site

Clíent ID: MME3-3 MME4-I MME4-2 MME4-3 MMES-I MME5-I

Component MDL Units Duplicate

ICP/MS - HNO3-H2O2
Aluminum

Antimony

Arsenic

Barium

Beryllium

Bismuth

Boron

Cadmium

Chromium

Cobalt

Copper

Iron

Lead

Manganese

Molybdenum

Nickel

Selenium

Silver
Strontium

Thallium

Tin
Titanium

Vanadium

Zinc

I

0.2

0.5

0.5

0.2

0.5

2.5

0.05

0.6

0.2

0.2

20

0.1

I
0.2

0.5

I

0.05

0.5

0.2

0.2

0.3

I

I

mg/kg

mg/kg

mg/kg

(%)

5900

8.7

24

47

0.2

1.6

7.6

39

l3
23

I 100

13000

490

190

1.8

35

t2
ll
20

0.6

2.5

190

l0
I 3000

5500

7

t6
49

0.2

l.l
7.5

t8
t4
t4

750

12000

300

350

4.3

37

t2
7.6

28

0.4

1.4

230
lt

9000

11470

3197.5

45

2.1

1.2

t2
2t
22

0.056

94.4

lOYR 2/l
Black

4900

0.9

4.5

52

0.2

8.7

5

l3
6.1

160

10000

55

260

2.5

26

2.9

l.l
32

1.4

230

9.7

2800

t1967.2

3046.4

0.12

23

0.049

95.3

tOYR 2/1

Black

6000

4.7

l3
54

0.2

r.2

8.3

l2
l3
8.7

530

10000

280

160

1.9

25

5

5.5

25

0.2

2.6

190

ll
2700

Itl15
2942.5

56

3

1.7

30

28

l6

22

0.29

26

0.041

96.0

lOYR 2/l
Black

6600

5.9

t4
59

1.2

1.3

1l
13

l5
l0

620

12000

340

230

1.3

24

4.1

7.1

22

0.2

4.6

230

l3
2600

l 1335

3010

5l

3.6

1.5

22

26

24

0.38

0.05 r

95.0

5Y 2.5/l
Black

lt

Calcium

Magnesium

Loss on lgnition

Coarse Gravel (>4.8mm)

Fine Gravel (2.0-4.8mm)

V. Coarse Sand (1.0-2.0mm)

Coarse Sand (0.50-l.0mm)

Med. Sand (0.25-0.5Omm)

Fine Sand (0. 10-0.25mm)

V. Fine Sand (0.050-0.lOmm)

Silt (0.002-0.05Omm)

Clay (<0.002mm)

V. Fine Sand, Silt, Clay
(<0.10 mm)

Mercury

TOC (Solid)

20

20

o.r (%)

10465

2922.5

56

6.5

1.9

32

26

l9

0.048

95.2

5Y 2.sll
Black

f

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1 23

46

2.7

4

20

22

26

26

(%)

0.04

t5 42

0.5 r 0.33

2t 23

0.36

25

Bulk Density (g/ml)
Sediment Mositure (7o)

Munsell Number

Munsell Colour

0.1
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Table 44.1: Total Metals in Sediment Samples from Mattabi Mine Site

Clíent ID: MMES-I MMES-I

MDL Units M. Spike MS % Rec.Component

MMES-I
field dup of
MME5-I

MMES-I

field dup of
MME5-I
Duplicate

MMES-I
field dup of
MME5-1

M. Spike

MMES-I
field dup of
MME5.I

MS %o Rec.

ICP/MS - HNO3-H202
Aluminum

Antimony

Arsenic
Barium

Beryllium

Bismuth

Boron

Cadmium

Chromium
Cobalt

Copper

Iron

Lead
Manganese

Molybdenum

Nickel

Selenium

Silver

Strontium

Thallium

Tin
Titanium

Vanadium

Zinc

I

0.2

0.5

0.5

0.2

0.5

2.5

0.05

0.6

0.2

0.2

20

0.1

I
0.2

0.5

I

0.05

0.5

0.2

0.2

0.3

I

I

mg/kg

mglke

5300

6.2

t4
63

t.3

9.2

t4
l3

9.1

600

r 1000

350

210

1.5

2l
5.1

7.4

24

0.2

J-t
180

1l

2100

I 1630

2942.5

5l

J

t.7
3l
l5
2.8

0.9

34

il

0.28

5600

6.3

t4
64

1.5

8

t4
l4
9.1

590

I 1000

360

210

1.4

22

5.3

8

25

0.2

2.'l

190

ll
2100

NA
57

490

100

480

52

460

63

470

480

t 100

NA
NA
700

52

500

490

76

50

53

660

470

3 100

100

96

78

96

100

90

99

92

94

97

99

100

96

96

89

100

100

100

94

9l
100

30

Calcium
Magnesium

Loss on Ignition

Coarse Gravel (>4.8mm)

Fine Gravel (2.0-4.8mm)

V. Coarse Sand (1.0-2.0mm)

Coarse Sand (0.50-l.Omm)

Med. Sand (0.25-0.50mm)

Fine Sand (0. l0-0.25mm)

V. Fine Sand (0.050-0.lOmm)

Silt (0.002-0.05Omm)

Clay (<0.002mm)

V. Fine Sand, Silt, Clay
(<0.10 mm)

Mercury

ToC (Solid)

20

20

I

(%)

I l7l0
2945

520.r (n

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.04 mg/kg 1.3

0.r (%)

Bulk Density (g/ml)
Sediment Mositure (%)

Munsell Number

Munsell Colour

93

24
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Table A4.l: Total Metals in Sediment Samples from Mattabi Mine Site

Clíent ID: MME5-2 MME5-2

MDL Units Duplicate

MME5-3 MMRI-I MMRI-2 MMRI-2

DuplicateComponent

ICP/MS - HNO3-H202
Aluminum
Antimony
Arsenic

Barium

Beryllium
Bismuth

Boron
Cadmium

Chromium

Cobalt

Copper

Iron

Lead

Manganese

Molybdenum

Nickel
Selenium

Silver
Strontium

Thallium
Tin
Titanium

Vanadium

Zinc

I

0.2

0.5

0.5

0.2

0.5

2.5

0.05

0.6

0.2

0.2

20

0.1

I

0.2

0.5

I

0.05

0.5

0.2

0.2

0.3

I
I

mg/kg

mg/kg

6100

8.5

20

53

0.2

1.9

8.3

l4
t4
ll

980

13000

540

250

1.2

24

6.2

1l

20

0.2

t.4
210

12

3400

I 1387.5

3092.s

6.1

1.8

l8
20

l8

26

0.054

94.8

5Y 2.51t

Black

4900

8.1

l8
54

2.t
7.6

2t
1l

u
850

12000

560

220

1.3

27

5.8

1t

l8
0.2

1.9

180

9.1

4000

5200

0.5

3.5

43

0.2

9.1

1.8

l2
3.1

5l
6100

25

62

1.5

l9
2.3

0.26

l3

0.4

170

8.3

450

3900

0.9

3.9

44

7.1

1.6

ll
2.7

43

4700

26

56

1.6

l8
3.2

0. l6
l1

0.7

ll0
6.5

330

4300

0.5

3.6

43

6.8

1.5

1l

2.7

42

5000

25

59

1.5

l8
3.1

0.15

ll

0.8

120

7

320

I

Calcium
Magnesium

Loss on Ignition

Coarse Gravel (>4.8mm)

Fine Gravel (2.0-4.8mm)

V. Coarse Sand (1.0-2.0mm)

Coarse Sand (0.50-l.0mm)

Med. Sand (0.25-0.50mm)

Fine Sand (0. l0-0.25mm)

V. Fine Sand (0.050-0.l0mm)

Silt (0.002-0.050mm)

Clay (<0.002mm)

V. Fine Sand, Silt, Clay

(<0.10 mm)

Mercury

TOC (Solid)

20

20

f

f

6059

1.3

30

35

28

(%)

9197.5

2565

520.r (%) 50 5l

5.9

3.9

32

27

t8

l3

0.51

25

0.053

94.7

sY 2.s/l
Black

8680

2855

0.043

9s.9

5Y 413

Olive

9020

2920

0.040

96.1

5Y 413

Olive

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

I

4.8

3.4

26

33

26

7.8

0.08 0.09

26

36

0.04 mg/kg 0.46

5

o.r (%) 27

Bulk Density (g/mL)

Sediment Mositure (%)

Munsell Number

Munsell Colour

Page 4 o17



Table A4.l: Total Metals in Sediment Samples from Mattabi Mine Site

Ctíent ID: MMRI-2 MMRI-2 MMRI-3 MMR2-I MMR2-2 MMR2-3

Component MDL Units M. Spike MS % Rec.

ICP/MS - HNO3-H2O2

Aluminum

Antimony

Arsenic
Barium

Beryllium

Bismuth

Boron

Cadmium

Chromium
Cobalt

Copper

Iron

Lead

Manganese

Molybdenum

Nickel
Selenium

Silver
Strontium

Thallium
Tin
Titanium

Vanadium

Zinc

I
0.2

0.5

0.5

0.2

0.5

2.5

0.05

0.6

0.2

0.2

20

0.1

I

0.2

0.5

I

0.05

0.5

0.2

0.2

0.3

I
I

mg/kg

mg/kg

NA
55

57

ll0
48

54

5l
30

58

50

94

NA
84

il0
57

67

57

NA
70

53

55

t70
53

NA

ll0
n0
t20
96

ll0
87

lt0
94

94

100

120

110

ll0
97

u0

t20
ll0
110

110

92

3700

0.6

3.4

39

5.9

1.6

ll
2.5

42

4400

24

47

1.5

t7
3.2

0.1 5

ll

0.7

ll0
6.1

360

2700

0.4

5.4

85

6

0.94

5.8

3.1

7.9

3600

29

76

1.4

5.1

t.7
0.07

23

I

45

l0
78

3000

0.5

7.2

110

6.6

1.2

6.8

3.2

8.5

4300

27

95

1.9

5.6

2.4

1.5

29

1.3

48

l3
90

3000

0.4

7.1

94

5.8

1.2

6.9

3.6

l3
3800

36

87

t.6
5.9

2.2

0.09

26

1.2

45

l2
97

(

tl

Calcium
Magnesium

Loss on lgnition

Coarse Gravel (>4.8mm)

Fine Gravel (2.0-4.8mm)

V. Coarse Sand (1.0-2.0mm)

Coarse Sand (0.50-1.0mm)

Med. Sand (0.25-0.50mm)

Fine Sand (0. I 0-0.25mm)

V. Fine Sand (0.050-0.l0mm)

Silt (0.002-0.05Omm)

Clay (<0.002mm)

V. Fine Sand, Silt, Clay

(<0.10 mm)

Mercury

ToC (Solid)

20

20

o.r (vù

0.r (%)

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.04 mg/kg

10010

3050

'75

0.1

0.t
1.2

t.6
1.6

95

0.09

36

0.023

97.8

loYR 3/4

l)rrl ycll¡wish bro\Yñ

8956

2675

72

2.5

2.5

22

20

22

3l

0.1

0.024

97.6

lOYR 3/4

I)úrk )'clnN¡sh b¡trvn

8856

3 145

9563

3102

(%)

60

3.4

1.9

30

29

20

l6

0.08

0.038

96.3

sY 413

Olive

0.025

97.5

loYR 3/4

l)úrli ycll(Nishbrown

IJ

3.3

6.3

30

27

26

1.7

0.1

34

(

2628

Bulk Density (e/ml-)

Sediment Mositure (%)

Munsell Number

Munsell Colour
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Table A4.l: Total Metals in sediment samples from Mattabi Mine site

Client ID: MMEI-I MMEI-2

MDL Units

MMEI-2 MMEI.2 MMEI-2 MMEI-3

Duplicate M. Spike MS % Rec.Component

ICP/MS - HNO3-H2O2

Aluminum

Antimony

Arsenic

Barium
Beryllium

Bismuth

Boron

Cadmium

Chromium

Cobalt

Copper

Iron

Lead

Manganese

Molybdenum
Nickel

Selenium

Silver
Strontium

Thallium

Tin
Titanium
Vanadium

Zinc

I

0.2

0.5

0.5

0.2

0.5

2.5

0.05

0.6

0.2

0.2

20

0.1

I
0.2

0.5

I

0.05

0.5

0.2

0.2

0.3

I
I

mg/kg

mg/kg

5000

8.7

6'l

36

0.2

2.4

5.1

60

7

36

I 100

15000

760

1500

I

39

7

4.4

ll
0.6

2.2

9l
8.3

20000

I 1000

t5
150

55

0.5

4.1

13

100

16

62

2300

33000

1300

2000

1.8

8l
t7
t7
l9
l.l
4.6

190

l8
42000

I 1000

t6
150

56

0.4

4

10

ll0
t6
64

2300

33000

I 300

2000

1.8

82

l6
t7
t9
1.1

3.7

190

18

43000

66

620

100

480

50

470

150

480

530

2800

NA
NA
2500

52

560

500

39

74

48

54

670

480

NA

100

95

98

95

92

9l
97

93

93

89

98

100

95

97

90

ll0
93

100

96

93

12000

20

160

69

0.4

5.8

ll
140

l7
67

2500

36000

I 700

1600

2.3

86

l7
l3
23

1.4

6.8

220

20

45000

NA

¡

f

Í

Calcium
Magnesium

Loss on lgnition

Coarse Gravel (>4.8mm)

Fine Gravel (2.0-4.8mm)

V. Coarse Sand (1.0-2.0mm)

Coarse Sand (0.50-l.0mm)

Med. Sand (0.25-0.50mm)

Fine Sand (0. l0-0.25mm)

V. Fine Sand (0.050-0.10mm)

Silt (0.002-0.050mm)

Clay (<0.002mm)

V. Fine Sand, Silt, Clay

(<0.10 mm)

Mercury

ToC (Solid)

20

20

4187.5

2118.25

I

0.1

t5

20

20

93 15

4890

39

l.l
2.1

l9
22

25

3t

1.3

-l
l9

8952.5

4665

9075

4985

38o.l (%) 40

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

('?

2t
l9
2l

44

0.04 mglkg 1.3

39

0. r (%) 20

1.5

l9

0.065

93.6

2.5v 2.511

Black

Bulk Density (g/mL)

Sediment Mositure (%o)

Munsell Number

Munsell Colour

0.068

93.3

2.5Y 2.51t

Black

0.067

93.4

2.5Y 2.51r

Black
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Table A4.l: Total Metals in Sediment Samples from Mattabi Mine Site

Clíent ID: MMEI-3 MMEI-3 MMEI-3

Component MDL Units Duplicate M. Spike MS % Rec.

MMES-3

field dup of
MMEI-3

rcP/Ms - HNO3-H202
Aluminum

Antimony

Arsenic

Barium

Beryllium

Bismuth

Boron

Cadmium

Chromium

Cobalt
Copper

Iron

Lead

Manganese

Molybdenum

Nickel

Selenium

Silver

Strontium
Thallium

Tin
Titanium

Vanadium

Zinc

I

0.2

0.5

0.5

0.2

0.5

2.5

mC/kg

mglkg

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

8690

4590

NA
67

640

100

460

52

450

160

480

540

NA
NA
NA
2200

52

570

510

JJ

73

49

55

700

480

NA

l 1000

l9
160

64

0.7

5.2

t2
130

l6
64

2500

35000

1700

1600

2

83

l6
t9
22

1.4

5

2t0
l9

40000

94

98

7l
93

93

89

t20
92

96

100

100

96

98

82

100

94

96

96

92

0.05

0.6

0.2

0.2

20

0.1

I

0.2

0.5

I
0.05

0.5

0.2

0.2

0.3

I
I

Calcium

Magnesium

Loss on Ignition

Coarse Gravel (>4.8mm)

Fine Gravel (2.0-4.8mm)

V. Coarse Sand (1.0-2.0mm)

Coarse Sand (0.50-l.0mm)

Med. Sand (0.25-0.50mm)

Fine Sand (0. l0-0.25mm)

V. Fine Sand (0.050-0.l0mm)

Silt (0.002-0.050mm)

Clay (<0.002mm)

V. Fine Sand, Silt, Clay

(<0.10 mm)

Mercury

ToC (Solid)

Bulk Density (g/mL)

Sediment Mositure (%)

Munsell Number

Munsell Colour

o.l (%) 38

o.r (%)

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.04 mg/kg 1.5

20

20

8350

4590

39

1.3

1.3

11

6

2.5

22

45

ll

1.4

(%)

ll

Í

20
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Table A4.2: Results of partial Extraction Analysis Conducted on Sediment Samples from Mattabi Mine Site

Clíent ID:

MDL Units

MMEI-I MMEI.2 MMEI-3 MME2-I MNß2-2

Comnonent

MMEI-3
Lab

Duplicate

NH2OH.HCI
Aluminum (ext.)

Antimony (ext.)
Arsenic (ext.)
Barium (ext.)
Beryllium (ext.)
Bismuth (ext.)

Cadmium (ext.)

Chromium (ext.)

Cobalt (ext.)
Copper (ext.)
Iron (ext.)
Lead (ext.)
Manganese (ext.)

Molybdenum (ext.)

Nickel (ext.)
Selenium (ext.)
Silver (ext.)
Strontium (ext.)
Thallium (ext.)
Tin (ext.)
Titanium (ext.)
Vanadium (ext.)
Zinc (ext.)

I
0.2
0.5
0.5

0.2
0.5

0.05
0.6
0.2
0.2
20
0.1

I
0.2
0.5

I
0.05
0.5
0.2
0.2
0.3

I
I

l 800

3.8
28
0.2

0.2
2.9
t4
0.2

3600
34

1700

l8

9.2

0.3

6.2
3500

1900

2.6
24
0.2

0. l3
J

9.6
0.2

3200
t9

I 100

l9

8.9

0.3

6.6
3200

2300

2.7
27
0.2

0.2
3.9
9.9
0.2

3700
30
890

20

l0

0.7
8.3

3800

2100 710
0.2
0.8
27
0.3

0.12
2.3
4.6
0.2

1600
t9

300

6.t

t2

0.4
4.6

1600

730

0.5

24

0.07
2.3

J.t

1500

l4
240

6

12

0.3

4.5

I 700

mg/kg

2
2l

Calcium mg/kg 4814
1200

0.2

0.13
3.6
8.5

0.2
3200

t9
820

l8

8.4

0.4
7.8

3000

4610
I 138

6276
923

624820
20

4700
105 I

s 156

t179
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Table 44.2: Results of Partial Extraction Analysis Conducted on Sediment Samples from Mattabi Mine Site

ClÍent ID:

MDL Units

MME2-3 MME3-I MME3-2 MME3-3 MME4-1 MME4-2

NH2OH-HCI
Aluminum (ext.)

Antimony (ext.)

Arsenic (ext.)
Barium (ext.)
Beryllium (ext.)
Bismuth (ext.)
Cadmium (ext.)
Chromium (ext.)
Cobalt (ext.)
Copper (ext.)
Iron (ext.)
Lead (ext.)
Manganese (ext.)
Molybdenum (ext.)
Nickel (ext.)
Selenium (ext.)
Silver (ext.)
Strontium (ext.)
Thallium (ext.)
Tin (ext.)
Titanium (ext.)
Vanadium (ext.)
Zinc (ext.)

I
0.2
0.5
0.5
0.2
0.5

0.05
0.6
0.2
0.2
20
0.1

I
0.2
0.5

I
0.05
0.5
0.2
0.2
0.3

I
I

mg/kg

mg/kg

780

29

0.09
2.2
6.7

1800

t4
310

7.4

l3

0.4
4.4

I 800

590

I
24

0.2
)
2

0.2
1400

l8
ll0

J.J

l4

0.4
3.9

1500

s40

0.5

20

0.12
2

2.1

1200

17

70

4

ll

0.4
3.7

1300

630

0.7
22

0. l6
2.3
2.2
0.3

1400

l8
90

3.8

t2

0.4
4.5

I 500

6206
880

830

1.3

23

0.19
2.9
2

0.4
1400
28
230

5.4

t7

0.7
5.8

l 800

640

0.8
2t

0.59
2.7
I

0.3

1300

I
160

2.2

l5

0.7
5.8

1000

5910
89r

il

lt

It

I

il

il

il

(
Í
I

lr

li

lt

it

Calcium
Magnesium

20
20

5050
762Í

6610
1000

6812
932

6s70
l06l
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Table Ã4.2: Results of Partial Extraction Analysis Conducted on Sediment Samples from Mattabi Mine Site

Clíent ID: MME4-3 MME5-I MMEs-I MME5-2 MME5.3 MMRI-I

Comnonent MDL Units Duplicate
Lab

NH2OH-HCI
Aluminum (ext.)
Antimony (ext.)
Arsenic (ext.)
Barium (ext.)
Beryllium (ext.)
Bismuth (ext.)
Cadmium (ext.)
Chromium (ext.)
Cobalt (ext.)
Copper (ext.)
Iron (ext.)
Lead (ext.)
Manganese (ext.)
Molybdenum (ext.)
Nickel (ext.)
Selenium (ext.)
Silver (ext.)
Strontium (ext.)
Thallium (ext.)
Tin (ext.)
Titanium (ext.)
Vanadium (ext.)
Zinc (ext.)

I
0.2
0.5
0.5
0.2
0.5

0.05
0.6
0.2
0.2
20
0.1

I
0.2
0.5

1

0.05
0.5
0.2
0.2
0.3
I
I

mg/kg 680

2.4
t7

2.7
J.J
I

2.1

880
38

60

2.4

9.5

0.7
6.8
670

4326
62s

600

2.7
22

2.5
)')
0.8
1.7

1200
39
140

1.7

630
0.2
3.2
20
0.2

3.9
2.5
I

4.1

1200
92
130

2.7

9.7

0.6
5.3

750

sl0

I
l5

0.81
2.5

0.3

1.2

s30
5.3

l6

t.7

5.3

0.7
4.7
t70

630610
il

il

Í
Ú

il

Ú

I

lt

It

0.6
4.5
740

2.6
20

2.3
))
0.8

2.8
1200

32
140

1.7

l0

0.4
4.5
760

2.4
27
0.2

1.2

2.4
1.3

t.7
1400
70
180

2.4

ll

0.4
4.9

1300

il

ll
il

Í
I

il

(

Calcium
Magnesium

20
20

mg/kg 6654
884

7870
1030

6492
834(

6362
829

4546
806
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Table 44.2: Results of Partial Extraction Analysis Conducted on Sediment Samples from Mattabi Mine Site

Client ID: MMRI.2 MMRI-3 MMR2-I MMR2-2 MMR2-3

Component MDL Units
NH2OH-HCI
Aluminum (ext.)
Antimony (ext.)
Arsenic (ext.)
Barium (ext.)
Beryllium (ext.)
Bismuth (ext.)
Cadmium (ext.)
Chromium (ext.)
Cobalt (ext.)
Copper (ext.)
Iron (ext.)
Lead (ext.)
Manganese (ext.)
Molybdenum (ext.)
Nickel (ext.)
Selenium (ext.)
Silver (ext.)
Strontium (ext.)
Thallium (ext.)
Tin (ext.)
Titanium (ext.)
Vanadium (ext.)
Zinc (ext.)

I
0.2
0.5
0.5
0.2
0.5

0.05
0.6
0.2
0.2
20
0.1

I
0.2
0.s
I

0.05
0.5
0.2
0.2
0.3
I
I

mg/kg

mglkg

470

1.2

t6

0.84
2.3
0.3
l.t
520
5.4
t6

1.7

5.7

0.8
4.3
180

480

l.l
t6

0.71
2.3
0.3

l.t
510
5.3

l8

1.5

5

0.8
4.3
140

360

0.9
28

0.3

1.4

760
2.4
32

9.2

3.9
26

360

1.4

35

0.39
1.6

900
2.1

38

2.8

ll

4.2
25

420

1.6

39

0.54
1.4

800
4.2
34

l3

3.9
3l

I

I

il

I

ll

f

i

Í
il

x

i

il

il

Calcium
Masnesium

20
20

4684
821

4660 4490 5288
370

5202
!t 520820796
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Table 44.3: Results of AVS/SEM Analysis Conducted on Sediment Samples from Mattabi Mine Site

Clíent ID: MMEl-I MMEl-1
Lab

MME1.2 MMEI-3 MME2-I M\ß2-2

MDL Units

Aluminum
Barium
Beryllium
Boron
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Molybdenum
Nickel
Potassium
Silver
Sodium
Strontium
Sulphur
Thallium
Tin
Titanium
Vanadium
Zinc
Zirconium

2
0.1

0.1

I
0.05

7

0.1

0.2
0.1

0.2
0.4
J

0.1

0.1

0.2
10

0.1

6

0.1
J

0.5
0.5
0.3
0.1

0.1

0.5

umol/g
umol/g
umol/g
umol/g
umol/g
umol/g
umol/g
umol/g
umol/g
umol/g
umol/g
umol/g
umoVg
umol/g
umol/g
umol/g
umol/g
umol/g
umol/g
umoVg
umol/g
umol/g
umol/g
umol/g
umol/g
umol/g

4s5.9
0.7

12.2

386.s

1.7

20.8
351.1

155.4
107.9

1.9

39.6
0.3

46.8

3.5
0.5

975.2

s40.3
0.9

17.3

466.0

1.9

19.4

432.7

185.7
132.8

1.8

49.5

0.4
49.7

3.9
0.5

1t84.2

457.4

0.7

4.7

36r.0

1.2

24.1

327.9

156. I
61.2

1.3

)5.3
0.3

47.7

3.4

0.5

I 106. I

556.0
0.7

r 1.6

411.7

1.3

0.5
376.3

185.3

56.5

1.7

41.3

0.4
119.9

4.2
0.6

t223.2

409.3

0.8

22.7

581.7

17.4

252.9

193.3

2t.2

42.7
0.5

40. I

8.1

431.5

248.r
0.5

l0.l

386.3

9.9
150.0

122.5

l1.4

1.0

21.8
0.3

39.1

4.8

294.3

Sum ofSEM
( Cd/CuÀ{i/Pb/Zn)

AV Sulphide 0.1

997.9 1205.4 1131.5 1225.5 448.9 305.2

185.0 359.0 163.01416.0 1556.0

Ratio 0.7 0.8 1.3 1.9

1350.0

0.8 6.6sEl!{/
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Tabte 44.3: Results of AVS/SEM Anaþis Conducted on Sediment Samples from Mattabi Mine Site

Clíent ID:

MDL

MME2-3 MME3.I MME3-2 MME3-3 MME4.I MME4-2

Component Units
Aluminum
Barium
Beryllium
Boron
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Molybdenum
Nickel
Potassium
Silver
Sodium
Strontium
Sulphur
Thallium
Tin
Titanium
Vanadium
Zinc
Zirconium

2
0.1

0.1

I
0.05

7

0.1

0.2
0.1

0.2
0.4
J

0.1

0.1

0.2
l0
0.1

6
0.1

J

0.5
0.5
0.3

0.1

0.1

0.5

umol/g
umol/g
umol/g
umol/g
umol/g
umol/g
umol/g
umol/g
umol/g
umoVg
umol/g
umol/g
umol/g
umol/g
umol/g
umol/g
umolig
umol/g
umol/g
umol/g
umol/g
umol/g
umol/g
umol/g
umol/g
umol/g

203.4
0.4

6.7

273.9

0.6
I 1.9

129.1

91.5
10.6

0.6

14.9

0.2
21.4

3.8

304.2

277.4
0.6

509.2

r 1.8

158.5

t38.7
6.4

0.4
42.4

5.7

239.2

236.8
0.5

7.3

380. I

13.1

t49.7

116.6

5.5

0.3

30.6

4.6

330.6

1 86.1

0.4

4.3

323.6

9.2
t12.5

97.7
4.0

218,9
0.5

6.9

402.7

6.1

119.9

t24.0
9.3

25.7
0.4

27.0

5.5

180.6

215.7
0.6

t7.t

475.2

2.2
132.7

133.4
8.3

27.620.0
0.3
3l.3

3.8

ztt.t

0.6
24.7

6.7

64.7

Sum ofSEM
( Cd/Cu/Ni/Pb/Zn)

316.7 251.0 343.8 220.3 186.7 67.0

AV Sulphide

SEII{/AVS Ratio

0.1 282.0

l.l 1.5 t.2

78.7

0.9

164.0 426.0 94.5 156.0

0.8 2.3
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Table A4.3: Results of AVS/SEM Analysis Conducted on Sediment Samples from Mattabi Mine Site

MME5-2
Lab

Duplicate

Clíent ID: MME4-3 MMEs.I MME5-2 MME5-3 MMRI-I

Component MDL Units

Aluminum
Barium
Beryllium
Boron
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Molybdenum
Nickel
Potassium
Silver
Sodium
Strontium
Sulphur
Thallium
Tin
Titanium
Vanadium
Zinc
Zirconium

2
0.1

0.1

I
0.0s

7

0.1

0.2
0.1

0.2
0.4
J

0.1

0.1

0.2
l0
0.1

6

0.1
J

0.5
0.5
0.3

0.1

0.1

0.5

0.1

umol/g
umol/g
umol/g
umol/g
umolig
umol/g
umol/g
umol/g
umoVg
umol/g
umoVg
umol/g
umol/g
umol/g
umol/g
umol/g
umol/g
umol/g
umol/g
umol/g
umol/g
umol/g
umol/g
umol/g
umol/g
umol/g

165.5

0.4

6.5

336.5

3.5

79.2

89.6
3.0

0.3
18.8

3.9

33.4

36.9

112.0

255.6
0.6

ll.2

530.5

6.9
144.2

138.5

7.2

0.4

26.9

5.9

45.7

52.6

294.6
0.7

12.9

578.3

9.7
166.2

152.2
9.2

0.4
33.0

6.6

58.7

68.4

68.0

1.0

319.1
0.8

50.2

561.8

9.6
178.0

r57.1
9.2

46.1

0.5
35. I

7.2

58.7

252.9
0.7

9.7

471.5

I 1.6

l4l.l

132.3

8.8

0.4
26.2

5.5

88.3

459.7
1.5

20.1

928.4

3.4
211.2

298.8
4.5

0.6
62.8

10.7

28.4

Sum ofSEM
( Cd/Cu/Ni/Pb/Zn)

AV Sulphide 61.9

68.3

67.0 42.1

99.9 31.9

23.9

Ratio 0.3 0.8 1.0 2.4 1.3
SEM/AVS
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Table 44.3: Results of AVS/SEM Analysis Conducted on Sediment Samples from Mattabi Mine Site

Client ID: MMRI-2 MMRI-3 MMR2-1 MMR2-2 MMR2-3

Aluminum
Barium
Beryllium
Boron
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Molybdenum
Nickel
Potassium
Silver
Sodium
Strontium
Sulphur
Thallium
Tin
Titanium
Vanadium
Zinc
Zirconium

Com nent MDL Units
umol/g
umol/g
umol/g
umol/g
umol/g
umol/g
umol/g
umol/g
umol/g
umoVg
umol/g
umoVg
umol/g
umol/g
umol/g
umol/g
umol/g
umol/g
umol/g
umoVg
umol/g
umol/g
umol/g
umol/g
umol/g
umol/g

0.1

2
0.1

0.1

I
0.0s

7
0.1

0.2
0.1

0.2
0.4
J

0.1

0.1

0.2
l0

0.1

6
0.1
J

0.5
0.5

0.3

0.1

0.1

0.5

217.4
0.6

9.2

476.1

1.4

100.1

146.7

2.1

0.3

30.8

5.2

I 1.9

13.3

43.5

0.3

121.7
0.3

5.3

262.1

0.9
s4.t

82.7
1.0

0.1

t9.l

2.9

8.0

109.4

0.9

368. l

8s.2

48.6
))

0.3

l6.l

2.0

130.6
1.3

567.0

110.0

59.0
3.1

0.5

2.6

tzt.s
1.0

436.3

90. l

52.7

2.4

0.4

2.3

2.3Sum ofSEM
( Cd/Cu/Ni/Pb/Zn)

8.9

6.7 1.0

2.0 2.6

<0.1 <0.1

>2.3

AV Sulphide

SEM/AVS Ratio 1.3 2.0 >2.6
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Adult Survivorship: MATTABI MINE

AETE 7a
SITE
MMSRl-1
MMSRl-2
MMSRl-3

MMSR2-1
MMSR2-2
MMSR2-3
Mean

AETE 7b

AETE B

AETE 9

tubifex

Mean
100
100
100

95
90
90

91.66666667

100
100
100
100
95
95

100
96.66666667

MMSl-1
MMSl-2
MMSl-3
LAB CONTROL
MMS3-1
MMS3-2
MMS3-3

MM54-1
MMS4-2
MMS4-3
LAB CONTROL
MM52-1
MMS2-2
MMS2-3
MMSS-1
MMS5.2

MMSS-3
LAB CONTROL

Mean CV
CV Range

SD
0.00
0.00
0.00

CV
0.00
0.00
0.00

Classification
NON TOXIC
NON TOXIC
NON TOXIC

NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC

NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC

NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC

NON TOXIC
NON TOXIC

1'1.20
13.70
13.70
0.00

0.00
0.00
0.00
0.00
11.2
11.2

0
0

1 1.80
15.20
15.20
0.00

0.00
0.00
0.00
0.00
11.8
1 1.8

0
0

100
93.75

100
97.91666667

100
100
100
100
100

'13.3

0
0
0
0
0
0
0

12.5
0
0
0
0
0
0
0

'100

100

3.16
0 - 15.20

0
0

0
0
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tubifex

Cocoons/Adult: MATTABI MINE

AETE 7a
SITE
MMSRl-1
MMSRl-2
MMSRl-3

MMSR2-1
MMSR2-2
MMSR2-3
LAB CONTROL

AETE 7b

Mean
9.05
9.00
9.25

1.35
1.55
0.92

1.11
0.94
1.27
0.98

1.07
0.82
0.33
0.73
1.27
1.39
0.98
0.42

0.53
0.86
0.51
1.16
0.64
0.52
1.34
1.04

0.91
0.89

CV
14.93
17.24
9.93

13.62
17.53
18.23
9.03

9.42
7.53
2.91
6.63

12.82
15.18
8.95
4.23

SD Classification
NON TOXIC
NON TOXIC
NON TOXIC

NON TOXIC
TOXTC

POT. TOXIC
NON TOXIC

NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC

NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC

NON TOXIC
NON TOXIC

AETE B

AETE 9

MMSl -1

MMSl-2
MMSl-3
LAB CONTROL
MM53-1
MMS3-2
MMS3-3
MMS4-1

MMS4-2
MMS4-3
LAB CONTROL
MM52-1
MMS2-2
MMS2-3
MMSS-1
MMSS-2

MMSS-3
LAB CONTROL

Mean CV
CV Range

8.16
5.39
6.97

10.80

11.35
10.94
11.20
11.00
9.94
9.14

r 1.00
9.90

8.30
8.65

I 1.05
9.50
9.25
9.13
9.20
8.70

.20

.80
B

I

6.37
ooa
4.64

12.20
6.89
5.70

14.56
11.92

1 1.08
9.09

10.42
2.91 - 18.23
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7o Cocoons Hatched: MATTABIMINE

tubifex

Mean
49.99
49.42
46.14
51.20
63.75
50.47
57.49
51.00
44.77
47.31
58.20
55.01
51.97
51.3r
41.87
48.54
53.28
55.61
48.81
49.15
46.54
50.06
53.55
57.70
50.1 3

10.25
3.95 -22.62

AETETa

AETE 7b

AETE 8

AETE 9

SITE
MMSRl-1
MMSRl-2
MMSRl-3
MMSR2-1
MMSR2-2
MMSR2-3
LAB CONTROL
MMSl -1

MMSl-2
MMSl-3
LAB CONTROL
MMS3-1
MMS3.2
MMS3-3
MMS4-1
MMS4-2
MMS4-3
LAB CONTROL
MM52-1
MMS2-2
MMS2-3
MMS5-1
MMSs-2
MMSS-3
LAB CONTROL

SD
4.78
6.70
5.44
9.56

14.42
3.81
4.74
4.77
7.12
2.37
4.00
6.76
4.98
2.03
3.21
3.48
4.56
2.66
4.50
4.58
1.91
6.50
B.78
5.96
5.45

CV
9.55

13.55
11.80
18.67
22.62

7.54
8.24
9.35

15.90
5.00
6.87

12.30
9.58
3.95
7.67
7.16
8.56
4.78
9.22
9.32
4.10

12.97
16.40
10.34
10.87

Classification
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC

Mean CV
CV Range

Page 3



tubifex

Young/Adult: MATTABI MINE

AETE 7a
SITE
MMSRl-1
MMSRl-2
MMSRl-3
mean

MMSR2-I
MMSR2-2
MMSR2-3
Mean

Mean
25.20
21.75
23.65
23.53

1.73
20.44
13.42
13.85
15.90
3.93

5.22
4.31
4.33
4.40

SD
5.33
5.32
0.76

CV
21.15
24.45

3.22

25.52
32.14
31.23
14.75

28.41
55.88
11.84
4.20

13.20
21.30
1'1.50
14.60

12.20
10.60
13.50

22.74
21.04
15.23
15.15
1 1.36

18.00
16.72

Classification
NON TOXIC
NON TOXIC
NON TOXIC

NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC

NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC

NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC

NON TOXIC
NON TOXIC
NON TOXIC

NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC
NON TOXIC

NON TOXIC
NON TOXIC

MMSl-1
MMSl-2
MMSl-3
Mean

MMS3-1
MMS3-2
MMS3.3
Mean

MM54-1
MMS4-2
MMS4-3
Mean

MMS2-1
MMS2-2
MMS2-3
Mean

MM55-1
MMSS-2
MMSS-3
Mean

Mean CV
CV Range

18.95
12.22
13.80
14.99
3.52

31.66
28.14
33.25
31.02
2.62

24.75
23.21
32.60
26.85

5.04
19.25
24.25
16.88
20.13

3.762397285

25.30
25.75
19.70
23.58

3.37
18.80

5.38
6.83
1.63
1.43

4.18
5.98
3.82
3.60

2.83
3.44
4.06

4.38
5.10
2.57
3.83
2.93

3.55
4.36

3.22 - 55.88

Page 4



Sample Receivedl Characteristics Treatment Beginning of
test

End of test

D4-1-S 10t10197 Silt / clay
composition

Homogeneisation 25t10t972
29t10t973

08t11t972

08t11t973

D4-2-S 16110197 Silt / clay
composition

Homogeneisation 25t10t972

29t10t973

oBt11t972

08t11t973

D4-5-S 16t10197 Silt / clay
composition

Homogeneisation 25t10t972
01t11t973

o\t11t972
11t11t973

D4€-S 16t10197 Silt / clay
composition

Homogeneisation 25t10t972
o'U11t973

08t11t972

11t11t973

D4-7-S 16110197 Silt / clay
composition

Homogeneisation 25t10t972

01t11t973

o\t11t972
11t11t973

MMS4-3 29t10197 Silt / clay
composition

Homogeneisation 05t11t972
01t11t973

19t11t972

11t11t973

MMSl-2 29t10t97 silt / clay
composition,
organic matter

Homogeneisation 30t10t972
31t11t973

13t11t972
10t11t973

MMSR2-1 29t10197 silt / clay
composition,
organic matter

Homogeneisation 30t10t972

31t11t973

13t11t972

10t11t973

MMSl-3 29t10197 silt / clay
composition

Homogeneisation 30t10t972

31t11t973

13t11t972

10t11t973

MM53-1 29t10t97 silt / clay
composition,
organic matter

Homogeneisation o't11t972
31t10t973

19t10t972

10t11t973

MMS3-2 29t10t97 silt / clay
composition,
organic matter

Homogeneisation ost11t972
06t111973

19t11t972

16t11t973

MMSRl-3 29t10197 silt / clay
composition,
organic matter

Homogeneisation 05t111972

o6t11t973

19t11t972

16t11t973

MM54-1 29t10197 silt / clay
composition,
organic matter

Homogeneisation 05t11t972

o6t111973

19t11t972

16t11t973

MM54-2 29t10197 silt / clay
composition,
organic matter

Homogeneisation 19t11t972

06t111973

03t11t972
16t11t973

MMSRl-1 29t10197 silt / clay
composition,
organic matter

Homogeneisation 19t11t972

07t11t973

03t11t972
17 t11t973

MM52-1 29t10197 silt / clay
composition,
organic matter

Homogeneisation 19t11t972

07t11t973

03t111972

17 t111973

MMS2-2 29110197 silt / clay
composition,
organic matter

Homogeneisation 30t10t972
31t11t973

13t111972

10t111973



Beginning of
test

End of testTreatmentCharacteristicsSample Receivedl

03t11t972

17t11t973

Homogeneisation 19t11t972

07111197?

silt / clay
composition,
organic matter

MMS2-3 29t10197

04t111972

17t11t973

Homogeneisation 20t11t972

07t11t973
silt / clay
composition

MMSI-1 29t10197

04t11t972

17t11t973

Homogeneisation 20t11t972

07t111973

silt / clay
composition

MMSS-1 29110197

20t11t972

07t11t973

04t11t972

17t11t973
Homogeneisation29110197 silt / clay

composition
MMSS-2

20t11t972

14t11t973

04t11t972
24t11t973

Homogeneisationsilt / clay
composition,
organic matter

MMSR2-2 29t10t97

l:
').

3:

Upon reception, were
Survival and growth wlth H. azteca.

Survival and growth with C. tentans.

testing.



beak
international
incorporée

Carré Dorval
455 Boul. Fénélon
Suite 104
Dorval, Québec
Canada HgS 5TB

Tel (514) 631-5544
Fax (514) 631-5588

Client:
Adresse:

Contact:
Project N':
Type of sample:
Collected by:
Method of transport:

CeRITICRTE OF ANALYSIS

BEAK (Brampton)
14 Abacus rd
Brampton, On L6T 587
D. Farara/P. McKee
20776.230
Sediment
BEAK (Brampton)
Federal Express

Final Test Results: Growth and Suruival us¡ng the freshwater amphipod Hyalella
azteca

1. s.d. Standard deviation
2. C.V. Coefficient of variation: survival
3. C.V. Coefficient of variation: growth

Protocol: EPSI/RM/xx, December 1996.
*: indicates that the growth or survival was significantly less that the growth or survival of the biological c¡ntrol (p<0.05 or

p<0.01 for the Student T test).

The statistical analyses were performed using the Tukey, Steels many-one rank, Kruskall Wallis or Student T test (when

there was O variance). The computer programs used were Toxstat@3.4 and excel 4.0.

19-jan-98 Approved by:

Laura Savoy, BA. DEC.

Client sample
number

BEAK sample
number

Survivalt
s. dr (%)

c.v.2
(Y"l

Mean dry
weighlorg t s.dr

(mg)

c.v. t

%t

Date of
test

(ree7)

MMS4-3 0492HASD 30* t27 91 o.27* + O.04 16 5 Nov

MMSl-2 0493HASD 12* x16 137 0.16 + 0.02 15 30 Oct.

MMSR2-1 0494HASD gg+13 15 0.24 + 0.08 32 30 Oct.

MMSl-3 0495HASD 12"+8 70 0.22+O.23 101 30 Oct.

MMS3-1 0496HASD 86+11 13 0.16 + 0.03 22 30 Oct.

MMS3-2 0497HASD B*a 13 '163 0.14* + 0.04 30 5 Nov

MMSRl-3 O49BHASD 58"+11 19 0.32" + O.02 7 5 Nov

MM54-1 0499HASD 56"+9 '16 0.28. r 0.05 16 5 Nov

Laboratory Coordinator



beak
international
incorporée

Carre Dorval
455 Boul. Fénélon
Suite 104
Dorval, Québec
Canada HgS 5TB

Tel (514) 631 -5544
Fax (514) 631-5588

Client:
Adresse:

Contact:
Project N':
Type of sample:
Collected by:
Method of transport:

CeRT¡r¡C¡TE OF ANALYSIS

BEAK (Brampton)
't4 Abacus rd

Brampton, On L6T 587
D. Farara/P. McKee
20776.230
Sediment
BEAK (Brampton)
Federal Express

Final Test Results: Growth and Survival using the freshwater amphipod Hyalella

azteca

deviation
Coefficient of variation: survival
Coefficient of variation: growth

Protocol: EPSl/RM/xx, Decembel|996-
": indicates that the growth or survival was significantly less that the growth or survival of the biological control (p'0.05 or

p<0.01 for the Student T test).

The statistical analyses were performed using the Tukey, Steels many-one rank, Kruskall Wallis or Student T test (when

there was 0 variance). The computer programs used were Toxstat@ 3.4 and excel 4.0-

19-jan-98 Approved by

Laura Savoy, BA. DEC. APPI. Ecol.
Laboratory Coordinator

1.

2.
3.

s.d.
C.V
C.V

c.v.3

$t
Date of

test

(ree7)

c.v.2

$t
Mean dry

weighUorg t s.dr
(mg)

Survival t
s. dl (%)

BEAK sample
number

Glient sample
number

1B 19 Nov20 0.28 + 0.0542*+BOsOOHASDMMS4-2
19 Nov0.16* + 0.06 3964f6 oMMSRl-1 O5OlHASD

22 19 Nov1B 0.21 + 0.0579+12O5O2HASDMMS2-1
30 Oct.0.07* + 0.04 5BB58"+4OSO3HASDMMS2-2

26 19 Nov113 0.16* + 0.0422" !25O5O4HASDMMS2-3
20 Nov0.1310.05 4119O5OSHASD 46*+9MMSl-1

48 20 Nov14 0.20 r 0.0958*18O5O6HASDMMS5-1



beak
international
incorporée

Carré Dorval
455 Boul. Fénélon
Suite 104
Dorval, Québec
Canada HgS 5TB

Tel (514) 631-5544
Fax (514) 631-5588

Client:
Adresse:

Contact:
Project N':
Type of sample:
Collected by:
Method of transport:

CeRITICNTE OF ANALYSIS

BEAK (Brampton)
14 Abacus rd
Brampton, On L6T 587
D. Farara/P. McKee
20776.230
Sediment
BEAK (Brampton)
Federal Express

.r.rfn:(
'e-3

Final Test Results: Growth and Survival us¡ng the freshwater amphipod Hyalella
azteca

l. s.d. Standard deviation
2. C.V. Coefficient of variation: survival
3. C.V. Coefficient of variation: growth

Protocol: EPSI/RMós, December 1996.

": indicates that the growth or survival was significantly less that the growth or survival of the biological control (p<0.05 or

p<0.01 for the Student T test).

The statistical analyses were performed using the Tukey, Steels many-one rank or Student T test (when there was 0

variance). The computer programs used were Toxstat@3.4 and excel 4.0.

19-jan-98 Approved by

Laura Savoy, BA. DEC. ApPl. Ecol

c.v.2

$t
Mean dry

weighlorg t s.d1
(mg)

c.v.3

%t

Date of
test

(1ee7)

Survivalt
s. d1 (%)

BEAK sample
number

Client sample
number

s9 20 Nov25 0.23 + 0.141B*+ 4MMSS-2 O5OTHASD

20 Nov137 0.1610.13 B112* + 16OSOsHASDMMSRl-2
20 Nov0*MMS3-3 O5O9HASD

29 21 Nov.14 0.19 + 0.0670r10OSlOHASDMMSs-3
21 Nov0.24 + 0.05 2160"+7 12O511HASDMMSRø

25 21 Nov14 0.15* r 0.0464*t9MMSR2-2 05l2HASD

Laboratory Coordinator



beak
international
incorporée

Carré Dorval
455 Boul. Fénélon
Suite 104
Dorval, Québec
Canada HgS 5TB

Tel (514) 631-5544
Fax (514) 631-5588

Client:
Adresse:

Contact
Project N':
Type of sample:
Collected by:
Method of transport:

CeRIr¡cRTE oF ANALYSIS

BEAK (Brampton)
14 Abacus rd
Brampton, On L6T 587
D. Farara/P. McKee
20776.230
Sediment
BEAK (Brampton)
FederalExpress

Final Test Results: Growth and Survival using the freshwater amphipod Hyalella
azteca

1. s.d. Standard
2. C.V. Coefficient of variation: survival
3. C.V. Coeffìcient of variation: growth
Protocol: EPSI/RM/xx, Decæmber 1996.

Approved by:

Laura Savoy, BA. DEC. APPI.

c.v.3

%t

Date of
test

(ree7)

c.v.2
$l

Mean dry
weighUorg t

s.dr (mg)

BEAK sample
number

Su¡vival t
s. ur 12"¡

0.25 r 0.04 14 12 Sept.96r6 6Biological control

19 Sept.10 0.26 r 0.02 IBB +8Biological control

25 25 Sept.98 t4 5 0.26 + 0.06Biological control

15 Oct.o 0.24!0.04 1692!BBiological control

0.26 + 0.02 B 17 Oct.88+8 10Biological control

4 25 Oct.6 0.26 r 0.0186r6Biological control

0 0.3 r 0.12 41 30 Oct.B0+0Biological control

15 5 Nov98r11 11 0.41 r 0.06Biological control
'19 Nov6 0.28 + 0.02 784r6Biological control

15 20 Nov5 0.25 r 0.04Biological control 88+4

0 0.25 r 0.04 16 21 Nov80+0Biological control

0.25 t 0.02 7 28 Nov80+0 0Biological control

(QAQC test)

19-jan-98

Laboratory Coordinator



Conditions and procedures for whole sediment testing with the
freshwater am phipod Hyalella azteca

I conditions and procedures rec¡mmended by: Environnement December 1996. Test for
growth and survival in sediment using larvae of freshwater amphipod (Hyalella azteca)-Preview to Final

Manuscript. Environmental protec{ion series biological test method. Method Development and Application

Section, Environmental Technology Centre, Environment Canada, Ottawa. 102p.

BEAK lnternational inc.Env. Canada 19961Gonditions and
procedures

14 days, staticTest or twice daily renewal14 days, static
Static: none, except if evaporation
occurs

Static: none, except if evaPoration
occurs

Water renewal

Culture water originating from the city
of Dorval aquaduct, and
dechlorinated by a system devised
by BEAK Dorval. Overlying surface
water is aerated for 24 hrs prior to
the start of tests.

Dechlorinated culture water,
uncontaminated ground water

Surface water

Natural sediment collected from Long
Point (Lake Erie, ON) exempt from
contaminants, provided by CCIW,
Burlinbt.on, ON.

Natural sediment exempt from natural
or artifical contaminants, previously
tested to ensure adequate growth and
survival .

Control sediment

Hyalella azteca, 2-9 daysHvalella azteca, 2-9 daysOrganisms
300 mL glass beakers, with coversTest beakers 300 mL glass beakers, with covers
100 mL100 mLVolume of

sediment (wet)
175 mL175 mLVolume of

overlying water
5 replicates per sample

5 replicates for each field re
A minimum of 5 field replicates, and 1 toNumber of

replicates
23+10C:
Temperature of water bath taken
daily, temperature of 1 replicate from
each sample taken 3 times/wk

daily average:23+1oC
instant 23t3oO

Temperature

fluorescent tubes that provide
630-1000lux
photoperiode: 16 h light-B h

a

a dark

. fluorescent tubes that provide 500-
l000lux

. photoperiode: 16 h light-B h dark

Lighting and
photoperiod

static: continuous aeration (2 - 3
bubbles /sec in all beakers)

continuous aeration (2 - 3
bubbles /sec in all beakers)

Aeration



Gonditions and
procedures

Env. Canada 19961 BEAK lnternational inc.

Feeding regime Fish food flakes (Tetrafinru or
Nutrafinil:4 timeslweek, 15 mg
(dry weight) in a 3.75 ml
suspension/beaker or daily with 6.0
mg (dryweight)in a 1.5 ml

suspension/beaker

Fish food flakes (Nutrafinru) :4
times/week, 15 mg (dry weight) in a
3.75 ml suspension/beaker.

Observations Optional: number of organisms
observed at the sediment surface,
general behaviour (dailY or less
frequently).

Daily observations of each beaker,
if organisms are observed, it is
noted..

Parameters:
overlying water

DO and temPerature: )3
timestimes/week for each
sample
pH, hardnéss or alkalinity,
conductivity and ammonia: DaY

0 and Day 14 in at least one

a

a

replicate for each sample.

DO and temperature: 3
timestimes/week for each
sample
pH, hardness or alkalinity,
conductivity and ammonia: Day
0 and Day 14 in at least one
replicate for each sample.

a

a

Test endpoint Growth and survival: mean %
survívaland mean dry
weighlorganism for each samPle.

Growth and survival: mean 7o

survivaland mean dry
weighlorganism for each sample

Test validity Test invalid if the mean survival in

the controls is less than 80%, or if
the mean individualdry weight of
the test organisms is less than 0.2
mg.

Test invalid if the mean survival in
the controls is less than B0%, or if
the mean individualdry weight of
the test organisms is less than 0.2
mg.

Reference toxicant Water only 96 hr test using CuSOo,

CdCl2, KClor NaCl . Minimum of
five concentrations and a control,
with 3 replicates.

Water only 96 hr test using CuSO.
Five concentrations and a control,
with 3 replicates. Test performed
monthly.
. reference toxicant: CuSO.
. Geometric mean and standard

deviation:
CÇ: 0,31 ppm (0,06)

'Coefficient of variation: 22%

1: Test conditions and procedures recommended by: Environnement December 1996. Test for

growth and survival in sediment using larvae of freshwater amphipod (Hyalella azteca)-Preview to Final

Manuscript. Environmental protection series biological test method. Method Development and Application

Sec{ion, Environmental Technology Centre. Environment Canada, Ottawa. 102p



Client sample
number

BEAK sample
number

Survivalt

s. d1(%)

c.v.2
%l

Mean dry
weighUorg t s.d1

(mg)

c.v.3

%l
Date of

test

(1se7)

MF6-S 0447HASD 24'+ 15 63 0.16" r 0.05 u 19 Sept.

DlB-2-S 0467HASD 84r15 18 0.14* r 0.03 24 15 Oct.

D3-1€ 0473HASD 52* t31 60 0.10* r 0.01 11 15 Oct.

MMg-3 0492HASD 30* t27 9t 0.27* t O.M '16 5 Nov

MMS3-1 M96HASD 86+11 13 0.16 r 0.03 22 30 Oct.

Quality Gontrot Test Results: Growth and Survival us¡ng the freshwater amphipod
Hyalella azteca

1. s.d. Standard deviation
2. C.V. Coefficient of variation: survival
3. C.V. Coefficient of variation: growth

Protocol: EPSI/RM/¡o<, December 1996.

": indicates that the growth or survival was significantly less that the growth or survival of the biological control (p<0.05 or

p<0.01 for the Student T test).

The statistical analyses were performed using the Tukey, Steels many-one rank or Student T test (when there was 0

variance). The computer programs used were Toxstat@3.4 and excel 4.0.

Quality control:

Sample MF6-S was re-tested on the 28 November 1997 (duplicate):

Survival (%):22. t 20, C.V.(%):93
Growth (mg/organism):0.14. t 0.03, C.V. (%): 18

Sample D1B-2-S was re-tested on the 28 November 1997 (duplicate):

Survival (%):74 t 6, C.V.(%): 7
Growth (mg/organism): 0.14" 10.02, C.Y. (%):17

Sample D3-l-S was re.tested on the 28 November 1997 (duplicate):

Survival (o/o):42* t 16, C.V.(%): 39
Grovuth (mg/organism): 0.09* t 0.01, C.V. (%): 16

Sample MMS4-3 was re.tested on the 28 November 1997 (duplicate):

Survival(%): 16" t 26, C.V.(%): 163

Growth (mg/organism): 0.09. t 0.02, C-Y. (%):22

For the sample MMb3-1, a test was performed the 05 November 1997, but there was contamination (fungus observed

on surface of sediment), so it was re'tested on the 28 November 1997:

survival (o/"):92 t 13, C.V.(%): 14

Growth (mg/organism): 0.23 t 0.03, C.V. (%):15



Copper Sulphate (CuS04) (mg/L)
Water only, 96h
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beak
international
incorporée

Carré Dorval
455 Boul. Fénélon
Suite 104
Dorval, Québec
Canada HgS 5TB

Tel (514) 631-5544
Fax (5'14) 631-5588

Client:
Adresse:

Contact:
Project N":
Type of sample:
Collected by:
Method of transport:

CeRIr¡CRTE OF ANALYSIS

BEAK (Brampton)
14 Abacus rd
Brampton, On L6T 587
D. Farara/P. McKee
20776.230
Sediment
BEAK (Brampton)
Federal Express

Final Test Results: Growth and Survival us¡ng the freshwater midgefly laruae

Chironomus riparius

1. s.d. Standard deviation
2. C.V. Coefficient of variation: survival
3. C.V. Coefficient of variation: growth

Protocol: EPSl/RMós, Januay|997.
*: indicates that the growth or survival was significantly less that the growth or survival of the biological control (p<0.05 or

p<0.01 for the Student T test).
The statistical analyses were performed using the Tukey, Steels Many-one rank or Student T test (when there was 0

variance). The computer programs used were ToxstalÐ3.4 and excel 4.0.

19-jan-98 Approved by:

, BA. DEC Ecol

Client sample
number

BEAK sample
number

Survival !
s. d1(%)

c.v.2
%t

Mean dry
weighlorg t s.di

(mg)

c.v.3

%t

Date of
test

(1se7)

MMS4-3 0492CRSD 28* + 18 64 0.69 r 0.2 29 1 Nov

MMSl-2 0493CRSD 44" +6 12 0.67 r 0.17 25 31 Oct.

MMSR2-1 0494CRSD 50*+0 0 0.35* + 0.11 31 31 Oct.

MMSl-3 0495CRSD 70 x7 10 0.54 f 0.11 21 31 Oct.

MMS3-1 0496CRSD 80r10 12 0.6 r 0.16 27 31 Oct.

MMS3.2 0497CRSD 80110 12 0.69 + 0.07 10 1 Nov

MMSRl-3 O49BCRSD 42*+4 11 0.44* r 0.06 14 1 Nov

MMS4-1 0499CRSD 58*+4 I 0.21* + 0.06 28 6 Nov

Laura
Laboratory Coordinator
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455 Boul. Fénélon
Suite 104
Dorval, Québec
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Tel (514) 631-5544
Fax (514) 631-ssBB

Client:
Adresse:

Contact:
Project No:
Type of sample:
Collected by:
Method of transport:

CeRr¡rtcntE oF ANALYSIS

BEAK (Brampton)
14 Abacus rd
Brampton, On L6T 587
D. Farara/P. McKee
20776.230
Sediment
BEAK(Brampton)
FederalExpress

Final Test Results: Growth and Survival using the freshwater midgefly larvae
Chironomus riparius

1. s.d. Standard deviation
2. C.V. Coefficient of variation: survival
3. C.V. Coefficient of variation: growth

Protocol: EPSI/RM/u, January 1997.

": indicates that the growth or survival was significantly less that the growth or survival of the biological control (p'0.05 or

p<0.01 for the Student T test). '

Ìhe statistical analyses were performed using the Tukey, Steels Many-one rank or Student T test (when there was 0

variance). The computer programs used were Toxstat@3.4 and excel 4.0-

19-jan-98 Approved by:

Laura Savoy, BA. DEC. APPI.

Client sample
number

BEAK sample
number

Survivalt

s. dt (%)

c.v.2
%t

Mean dry
weighUorg t s.dr

(mg)

c.v.3

%l

Date of
test

(1ee7)

MMS4-2 0500cRSD 38*+4 12 0.28* I 0.11 40 6 Nov

MMSRl-1 0501CRSD 56*+6 10 0.56" t 0.05 9 7 Nov.

MM52.1 0502cRSD 64 16 I 0.72 10.09 12 7 Nov

MMS2-2 O5O3CRSD BBtS 10 0.53 r 0.09 17 31 Oct.

MMS2-3 0504cRSD 54*+6 10 0.61" r 0.07 12 7 Nov

MMSl-1 0505cRSD 86r6 6 0.72 t 0.05 8 7 Nov

MMSS-1 0506cRSD 76 19 12 0.72 r 0.06 B 7 Nov

Laboratory Coordinator



beak
international
incorporée

Carré Dorval
455 Boul. Fénélon
Suite 104
Dorval, Québec
Canada HgS 5T8

Tel (514) 631-s544
Fax (514) 631-5588

Client:
Adresse:

Contact:
Project N":
Type of sample:
Collected by:

Method of transport:

CeRITICRTE OF ANALYS¡S

BEAK (Brampton)
14 Abacus rd
Brampton, On L6T 587
D. Farara/P. McKee
20776.230
Sediment
BEAK (Brampton)
Federal Express

mrr5(
?-3

FianlTest Results: Grov'¡th and Survival us¡ng the freshwater midgefly larvae

Chironomus riparius

1. s.d. Standard deviation
2. C.V. Coeffìcient of variation: survival

3. C.V. Coefficient of variation: growth

Protocol: EPS1/RM/¡o<, January 1997.
.: indicates that the growth or súrvival was significantly less that the growth or survival of the biological control (p<0.05 or

p<0.01 for the Student T test).
ïhe statistical analyses weé performed using the Tukey, Steels Many-one rank or Student T test (when there was 0

variance). The computer programs used were Toxstat@3.4 and excel 4.0.

19-jan-98 Approved by:

, BA. DEC.

Client sample
number

BEAK sample
number

Survivalt

s. dt (%)

c.v.2

$t
Mean dry

weighUorg t s.dr
(mg)

c.v.3
('%l

Date of
test

(ree7)

MMS5.2 0507cRSD 52"+8 16 0.63* 10.05 I 7 Nov

MMSRl-2 O5OBCRSD 16*19 56 0.33" + 0.04 12 14 Nov

MMS3-3 OSOgCRSD 82t11 13 0.63 r 0.06 o 14 Nov

MMS5-3 051OORSD 78t11 14 0.63 10.07 11 14 Nov

M 0511CRSD 74 !9 12 0.7210.08 11 14 Nov

MMSR2-2 0512CRSD 72x19 27 0.69 r 0.06 B 14 Nov

Laura
Laboratory Coordinator



beak
international
incorporée

Carr,é Dorval
455 Boul. Fénélon
Suite 104
Dorval, Québec
Canada HgS 5TB

Tel (514) 631-s544
Fax (5'14) 631-5588

Client:
Adresse:

Contact:
Project N':
Type of sample:
Collected by:

Method of transPort:

19-jan-98

CeRr¡r¡CRrE OF ANALYSIS

BEAK (Brampton)
14 Abacus rd
Brampton, On L6T 587
D. Farara/P. McKee
20776.230
Sediment
BEAK (Brampton)
Federal Express

FinalTest Resutts: Growth and Survival us¡ng the freshwater midgefly larvae

Chironomus r¡parius

BEAK sample
number

Su¡vival t
s. dt (%)

c.v.2

%t
Mean dry

weighUorg t
s.dr (mg)

c.v.3

%t

Date of
test

(ree7)

Biological control 76+6 7 0.85 t 0.05 6 4 Oct.

Biological control 78t4 b 0.97 r 0.09 9 22Oct.

Biological control 90r10 11 0.8 r 0.11 14 23 Oct.

Biological control 84+6 6 0.98 + 0.08 B 29 Oct.

Biological control 84+6 6 0.63 + 0.12 '19 31 Oct.

Biological control 76r5 7 0.82 + 0.09 11 't Nov

Biological control 78 t4 6 1.07 + 0.12 11 5 Nov

Biological control 9010 0 0.67 + 0.05 7 6 Nov

Biological control 76+6 7 0.78 + 0.03 4 7 Nov

Biological control 94+9 10 0.75 + 0.05 6 14 Nov

1. s.d. Standard deviation
2. C.V. Coefficient of variation: survival

3. C.V. Coefficient of variation: growth

Protocol: EPS1/RM/xx, January 1 997.

Approved by:

Laura Savoy, BA. DEC. APPI. Ecol.
Laboratory Coordinator



Gonditions and procedures for whole sediment testing with the
freshwater midgefly larvae Chironomus riparius

1: Conditions and recommended by: Canada. January 1997. Test for growth and

survival in sediment using larvae of freshwater midges (Chircnomus fenfans

Preview to Final Manuscript. Environmental protection series biological test
or Chircnomus nþanus)-
method. Method DeveloPment

and Application Section, Environmental Technology Centre, Environment Canada, Ottawa. 102p.

BEAK lnternational inc.Env. Ganada 19971Conditions and
procedures

14 static14 days, static or twice daily renewalTest type
evaporationStatic: none, except

occurs.
none, except if evaporation

occurs.
Water renewal

Culture water originating from the city
of Dorval aquaduct, and
dechlorinated by a system devised
by BEAK Dorval. Overlying surface
water is aerated tor 24 hrs prior to
the start of tests.

Dechlorinated culture water,
uncontaminated ground water

Overlying water

Natural sediment collected from Long
Point (Lake Erie, ON) exempt from
contaminants, provided by CCIW
Burlington, ON

Natural sediment exempt ftom natural or
artifical contaminants, previously tested
to ensure adequate growth and survival.

Control sediment

Chironomus riparius, <48hrs old, 10

organisms per beaker
Chironomus riparius, <48hrs old, 10

organisms per beaker
Organisms

300 mL glass beakers, with covers300 mL glass beakers, with qqYqlsTest beakers
100 mL100 mLVolume of

sediment (wetl
175 mL175 mLVolume of

overlying water
5 replicates per sampleA minimum of 5 field replicates, and 1 to

5 replicates for each field replicate_
Number of
replicates

23+10C:
Temperature of water bath taken
daily, temperature of I replicate from
each sample taken 3 times/wk

daily average: 23t1oC
instant 23+3'C

Temperature

fluorescent tubes that Provide
630-1000|ux
photoperiode: 16 h light-B h qerk

a

a

fluerescent tubes that provide 500-
1000lux
photoperiode: 16 h light-B h dark

a

a

Lighting and
photoperiod



BEAK lnternational inc.Env. Canada Ig97rGonditions and
procedures

continuous aeration (2 - 3
bubbles /sec in all

static: continuous aeration (2 - 3
bubbles /sec in all beakers)

Aeration

flakes (Nutrafinil):4
timesÁueek, 15 mg (dry weight) in a
3.75 mL suspension/beaker.

FishFish food flakes (Tetrafinil or
Nutrafinru:4 times/week, 15 mg

(dry weight) in a 3.75 mL
suspension/beaker or daily with 6.0
mg (dryweight) in a 1.5 mL
suspension/beaker .

Feeding regime

Daily observations of each beaker,
if organisms are observed, it is
noted.

Optional: number of organisms
observed at the sediment surface,
general behaviour (dailY or less
frequently).

Observations

DO and temperature: 3
times/week for each sample
pH, hardness or alkalinity,
conductivity and ammonia: Day
0 and Day 14 in at least one
replicate for each sample

a. DO and temperature: 23
times/week for each samPle

. pH, hardness or alkalinitY,
conductivity and ammonia: DaY

0 and Day 14 in at least one
replicate for each sa!np!e_

Parameters:
overlying water

Growth and survival: mean 7o

survivaland mean dry
weighVorganism for each sample

Growth and survival: mean 7o

survivaland mean dry
weighlorganism for each samPle

Test endpoint

Test invalid if the mean survival in
the control is less than 70% and/or
if the mean dry weight per
organisms is less than 0.5 mg.

Test.invalid if the mean survival in

the control is less than 70% and/or
if the mean dry weight Per
organisms is less than 0.5 mg.

Test validity

Water only 96 hrs test using CuSOo,
CdCl2, KClor NaCl. Minimum of
five concentrations and a control,
with 3 replicates.
. Reference toxicant: CuSOl
. Geometric mean and standard

deviation:
CL*: 0,19 ppm (0.04)
C oeff i cie nt oÍ v anatio n: 22o/o

Water only 96 hrs test using CuSOo,

CdCl2, KClor NaCl. Minimum of
five concentrations and a control,
with 3 replicates.

Reference toxicant

1: Test and prodedures rec¡mmended bY Canada. January 1997. Test growth

and survival in sediment using larvae of freshwater midges (Chironomus tentans or Chírcnomus ríparius)-
preview to Final Manuscript. Environmental protection series biological test method. Method Development

and Application Section, Environmental Technology Centre, Environment Canada, Oftawa. 102p.



Client sample
nqmber

BEAK sample
number

Survivalf

s. dr (%)

c.v.2
%t

Mean dry
weighlorg t s.dr

(mg)

c.v.3

f/"1

Date of
test

(ree7)

D3-2-S 0474CRSD 80+12 l5 0.75 + 0.19 26 29 Oct.

MMS4.3 0492CRSD 2B* + 18 64 0.69 r 0.2 29 1 Nov.

MMS3-2 0497CRSD B0+10 12 0.69 r 0.07 10 I Nov

MMSRI-3 O49BCRSD 42* t4 11 0.44* t 0.06 14 1 Nov

Quality Control Test Results: Growth and Survival using the freshwater midgefly
laruae Chironomus riparius

1. s.d. Standard deviation
2. C.V. Coefficient of variation: survival
3. C.V. Coefficient of variation: growth
Protocol: EPSI/RM/¡o<, January 1997.
*: indicates that the growth or survival was significantly less that the growth or survival of the biological control (p<0.05 or
p<0.01 for the Student T test).
The statistical analyses were performed using the Tukey, Steels Many-one rank or Student T test (when there was 0

variance). The computer programs used were Toxstat@3.4 and excel 4.0.

Quality control:

Sample D3-2-S was re-tested on the 14 Novemben 1997 (duplicate):

survival (%):u t 11, c.V.(%):14
Growth (mg/organism): 0.65 10.0a, C.V. (%): 7

Sample MMS4-3 was re-tested on the 06 November and 14 November 1997 (triplicate):

Survival (V'):46" t 6, C.V.(%): 12

Growth (mg/organism): 0.20* t O.12, C.V. (%): 59
Survival(%):66" t 6, C.V.(%):8
Growth (mg/organism): 0.44"+ 0. 1 6, C.V. (%): 35

Quality control results were variable, results for this sample should be interpreted with caution.

Sample MMSRÍ -3 was re-tested on the 14 November 1997):
Survival (o/o):54* t 6, C.V.(%): 10
G rowth (mg/organism) : 0.23"1 0.09, C.V. (o/o): 4 1

Sample MMS3-2 was re-tested on the 06 November 1997
Survival (Vo):48* t 4, C.V.(%): 9

Growth (mg/organism): 0.20. t 0.08, C.V.(%): 38

Quality control results were variable, results for this sample should be interpreted with caution
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APPENDIX 5

Detailed Benthic Data and Chironomid Deformity Data



Table 45.1: Benthic Macroinvertebrates collected at Mattabi Mine Site (densities expressed per m2)

Station MMRI-I MMRI-2 MMRI-3 MMR2-I MMR2-2 MMR2-3 MMI-l MMl-2 MMI-3 MM2-l

P. Nematoda
P. Platyhelminthes

CI. Turbellaria
0. Neorhabdocoela
O. Tricladida

P. Annelida
Cl. Oligochaeta

F. Naididae
Arcteonais lomondi
Dero nivea
Nais pseudobtusa
Nais simplex
Nais variabilis
Pristina sp.

Pristina leidyi
Slavina appendiculata
Specariajosinae
Vejdovsþella comata

F. Tubilicidae
Ilyodrilus lempleloni
immatures with hair chaetae

Cl. Hirudin¡e
F. Glossiphoniidae

Helobdella stagnalis
F. Erpobdellidae

indeterminate
Erpobdella punctata

F. Piscicolidae
Piscicola

P. Arthropoda
Cl. Arachnoidea

Hydracarina
Cl. Copepoda
O. Harpacticoida
Cl. Ostracoda
Cl. Malacostraca
O. Amphipoda

F. Crangonyctidae
Crangonyx

F. Hyalellidae
Hyalella azteca

Cl. Insecta
O. Collembola
O. Ephemeroptera

F. Baetidae
Callibaetis

F. Caenidae
Caenis

F. Ephemerellidae
indeterminate
Eurylophella

F. Leptophlebiidae
indeterminate

O. Trichoptera
F. Hydroptilidae

Oryethira
F. Leptoceridae

Oecetis
F. Polycentropodidae

Polycentropus
O. Diptera

F. Ceratopogonidae
Bezzia
Probezzia
Serromyia
Sphaeromias

36

73 73

36
109

36

510 1274 I 684

200 73 t8

l8

73

l8

419 328 382

t37

46

o:

o:

46

s533
1602

16162
2839

15334
1684 154'.7

l8

55

l8
382

55

36t5

55

:ãs18 9

46

46

36

2184

2s5

l8 109

134'.7 874

291 182

36

r82 655

73

t092 109

501

73 t2'7

237 164 t27

l8 36

i 9

iu
36

127 55 73 36

Page I of4



Table 45.1: Benthic Macroinvertebrates collected at Mattabi Mine Site (densities expressed per m2)

Station MMRI-I MMRI-2 MMRI-3 MMR2-I MMR2-2 MMR2-3 MMI-I MMI-2 MMI-3 MM2-l

F- Chaoboridae
Chaoborus albatus - 528 819 582

Chaoborus punctipennis 36 36 - 18

F. Chironomidae
Chironomid pupae

S.F. Chironominae
Chironomus 2lB - 55 655

Cladopelma 73 109 109 18 - 146

Cladotanytarsus 2293 3385 4095 564 564 419 - 437

Cryptochironomus 36 73 - 36 - 73

Dicrotendípes 73 109 137 73 l8 36 - 218

Einfeldia 164 346 109 182

Endochironomu.s - l8 18

Lauterborniella 364 473 819 73 55 l8
Nilothauma - 36

Pagastiella 109 36 - 419 309 473 73 l8 18 36

Parachironomus 109 - 137 l8 l8 73

Paratanytarsus 655 73 164 36

Paratendipes 36

Polypedilum 36 36 46 146 73 164 - 218

Stempellina ' 73

Stempellinella - 73 ' 182 164 218 - 328
Tanytarsus 8336 7790 5233 - 109 164 - 36

Tribelos 36 36

S.F. Orthocladiinae
Corynoneura 55

Cricotopus 73

Parakiefferiella
Psectrocladius - l8 3786 2020 3076
Thienemanniella 55

Zalutschia '13 182 137

S.F. Tanypodinae
indeterminate
Ablabesmyia 237 109 109

Guttipelopia-559-
Procladius 619 983 883 1438 655 1274 364 328 364 728

P. Mollusca
Cl. Gastropoda

F. Hydrobiidae
Amnicola sp. 73 36 956

F. Lymnaeidae
Fossaria 73

F. Planorbidae
Gyraulus 255 73 137 36

F. Valvatidae
Valvata bicarinata 91 146 91 146

Valvata sincera 109 36

Cl. Pelecypoda
F. Sphaeriidae

Pisidium 437 364 364 182 255 437 - 146

TOTAL NUMBER OF ORGANTSMS 22277 35090 33734 6425 5242 6497 s442 3240 3813 6006

TOTALNUMBEROFTAXA 30 24 24 23 25 27 12 9 II 2l

Page2 of 4



Table A5.l: Benthic Macroinvertebrates collected at Mattabi Mine Site (densities expressed per m')

Station MM2-2 MM2-3 MM3-l MM3-2 MM3-3 MM4-l MM4-2 MM4-3 MM5-l MM5-2 MM5-3

P. Nematoda
P. Platyhelminthes

Cl. Turbellaria
O. Neorhabdocoela
O. Tricladida

P. Annelida
Cl. Oligochaeta

F. Naididae
Arcteonais lomondi
Dero nivea
Nais pseudobtusa
Nais simplex
Nais variabilis
Pristina sp.

Pristina leidyi
Slavina appendiculata
Specariajosinae
Vejdovsþella comata

F. TubiÍicidae
Ilyodrilus templetoni
immatures with hair chaetae

Cl. Hirudinae
F. Glossiphoniidae

Helobdella stagnalis
F. Erpobdellidae

indeterminate
Erpobdella punctata

F. Piscicolidae
Piscicola

P. Arthropoda
Cl. Arachnoidea

Hydracarina
Cl. Copepoda
O. Harpacticoida
Cl. Ostracoda
Cl. Malacostraca
O. Amphipoda

F. Crangonyctidae
Crangonyx

F. Hyalellidae
Hyalella azteca

Cl. Insecta
O. Collembola
O. Ephemeroptera

F. Baetidae
Callibaetis

F. Caenidae
Caenis

F. Ephemerellidae
indeterminate
Eurylophella

F. Leptophlebiidae
indeterminale

O. Trichoptera
F. Hydroptilidae

Oryethira
F. Leptoceridae

Oecetis
F. Polycentropodidae

Polycentropus
O. Diptera

F. Ceratopogonidae
Bezzia
Probezzia
Serromyia
Sphaeromias

36

36

3636

109

837
109

728

'73

36 l8 109 109

36

983 237 364

36

l8 127

l8

l8 l8

36

36
255

l8
546 t238

36

109

218 109

'13

764

73

it
36

JO

:i¡

218

36

73

36t:

36

36

36

36 36

73 255

9

218 36 t46 182 182 218

1602 619 '164 946 801 419

510 164 291 255 146

146 582

73 291 619

182 400 2ss 437 t46 1693 983 437 291 255 182

l8
t8

36 36 146

36

Jt)

36

It 73 36

55

t8

l8

Page 3 of4



Table A5.l: Benthic Macroinvertebrates collected at Mattabi Mine Site (densities expressed per m')

Station MM2-2 MM2-3 MM3-1 MM3-2 MM3-3 MM4-l MM4-2 MM4-3 MM5-l MM5-2 MM5-3

F. Chaoboridae
Chaoborus albatus
C haoborus punct ipennis

F. Chironomidae
Chironomid pupae

S.F. Chironominae
Chironomus
Cladopelma
Cladotanytarsus
Cryptochironomus
Ðicrotendipes
Einfeldia
Endochironomus
Iauterborniella
Nilothauma
Pagastiella
Parachironomus
Paratanytarsus
Paratendipes
Polpedilum
Stempellina
Stempellinella
Tanytarsus
Tribelos

S.F. Orthocladiinae
Corynoneura
Cricotopus
Parakiefferiella
Psectrocladius
Thienemanniella
Zalutschia

S.F. Tanypodinae
indeterminate
Ablabesmyia
Guttipelopia
Procladius

P. Mollusca
Cl. Gastropoda

F. Hydrobiidae
Amnicola sp.

F. Lymnaeidae
Fossaria

F. Planorbidae
Gyraulus

F. Valvatidae
Valvata bicarinata
Valvata sincera

Cl. Pelecypoda
F. Sphaeriidae

Pisidium

73

764
255

36
73

437
t09
437
109

837

,!:

2s5

255
146
400
36
328
291

109

109

36
109

'73

iu

218

801

582
109

328
109

109

109

36

r46

36

73

109

36

146

ô)J

546
109

73

109

2t8
73

218

109

619

IJ

364
36
l8
36
18

164

983
t46
182
36

163 8

73

146
109

400
36

473
218

36

619
t3

t46
73

510

36

36

36

655

218

546
36

1.784

36

582

182

874

437

36

364

l8
36
73

l8

819
36
t8
9l
l8
36

l8
l8

9l

36 109

109 t2'l
18109

,:,

36

iu
182

t5

109

473

55

18

127

55

55

t2t9

73

36
36
36

36
36

t09
109146

582

73

109

946

255

983

36

36
6t9109

l8
t2t9 946 328

73 36 36

73 146 t46 146 109 r27 200 slO 582 801

TOTAL NUMBER OF ORGANISMS

TOTAL NUMBER OF TAXA

6152 4222 46s9 5387 4623 49s0 5041 4805 8199 5824 8918

22 2l 2l 23 19 22 26 24 27 26 28

Page 4 of 4



TABLE 45.2: Summary of Chironomid Abnormalities, Mattabi Mine Site

Station No. Chironomids
per sample

fraction

Number

examined

7o Showing

abnormalities

Genus

showing abnormality

Noted abnormality

MMBRI.l

MMBRI-2

MMBRI-3

MMBR2-I

MMBR2-2

MMBR2-3

MMBI-I

MMBI.2

MMBI-3

MMB2-I

MMB2-2

MMB2-3

MMB3.I

MMB3-2

MMB3.3

MMB4.I

MMB4-2

MMB4.3

MMB5-I

MMB5.2

MMB5-3

227

200

t62

66

4l

75

0

0

4

0

0

0

0

0

33

29

25

15

1ó

20

28

27

34

,,)

7)

6

none

none

Procladius middle and inner right tooth of ligula fused

none

Endochironomus apical left tooth ofmandible broken

l0 Procladius

Procladius

none

none

none

none

Procladius

Einfeldia

Einfeldia

Chironomus

Cryptochironomus

Chironomus

Chironomus

Chironomus

Chironomus

Chironomus

Polypedilum

none

Chironomus

Chironomus

Polypedilum

right outer tooth of ligula smaller than left
right inner tooth ofligula larger than left

chipped right inner tooth on ligula
broken centre footh

broken centre tooth

right lst lateral of mentum worn
left side of mentum with 2 broken outer teeth

left outer 3 teeth of mentum worn
2nd right lateral worn

lst and 2nd lateral teeth fused;

only 5 pairs of lateral teeth instead of6

6 lateral teeth on right, 5 on the left;
2nd lateral on left missing

left apical mandibular tooth chipped

left mandibular tooth chipped

2nd lateral teeth ofmentum fused to first
middle tooth broken;left toothlet of mentum missing

right centre tooth of mentum smaller than left

72

55

179

32

48 l4

19

t2

34

37 25

ll

5

0

l2

20

l8

20

25

43

38

80

102

110

62

40

6l

24

25

t5

23

0

0

7

0

none

none

Endochironomus centre leeth ofmentum worn

none
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Age Distribution for Male Northern Pike Caught at Mattabi Mines, 1997
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Sheet2 Chart2

Age Distribution for Male White Sucker Caught at Mattabi Mines, 1997
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Shee2 Chart I

Age Distribution for Female White Sucker Caught at Mattabi Mines, 1997
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Table 46.1: Results of Metallothionein and Metals Analyses conducted on Liver Tissue collected at Mattabi Mine Site

Se ugl(i
wet wt

0.65

0.84
0.90

0.72

0.83

0.6E

0.64

0.E5

0.s1

0.6'7

o.64

0.16

0.82
0.57

1.0E

0.6s

2.54
2.29
2.26

2.18

2.3s
3.42
3.28

1.87

3.04

3.08

2.8'1

2.66
2.77

3.39
3.95

1.07
1.1,7

0.17

0.95

1.s9
t.29
0.69

1.10

1.16

1.1E

7.46
1.28

0.96
1.18

1.30
1.15

4.3E

3.25

4.60
2.82

3.85

2.r8
5.0'l
2.89
4.82

3.96

3.61

4.09
3.03
3.91
4.48

As uyc
wet wf

<0.05

<0.05

<0.05

<0.05

4.05
<0.05

<0.05

<0.05

<0.05

<0.05

0.13

0.14

0.i4
0.16
0.15

0.08

0.06
0.10

0.11

0.1,2

0.06

0.13

0.13

0.72

0.11
<0.05

4.05
<0.05

<0.05

0.06
0.08

0.06

0.09
0.11

0.11

0.10
0.10
<0.05

0.07
<0.05

<0.05

0.14
<0.05

0.10
<0.05

<0.05

o.o'ì

<0.05

<0.05

0.10

0.13

0.08

0.05
<0.05

<0.05

0.0'7

0.19

0.06

0.01
0.08
0.06
0.09

Yugic
wet wt

0.09
0.08

0.11

0.12
0.16
0.13

0.11

0.0?

0,06

0.09
0.06
0.13

0.16
0.06
0.15

0.09

0.02
0.01

0.02

0,04

0.01

0.02
0.02

0.02

0.02
0.02

0.03

0.02
0.02
0.02
0.o2

o.z9
0.17

0.11

0.04
0.o7

0.i4
0.10

0.i3
0.10

0.04
0.41

0.08

0.13

0.14

o.45

0.39

0.i5
0.i1
0.7'7

0.03

0.03

0.03

0.06

0.03

0.03

0.01

0.03

0.07
0.23
0.01
0.01

Mo uglG
wet vt

<0.03

<0.03

<0.03
<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03
4.03
{.03
<0.03
<0.03

<0.03

<0.03

<0.03

<0.03

<0.03
<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03
<0.03

<0.03

<0.03

<0.03

<0.03
<0.03
<0.03

<0.03

<0.03

<0.03

<0.03

<0.03
<0.03

<0.03

<0.03

<0.03
<0.03

<0.03

<0.03

<0.03

4.03
<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03
<0.03
<0.03

X'e ug/G
wet wt

96
15

3E

401

80
223

226
t15
201

55

200
41

346
115
395

111

99

199
35

94

323

9'.7

278

3l
368

196

118
130
83

305

300
20
702
15

752
105

50

24
405

162
18

18

E2

195

104

311

4'7 5

97

71
46
21

16

10E

15

22

1'Ì2
2t6
106
62

Ba uglG
wet wt

< 0.012

0.01?
< 0.012
< 0.012
< 0.012
0.041

0.069
< 0.012
< 0.012
< 0.012
< 0.012
< 0.012

0.066
0.033

0.038
o.o24

0.022
0.029
0.015

0.o24
0.022
0.017

0.026
0.029
0.018

0.018

0.057

0.o23
0.021
0.025

0.030

0.015

0.01?

0.018

0.017
< 0.012
< 0.012
0.016
0.014

< 0.012
< 0.012
< 0.012
0.019

< 0.012
< 0.012
< 0.012
<0.0t2

< 0.012
< 0.012
< 0.012
< 0.012
< 0.012
< 0.012
< 0.012
< 0.012
< 0.012
< 0.012
< 0.012
< 0.012
0.030

<0.o12
<0.

Al ug/G
wet wt

1.11

2.87

0.12
t.32
1.45

5.65

8.61

r.03
0.71

1.?0

0.93

2.47

6.01

4.64
5.27

1.65

1.86

1.03

0.94
o.94

0.11

7.01

1.03

0.85

1.05

1.19

2.9s
1.59
1.50

1.89

1.45

1.53

1.80

1.03
1.08

0.69

0.15

1.7 5

0.95

0.s3

7.29

1.79

2.00
1.06
0.63

2.68

2.10

2.34
1.44

2.41

0.56

0.46
0.67

1.16

0.42

2.04
1.39

0.45

3.09
3.94

7.3'7

Co ug/G
wêt wt

0.032
0.035

0.029
0.028

0.034
0.024
0.021

0.0?'3

0.021

0.034
o.o23
0.026
0.038

< 0.01 5

0.032
0.032

0.o2'7

0.045

0.032
o.o23
0.030
0.031

0.015

0.015

0.032
0.017

0.019
0.054
0.024
0.029
0.02.6

0.039
0.oz't
0.029

< 0.015

0.018

0.061

0.024
0.038

0.046
0.026
0.056
0.048
0.019
0.027

0.044
0.054

0.o47

0.050

o.o'76

0.033

0.029
0.03'7

0.043

0.021

0.034

0.031

0.03'7

0.050
0.098
0.051

Cr ug/G
wet wt

0.059

0.055

0.066

0.042
0.03'7

0.050

0.041

0.059

0.053

0.057
0.054

0.045

0.08E

0.039

0.051

0.048

0.064

0.061

0.033

0.068

0.059

0.074
0.054

0.04'7

0.046

0.041

0.036

0.041
0.051

0.060
0.043

0.056

0.070
0.055

0.049

0.04'7

1.188

0.045

0.052

0.061

0.056

0.080

0.095

0.071

0.051

0.012

0.092

0.119
0.091

0.149

0.064
0.092
0.083

0.081

0.06i
0.078

0.016

0.063

0.073
0.182
0.062
0.042

Ni uglG
wet wt

0.026
0.026

<0.025

0.026

0.100

0.025
< 0.025

0.035

0.053

0.03E
<0.025
0.042
0.054

< 0.025

0.044

0.030

0.086

0.030
< 0.025

0.085

0.030

0.025

0.029
<0.025
< 0.025

0.050

0.033

0.034
< 0.025
0.02'7

0.02E

< 0.025
< 0.025
<0.025
<0.025
<0.025
0.354
0.046

< 0.025

0.028
< 0.025
<0.025
0.030

0.025
0.026

< 0.025
0.033

0.034
<0.025
0,052
0.025

<0.025
0.05E

0.028
< 0.025

0.028
<0.025
<0.025
0.040

0.042
0.055
0.030

Pb ug/G
wet wt

0.26
0.26

0.n
0.19

0.22

0.23

0.20

0.21

0.25

0.2'7

0.2'7

0.23

0.23

0.19
0.20

0.2'7

0.32

0.31

0.25

0.33

0.21

0.3'7

0.26

0.23

0.24

0.23

0.25

0.21
0.31

0.3i
0.22

0.19

0.24

0.26
0.24

0.25

0.20
0.18

0.26

o.22

0.25

0.20

0.26
0.n
0.2'l
0.19
o.22

0.24

0.22

0.19

0.2'7

0.28

0.21

0.29

0.23

0.18

0.26

0.29

0.19
0.26
0.2't
0.19

7nr{G
wet wt

2'7

26
22

32

25

39
26
2'1

2Q

22
28

25

34
28

2'Ì

25

30
18

35

29

35

21

2'7

18

19

18

23

34
31

26
32

28

22

29

46
2l
JJ
21

31

46

36
3'7

29
26

47

2E

31
to
30

22
21

2T

20

29
))
41

30
21

Cu ug/G
wèt wt

r0.1
9.3

5.1

76.9

8.5

39.2
13.2

10.3

5.0

6.5

11.8

9.9
29.4
15.0

14.9
14.0

9.8

19.0
6.9

15.3

16.3

24.8

32.2

9.3

4.8

10.9

9.5
6.',7

16.6
i 6.9

8.0

8.8

9.'.7

4.6

5.2

15.8

6.5

\5;l
5;l
5;7

30.1

20.6
'7 .1

r6.2
12.4

I'7.2

12;7

7.4
21.1

3.4
8.4

10.4

1'.7 .4

6.4
'7.5

5.'7

11.1

12.4
23.3
12.5
2.2

Cd ug/G
wet wt

0.32
0.13

0.38

0.35

0.41

0.29
0.33

0.17

0.10

0.37
0.21

0.28

o.22

0.06
0.36
0.2'7

0.22

0.10
0.09
0.20

0.71

0.t'7
0.r1
0.13

0.20
0.22
0.14

0.10

0.09
0.23

0.15

0.11

0.08

0.04

0.06

0.07

0.06
0.06
0.0'7

0.05

0.03

0.13

0.72
0.04
0.05

0.19
0.25

0.01

0.16
0.19
0.04
0.04

0.06
0.09
0.04
0.06

0.04

0.05

0.08
0.38

0,0?

Hg ug/G
wet wt

0.235
0.1 01

0.195

0.106
0.18?

0.259
0.103

0.167

0.0'76

0.091

0.078

0.712
o.076
0.062
0.206
0.146

0.o32
0.011

0.010
0.034
0.014

0.017
< 0.010
< 0.01 0

< 0.010

0.012

0.013

0.011

0.014
0.025
0.0i0

2.201
2.848
0.208

0.321
2.056
0.313

0.218

1.441
0.098

0.130
3.20ï
3.331
0.263

0.781
0.340

1.092
1.169

1.861

0.020

0.016
0.033

0.02'7

0.035

0.025
0.036

0.026
0.o42
0.110
0.033
0.019

ue MT/E

774.6

593.8

112;7
439.5

300.8

387.0

116.2

296.r
386.6

292.8

843.9
446.4

2'72.2

417 .1

998.'7

461.1

180.0

524.8

261.4
54'7.8

522.0

395.'7

834.0

211.0

3'78.2

1 95.6

191.E
250.3

191.5
455.3
639.1

216.6
302.1

231.2

136.3

153.9

38',7.1

183.0

328.6
85.3

140.1

47 6.1

5'70.',7

251.4

438.0
346.1
398.0

281.4

1'76.0

699.'.7

119.5

31 8.5

20'7.4

293.6

190.0
1'78.2

144.9

315.6

2A5.2
405,5
313.6
66.0

SDec¡es

White Sucker

White Sucke¡

White Sucker
white Sucker

White Sucker

White Sucker

White Sucker

White Sucke¡

White Sucker

White Sucker

White Sucker
'white Sucker
'white Sucker

white sucker
\ühite Sucker
'white Sucker

White Sucker

White Sucker

White Sucker

white Sucker

\ilhite Sucker
'white Sucker
white Sucker

Whitc Sucker

White Sucker

White Sucker

White Sucke¡
white Sucke¡
White Sucker

white Sucker
white Sucker

Northem Pike

No¡them Pike

No¡them Pike

No¡themPike
Northem Pike

Northem Pike

NolhemPike
Northem Pike

Northem Pike

No¡themPike
No¡them Pike

Northem Pike

Northem Pike

Northem Pike

Nofhem Pike

Northem Pike

Northem Pike

NodhemPike
No¡them Pike

Northem Pike

Northem Pike
Northem Pike

Norlhem Pike

Northem Pike

Northem Pike

Northem Pike

Northem Pike
Northem Pike

Northem Pike
Northm Pike

Pike

Fish Number

MMRWS6
MMRWS?
MMRWSS
MMR1MS 9

MMRWS 1

MMRWS 2

MMRWS 3

MMRWS 4

MMRWS5
MMRWS 10

MMRWS 11

MMRWS 12

MMRWS 13

MMRWS 14

MMRWS 15

MMR\MS 16

MMEWS 19

MMEWS 20
MMEWS 21

MMEWS 22

MMEWS 23

MMEWS 24

MMEWS 25

MMEWS 26

MMEWS 27

MMEWS 28

MMEWS 29

MMEWS 42

MMEWS 16

MME1VS 17

MMEWS 18

MMRNP 3

MMRNP 4

MMRNP 5

MMRNP 6

MMRNP 7

MMRNP 28

MMRNP 1

MMRNP 2

MMPNP 35

MMRNP 37

MMRNP 17

MMRNP 15

MMRNP 16

MMRNP 31

MMRNP 44

MMRNP 45

MMENP 14

MMENP 15

MMENP 16

MMENP 17

MMENP 18

MMENP 20

l'!\,ßNP 21

N,û\4ENP 22

MMENP 23

MMENP 35

MMENP 9

MMENP 10

M}"ÍENP 1i
MMENP 12

MMENP13

St¿tion

MMiO
MMlO
MMlO
MMlO
MMl1
MMl1
MMlI
MMl1
MMl1
MMl2
MM12
MM12
MM12
MMl2
MMl3
MM13

MM7
MM?
MM?
MM7
MM7
MM?
MM7
MM7
MM8
MM8
MM8
MM8
MM9
MM9
MM9

MMlO
MMlO
MMlO
MMlO
MMlO
MMlO
MMl1
MMl1
MMl1
MMl1
MMl2
MMl3
MM13
MMl3
MM13
MM13

À,û\47

MM?
MM7
MM?
MM7
MM8
MM8
\.ûú8
MM8
MM8
MM9
MM9
MM9
MM9
À1N49



Table 46.2: Results of Metallothionein and Metals Analyses conducted on Kidney Tissue collected at Mattabi Mine Site

Se uglc
wet wt

0.90
0.69
0.'75

0;72
0.9'7

0.92

0.19

0.81

0.85

0.66
0.'72

0.55

1.06
0.99
0.60
o.64

2.42
2.44
2.52
2.07

¡/s
3.15

3.1E

2.73

4.46
3.42
2.92
2.81
3.08
3.50
3.23

rls
0.83

L.O'7

0.93

0.96
n/s

n/s
0.88

n/s

n/s

n/s
111

0.90

1.13

7.43

n/s

2.85

3.39
5.39

4.39
3.54
3.61

3.51

2.07

5.59

3.16
0.19

1.29
4.t6
4.96
3.42

As uglc
wet wt

<0.05

<0.05

<0.05

<0.05

0.11
<0.05

<0.05

<0.05

<0.05

4.05
<0.05

<0.05

<0.05
<0.05
<0.05
<0.05

<0.05

<0.05

0.08
<0.05

n/s
<0.05

<0.05
<0.05

0.22
0.0?

0.70
<0.05
<0.05
<0.05
<0.05

rt/s
<0.05

0.13

0.08
<0.05

n/s
n/s

<0.05

n/s

r/s
¡/s
0.08

<0.05

0.08
0.1't
rls

<0.05
<0.05

0.t2
0.09

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

0.10

0.11
0.08
0.09
0.08

V uy'G
wet wt

0.35

0.16
0.42

0.72
0.32
0.29
0.23

0.39

0.2'7

0.30
0.t'1
0.11

0.2'7

0.n
0.20
0.13

<0.05

<0.05

4.05
0.11

n/s

<0.05

<0.05

<0.05

<0.05

0.07
<0.05

0.05
0.06

<0.05
<0.05

0.25
0.19
0.16
0.06
0.09
0.08

0.22

0.09
0.72

<0.05

0.38

0.45

0.10

0.09

o.49
0.40

0.10
0.05

0.09
<0.05

<0.05

<0.05

<0.05

<0.05

0.06
<0.05

<0.05

0.08

0.13
<0.05
<0.05

Mo uy'G
wet wt

0.1'7

0.12
0.16

0.16

0.15

0.t'7

0.iE
0.19

0.20

0.11

0.13

0.09

0.71
0.09

0.13
0.16

0.19

0.15

0.18

0.1E

rls
0.24

0.18

0.22

0.18

0.13

0.21
0.16
0.20
0.t1
0.20

0.07

0.07

0.07

0.05

0.0'7

0.07

0.07

0.06
0.05

0.06
0.07

0.09
0.04
0.06

0.08

0.09

0.10

0.05

0.08

0.06

0.0?

0.05

0.05

0.06

0.06

0.06

0.06

0.03
0.05
0.08
0.07

Fe ug/G
wet wt

79
12
63

85

93

12
81

t5
60

oð

86
91

101

122
61

104

76
61

18
55

n/s

10
98

19
81

t01
84

90
68

65

55
66
52
49
59

105

80
53

53

62

103

79
46
51

t0'7
91

82
99

99
56
4L
'tI
17

5'7

85

60
6?

118

96
63
84

Ba ugiG
wet wt

0.022
0.01E

0.02E

0.019
0.033

0.031

0.032
0.030
0.020
0.028

0.027

0.021
0.028

0.032
0.025
o.029

0.026
0.035

0.018

0.018

n/s

0.035

0.02,5

0.058

0.023
0.043
0.030
0.0n

< 0.012
0.051
0.050

0.136
0.170
0.063

0.049
0.019
0.031

0.117

O.OEE

0.079
0.020
0.277
0.240
0.048

0.054
0.t'73
0.207

0.202
0.104

0.093

0.022
0.020
0.031

0.034
0.039

0.061

0.021

0.026
0.073
0.130
0.052
o.o44

Al uglG
wêt wt

0.91

0.43

1.22

0.86

7.82

0.93

0.51

1.22

<0.25

0.95

0;70

1.20
0.98

r.14
1.01
0;74

1.30

1.i 6
0.90
0.85

n/s

1.15

0.97

r.02
7.71

f .i9
0.66
t.2l
0.91
1.2E

1.05

5.03

23.0
J.0ð
2.tl
2.66
2.56
5.84
3.2ô

1.56
1.86
4.40
8.53

1.8E

r.63
4.28
5.22

1.68

0.96
1.38

0.71

0.53

1.1'.7

0.82

1.13

1.31

0.89
l.þ/
2.66
3.16
1.63
1_01

Co ug/G
wêt wt

0.113

Q.202
o.212
0.106

0.402
0.732
0.200

0.134

0.134

0.150

0.359

0.089

o.228
0.139

0.086
0.143

0.071

0.100

0.103

0.161

n/s

0.115

0.228
0.r4'7

0.153

0.155
0.1,23

0.16'7

0.129
0.148
0.09?

0.113

0.161

0.151

0.113

0.101

0.1 17

0.731

0.115

0.090

0.068

0.162
0.171

o.092
0.07E

0.188
o.16'1

0.215
0.112

0.208

0.163

0.118

0.223

0.20'7

0.119

0.321

0.149

0.1i9
0.263
0.352
0.322
0.149

Cr uglG
wêt wt

0.045

0.045

0.048

0.041

0.012
0.046
0.050
0.04'7

0.04'7

0.068

0.046
0.044
o.044
0.042
0.042
0.04'7

0.04E

0.040
0.036
0.042

¡rls

0.044
0.043

0.042
0.036
0.03E

0.039
0.041
0.046
0.038
0.043

0.7'74

0.169
0.115

0.120
0.114
0.136

0.141

0.108

0.061

0.044
0.140
0.252
0.726
0.091

0.218

0.212

0.61E

0.199

0.67'7

0.152
0.103

0.1 50

0.155

0.179

0.224
0.091

0.1 36

0.295
0.450
0.259

Ni ug/G
wêt *.t

0.15

0.06

0.13

0.07

0.23

0.15

0.14

0.i9
0.14

0.11

0.08

0.04

0.24
0.23

0.06
0.08

0.0'7

0.0?

0.09

0.10

¡r./s

o.t2
0.0?

0.01

0.05

0.09

0.06
0.0?

0.05
0.0'7

0.18

0.05
0.08

0.0'1

0.05

0.04

0.05

0.08

0.07

0.05

0.04

0.08

0.10

0.05

0.04

0.10
0.09

0.09
0.05

0.12

0.04

0.04

0.06

0.22

0.04

0.10

0.05

0.05

0.13
0.11
0.08
0.04

Pb ug/G

0.32

0.24

0.23

0.32

0.34

0.34

0.34

0.33

0.35

0.30

0.23

0.2L

0.31
0.32
0.2'7

0.22

0.40
0.34

0.33

0.33

¡r,/s

0.36

0,35

0.33

0.31

0.33
0.31

0.31
0.22
0.32
0.34

0.32
0.30

0.31

0.23

0.33

0.2'7

0.2'7

0.33

0.2'7

0.22

0.29

0.23
0.33

0.29

0.28

0.29

0.33

o.2'7

0.30
0.43

0.38

0.32
0.49

0.30

0.38

0.32

0.34

0.54
0.35

0.38
0.35

ZnuglG
wet wt

19

19

19

1',?

19

2I
20

20

21

18

20
1'7

16
19

20
21

19

11

n/s

28

22
27

19

18

20
25

20
27

23

100

113

tzl
99

143
95

118

165

88

99
118

159
91

110

111
80

108
212
92

96

130

153

65

111

91

106

136
206
i18
6'l

Cu uglG
wet wt

1.4

1,.4

7.4

1.3
2.5

1.8

1.5

1.6

1.9

7.4

1.5

t.2
2.r
7.4

1;l
1.4

1.0
1.0

1.0

1.2

1.0

1.1

1.1

i.1
1.0

1.0

1.1

1.1

1.0
0.8

0.8

1.1

1.6

1.7

1.8

t.'l
n/s

1.9

1.9

t.'7

1.1

1.6

1.1
1.8

1.5
1.s
1.8

1.0
0.8

1.0

1.0

1.0

0.9

2.1

1.0
1.2

1.2

1.1

0.6
0;t
f .i
1.1

Cd uglG
wet wt

2.10

r.63
3.04

1.44

3.32

1.43

1.00

3.39

r.35
1.51

0.88

0.29

2.11
0.'76

1.98

1.65

2.'.¡3

0.84

0;7 4
1;72

n/s

1.25

0.87

1.03

0.99

1.08
0.99

0.'72

0.90

1.05
1.88

0.16

0.28

0.1E

0.34

0.2'7

0.17

0.26

0.23

0.15

0.72

0.50

0.29

0.10
0.t2
0.40

0.'12

0.21

0.19

0.30

0.11

0.18

0.17

0.28

0.16

0.28

0.20

0.24

0.13
0.24
o.32
0.12

Egudc
wet wt

0.264

0.0?8

0.L47
0.0'7'7

0.110

0.1 53

0.080

0.1?1

0.108

0.230
0.043
0.023
0.14'l
0.o'79

0.116
o.0'79

0.031

0.010

0.010
0.o52
rls

0.020

0.016

0.014

0.010

0.013
0.016

0.025
0.01'7

0.006
0.017

0.309

0.842
0.241
0;74r
0.122

0.331

0.464
0.981

0.092
0.1 51

0.604

0.649
0.201

0.420
0.553

0.410

0.201

0.187

0.244

0.019

0.01 5

0,036

0.023
0.056

0.034
0.034

0.029
0.044
0.108
0.o42
0.016

ugMT/g

'79.8

148.'7

143.0

85.9

1?0.0

1i 3.1

83.1

112.2
111 a

63.0

92.8

100.8

91.2
51.E

1,42.9
'7'7.3

141.0

101 .4

91.5

104.9

N/S
'78.3

111.4

98.9

t23.6
86.4

99.8
9'7.2

al.2
82.6
65.3

85.8

96.0

69.3

1i8.0
106.0

99.5

119.1

130.5

8'7.5

126.5

121,.2

70.1

89.5

145.0
62.6
59.2

146.4

136.E

83.5

14'1.3

230.3

103.6

1 38.1

139.1

150.9

r5'7 .ï
i51.6
192.8
61.8

1 58.i

Species

White Sucker

White Sucke¡
white Sucker
'White Sucker
'White Sucker

white Sucker

\&hite Sucker

White Sucker

white Sucker

White Sucker

White Sucker
'white Sucker
'white sucker
'white Sucker

\Ã¡hite Sucker
white Sucker

White Sucke¡

lÃ/hite Sucker

White Suckq
!\¡hite sucker
White Sucke¡

\Ã4rite Sucker

White Sucke¡

white sucker
White Sucke¡

White Sucker
white Sucker
'White Sucker
White Sucke¡
White Sucke¡
White Sucke¡

Northem Pike

Northem Pike

No¡them Pike

Northem Pike

Northem Pike

No¡them Pike

Northem Pike

Northem Pike

Northem Pike

Northem Pike

Northem Pike

Northem Pike

No¡them Pike

Northem Pike

No¡them Pike
Northem Pike

Northem Pike

No¡them Pike

Northem Pike

No¡hem Pike

Nortlem Pike

Northem Pike

Northem Pike

Northem Pike

No¡them Pike

Northen Pike

No¡them Pike

Northem Pike

Northem Pike

Northem Pike
No¡them Pike

Fish Number

MMR\MS 6
MMRWS?
MMRWS 8

MN,R\Ã/S 9

MMRWS 1

MMRWS 2

MMRWS 3

MMRWS 4

MMRWS 5

MMR1MS 10

MMRWS 11

MMR\MS 12

MMRWS 13

MMRWS 14
MMRWS 15

MMR1VS 16

MMEWS 19

MMEWS 20

MMEWS 2I
MMEWS 22

MMEWS 23

MMEWS 24

MMEWS 25

MMEWS 26

MMEWS 27

MMEWS 28

MMEWS 29

MMEWS 42

MMEWS 16

MMEWS 17

MMEWS 18

MMRNP 3

MMRNP 4

MMRNP 5

MMRNP6
MMRNP ?

MMRNP 28

MMRNPl
MMRNP 2

MMRNP 35

MMRNP 3?

MMRNP 17

lv{I4RNP 15

MMRNP 16

MMRNP 31

MMRNP 44

M\,ß.NP 45

MMENP 14

MMENP 15

MMENP 16

MMENP 17

MNfgNP 18

MMENP 20

M\,€NP 21

MMENP 22

MMENP 23
MMENP 35

MMENP 9

M\ISNP 10

T,À4ENP 11

MNENP 12
MMENP13

Station

Kidney
MMlO
MMlO
MMlO
MMlO
MMl1
MMl1
MM11
MM11
MM11
MM12
MM12
MMl2
MMi2
MM12
MM13
MM13

MM?
MM7
MM?
MM?
MM?
MM?
MM7
MM7
MM8
MM8
MM8
MM8
MM9
MM9
MM9

MMlO
MMlO
MMlO
MMlO
MMlO
MMlO
MMli
MMil
MM11
MMl1
MMl2
MMl3
MM13
MM13
MM13
MM13

À,ûú7

MM7
MM7
MM?
MM?
MM8
\.ûú8
MM8
MM8
MM8
MM9
MM9
MM9
MM9
MM9



Table 46.3: Results of Metallothionein and Metals Analyses conducted on Gill Tissue collected at Mattabi Mine Site

Se uøG
wet wt

0.06
0.10

0.11

0.0?

0.06
0.0'7

0.07

0.08

0.06

0.06

0.08

0.06
0.09
0.06
0-11

0.09

0.28

o.32

0.30

0.26
0.25

0.34
0.32

0.23

0.35

0.40
0.41
0.41
0.36
0.34

0.44

0.14

0.05

0.20

0.06

0.05

0.14
0.12
0.06

0.19

0.38

0.20
< 0.05
0.06

0.06

0.72
0.13

0.19
0.29
0.22

0.39

0.39

0.30

0.31

0.48

0.23

0.35

0.20

0.40
0.29
0.31
0.52

As uøG
wet *t

<.05

<.05

<05
<.05

<.05

<.05

<.05

<.05

<.05

<05
<.05

<.05

<.05

<05
<.05

<.05

<.05

<05
<.05

<.05

<.05

<.05

<.05

<.05

<.05
<.05

<05
<05
<.05
<.05

<.05

<.05

<.05

<.05

<.05

<.05

<05
<05
<.05

0.01

0.i3
<.05
<.05

<.05
<.05

<.05
<.05

<05
<05
<.05

<.05

<.05

<.05

<.05

<.05

<.05

<.05

<05
<.05

<05
<.05
<05

V ug/G
wet wt

<.05

<.05

<.05

<05
<.05

<.05

0.10
<.05

<.05

<05
<05
0.05
<.05

0.08
0.07
<.05

<.05

<05
<.05

<,05

<.05

<05
<.05

<.05

<.05

<.05

<05
<05
<05
<.05

<05

<.05

<.05

<.05

<.05

<05
<05
<05
<05
<05
<.05

<.05

<.05
<.05

<.05

<.05

<.05

<05
<05
<05
<.05

<.05

<.05

<.05

<.05
<05
<05
<05
<.05
<.05

<05
<.05

Mo ug/G
wet wt

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

4.03
<0.03

<0.03

<0.03

<0.03
<0.03

{.03
<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03
<0.03
<0.03

<0.03
<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

4.03
<0.03

<0.03

<0.03

<0.03

<0.03
<0.03

<0.03

{.03
<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03
<0.03
<0.03
<0.03

Fe uglG
ret wt

21

28

35

38

3l
3o
12
30
4E

39

30

34
42
69

60
35

3'7

52

50

35

38

33

36
39
JO

43

36
36
15
40
51

2',1

29
30

23

24

65

3E

25

38

28

29
32
26
22
47

54

38
46
44

34

50
59

54

33

43

40
34
't'7

96
100
7t2

Ba ug/G
wet wt

t.2'1

0.93

1.16

2.62
1.41

1.81

1.09
1.45
0.89
1.39

1.1i
1.E4

1.36
0.96
2.'73

0.62

0.93

2.59
0.E3

1.16

0.89

1.01

0.93

0.64
0.93

3.63

1.18

1.14
0.89
1.02
o.94

0.72

0.42

0.41

0.34

0.35

0.30
0.14
t.23
0.15

o.24

0.25

0.96

0.60
u_ /ô
0.52

0.31

0.32

0.39

0.30

0.72
0.1'7

0.15

0.15

0.09
0.19

0.38

0.72

0.26
0.28
0.23
0.11

Al ug/G
wet wt

2.27

0.?0

3.49

3.22
I .11

I .11

21.33

0.94

3.48

2.65

2.60
4.93

3.80
1s.20
6.34
3.24

3.56
ö.54

2.64
7.'7 5

1.88

3.6s

2.07

0.87

3.37
2.!7
1.10
4.45
2.81
3.09

3.66
8.3'7

4.'73

4.81

2.12
't.95

5.18

2.05
3.19

1.69
2.53

6.30
1.63
'7.98

10.98

2.69
0.19
2.t9
0.81

1.01

t;76
2.58

1.44

5.\Z
3.42
7.82
3.43

r.32
1.51

7.61
8.00

Co ug/G
wet wt

0.027

0.021

0.053

0.019

0.041

0.031

0.035

0.059

0.029
0.031

0.038
0.044

0.021
0.051

0.031
0.031

0.031

0.049

0.064

0.040

0.029
0.040

0.039
o.026
0.053

0.086

0.029
0.036
0.034

0.022
0.044

0.008

0.010

0.010

0.006

0.009

0.025

0.010

0.072
0.072
0.010

0.008

0.017
0.008

0.010

0.0i6
0.023

0.010

0.017

0.021

0.014

0.022

0.032
0.030

0.016

0,016

0.014

0.016

0.038
0.035
0.038
o.023

Cr uglG
wêt wt

0.089

0.049

0.053

0.075

0.065

0.052
0.1 19

0.082

0.062

0.062

0.019
0.061

0.092
0.109

0.011
0.059

0.055

0.08i
0.0?E

0.054

0.043

0.068

0.0?9

0.0?4

0.i03
0.054

0.042
0.062
0.109
0.112
0.063

0.113
0.1?8

0.224

0.170

0.1 51

4.250
0.196
0.205
0.085

0.039
0.163

0.269
0.428
0.153

0.189

0.198

0.385

0.258
0.342

0.184

0.154
0.204
0.r61
0.268
0.2'72

0.213
0.156

0.199
0.315
0.218
o.14'1

Ni ug/G
wet wt

0.04

0.04

0.03

0.04

0.03

0.05

0.03

0,04

0.05

0.03

0.04

0.04

0.03
0.04

0.03

0.04

0.05

0.05

0.05

0.04

0.04

0.03

0.04

0.04

0.05

0.04
0.03
0.04

0.12
0.05
0.06

0.18

0.01
< 0.01

0.02

0.01

0.09
0.06
0.03

< 0.01

0.02

0.02

0.01

0.02
0.01

0.01

0.02

< 0.01

0.05

0.02

0.02
< 0.01

0.01

0.02

0.04

0.04

0.03

0.02

0.04
0.04
0.05
0.04

Pb uglG
wet wt

0.036

0.072
0.024

0.041

0.014

0.01 6

0.0i3
0.01 3

0.038

0.022

0.022

0.014

0.043
0.054
0.033

0.072

0.1 69

o.202

0.223

0.082

0.060

0.093

0.096

0.100

0.046

0.0'75

0.049
0.090
0.108

o.042
0.08?

0.029
0.009

0.016
< 0.005

0.007

0.053

0.028

0.026

0.044

0.1'12

0.011

0.026
0.00?

0.036

0.031

0.159

0.i 03

0.095

0.1 58

0.139

0.124
0.056

0.153

0.132
0.032

0.024
0.031

0.062
0.4'7 5

< 0.005
0.141

Znu{G
wet wt

13

15

t4
13

13

14

12
lÞ
12

14

74
14
15

14

13

92
10

105

9
72

99

747
9

65

130

89
13
11

t2
69
84

13

9

11

8

11

9

i0
12

11
'7

9

10
fJ
e

10

72

13

12

12

12

11

11

13

T3

12

12

12

12
12

11

Cu ugiG
wet wt

0.83

0.'74

0.65

0.90

0.70

0.17

0.56

0.66

0.9i
0.9'l
0.'79

0.81

o.92

0.E6
0;79

0.61

0.85

0.83

1.15

0.68

0.6'7

0.'72

1.01
0.91

0.?0

0.'79

0.'73

0.?8

r.t2
0.6't
0.19

0.83

0.62

0.52

0.61

0.67

0.60
0.89

0.19

0.58

1.00
0.54

0.65

0,65
0.?0

0.55
0.70

0.7 5

1.04

0.90

0.62

0.63

0.70
0.'14

0.65

0.11

0.68

0.69

0.?0
0.6'7

0.68
o.'74

Cd uglG
wet wt

0.016

0.020

0.020

0.019

0.019

0.006

0.006

0.018

0.019
0.020

0.018
0.019

0.007
0.006

0.007

0.006

0.009

0.008

0.007

0.007

0.006

0.007

0.007

0.009

0.007

0.00?

0.00?
0.008
0.008

0.008
0.008

0.006

0.007

0.00E

0.007

0.007

0.005

0.006

0.008

0.005

0.009

0.006

0.00?

0.007
0.009

0.007

0.009

0.007

0.007

0.00?

0.008

0.009

0.011

0.008

0.00?

0.007

0.00?

0.008

0.010
0.008
0.009
0.007

HeaùG
wet wt

0.031

0.025
0.050

0.024
0,014

0.039

0,022

0.025
0.018

0.028

0.023
0.037

0.035

0.015
0.031

0.0n

0.013

0.031

0.011

0.015

0.013
< 0.010
< 0.010
< 0.010
< 0.010

0.010
< 0.010

0.046
0.010
0.013

< 0.010

0.1 38

0.220

0.078

0.151

0.128

0.063

0.138

0.sI'7
0.029
0.045

0.123
0.201
0.092
0.128

0.1 56

0.086

0.049
0.056

0.049
< 0.01 0
< 0.010

0.012
< 0.010
< 0.010

0.020

0.016

0.010

0.029
0.022
0.023
0.015

ugMT/s

25.'7

51.8

28;7

21.3

30.3

34.0

23.6
5 2.õ
39.7

40.8

50.E

52.8

29.8

28.3
25.9
26.6

36.5

I'7.0
i6.0
19.8

29.E

18.3

24.5

36.0
18.2

13.4
16.6

20.3
26.1
23.8
54. I

4.1

2.4
2.3

2.'7

5.1

3.8

2.6
2.2
4.8

1.9

10.5
4.6
3.0
3.3
6.1

1.5

1.3

3.2
2.9
2.8

2.8

3.2

1.9
7^
7.3

1.5

5.3
3.'7

2.3

2.2
1a

Species

lñhite Sucker
White Sucke¡

White Sucke¡

White Sucker

White Sucker

White Sucker

White Sucker

White Sucker

white Sucker

White Sucker
White Sucke¡

White Sucker

White Sucker
White Sucker
\4¡laite Sucker

White Sucker

White Sucker

white Sucker

white Sucker
'White Sucker

\441ite Sucker

White Sucker

lvhite SuckeÎ
White Sucke¡
'White Sucke¡
'white Sucker
'white Sucker
White Sucker
White Sucker
wlúte Sucker

White Sucker

Northem Pike

Northem Pike

No¡them Pike

No¡them Pike

No¡them Pike

Northem Pike

Northem Pike

No¡them Pike

Northem Pike

NofhemPike
Northem Pike

Northem Pike

Northem Pike

Northem Pike

Northem Pike

No¡them Pike

Northem Pike

Northem Pike

Northem Pike

Nodhem Pike

Northem Pike

Northem Pike
No¡them Pike

Northem Pike

Northem Pike

Northem Pike

No¡them Pike

NortlLem Pike
Northem Pike
Northem Pike
Northem Pike

!'ish Number

MMRWS 6

MMRWS 7

MMRWS 8

MMRWS 9

MMRWS 1

MMRWS 2

MMRWS 3

MMRWS4
MMRWS 5

MMRWS 10

MMRWS 11

MMR\Ã/S 12

MMRWS 13

MMRWS 14

MMRWS 15

MMRWS 16

MMEWS 19

MMEWS 20

MMEWS 21

MMEWS 22
MMEWS 23

MMEWS 24

MMEWS 25

MMEWS 26
MMEWS 27

MMEWS 28

MME1VS 29

MMBWS 42

MMEWS 16

MMEWS 17

MMEWS 18

MMRNP 3

T,A4RNP 4

MMRNP 5

MMRNP 6

MMRNP ?

MMRNP 28

MMRNPl
MMRNP 2

M\,ß,NP 35

MMRNP 3?

MMRNP 1?

MMRNP 15

MMRNP 16

MMRNP 31

MMRNP 44

MMRNP 45

MMENP 14

MMENP 15

MMENP 16

}IN4ENP 1?

MMENP 18

MMENP 20

MMENP 21

MMENP 22

MlvgNP 23

MMENP 35

MMENP 9

MMENP 10

MMENP 11

M},ÍENP 12
MìVGNP 13

Station

Gill
MMlO
MMlO
MMlO
MMlO
MM11
MM11
MMl1
MM11
MM11
MMl2
MMi2
MMl2
MMl2
MM12
MM13
MM13

MM?
MM?
MM?
MM?
MM7
MM?
MM?
MM7
MM8
MM8
MM8
MM8
MM9
MM9
MM9

MMlO
MMlO
MMlO
MMlO
MMlO
MMlO
MM11
MM11
MM11
MMl1
MM12
MMi3
MMi3
N,û\41 3

MMl3
MM13

MM?
MM7
Ì,/ß,t'7

N.À47

MM?
MM8
MM8
MM8
MM8
MM8
MM9
MM9
MM9
N4M9
MM9



Table 46.4: Results of Metallothionein and Metal Analyses conducted on Muscle Tissue collected at Mattabi Mine Site

Se uglG
wêt wt

i.18
1.05

7.79
o.'t6
0.86
1.72

2.72

1.29

1.95

2.19
1.38

1.46
1.60

0.E6

t.'77

0.15

0.14
0.14
0.16
0.14
0.18
0.19

0.18

o.t'7
0.14
0.t1
0.15

0.11

0.t'7
o.20

0.16

1.05

0.81

1.31
2.00
2.43
2.09
2.45

1.08
2.46

7.61

2.46

2.19

1.31

2.74
2.5'7

0.n
0.16

o.21

0.27

0.23

0.25

0.19
0.15

0.2r
0.14
0.23

0.12
0.21

0.26
0.2t
0.19

As uglc
wêt wt

<0.05

<0.05

<0.05
<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

0.09
0.14

0.11

0.13

0.11

4.05
4.05
<0.05

<0.05

<0.05

<0.05

0.13

0.0?

4.05
{.05
<0.05

{.05
<0.05

<o.05

0.09

<0.05

0.06
<0.05

0.09
0.09

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

0.72
0.08

<0.05

<0.05

<0.05

<0.05

0.07
<0.05
<0.05

<0.05

0.07
0.0'7

<0.05

0.05

0.06
<0.05

<0.05

<0.05

<0.05

0.06

V ug/G
wet Ft

<0.05
<0.05
<0.05

<o.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05
<0.05

4.05
<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05
<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05
<0.05

<0.05

<0.05
{.05
<0.05

<0.05

<0.05

<0.05

<0.05
<0.05

Mo ug/G
wet wt

<0.03

<0.03

<0.03

<0.03
4.03
4.03
<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<o.03

<0.03

<0.03

<0.03

4.03
<0.03

<0.03

<0.03

<0.03

<0.03
<0.03

4.03
<0.03

<0.03

<0.03

<0.03

<0.03

<o.03

<0.03

<0.03

<0.03
<0.03

<0.03

<0.03
<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03
<0.03

<0.03

<0.03
<0.03

<0.03
<0.03

<0.03

<0.03

<0.03
<0.03

Fe uglG
wet wt

t.94
4.36
1.78

1.46

1.89

4.43

3.49

6.06
t.20
1.98

t.9'7

1.E3

2;71

3.n
4.15

1.94

2.08

1.92
2.63

1.83
1.45

1.59

1.96

1.64
2.33

1.89
2.92
1.53

3.11

t.1s

1.54
o.7't

0.98
0.98

0.'13

1.96

o.E2

1.14

1.28

7.14

1.30

1.06

0.86

2.34

7.66

2.10

2.79

1;7'7

0.97
0.95

1.3'7

7.07

0.91

1.58

1.06

1.44

1.91

1.83

t.39
1.48

Ba ug/G
wet wt

<0.005

<0.005

<0.005

<0.005

0.009

<0.005

<0.005

0.006

0.014
<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

0.017
0.016

0.012
<o.005

0.016
0.021

0.013
<0.005

<0.005

0.030
0.009

0.009

0.021

0.073
<0.005

0.012
<0.005

0.083
0.014

<0.005

0.015

0.092
0.067

0.01'7

0.03'7

0.183

0.016
0.010
0.068

0.105

0.159

<0.005

0.091

0.085

0.032
0.028
0.021

0.03'1

0.193

0.036

0.020

0.020

0.065

0.056
<0.005

0.010

Al ug/G
wet wt

0.15
< 0.1

< 0.1

0.i1
< 0.1

< 0.i
< 0.1

< 0.1

0.10

0.t2
< 0.1

< 0.1

0.12

0.i5
< 0.1

0.16

0.11

0.33
0.19

0.52
0.18

0.24
0.20
0.18

0.18

0.14

0.13

0.12
0.14
0.t2
0.15

0.71

0.19

0.23

0.t2
0.13

0.22
0.11

0.13

0.26
0.19
0.10
0.54

0.11

0.21
0.11

0.15

0.15

0.12

0.'10
< 0.1

0.15
0.ï'l
0.11
< 0.1

0.22

0.32

0.r2
< 0.1

0.29
< 0.1

0.72

Co ug/G
wet wt

<0.005

<0.005
<0.005

<0.005

<0.005

0.005
<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005
<0.005

<0.005
<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005
<0.005

<0.005

<0.005

<0.005
<0.005

<0.005
<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005
<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005
<0.005

<.00s

Cr ug/G
wet Ì't

0.038

0,033

0.035
0.036

0.033
0.090

0.034

0.036

0.033

0.033

0.033

0.034

0.032
0.044

0.034
0.03?

0.031

0.041

0.033

0.050

0.Q37

0.035

0.043

0.049

0.045

0.030
0.042
0.032

0.038

0.038

0.046
0.052

o.041

0.055

0.042
0.035

0.041

0.o52
0.049

0.040

0.038

0.035

0.035

0.045

0.052
0.046

0.041

0.055

0.060

0.054
0.051

0.04'7

0.04'7

0.044

0.048

0.046

0.038

0.039

0.036

0.039

0.040
0.046

Ni uglG
wet wt

< 0.01
0.01

0.22
0.03

0.05

0.02

0.01

0.02
0.04
0.01

0.02
0.02
0.01

0.01

0.01

0.04

0.04

0.05

0.03

0.03
0.19
0.05

0.03

0.03

0.02
0.04
0.02
0.04
0.03

0.03

0.02

0.02
0.02
0.04

0,04
0.02

0.02
0.02

0.04

0,01

0.02

0.03

0.03

0.03

0.02
0.02
0.03

0.02
0.03

0.01

0.02
0.02
0.02

0.02
0.03

0.03

0.08

0.02
0.02
0.02
0.02
0.01

Pb ug/G
wet wt

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<o.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005
<0.005

<0.005

<0.005

<0.005
<0.005

<0.005
<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005
<0.005

<0.005

<0.005
<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005
<0.005
<0.005

ZnuglG
wêt wt

2.8

3.0
z.t

2.6
3.5

3.0

3.4

2.9

2.'7

2.4
2.5

2.2

2.1

3.2

2.3

3.1

3.L

2.8

2.3

2.'7

3.8

2.9

2.'t

2.6

2.3

3.2
3.5

3.0

3.9

2.6

3.4

2.8

3.3
4.1,

J.5

4.3

3.1

3.1

3.8

3.6
2.1

2.9

3.4

3.3

3.5

4.9

4.8

4.7

3.9
3.4
4.0

4.0

5.0

4.7

4.3

4.0
Á7

3.0
Jõ

Cu uglG
wet wt

0.26

0.55

0.23

0.35

0.57

0.56
u.Jo
0.53

0.51

0.30

0.34

0.31

0.34

0.32
0.40
0.41

0.49

0.44

0.30
0.32
0.22

0.36

0.31

0.38

0.30
0.29
0.34
0.38

0.33

0.32
0.41

o.24
0.18

0.41

0.32

0.2r
0.25

0.20

0.33

0.30

0.29

0.28

0.27

0.21

0.23

0.26
U.JÔ

0.34
0.34

0.24
0.23

o.24
0.19

0.28

0.22
0.24

0.23

0.3'7

0.31

0.29
0.21

o.26

Cd ug/G
wet wt

0.022

0.01E

0.022
0.017
0.019

0.019

0.020
0.019

0.02t
0.019
0.018

0.020
0.017

0.021
0.020

0.020

0.019
0.022
0.020
0.020
0.02i
0.019
0.022
0.019
0.021

0.017

0.024
0.019
0.018

0.020
0.020
0.022

0.015
0.024
0.022
0.019
0.022
0.026
0.022
0.022
0.014
0.014
0.016

0.015

0.023
0.022

0.015

0.022
0.019
0.020
0.023
0.023
0.027
0.023
0.018

0.020
0.023
0.021

0.022
0.Q23
0.023
0.022

Hgu/G
wet s't

0.452
0.269
0.327
0.310

0.346
0.215
0.191

0.441

0.284
0.411

0.149
0.170

0.301

0.283
0.383
0.218

0.1 39

0.056

Q.027

0.111

0.0?3

0.020

0.032
0.042
0.043
0.0i5
0.052

0.069

0.080

0.101

0.02'7

0.549

0.81 3

0.459

0.106
0.690

0.429
Q.562

0.8'79

0.r44
0.2s1
0.596
0.852

0.361

0.'752

0.695

0.698

0.4'78

0.4'76

0.389

0.055

0.039
0.090

0.064

0.121

0.06?

0.101
0.054

0.119

0.249
0.092
0.051

SDecies

'White Sucke¡

White Sucker
white Sucker
White Sucker

white Sucker

white Sucker

White Sucker

White Sucke¡

114tite Sucker

white sucker
white Sucker

white Sucker

White Sucker

White Sucker
White Sucker
'white Sucker

Northem Pike

No¡them Pike

Northem Pike

No¡them Pike

No¡them Pike

No¡them Pike

No¡them Pike

Northem Pike

Northem Pike

Northem Pike

Northem Pike

Northem Pike

Northem Pike

Northem Pike

Northem Pike

Northem Pike

White Sucker

l&hite sucker
White Sucker

White Sucker

white Sucker

White Sucke¡
lvhite Sucker
White Sucker
'white sucker
'White Sucke¡

!\trite Sucker

White Suoker

White Sucker
white Sucker
white Sucke¡

NorthemPike
Northem Pike

Northem Pike
Northem Pike

No¡them Pike

NodhemPike
Northem Pike

Northem Pike

Northem Pike

No¡them Pike

Northem Pike

Northem Pike

Northem Pike

Northem Pike
Northem Pike

Fish Number

MMRWS6
MMRWST
MMRWSS
MMRWS 9

MMRWS 1

MMRWS 2

MMRWS 3

MMRWS 4

MMRWS 5

MMRIVS 10

MMRWSll
MMRWS i2
MMRWS 13

MMR]MS 14

MMRWS 15

MMRWS 16

MMEWS 19

MMEWS 20

MMEWS 21

MMEWS 22

MMEWS 23

MMEWS 24

MMEWS 25

MMEWS 26

MMEWS 2?

MMEWS 28

MMEWS 29

MMEWS 42

MMEWS 16

MMEWS i7
MMEWS 18

MMENP 14

MMENP 15

MMENP 16

MMENP17
MMENP 18

MMENP 20

MMENP 2i
MMENP 22

MMENP23
MMENP 35

MMENP9
MMENP 10

MMENP 11

MMENP 12
MMENP 13

MMRNP 3

MMRNP 4

MMRNP 5

MMRNP 6

MMRNP 7

MMRNP 28

MMRNP 1

MMRNP 2

MMRNP 35

MMRNP 37

MMRNP 17

MN/RNP 15

MMRNP 16

MMRNP 31

MMRNP 44

MMRNP 45

St¡tion

MMlO
MMlO
MMlO
MMlO
MMl1
MM11
MM11
MMl1
MM11
MM12
MMl2
MM12
MM12
MM12
MMl3
MMl3

MM?
MM?
MM?
MM7
MM7
MM7
MM7
MM7
MM8
MM8
MM8
MM8
M\,f9
MM9
MM9

MMlO
MMlO
MMlO
MMlO
MMlO
MMlO
MM11
MM11
MM11
MM11
MM12
MM13
MM13
MM13
MMl3
MMl3

MM7
MM?
MM7
MM7
MM?
MM8
MM8
MM8
MM8
MM8
MM9
MM9
MM9
MM9



Table 46.5: Raw Biological Data on Fish Sampled at Mattabi Mine Site

Station Fish Number Species Sex Age
Fork

lÆngth
(cm)

Total
Length

(cm)

Whole
Weight

(e)

Gonsd
Weight

(g)

Gonad
Volume

(ml)

Ecg
Volume

(ml)

Liver
Weight

(s)

Age
Structure

Fecundity
(Fish) Comments

MM6
MM6
MM6
MM6
MM6
MM6
MM6
MM6
MM6
MM6
MM6

MM6
MM6
MM6
MM6
MM6
MM6
MM6
MM6

MM7
MM7
MM7
MM7
MM7
MM7
MM7
MM7
MM7
MM7

MM7
MM7
MM7
MM7
MM7
MM7
MM7
MM7
MM7
MM7
MM7
MM7
MM7
MM7
MM7
MM7

MM8
MM8
MM8
MM8
MM8
MM8
MM8
MM8
MM8
MM8

MM8
MM8
MM8
MM8
MM8
MM8
MM8
MM8
MM8
MM8
MM8
MM8
MM8
MM8
MM8

MMENPI
MMENP2
MMENP3
MMENP4
MMENP5
MMENP6

MMENP25
MMENP29
MMENP3O

MMENP3I
MMENP32

MMEWSI
MMEWS2
MMEWS3
MMEWS4

MMEWS5
MMEWS6
MMEWST

MMEWS34

MMENPT
MMENPs
MMENPl4
MMENP15
MMENPI6
MMENPIT
MMENPIS

MMENPI9
MMENP33
MMENP34

MMEWSs
MMEWS9
MMEWSIO
MMEWSII
MMEWS12
MMEWSI3
MMEWS14
MMEWSI5
MMEWSI9
MMEWS2O
MMEWS2I
MMEWS22
MMEWS23
MMEWS24
MMEWS25
MMEWS26

MMENP2O

MMENP2I
MMENP22
MMENP23
MMENP24
MMENP26
MMENP2T
MMENP2s
MMENP35
MMENP36

MMEWS2T
MMEWS2S
MMETVS29

MMEWS3O
MMEWS3I
MMEWS32
MMEWS33
MMF-WS35

MMEWS36
MMEWS3T
MMEWS38
MMEWS39
MMEWS4O
MMEWS4I

MMEWS42

Nolhem Pike
Northem Pike
Northem Pike
Northem Pike
Northem Pike
Northem Pike
Northem Pike
Northem Pike
Northem Pike
Northem Pike
Northem Pike

white sucker
White Sucker
White Sucker
white Sucker

White Sucker

Whits Sucker

White Sucker

White Sucker

Northem Pike
Nortlem Pike
Northem Pike
Northem Pike
Northem Pike
Northem Pike
Northem Pike
Northem Pike
Northem Pike
Northem Pike

White Sucker
White Sucker
white sucker
White Sucker
White Sucker

White Sucker

White Sucker

White Sucker

White Sucker

white sucker
White Sucker
White Sucker

White Sucker
White Sucker

White Sucker
White Sucker

Northem Pike
Nofhem Pike
Northem Pike
Northem Pike
Northem Pike
Northem Pike
Northem Pike
Northem Pike
Northem Pike
Northem Pike

White Sucker

White Sucker
rrvhite Sucker

White Sucker
white Sucker
White Sucker
white Sucker

wh¡te Sucker

white Sucker

White Sucker
white Sucker
White Sucker
White Sucke¡
white Sucker

White Sucker

F
F

M
M
F

M
F

M
M
F

M

F

F
F
M
IF
F

F
M

F

IM
M
M
M
F

F

F

F

F

M
M
M
M
F

F

F

M
F

F

F

F

F

F

M
M

F

F

F

M
M
M
F

F

F

F

M
M
M
F

F

F

F

M
M
M
M
M
M
M
M

7

3

5

9
6
I
6
2
8

6

7

13

l0
t4
l0

l8
t4
t4

3

7

7

5

3

5

2
I
2

I
9
l0
9
9
9
ll
8

ll
l0
t2
t4
l0
l5
ll
8

ND
5

5

6

2

4

5

6
4
5

8

9

9
l3
ll
t4
l3
l4
l0
It
ll
8

9

l0
8

60. I
56.5

62.8

63.7

58.2

42.8

69.6

41.0

68.3

58.4

63.0

48.4

45.0

53.2

41.0

28.4

49.9

48.5

4s.3

46.3

33.0

58.3

65.4

59.2

50.9

58.4

42.8

40.2

43.7

42.8

42.7

43.2

46.4

43.2

48.8

46.2

44.7

50.8

43.0

54.5

46.9

40.9

45.4

42.1

43.0

6t.7
55.6

60.0

55.0

44.9

53.',l

63.0

71.3

5'7.7

62.3

40.0

46_5

41.4

46.4

43.3

45.0

49.0

45.5

44.4

4s.3

46.6

40.'1

4t.6
42.8

39. I

63.4

59.9

61.2

67.8

61.8

45.7

74.O

43.8

73.6

62.8

67.0

52.5

48.8

57.5

44.4

30.5

54.6

52.8

49.4

49.5

35.2

62.0

69.2

63.7

54.6

62.3

4s.5

43.0

46.6

45.4

46.8

46.9

50. I
46.5

53.4

49.8

48.4

55.0

46.8

58.3

5 1.5

44.5

49.2

45.4

466

65.4

59.3

63.6

58.5

48.0

5'1.3

6',1.7

7s.5

6l. t
66.2

44.1

51.3

45.0

50.6

47.t
49.9

52.3

49.3

47.2

48.8

50.5

44.O

45.t
44.6

423

1750

t575
t'175

2060
1400

530

3500

550

2100

1950

222s

1850

l5 t0
3000

1225

305

2500
2250
1725

660

220
t675
2050
1800

to75
1625

555

390

520

1325

t225
1325

t650
t350
2025
1750

t5'15

2025
t4'15

1700

1850

t200
1600

t325
1500

2025

t475
2325

t625
610

1375

2450
3250
1875

1800

f225
1700

t3't5
1650

1450

1575

1925

1600

1525

1700

1525

t225
f375
tz't5
895

59.7

32.9

22.3

23.4

25.3

5.4

83.8

6.3

20.4

57.6

22.1

122.3

89.9

t59.4
30.4

1.4

t5 1.3

132.O

64.3

t2.9
t.2

21.6

13.6

17.8

3t.4
43.4

t2.o
8.1

7.6

54.8

44.8

57.2

68. I
74.8

l3 1.0

t00.5
58.7

136.4

56.8

103.5

72.2

53.4

86.8

57.3
't2.2

57.6

31.3

53.3

25.9

6.2

t7.6
79.3

53.6

50.2

54.5

47.5

51.5

61.0

60. I
73.0

4t.6
to4.'l
5t.2
55. I
65.3

48. I

5't.5

61.5

55.9

33.8

56.0

30.5

22.0

80.0

56.0

I 15.0

84.0

'::o

146.0

123.O

'1'

*n
40.0

t2.o
8.0

7.O

t;;
122.0

93.0

t26.O

44.O

81.0

68.0

50.0

81.0

44.O

3 1.0

5 1.0

ito
51.0

4'1.0

52.O

;;
70.0

39.0

980

56.0

':-'

22.O

':-'

56.0

63.0

84.0

'i
78.O

ï:

i1:

*n
40.0

t2.o
8.0
'Ì.0

:_
70.o

60.0

46.0

660
44.O

42.0

68.0

50.0

,_::

44.O

3 1.0

1l

;;
51.0

47.O

52.O

;;
39.0

39.0

ï:

28.6

28.3

12.6

18.3

20.6

5.5

33.7

5.5

tt.2
34.0

t2.9

35.7

24.3

55.4

16. I
3.7

41.9

3',Ì.9

20.8

I1.3
1.8

12.4

I 1.5

12.8

14.0

16. I
't.o

5.2

6.6

t7.2
16.6

21.5

2t.4
22.8

36.7

29.3

19.8

29.0

21.3

19.5

26.8

18.0

2t.t
15.4

20.9

21.8

t4.7
34.3

16.8

6.1

t4.4
29.4

26.9

2'7.1

22.7

l3_9

18.9

16.9

25.4

26.8

26.9

30.9

21.6

24.'1

21.0

23.8

15.8

20.3

20.2

15.5

c
c
c
c
c
c
c
C
c
c
c

P,S

P,S

P,S

P,S

P,S

P,S

P,S

P,S

C

c
c
c
C

c
c
C

c
c

P,S

P,S

P,S

P,S

P,S

P,S

P,S

P,S

P,S

P,S

P,S

P,S

P,S

P,S

P,S

P,S

c
c
c
c
c
c
c
c

:
P,S

P,S

P,S

P,S

P,S

P,S

P,S

P,S

P,S

P,S

P,S

P,S

P,S

P,S

P,S

t7476
14994

tt652

25975

16214

20669
19733

33944

34838

18709

5627

t0192
l5l l4
5553

3730
2903

18427

23912
17361

26733

3087

2034t
15092

23400

t45t4
19283

20874

210'10

25024
I 1340

18200

20098

20322
9288

25744

Burbot in stomach

Part ofliver appeus dead - sclerosis??

Lower lobe oflive¡ is pafly black

Viscera with Zigzlø inleslinqlis 54.5g, >l m long

Still immahre

Black Spot

Black lower liver lobe

Black liver lobe

Common shiner in gut

Darkened end ofliver lobe
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Table 46.5: Raw Biological Data on Fish Sampled at Mattabi Mine Site

Ststion Fish Number Speciæ Sex Age
Fork

Length
(cm)

Totål
Iangth
lcml

Whole
Weight

(e)

Gonad
W€ight

le)

Goned
Volume

lml)

Egg

Volume
(ml)

Liver
Weight

(e)

Age
Structure

Fecundit¡r
(Fish) Comments

MM9
MM9
MM9
MM9
MM9

MM9
MM9
MM9

MMIO
MMIO
MMIO
MMIO
MMIO
MMIO
MMIO
MMIO
MMIO
MMlO
MMIO
MMIO
MMIO
MMIO
MMIO
MMIO
MMIO
MMIO

MMIO
MMIO
MMIO
MMIO
MMIO
MMIO
MMIO
MMIO

MMII
MMII
MMII
MMII
MMII
MMII
MMII
MMII
MMII
MMII
MMII

MMII
MMII
MMII
MMII
MMII
MMII
MMII

MMI2
MMI2
MMI2
MMI2
MMI2
MMI2

MMI2
MMI2
MMI2
MMI2
MMI2
MMI2
MM12
MMI2
MMI2
MMI2
MMI2
MMf 2

MMI2

MMENP9
MMENPIO
MMENPII
MMENPI2
MMENPI3

MMEWS 16

MMEWSlT
MMEWS18

MMRNP3

MMRNP4
MMRNP5
MMRNP6
MMRNPT
MMRNPS
MMRNP9

MMRNPIO
MMRNP1I
MMRNP2S
MMRNP3O
MMRNP32
MMRNP33
MMRNP39
MMRNP4O
MMRNP4I
MMRNP42
MMRNP43

MMRWS6

MMRWST
MMRWSs
MMRWS9

MMRWS24
MMRWS25
MMRWS26

MMRWS2T

MMRNPI
MMRNP2
MMRNPI2
MMRNPI3
MMRNP14
MMRNP34
MMRNP35
MMRNP36
MMRNP3T
MMRNP44
MMRNP45

MMRWSI
MMRWS2
MMRWS3
MMRWS4
MMRWS5

MMRWS2S
MMRWS29

MMRNPIT
MMRNPIs
MMRNPI9
MMRNP20
MMRNP23
MMRNP24

MMRWSIO
MMRWSII
MMRWSI2
MMRWSI3
MMRWSI4
MMRWS35
MMRWS36
MMRWS3?
MMRWS3S
MMRWS39
MMRWS4O
MMRWS4I
MMRWS42

Northem Pike

Northem Pike

Northem Pike

Northem Pike

Northem Pike

White Sucker

white sucker
White Sucke¡

Northem Pike

Northem Pike
Northem Pike
Northem Pike

Northem Pike

Northem Pike
Northem Pike
No¡them Pike
Northem Pike
Northem Pike
Northem Pike
Northem Pike
Northem Pike
Norrhem Pike

Northem Pike
Northem Pike
Northem Pike

Northem Pike

White Sucker

White Sucker

White Sucker

white sucker
White Sucker

white Sucker

White Sucker

White Sucker

Northem Pike

Northem Pike

Northem Pike
Northem Pike
Northem Pike
Northem Pike
Northem Pike
Northem Pike

Northem Pike
Nortiem Pike
Northem Pike

White Sucker

White Sucker

white Sucker

White Sucker

White Sucker

White Sucker

White Sucker

Northem Pike

Northem Pike

Northem Pike

Northem Pike

Northem Pike

Northem Pike

White Sucke¡

White Sucker

White Sucker

Whife Sucker

white Sucker

White Sucker

White Suck€r

White Sucker

White Sucker

White Sucker

White Sucker

White Sucker

White Sucker

F

M
M
F

M

F

F

M

M
F

F

F

F

M
M
F

M
M
F

M
F

F

M
F

M
F

F

M
F

F

M
F

F

F

M
F

F

F

F

F

M
F

M
F

M

M
F

F

F

F

M
M

M
F

F

F

M
F

M
M
M
M
F

F

F

M
F

F

M
M
M

3

7

9
6
3

l3
l3
13

5

7

5

6
7

6
2
6
2
6
3

6
5

4
4
7

4
4

9

8

l0
9

l6
4
ll
l0

6

6
5

5

7

6
2

6
2
4
2

l8
7

t5
7

l2
l8
lt

5

3

2
4
8

7

20

l0
8

13

il
l0
ll
8

ll
l0
'7

l0
il

54.2

62.3

67.0

70.0

51.3

45.2

44.3

42.8

42.2

57.2

45.2

66.2

61.0

4 1.5

42.O

47.4

35. I
44.4

44.3

48.9

52.1

56.4

45.9

56.4

43.0

57.2

46.'.1

43.0

47.1

48.0

46.2

40.0

46.8

41.8

43. I
65.2

59.6

47.8

51.4

62.3

40.0

49.'l

35.2

63.0

32.2

45.3

46.4

46.O

4"1.2

46.2

45.5

42.4

43.3

50.8

38.5

58.9

51.8

5'1.4

44.8

43.4

45.9

42.6

44.8

45.9

45.s

43.2

43.4

45.4

39.6

42.9
42.2

57.6

66.9

71.4

74.6

54.9

49.O

48.7

46.4

45.3

60.8

48.1
'10.6

64.6

44.1

44.8

50.3

37.6

47.6

47.3

52.8

55.7

59.6

49.4

60.5

46.3

60.6

5t.t
46.5

5t.7
52.5

49.8

48.3

50.4

52.3

46.3

69.9

63.',l

5t.2
55. I
66.2

42.9

53.2

3',1.9

67.O

34.7

50.2

50.6

49.8

5 1.9

50.0

49.3

46.0

46.5

54.4

4t.9
63.1

55.2

60.9

49.4

47.7

49.2

46.9

49.0

50.6

50.0

47.l
47.4

49.7

43.t
46.O

45.'1

t275
2 100

2't00

3000

tl75

1525

t475
1350

510

1950

700

3200
2215

520

560

7',l0

360

5?5

580

910

l 100

1025

720
980

645

1350

1900

1500

2525

1875

1450

980

t5't0
t725

695

2650

r550

925

945

1600

510

785

310

16 l0
230

1750

1850

2025.O

1850

1725

1500

l22s

640

1225

420

1690

1300

t600

l7 t0
1425

t'750

1450

t575
1750

1900

t425
1500

t550
1000

1300

t360

24.5

24.3

2'1.8

66.O

t5. I

92.1

8'Ì.9
53.2

5.9

41.0

13.8

71.8

43.3

4.9

4.9

23.9

2.4

30.0

7.O

9.1

16.8

t2.l
6.7

6.0
6.6

3 1.6

tt7.2
59.0

150.6

t09.'t
7t.t
9.8

94.2

138. I

5.3

29.0

26.6

t7.5
13.8

26.1

5.1

I 1.3

2.4
34. I
1.3

81.2

95.6

147.7

l3 1.3

103.5

76.4

48.2

8.2

18.6

8.6

3.4

t2.0
33.3

'14.',|

50. I
93.6

56.9

83.5

96.5

to7.7
68.0

88.4

84.0

3'1.4

53.7
61.6

,::

61.0

85.0

11:

39.0

15.0

68.0

,::

23.O

:.
8.0

16.0

12.0

6.0

;
109.0

139.0

102.0

10.0

88.0

t27.O

ilo
26_0

t7.o
14.0

25.O

I1.0

;

90.0

t47
124.O

i-

t80
9

4.0

32.O

--:

7'7.0

90.0

l0 t.0

82.0

?9.0

24.0

61.0

34.0

42.O

39.0

15.0

68.0

^::

23.0

;;
16.0

12.0

6.0

;;
55.0

6'Ì.O

47.O

10.0

46.O

62.O

iîo
26.O

17.0

14.0

25.O

I1.0

33.0

40.0
'15

6l.0

,i

18.0

9
4.0

320

;;
90.0

101.0

820
'79.O

t3.2
25.3

22.5

36.6

13.0

23.9

22.7

12.8

3.6

t7.4
8.5

42.4

24.9

4.O

4.4

15.5

3.4

2.8

4.5

8.1

8.9

6.4
1a

7.2

5.8

t6. I

27.8

13. I
35.6

33.6

2t.4
t2.8
27.5

35,4

8.3

2t.4
2t.8
14.2

t0.9
15.3

4.1

7.0

2.6

23.8

2.4

2t.2
26.5

35.4

26.3

26.4

24.6

16. I

4.0

8.2

4.2

12.5

l 1.8

25.2

18.9

t2.'l
t7.0
14.4

24.O

25.9

26.3

t5.2
27.7

2s.5

t0.3

16. I

t4.2

C

c
c
c

P,S

P,S

P,S

c
c
c
c
c
c
c
c
C
c
c
c
C
c
C

c
c
c

P,S

P,S

P,S

P,S

P,S

P,S

P,S

P,S

c
c
c
c
C

C

c
c
c
C

c

P,S

P,S

P,S

P,S

P,S

P,S

P,S

C

c
c
c
c
c

P,S

P,S

P,S

P,S

P,S

P,S

P,S

P,S

P,S

P,S

P,S

P,S

9345

r6440

20680

16630

10539

5463

247'16

tt72t

5022

3355

6070
6143

0

ll83l

17561

22t24
23786

7373

l?089
20052

12430

10934

6534
4877

10076

62t3

13857

23722

2t634
2'1166

16276

7924

369r
0

I I700

12604

173t3
20049

15909

1866'1

Black live¡ lobe

Black Spot

Fish wæ emaciated

Black liver lobe

Imamatrue ovuies (relatively)

Black live¡ lobe

Black liver lobe

Sand Shiner in gut

lmmahue gonads - no eggs

Black liver lobe

Black lol¡e - liver

Black Liver
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Table 46.5: Raw Biological Data on Fish Sampled at Mattabi Mine Site

Ståtion Fish Number Specie Sex Age
Fork

I¡ngth
lcm)

Totâl
Length
lcm)

Whole
Weight

lel

Gonåd
Weight

(s)

Gonad
Volume

(ml)

Egg

Volume
(ml)

Liver
W€ight

(s)

Age
Structure

F€cundity
(Fish) Comments

MMT3

MMI3
MMI3
MM13
MMI3
MMI3
MM13
MM13
MMI3
MMI3
MMI3
MMI3
MMI3
MMI3
MMI3

MMI3
MMI3
MMI3
MMI3
MMI3
MMI3
MMI3
MMI3
MMI3
MMI3
MMI3
MMI3
MMI3
MMI3

MMRNPI5
MMRNPI6
MMRNP2I
MMRNP22
MMRNP25
MMRNP26
MMRNP2T
MMRNP29
MMRNP3I
MMRNP3S
MMRNP44
MMRNP45
MMRNP46
MMRNP4T
MMRNP4s

MMRWSI5
MMRWS16
MMRWSIT
MMRWSIS
MMRWS19
MMRWS20
MMRWS2I
MMRWS22
MMRWS23
MMRWS3O

MMRWS3I
MMRWS32
MMRWS33
MMRWS34

Northem Pike

Northem Pike
Northem Pike
Northem Pike

Northem Pike
Northem Pike
Northem Pike
Northem Pike
Northem Pike
Northem Pike
Northem Pike
Nofhem Pike
Northem Pike
Northem Pike

Northem Pike

'rvhite Sucke¡

white sucker
White Sucker
White Sucker

'rvhite Sucker
White Sucker
rwhite Sucker

White Sucker
whit€ Sucker

white Sucker
White Sucker
White Sucker

White Sucker

whit€ Sucker

F

F

F

M
M
F

M
F

F

M
M
M
F

M
F

M
M
M
M
F
F

F

F

F

M
M
M
M
F

6

5

5

5

4
8

4
7

7

3

4
5

3

5

I

l8
t4
l8
l8
l0
l5
t4
t4
1t
l9
t2
t7
l8
ll

5?.0

63.2

36.t
45.9

53.8

52.8

44.5

5't.t
62.6

43.3

51.4

46.0

43.3

52.5

35.6

45.1

42.0

46.5

48.7

44.3

48.9

47.0

46.7

45.8

43.4

44.8

44.9

46.6

43.7

60.8

67.1

39.0

48.0

57.5

56.0

47.4
60.6

66.9

46.4

54.6

49.t
46.5

56.3

38.2

49.5

46. I
50.4

52.7

48.9

53.5

52.2

50.8

50.0

47.2

48.4

49.0

50.8

47.9

l4 l5
2475
395

6t0
t325
t275
625
1700

1550

620
l¡10
635

530

I 150

330

l7l0
tt75
1500

l6l5
1360

1925

1600

1525

1400

t400
1475

1600

1750

1740

25.5

44.4

1.3

5.4

13.8

25.6

7.O

31.5

19.5

5.1

tl.7
6.3
't.9

7.3

1.4

57.4

6 1.9

74.6

90. I
58.3

l3 1.9

tt7.z
126.5

108.7

61.0
'12.0

74.7

58.5

100.4

26.O

44.O

:i
26.O

;;

,i
9.0

;

:
55.0

124.0

I10.0
I18.0
102.0

95.0

26.0

44.O

8.0

26.0

30.0

:.'

;;
2.0

55.0

54.0

60.0

68.0

55.0

95.0

14.4

20.6

4.5

5.7

15.0

26.2

4.2
19.6

to.2
4.5

12.'7

6.1

6
I 1.0

5.1

t5.0
t2.l
20.3

2t.9
24.6

35.3

28.9

30.0

27.4

16.9

18.6

23.1

19.3

3t.9

c
C
c
c
c
c
c
c
C

C

c
c
c
c
c

P,S

P,S

P,S

P,S

P,S

P,S

P,S

P,S

P,S

P,S

P,S

P,S
P,S

P,S

llltT
17099

3084

7520

10483

8964

3029

0

t3557
28825
23553

27815
15890

26232

lmahrre Gonads
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APPENDIX 7

Figures and Tables lllustrating Hypothesis Testing Results



Mattatri Mines: Hypothesis 1

Sediment Toxicity: significance of endpoints âs tools

Chironomus Mortality
Source SS df MS F Ratio P

Among Area
Among Reference

Reference vs Exposure
Linear Trend

. Lack of Fit
Error (Within Area)

0.652
0.092

0.270

0.039

0.251
0.742

0.109
0.092

0.270
0.039

0.084
0.053

2.050
1.100

3.229
0.468
1.578

0.t26
0.371

0.1 70

0.543

0.239

6

I
I
I
3

t4

Hyalella Mortality
Source SS df MS F Ratio P

Among Area
Among Reference

Reference vs Exposure
Linea¡ Trend

Lack of Fit
Error (Within Area)

0.95 r

0.330

0.317

0.082
0.222
2.453

0.159

0.330

0.3t7
0.082
0.074

0.175

0.905

4.457

4.282
r .106

0.423

0.519
0.125

0.1 30

0.370
0.740

6

I
I
I
J

l4

Tubifex Mortality was not examined due to very low level of mortalify

Clùronomus Growth
Source SS df MS F Ratio P

Among Area
Among Reference
Reference vs Exposure

2o Trend

Lack of Fit
Error (Within Area)

0.630

0.093

0.051

0.174
0.313

0.233

0.105

0.093

0.051

0.087
0.156

0.017

6.309
0.592
0.324

0.555

9.403

0.002
0.522

0.627

0.643
0.003

6

I
I

2

2

t4

Hyalella Growth
Source SS df MS F Ratio P

Among Area
Among Reference
Reference vs Exposure
Linear Trend

Lack of Fit
Error (Within Area)

0.537

0.031

0.053

0.222
0.23t
0.510

0.090

0.031

0.053

0.222

0.077

0.036

2.457
0.398

0.687
2.879
2.117

0.078

0.573
0.468

0.188
0.144

6

I
I
I
J

l4

Tubifex Cocoons/Adult
Source SS df MS F Ratio P

Among Area
Among Reference

Reference vs Exposure

2" Trend
Lack of Fit

Error (Within Area)

4.127
0.609

0.t27

0.772

5.787

0.014

0.5 l7
0.756

0.564
0.0r5

0.140
0.020

0.004

0.051

0.065

0.079

0.023

0.020

0.004

0.025

0.033

0.006

6

I
I

2

2

l4

Tubifex #Young/Adult
Source SS df MS F Ratio P

Among Area
Among Reference
Reference vs Exposure

2o Trend
Lack of Fit

Error (Within Area)

6

I

I

2

2

t4

0.133

0.098

0.093

0.278
0.024
0.015

8.876

4.050
3.826

I r.488

1.621

4.088-04
0.1 82

0.t90

0.080
0.233

0.795

0.098

0.093

0.556
0.048

0.209



Mattabi Mines - Hypothesis 2

Summary of Analysis of Metals in White Sucker Tissue

All Fish Inoluded
Covariates

Metâ1 Tissue Reference vs Sex

CdCuZn Muole
Gill

Liver
Kidney

Musole

Gill
Liver

Kidney

Cadmium

Cluomium Musole

cill
Liver

Kidney

Cobalt Musole

ciI
Liver

Kidney

Copper Musole

cilt
Liver

Kidney

Meroury Musole

Gill
Liver

Kidney

Niokel Musole

Gill
Liver

Kidney

Lead

<D.L.

E
*1

E
E

E
E
*2
*2

E
Ê
E
Ê

a)
(2)
(2)
(2)

(2)
(2)
(2)
(2)

E
I
E

E
*l

Interaotio¡x
Sex

Female Male

*1

*l

*1

2

1

E
2

2* 2

2

Selenium

Musole

cill
Liver

Kiclney

Musole

cin
Liver

Kidney

< D.L.
*1

*l

*1

I
*l
*l

Zino Muscle
cilt

Liver

- not signifioant at cr:0.05
* significant at a:0.05
E - Equal in exposure and referenoe areæ, not statistioally different

I - higher in Exposure, not statistioally signifioant
2 - higher in referenoe, not statistioally signifioant
*l - higher in Exposure, statistically signihoant
*2 - higher in reference, statistically signifioant
(2) - alt tissues had higher metal levels in the rEference, therefore not mine related and not tested

- for other metals, at least one tissue had elevated levels in exposure, therefore all tissues tested
r Results inclicated significant Exposure*Age interaotion for males, therefore not tested

<D.L. = Less than analytioal deteotion limit
Note: In comparisons with significant interaction tem(s), results divided by sex

E



Mattal¡i Mines - Hypothesis 2

Sununary of Analysis of Metals in Northern Pike Tissue

Fish Included
Covari¿tes Interactions Sex

Met¿1

CclCuZn

Cadmium

Cobalt

Chromium

Copper

kon

Tissue Refe¡encevs

Muscle
cil

Liver
Kidney

Muscle
cill

Live¡
Kidney

Muscle
Gll

Liver
Kidney

Musclo
cill

Liver
Kidney

Mucle
citt

Liver
Kidney

Muscle
cdl

Liver
Kiclney

Sex Female Male

t2 *2

2

*l

a2

*l

2
a

*1

E

E
a

<D.L.
81

I
*l

All

*1

z
I
t

*l
2

E
I
2

2

E
*1

E

(2)

a)
(2)

(2)

Mercury Muscle
Gill

Liver
Kidney

Nickel Mucle
Crill

Liver
Kidney

l*ad Muscle
cill

Liver
Kidney

Ail <D.L.
81

E
rl

Selenium Musclo
cill

Liver
Kidney

Znc Muscle

Liver

- not significant ât c( = 0.05
* sign:ifrcant at a - 0.05

E - Equal in exposure and reference areæ, not statistically di.fferent

I - lúgher in Exposure, not stltistically significant

2 - lúgher in reference, not statistically significant
t I - lúgher in ßxposure, statistically significant
*2 - higher in reference, statistically significant
(2) - all fissues ftad lúg[er metal levsls in the reference, therefore not mine related and not tested

- for other metals, at least one tissue had elevated levels in exposure, therefore all tissues tested

I Results indicated significant Exposure*Age interaction for males, therefore not tested

<D.L. = Less than analytical detection limit
Note: In comparisons with significant interåction term(s), results divided by sex

E
2

2

Gill 2

*l
*1
81

*1

E
E



Mattabi Mines - Hypothesis 2

Comparison of organ tissues for concentrations of metals

White sucker - Female

Tool: selenium in and Liver
SS Ratio P

White sucker - Male

Tool: selenium in Kidney and Gill
Source SS df MS F Ratio P

Among Reach

Among Tools
Reach*Tool
Within Reach (Enor)

381.925

5.253
0.19'1

26.980

38 1.925 382.21r
5.257

0.r97

1.068-10

0.030

0.660

292.785

27.526
0.023

26.002

292.785
27.526

0.023
1.000

292.757

27.s24
0.023

t.228-15
1.76E-05

0.880

I
I
I

26

I
I
I

27

5.253
0.r97
0.999

Among Reach

Among Tools
Reach*Tool
Within Reach (Enor)

Tool: selenium in and Muscle
SS

Tool: selenium in Kidney and Muscle
F Ratio P Source SS df MS F Ratio P

Among Reach

Among Tools
Reach*Tool
Within Reach (Enor)

246.698

253.420

I 1.s07

27.002

246.698
253.420
I 1.507

1.000

246.682
253.403

I 1.506

1.068-10
t.068-10

0.002

6.821

8.781

25.999

6.821

8.78 r

1.000

409.135

6.82t
8.781

t.978-t7
0.015
0.006

I
I

26

I
I
I

27

Among
Among Tools

Reach+Tool

Within Reach (Enor)

Tool: selenium in Muscle and Liver Tool: selenium in Muscle and Gill
Source SS df, MS F Ratio P Source ss df MS F Ratio P

Among Reach

Among Tools
Reach*Tool
Within Reach (Enor)

270.161

t92.336
ts.243
2'7.976

2'.70.161

192.336

t5.243
0.999

270.396
192.503

t5.256

6.66E-16
4.stE-14
5.4I8-04

Among Reach

Among Tools
Reach*Tool

402.976

6.943

9.709
25.999

402.976

6.943
9.709
1.000

402.995

6.943

9.709

2.31E-17

0.014

0.004

I
1

1

26

I
I
I

28 Within Reach (Eror)
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Mattabi Mines - Hypothesis 2

Comparison of organ tissues for concentrations of metals

Northern Pike - All Fish

Tool: lead in Gill and Kidney
Souroe ss df MS F Ratio P

Northern Pike - Female

Tool: seleniun in Kidney and Muscle
Source ss df MS F Ratio P

Among Reach

Among Tools

Reach*Tool

WithinReach

2r.66'.7

449.945

0.798

58.004

2t.667
449.945

0.798

1.000

2r.666
449.9t7
0.'798

1.938-05
5.19W29

0.375

216.850
12.353

54.8 10

28.001

216.850
12.3s3

54.810

1.000

216.845

12.353

54.809

1.02E'-t4
1.52Þ03
4.618-08

I
I
I

28

I
I
I

58

Among Reaoh

Among Tools
Re¿ch*Tool

Within Reach (Error)

Tool: cobalt in GiIl anrl Külney Tool: selenium in Külney and GiIl

Source SS df MS F Ratio P Source ss
Among Reach 59.395 I 59.395 59.398 2.148 08

Among Tools 4.348 I 4.348 4.348 0.046

Reach*Tool 0.148 I 0.148 0.148 0.704

Within Reach (Error) 27.999 28 1.000

Tool: sele¡rium in Kidney and Liver
Source SS df MS F Ratio P

df MS F Ratio P

Among Reach

Among Tools

Reach*Tool
WithinReach

27.022

5.6t4
0.1 10

58.007

27.022

5.614

0.1 10

1.000

27.0t9
5.613

0.1 l0

2.74ß-06
0.021
o.741

I
I
I

58

Tool: selerúu¡nin Muscle and Gill
Source SS df MS F Ratio P

Among Reach

Among Tools

Reach*Tool

Within Reach

239.075

10.874

39.705

58.002

239.075

10.874

39.705

1.000

239.066

10.874

39.704

3.09E'-22

1.678-03

4.098-08

101.28 t
68.966
'7.5t5

27.997

l0l.28l
68.966
'7.sts
1.000

r}t.29l
68.973

7.516

8.358-11

4.908"09

0.011

I
I
I

58

Among Reach

Among Tools

Reach*Tool
Within Reach (Enor)

I
1

1

28

Tool: seleniurn i¡r Muscle and Liver
Sourco SS df MS F Ratio P

Among Reach

Among Tools

Re¿ch*Tool
Within Reach

456.41t
248.223

0.160
57.999

456.411

248.223
0.160

1.000

456.418

248.226

0.160

3.598-29
L28n-22

0.691

1

I
I

58

Tool: selerúrun fur Gill and Liver
Source SS df MS F Ratio P

Among Reach

Among Tools

Reach*Tool

226.882
155.188

34.830
57.999

226.882
155.188

34.830

1.000

226.887

r55.192
34.83 I

1.058-21

4.89E-18

t.96E.-07

I
I
I

58WithinReach

Note: rnetal concentratiorur is signifrcantþ greater (p<0,05) ûr boUr tissues indicated in the exposure area
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Mattabi Mines - Hypothesis 3

Comparison of metallothionein in different organ tissues of Northern pike

Tool: metallotheinein in Gills and Kidnevs of Northern pike

Source SS df MS F Ratio P

AmongReach
Among Tools

Reach*Too1

WithinReach

18.879

2546.937
0.313

58.006

18.879

2s46.937

0.313

1.000

18.877

2546.692
0.313

5.688-05
1.288-49

0.578

1

1

1

58

Note: metallothionein is signiñcantly greater (p<0.05) in both tissues in the exposure area

Metatlothionein was not significantly elevated in White sucker tissues



Mattabi Mines - Hypothesis 4

Comparison of metals and metallothionein in Northern pike tissues

Atl Fish

Tool: cobalt/metallotlúonein in Gills

Females

Tool: seleniun/met¿llotlúonein in Külneys

Source SS df MS F Ratio P

Among Reach

Among Tools
Reach*Tool
WithinReach

21.69'l
o.696
o.762
58.008

2r.69',7

0.696
0.762
1.000

21.694
o.696
0.761

1.918-05
0.408
0.386

27.700
1144.443

2.436
2t.o34

27.700
rr44.443

2.436
0.751

36.875
t523.48r

3.243

1.518-06
5.868-26

0.083

1

I
I

28

I
I
I

58

Among Reach

Among Tools
Reaoh*Tool
Within Reach (Enor)

TooI: cobalt/metallotlúonein in
Source SS dfMSF P

Among Reach

Among Tools

Re¿ch*Tool
WithinReaoh

23.867
2394.347
3.77F-04

58.004

I
I
I

58

23.867 23.865 8.s18-06
2394.34'.7 2394.169 7.34B-49
3;77F-04 3.77E-04 0.985

1.000

Tool: lead/metallothionefur in Gills

Males
Tool: cltonúurn/¡netallotlúonein in Kidneys
Source SS df MS F Ratio PSourco SS df MS F Ratio P

Among Reach

Among Tools
Reach*Tool

t4.238
22.335

1.45E-04
5 8.001

14.238
22.335

1.458-04
1.000

Among Reach

Among Tools
Reach*Tool
Within Reach

t6.662
t236.903

0.854
34342

t6.662
t236.903

0.854
t.322

12.599
935.347
0.645

0.001
6.50B.-22

0.429

I
I
I

26

I
I
I

58

14.23'.7 3.818-04
22.334 1.5F-05

t.45F'04 0.990

WithinReach

Tool: leadÂnetallotlúonein fu r Kiilnevs
Source SS df MS F Ratio P

Among Reach

Among Tools
Reach*Tool
Within Reaoh (Error)

27.3t7
trs4.724

0.104

58.008

27.3r7
1ts4.724

0.104
1.000

1

I
1

58

27.313 2.47F"-06

t154.5s'7 5.508-40
0.104 0.749

Tool: selerúun/¡netallothio¡rei¡r ûr Gills
Sourcs SS df MS F Ratio P

Among Reach

Among Tools

Reach*Tool
Within Reach

39.790
0.338
6.364
58.009

39.790
0.338
6.364
1.000

39.784
0.338
6.363

3.99E-08
0.563
0.014

I
I
I

58

Note: ¡retal and metallotlúorrein exhibiterl signifrcantly greater (¡l<0.05) corrcerrtrations in exposure fish
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Mattabi Mines - Hypothesis 5

Fish Catch Per Unit Effort

White Sucker
Source SS df MS F P

Among Areas

Within Areas (Eror)
0.008

0.010

I
6

0.008
0.002

4.737 0.072

Northern Pike
Source SS df MS F P

Among Areas

Within Areas @rror)

0.003

0.011

0.003

0.002
I
6

r.523 0.263

Walleye
Source SS df MS F P

Among Areas

Within Areas (Error)
0.003

0.006

0.003

0.001

2.936 0.137I
6

Yellow Perch
Source SS df F PMS

Among Areas

Within Areas (Error)
539F-06

0.003

5.79E-06
0.001

0.011 0.921I
6

Shorthead Redhorse
Source SS df MS F P

Among Areas
Within Areas (Error)

6.538-05
3.778-04

6.538-05
6.288-05

1.040 0.347I
6

All Fish
Source SS df MS F P

Among Areas
Within Areas

0.005

0.012

0,005

0.002
I
6

2.658 0.154



Mattabi Mines - Hypothesis 6

Fish Biomass Per Unit Effort and Number of Taxa

White Sucher
Source SS df MS F P

Among Exposure

TVithin Exposure (Error)
0.010
0.014

0.010

0.002

4.217 0.086I
6

Northern Pike
Source SS df MS F P

Among Exposure

Within Exposure (Error)
6.15E-0s

0.020

6.158-05
0.003

0.018 0.897I
6

Walleye
Source SS df MS F P

Among Exposure

Within Exposure (Error)
3.688-04
9.378-04

3.688-04
1.568-04

2.355 0.1761

6

Yellow Perch
Source SS df MS F P

Among Exposure

Within Exposure (Error)
2.268-06
4.68-0s

2.26F-06
7.66F-06

0.295 0.607I
6

Shorthead Redhorse

Source SS df MS F P

Among Exposure

Within Exposure (Error)
3.318-05

0.002

3.318-05
3.28E-04

0.101 0.762I
6

All Fish
Source SS df MS F P

Among Exposure

Within Exposure (Error)
1.52E-05

0.030

1.52E-05

0 005

0.003 0.958I
6

Number of Fish Taxa
Source SS df MS F P

Among Exposure 3.125
2.75

3.125
0.458

I
6

6.818 0.040

Within



Mattabi Mines - Hypothesis 6

Fish Biomass Per Unit Effort and Number of Taxa

White Sucker
Source SS df MS F P

Among Exposure

Within Exposure (Error)
0.010

0.014

1

6

0.010
0,002

4.217 0.086

Northern Pike
Source SS df MS F P

Among Exposure

Within Exposure @rror)

6.158-05
0.020

6.15E-05
0.003

0.018 0.8971

6

Walleye
Source SS df MS F P

Among Exposure

Within Exposure (Error)
3.68E-04

9.37E.04

3.688-04
1.56E-04

2.355 0.176I
6

Yellow Perch
Source SS df MS F P

Among Exposure

Within Exposure (Error)
2.26E-06

4.6E-05

2.268-06
7.668-06

0.295 0.607I
6

Shorthead Redhorse
Source SS df MS F P

Among Exposure

Within Exposure

3.318-05
0.002

3.318-05
3.28F-04

0.101 0.762I
6

Att Fish
Source SS df MS F P

Among Exposure

Within Exposure (Error)
1.52E-05

0.030

1.528-05
0.005

0.003 0.9581

6

Number of Fish Taxa
Source SS df MS F P

Among Exposure
Within Exposure (Error)

3.125
2.'.15

I
6

3.t25
0.458

6.818 0.040



Mattabi Mines Benthos - Hypothesis ffó

Total Abundance (loe) T"Hydracarina (arcsine square root)
Test

Against Source ss DF MS
Test

Source SS DF MS F P F P Against

Reaclr 1.549 6 0.258 38.050

Among Reference 0.722 | 0.722 52.637

Ref vs Exp 0.712 I 0.712 51.908

Lineu Trend 0.074 I 0.074 5.384

Lack of Fit 0.041 3 0.014 2.022

Within Reâch 0.095 14 0.007

6.988-08
0.005
0.006

0.1 03

0.157

Within Reach

Lack ofFit
Lack ofFit

Lack ofFit
Within Reach

0.105

5.83E-03
0.020

0.077
0.002

2.548-02

0.018

0.006

0.020

0.039
0.001

0.002

9.66s

4.726

1s.867

31.248
0.681

2.618-04
0.t62
0.058

0.03t
0.522

Within Roach

Lack ofFit
Lack ofFit
Lack ofFit

Within Reach

Reach
Arnong Reference

Refvs Exp

2o Trend

Lack ofFit
Within Reach

6

I
I

2

2

t4

Taxa 'l"Cøenis (araine square root)

Source SS DF MS F P F' P

Test

Against Source SS DF MS
Test

Against

Reach 551.238 6 91.873

Among Reference 1.5 I 1.500

Refvs Exp 94.671 I 94.671

Linear Trend 374.533 I 3'14.533

Lack ofFit 80.534 3 26.845

Within Reach 5.53E+01 14 3.952

0.060

0.004
0.026

0.t22
0.042
0.005

I 1.543

0.103

0.626

2.884
8.150

9.968-05

0.778
0.512

o.257

4.508-03

23.245

0.056

3.527

13.952

6.792

1.60E-06

0.828
0.157

0.033

0.00s

Within Reach

Lack ofFit
Lack ofFit

Lack ofFit
Within Reach

0.358

4.35E-03
0.026

0.243

0.084
0.072

Reach

Among Reference

Refvs Exp

2o Trend
Lack ofFit

Within Reach

6

I
I

2

2
t4

Within Reach

Lack ofFit
Lack ofFit
Lack ofFit

Within Reach

Hydracarina (log) V"Chìronomu (arcine square root)

Test

Source SS DF MS F P Against

Among Reference 0.289 t 0.289 1.383 0.361 Lack ofFit
Refvs Exp 3.566 I 3.566 17.062 0.054 Lack ofFit

2oTrend 7.859 2 3.930 18.801 0.051 LackofFit
Lack of Fit 0.418 2 0.209 1.688 0.220 Within Reach

Within Reach l.'133 14 0.124

Source MSDFSS F P Against

Reach

Among Reference

Refvs Exp

2'Trend
Lack ofFit

Within R€sch

0.076
0.000

0.335

0.058
0.003
0.004

2t.735
0.000

t02.761

17.712

0.930

Within Reach

Lack ofFit
Lack ofFit
Lack ofFit

Within Reach

0.457
0

0.335

0.1 l5
0_007

0.049

2.438.06
1.000

0.010

0.053

0.418

6
I
I

2

2

l4

Test

Caeuis (log) Y"Prochtlius (arsine squâre root)

Source

Tqst Test
AgainstSS DF MS F P Against Source SS DF MS F P

Reach 16.997 6

Atnong Reference 0.194 I

Refvs Exp 0.622 I

Linear Trend 8.386 I

Lack of Fit '7 .'195 3

lVithin Reach 0.575 14

0.034

0.ul
0.019

9.186

5.583

0.96t

3.418-04
0.t42
0.430

2.833
0.194

0.622

8.386

2.s98
0.041

68.973

0.075

0.239

3.227

63.264

t.368-09
0.802

0.658

0.170

2.208-08

0.032

0.040

0.051

0.0t6
0.020

0.004

0.808

5.425

0.553

0.018

Within Reach

Lack ofFit
Lack ofFit

Lack ofFit
Within Reach

Reach
Arnong Reference

Refvs Exp

2o Trend

Lack ofFit
Within Reach

0.202
0.il1
0.0 t9

Within Reach

Lack ofFit
Lack ofFit

Lack ofFit
Within Reach

2

2

l4

Chirononus (log) o/oTanypodinae (arcsine square root)

Test

Source SS DF MS F P Against
Reach 0.211 6 0.035

AmongReference l.llE-01 I 0.lll
Refvs Exp 0.057 I 0.057

2o Trend 0.016 2 0.008

Lack of Fit 0.027 2 0.014

Within Reach 0.039 14 0.003

Source SS DF MS

Test

P AgainstF

Arnong Reference

Refvs Exp

Lineu Trend
Lack of Pit

Wiahin Reach

t2.598 6.tlE-05
8.076 0.105

4.122 0.1'19

0.577 0.634

4.924 0.024

Within Reach

Lack ofFit
Lack ofFit

Lack ofFit
Within Reach

0

25.980

2.758
l.872
3.17 t

0.000

41.635

4.420

2.755

I

I

I
3

l4

0.000

25.980

2.758
0.624

0.227

1.000

0.008

0.t26
0_082

Lack ofFit
Lack ofFit
Lack of Fit

Within Reach

Prockttliut (log) ToChironominae (arcine squâre root)

Test

Source SS DF MS F P Against

Arnong Reference 2.038-02 I 0.020 0.284 0.631 Lack ofFit
RefvsExp 0.113 I 0.113 1.586 0.297 LackofFit
Linear Trend 0.177 I 0.177 2.484 0.213 Lack of Fit

Lack of Fit 0.214 3 0.071 3.750 0.036 Within Reach

lVithin Reach 0.266 l4 0.019

Source SS DF MS F P Against

Reach

Among Reference

Refvs Exp

Linear Trend
Lack ofFit

With¡n Reach

0.s21

2.88E-02
0.006

0.139
0.348

o.067

18.125

0.248
0.048

l.199
24.192

7.32E-06

0.652
0.841

0.354

8.428-06

Within Reach

Lack ofFit
Lack ofFit
Lack of Fit

Within Reach

6

I

I
I
t

t4

0.087
0.029
0.006

0.139
0.1 16

0.005

Test

Pitklittm (log) T"Pisidium (arcsine squ¡re root)

Source

Test Test
AgainstSS DF MS F P Against Source SS DF MS F P

Rcach
Arnong Reference

Refvs Exp

2" Trend
Lack of Fit

Within Reach

ts.649
3.43E-02

2.083

11.742

L790
0.194

188.218

0.038

2.328

6.561

64.575

1.458-12
0.863
0.26'r

0.t32
E.568-08

Within Reach

Lack ofFit
Lack ofFit
Lack of Fit

Within Reach

o.o25

0.016
0.001

0.117

0.005
0.001

3t.664

3.025

0.132

22.512

6.62'1

2.28E-07

0.1 80

0.740

0.018

5.1 6E-01

6

I

I

I

3

l4

6

I

I

2

2

t4

2.608
0.034

2.083

5.871

0.895

0.014

Reach

Among Reference

Refvs Exp

Lineu Trend

Lack of Fit
Within Reach

0.149
1.578-02

0.001

0.1t7
0.0tó
0.01I

Within Reach

Lack ofFit
Lack ofFit
Lack ofFit

Vy'ithin Reach



Starion A¡ea Ftaxa

White Sucker
Male

Liver Wst
1 1.3

12,I
10.2

i0.4
12.3

14.0

13.8

8.3

Mattabi Mines - Individual Fish Metrics

Northern Pike
Female Male

Fork Leneth Weieht Gonad Wet Liver Wet FecundiW Fork Length Weigh Gonad Wgt Liver Wgt

MMR1O

MMR1 1

MMRl2

MMRl3

MM6

MM7

MM8

MM9

3',7.6

39.r
38.9

35.1

4r.6
39.1

44.r

45:',Ì

37:l
42.6

335

354
42I
281
510

3',78

649

6t3

341

5s2

5. t

3.6

J.J
)1
8.1

6.6

r0.7
9.7

327

821

140

264

1554

1975

2257

1842

33.6

3I:7
33.r
37.9

4r.6
43.0

40.9

42.2

268.3

234.7

289.4

385:7

509.5

s99.7

54'7.1

614.9

294.5

56',t.8

6

6

5
,7

5

5

5

4

I

2

3

4

5

6

7

8

J.J

3.9

3.8

3.1

t.5
4.8

7.4

2.5

2.5

2:7

4.1

4.7

5.0

6.5

8.0

2.7

t.6
2.6

3.2

4.8

4.8

6.2

5.9

Mean
Reference

Exposure

6.0

4.8

11.0

t2.I
J.J

8.8

3.5

6.7

34.r
4r.9

2.5

5.4
388

1907

3.0

6.0



White Sucker

Females
Fork Length@Äge (Loe)
Sou¡ce

Among Exposure

Age Covariate
Within Exposure (Enor)

lVeight@Age (Loe)

Source

Among Exposure

Age Covariate
'Within 

Exposure (Error)

Weight@Fork Length
Source

Among Exposure

Fork Length Covariate

Within Exposure (Enor)

Males
Fork Length@Ase (Loe)

Source

Among Exposure

Age Covariate
'Within 

Exposure (Enor)

lVeieht@Aee (Log)

Source

Among Exposure

Age Covariate
V/ithin Expolure (Error)

lVeight@Fork Length
Source

Among Exposure

Fork Length Covariate

Mattabi Mines - Hypothesis 7

Fish Biomass Length and Weighr @Age

Northern Pike

Females
Fork LensthrôAøe &oe)

FSS

2.01E-05

0.004

0.023

ss
0.001

0.053

0.249

SS

0.002
0.690

0.r34

ss

MS
2.01E-05

0.004

0.001

MS

P Source MS
0.027

0.1 13

0.003

MS
0.386

1.426

0.038

MS
0.003

2.9r6
0.005

MS
0.056

0.086

0.002

MS
0.592
0.883

0.018

MS
3.51E-04

2.035

0.002

P

4.608-03
1.19ß'01

i
I

38

I
1

45

df
I
I

45

I
1

46

df
I
I

39

I
I

JJ

df

df

df

0.034

6.576
0.855

0.014

SS

0.027

0.1 l3
0.r34

SS

0.386

1.426

1.693

ss
0.003

2.916
0.222

ss
0.056

0.086

0.053

SS

0.592
0.883

0.600

df

df

df

df

F

8.897

37.'.797

Among Exposure
Age Covariate
'W'ithin 

Exposure

Weight@Aee (Loe)

Source

Among Exposure

Age Covariate
'Within 

Exposure

F

0,644
200.532

P

0.689

0.007

0.427

1.118-16

P Source F
0.626

603.3 81

P

0.433
4.368-28

MS
0.002
0.690

0.003

MS
6.87E-05

0.005

0.000

MS

F
I
I

38

0.001

0.053

0.007

0.00 i
0.034
0.003

0.163

8.1 14

F

10.269

37.905

P

2.49E.-03

1.73ß,-07

Among Exposure

Fork Length Covariare
'Within 

Exposure

Males
ForkLength@Aee

df
I
I

39

1

I
39

F

0.203

13.9'.71

0.655

5.9sE-04

0.527

0.004

0.651

1.118-16

F
34.940
53.232

1.238-06
6.138-09

P Source
P

6.878-05

0.005

0.013

SS

0.001

0.034
0.136

SS

Among Exposure

Age Covariate
'Within 

Exposure

Weieht@Aee (Loe)
F P Source

0.407

9.6 18

F

0.208

99.105

Among Exposure
Age Covariate
'Within 

Exposure

lYeight@Fork Leneth

1

I

F
32.594
48.627

P

2.38-06
2.56E-08

(Loe)
df
I
1

39

MS
2.558-04

0.122

1.23F-03

P Source ss
Among Exposure 3.518-04
Fork Length Covariate 2.035

2.55F.04
0.122
0.048

I
I

34

F

0.i51
872.465

P

0.700

2.22ß,-76Within Exoosure
0.0'Ì9



White Sucker

['emales
Liver Weight@Age (log)

sowce sffi P

Mattabi Mines - Hypothesis 8

Fish Liver Weigh( Gonad Weight and tr'ecundify

Northern Pike

Females
Liver Weight@Age (los)
Sowce SS df MS F P

Among Areæ
Age Covæiate

WithinEmoswe fEnor)

1.672

13.238

0.2M
8.128-04

Among Areæ

Age Covriate
Within Exposwe (Enor)

0.015

0.119

0343

I
I

45

I
I

38

0.015

0.119

0.009

0.813

1.525

1.79t

0.813

1.525

0.040

20.418

38.324

4.488-05
l.s3E-07

Liver Weisht@Bodv Weieht (loe) Liver Weight@Body Weight (og)
Sowce ss df MS P Sowce df MS F' P

AmongAreæ
Body Weight Covariate

Within Exposu¡e fEnor)

0.003

0.339

0.123

0.003

0.339

0.003

AmongAreæ
Body Weight Covriate
Within Exposwe @nor)

1

I
fr

1

1

38

0.985

104.871
^ 

2)1

l.llF-16
0.087

2.620

0.701

0.087

2.620

0.015

5.728

\72.061
0.021

s.74F.l7

Gonad Weisht@Age (loq) Gonad Weisht@Áge (log)

Souce SS df MS F

AmongAreæ
Age Covriatc
Within Exooswe lEnor')

0.08i
0.396

1.303

1

1

45

I
I

38

0.081

0.396
0 034

0.132

1.60F-03

1.806

2.547

3.162

1.806

2.547

0.070

25.7t7
36.247

7.308-06
2.43E'07

2.364

I r.556

Among Areö
Age Covæiate

Within Exposue (Enor)

Gonad Weieht@,Bodv Weisht (los) Gonad Weight@Body \{eight (og)
Souce SS df MS F P Sowce ss df MS F P

Among Arsæ
Body Weight Covariaüe

Within Exposure (Eror)

0,026

0.995

Q.7M

0.026

0.995

0.019

1.412

53.688

0.242

2.79W09
I
I

38

AmongArm 0.369 1 0.369 9.788 3.058-03

Body Weight Covæiate 4.028 1 4.02.8 106.949 1.388-13
Within Exposwe @nor) 1.733 .16 0.038

Fecunditv@Ase (los) Fecundity@Age (log)

Source df MS P SowceF SS df MS F P

Among Areæ

Age Coviliåte
Within Exposwe (Enor)

0.033

0.178

1.134

0.033

0.i78
0.031

1.068

5.81i
Among AreÄ
Age Covariate
'Within Exposure (Enor)

I
1

45

ì
1

0.308

0.021

6.069

4.579

38.971

6.069

4.5't9

0.866

7.008

5.288

0.011

o.026

F ecunditv@Body Weieht lloe) F ecunditv(O.Bodv Weieht (loe)

Souce df MS F P Sowce SS df MS F P

Among Areæ
Age Covæiate

0.015

0.442

o.o24

0.653

18.787

0.424

1.088-04

WithinExoosue (Enor)

0.015

0.442

0.871

1

1

46

I
I

37

Among Areæ

Age Covriate
Within Exoosure (Enor)

2.255

5.972

37.584

2.255

5.972

0.817

2.759

7.309

0.103

0.010

Males

Liver Weight@Age (log)

Males

lìver \ffeishüôAse llosl
Sowce SS df MS P Souce SS df MS ¡ P

Among Areff
Age Covæiate

WithinEmoswe lEnor)

0.076

0.093

0.229

0.076

0.093

0.006

13.006

15.943

8.708-04
2.808-04

0.629

o.562

1.081

1

1

33

I
1

39

Among Areæ

AgeCwriate
WithinExposwe

0.629

Q.562

0.033

19.203

17.153

1.128-04
2.25E'04

Liver Weieht@Body Weight (log) Uver Weight(@Body Weieht (log)

Souce df MS F P Souce SS df MS F P

funong Areæ
Body Weight Covanate

Within Exposwe (Enor)

0.037

0.124
0.005

7.236

24.274

0.010

1.588-05
AmongAreæ
Body Weight Covriate
Within Exposue (Eno¡)

6.12E-05

1.93 i
0.36ì

0.006

I 8 1.885
0.037

0.124

0.1 99

I
1

34

1

1

39

6.12E-05

1.931

0.011

0.940

2.22E.-t6

Gonad Weisht(AÄse ûos) Gonad Weieht@Age lloql

Sou¡ce df MS F P Souce df MS F P

AmongAreæ 0.015 I 0.015 1.860 0.180

Age Covariats 0.033 I 0.033 4.162 0.048

within ExÞosure (Eror) 0 312 39 0.008

Among Areæ

Age Covariate

Within Exposure

0.757

1.183

0.038

I 9.882

3t.092
E.998-05

3.448-06
o.757

1.183

1.256

I
I

33

Gonad Weielrt@)Bodv Weieht tos) Gonad Weiøht lloøì

df MS P SowceF df MS F PSource

Among Areæ
Body Weight Covariate

Within F,xnosure lEnorl

AmongArø
Body Weight Covriate

'I

I
34

1

I
39

0.056

I l0_999
0.035

0.159

0.186

0.035

0.159

0.005

7.298

33.365

0.010

1.068-06
Within Exnoswe

0.001

2.778

0.851

0.001

2.778

0.02s

0.814

2.22ß-t6



Mattabi Mines - Hypothesis 9

Fish Community Metrics vs Water Quality Data

Matrix of Pearson Correlations

Number Female Female Female Female Female

of Fish Fecundity Fork Length Gonad'Sr'eight Liver Weight Weight

Taxa @.ase (àase Gò,ase @,aee (d,age

Northern Pike

Female

Gonad Weight
tâBodv'üy'eisht

Female

Liver Weight
ôBodv Vr'eisht

Male Male Male Male

White Sucker

Fork lrngth Gonad Weight Liver Weight Weight Liver Weight Gonad Weight Liver Weight
(àaee (d.aee (òzse (ã.aee (d.ase @BodvWeieht tâSodvWeieht

Copper-Diss

Copper_Total

Iron_Diss

l¡on_Total
Magnesium-Diss

Magnesium_Total

Mmganese_Diss

Manganese_Total

Lead_Diss

Lead_Total

Zinc_Diss

Zinc Total

-0.5398

-0.4802

-0.6002

0.4392

0.6135

0.6098

0.4541

0.6164

0.5403

0.5382

0.5652

0.4358

0.4062
-0.6178

-0.5436

0.3470

0.3987

0.3771

0.2876
0.1044

0.1 628

0.3392
0.3543

0.2146

0.1 83 1

-0.2815

-0.2040

0.1673

0.2080

0.2052
0.r880
0.1507

0.0961

0.1199

0.1714

-0.2513

-0.2136

0.5283

0.4882

-0.1 800

-0.2663

4.1768
0.0710

0.2174

0.1639

-0.161 I
-0.1701

0.0760

0.0493

-0.1706

-0.0345

0.0258

0.0629

0.0621

0.1468

-0.0181

-0.0370

0.0399

0.0251

Probabilities (1-tailed

Copper_Diss

Copper-Total
I¡on_Diss

I¡on_Total

Magnesium-Diss

Magnesium_Total

Manganese_Diss

Manganese_Total

Lead Diss

Lead_Total

Zinc Diss

0.0837

0.1142

0.0578

significant correlation at p = 0.05

0.1381

0.0529

0.1292
0.0518

0.0844

0.0721

0.1402
0.1590

0.0513

0.0819

0.1999

0.1640

0.1786

0.2449

0.4028

0.3500

0.2056

0.1946

0.3049

0.3321

0.2497

0.3140

0.3460

0.3 106

0.3129

0.3278
0.3608

0.4105

0.3349

0.3424

0.2141

0.3058

0.0891

0.1099

0.3348

0.2619

0.3376

0.4336

0.3025

0.3491

0.3516

0.343s

0.4290

0.4539
îi.3432

0.4677

0.4158

0.4412

0.4413

0.3644

0.4830

0.4653

0.4626

0.4759

ru
Notes:
. cell frequency = 8 for all tests
. Degrees ofFreedom = 6 for all tests
. all chemistry data log transformed
. all fish data (except fish tãa), log transfomed

0.1076



Mattabi Mines - Hypothesis 10

Benthic Commun¡ty ând Toxicity Endpoints vs Met¡l Concenrations in Sediment

E¡cluding Reference Stations

MÂtrix of Pe¡rson Correlat¡ons

Arsenic-Total
Cadmium_Toþl
Copper-Tobl
lron_Tobl
Lead_Tohl
Nickel-Tobl
Seleniuñ_Toul
Zinc-Toul
Aluminum_Panial

Arsenic_Panial

Cadmiùñ_Paßial

Copper-Pânial

lron_Panial

Lead_Panial

Nickel_Pãfi¿l
Zinc_Panial

sEN,f.iAvs

0.3 lE
0 259

.0.2E6

0.389

0.34E

-0.2E3
-0.065
-0.259

0.004

-0.408

-0.235
-0.426

-0.394

0.168

0.415 $##frúæffi.
ffiffiKí

-0.439 -0.329

0.343 fiw^ffi,ffiHlïtll!1î -0.43e

ffi-ry¡ïffi .0.402

-0.t70 -0.046

0.339

ffi
0.261

0.193
-0.r27
-0.107

0.425

0.131

0.356

0.329

0.145

0.339

0.432
0.253

0.402

0.433

0.052
-0.343
.0.375

-0.370

0.1t7
-0.307

0.288

0.230
-0.071

-0.430
-0.250
-0.311
.0.221

-0.429

-0.240

-0.310

-0.422

0.012

0.077

0.072
-0.346

-0.029
-0.40t
-0 282

0.206

0.090
-0.084

0.095

-0.1 t?
-0.012

0.128
.0.160

-0.015

-0.1 82
-0.152

-0.006
-0.009

-0.067

0.065

-0 244

-0.321

-0.298
0.047
-0.35t
-0.015

-0.170

-0.210

0.01 I
-0.024

0.t77
0.1E5

-0.129
-0.1 l9
-0.1 I I
-0.t71
-0 082

0.266
0.234

0.325

0.t19
0.265

0. t84
0.2t2
0.243

0.003

-0.007
-0.010

0.15 I
.0.043

0.249

0.107

0.145

-0.355

-0.0t I
-0.t95
-0.233

-0.200

0.215

0.004

0.t 82

0.212

0. t83

-0.105

0.3 l5
0.415

0.395

"0.345 -0 303

0.26t
-0.34E

-0.3t7
0.05?

Probabilirics (l{ailcd
Arscnic_Toøl
Cadnium_lohl
Copperjoþl
lron-Tobl
Lead_Tobl

Selenií¡-Toøl
Zinc_ToÞl
Aluminuñ-Pãnìal
Arscnic_Pánial

Cadmium_Panial

Copp€r_Pañial
lron_Pani¿l

Leâd_Panial

Nickel_Pâniãl

Zinc_Pãrial
SEM/AVS

0.091

0. l0E

0.054

0.ltl
0.069
0.053

0.058

0.055

0.1t4
0.086

0.215

0.055

0. t88
0.153

0.40t
0.t76
0.494
0.066

0.200

0.057

0.073

0.099

0 164

0 485

0.231

0.315

0.3E3

0.36E

0.339

0.400

0.284

0.479

0.259

0.294

0.491

0.487

0.406

0.409

0.223

0.t2t
0.t40
0.434

0.095
0.479
0.212

0.221

0.484

0.467

0.264

0.254

0.324

0.336

0.347

0.265

0.160

0.169

0.201

0.1 18

0.261
0.1 70

0.256

0.15J

0.t91
0.495

0.490
0.486

0.296

0.439

0.18J

0.353

0.0t0
0.097
0.290

ffiW
0.025*ægEW
0.080
0 108

ffiffi
0.16t
0.245

0.325

0.352
0.057

0.321

0.097

0.il6

0.062

196

0.427

0.t06
0.0t4
0.087

0.252

0.133

0.149

0.204

0.079

0.4t4
0.243

0.202

0.237

0.221

0.494

0.25E

0.225
0.251

0.125
0.084

0.483

0.393

0.399

0.103

0.459

0.069

0.154

0.06t
0.124

0.150

0.076
0.102

0.41E 0.275

0.062 ffi$$ffiM
0.051 0.1t6
o.lo5 wüffill

ffiffiffi
0.051

0.069
0 435

0.1

0.062
0.012

0.184

0.llt
0.0E6

'.i " fi. -', TI s;g"ific¿nr core¡ation at p = 0.05

Notes:

' cell frequenc) = 15 for all tests

. Degrees of Freedom = 13 lor all rcsb

. all chemisù1 dâk log translomed, except SEM/AVS (no ransfomation)



Mattabi Mines - Hypothesis 11

Benthic Community vs Toxicity Endpoints

Excluding Reference Stations

Matrix of Pearson Correlations

Toxicity

Chironomus Mortality
(Asin sqrt)

Chironomus Growth Hyaleua

(Asin sqrt) (Asin sqrt)

Hyalella Growth
(Asin sqrt)

Tubifex
#Cocoons/Adult

Tubifex
#Young/Adult

Total Density (log)

Number ofTaxa
Caenis (log)
o/oCaenis I

o/oChironomusl

Hyalella (log\
YoHyalellal
%oHydracarinat
o/oTanypodinae'

%i"Pisdiuml

Tubificidae (tog)
o/oTubificidaet

Probabilitics (1-tailed test)

Total Density (log)

Number ofTaxa
Caenis (Iog)
Y"Caenis'
o/oChironomus t

Hyalella (log)
%oHyalella'

ToHydracarina'

ffi
-0.323

-0.238

-0.256

-0.278

-0. l0 I
-0.t27
-0.09'l
-0.196

-0.214

0.004

0.080

tc#ii;i{iilq,gå*gffi ,t*lbJ

-0.404

0.083

0.200

-0.247

-0.235

0.030
-0.031

0.266

0.104
-0.057

-0.433

0.068

0.384

0.237

0.1 87

0.200

0.4s'1

0.456

0.1 69

0.001

-0.41I

-0.245

-0.195

0.059

-0.201

-0.060

0.423

0.498

0.064

0.194

0.352

0.195

-0.294

0.039

0.237

0.225

0.402
-0.413

0.398
-0.1 I I
-0.442

0.253

0.1 09

0.252

0.154

0.448

0.208

0.219

0.07'7

0.071

0.080

0.352
0.057

0.375

0.096

0.416

-0.204

0.225

0.173

-0.147

0.242

0.061

0.233

0.301

0.t92

0.244
0.409

0.356

0.420
0.054

0.190

0.243

0.417

0.237

0.416
0.058

0.1 20

0.197

0.179

0. I58
0.361

0.326

0.365

0.242

0.222

0.494
0.388

0.076
0.1 28

0.084

0.367

0.191

0.065

0.325

0.210
0.269

;;*ì'9-.8l,hu
o/oTanypodinaer

Y"Pisdiuml
Tubificidae (log)
o/"Tubificidae'

I =Jrg?P {.,-,. * , ';îr:ô.0i1-!r=r¡1,-.{''"*'ö äôî"" 
- - 

+;ioB-EHÉ*

Notes:
. cell frequency = 15 for all tests
. Degrees ofFreedom = l3 for all tests
I Arcsine square root transformed



Mattabi Mines - Hypothesis 12

Matrix of Pearson Correlations

White Sucker

All Fish
Giil

Zinc Lead MT

All Fish

Kidney
Zinc Lead MT

All Fish
Liver

Znc Lead MT

Females All Fish

Liver Muscle
Lead MT Cadmium Zinc

Cadmium_Total
Lead_Total
Lead Diss

Zinc Total
Zinc Diss

0.900

0.970

-0.360

-0.178

-0.225

-0.209

-0.2t1

0.3t0
0.310

0.063

0.302

0.301

0.214

0.351

0.314
0.327

0.325

0.306

0.306

0.460

0.311

0.312

5

0.681

0.668

0.499
0.420

0.127

0.174

-0.172

-0.313

-0.143

-0.318

-0.306

0.356

0.247

0.380

0.243
0.252

-0.322

-0.350

,, -0.689
,Ëtrte i*i+'È+i:_-,

,:;,ldf4öliÌ
iutr i,l.i:*:tdlir!;

'F¡+0958iiirË

¿rì,.0õöð]l'+
f¡êriü, ir¿i!¡êY;-l .-E

H.qnH#

0.499

0.494

Probabilties (1-tailed test)
Cadmium_Total

Lead_Total

Lead_Diss

Zinc_Total
Zinc Diss

Ë-.;ô.0¿3'.''68i+¡¡È!1trÈli1:r¡

0.241
0.221

0.12',1

0.1300.051

Cell frequency :7 for all except Females - Liver and -MT where cf : 5

Degrees of Freedom : 5 for all except Females - Liver and -MT where df = 3

ificant correlation at P 
: 0.05l¡ - -,*, isrgn

Notes:
. all chemistry data log transformed
. ail fish tissue data log transformed



Mattabi Mines - Hypothesis 12

Matrix of Pearson Correlations

Northern Pike

Muscle Females Kidney MalesGiI
Cadmium Zinc Chromium MT CdCuZnt Lead MT Lead Chromrum

Cadmium_Total
Chromium_Total
Lead_Dissolved
Lead_Total
Zinc Dissolved
Zinc Total

0.4989

Probabilities (1-tailed test)

Cadmium_Total 0.0494

Chromium*Total
Lead_Dissolved

Lead_Total

Zinc_Dissolved
Zinc Total

:'r 0.59y'0.,,*

0.16430.1539 0.3224 0.4689

0.1443

ii;;ö:Ezi_ñ.#:..r!fü:'Ð¡qi{rf
,',#-¡;QåJ.?l#

,o,ozib.'¡ill:il+lo.d2sl;i*$
.æFffilff-.€¡6:@!ffi

0.0208,;;
0.30500.4024 0.1 534

i. ' : 
.¿"1ç. ':liii,,{ 

significant correlation at p : 0.05

Notes:
. cell frequen cy : 7 for all tests
. degrees offreedom: 5 for all tests
. all chemistry data log transformed
. all fish tissue data log transformed
. Dissolved cadmium and chromium not shown as all below detection limits
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Sediment (Partial Metals) PCA Results
Mattabi Mines Lake Stations

-1 01
Sediment PCA Axis l(46.50/0 of Variance)

-3

-2 2

o/oMoisture, TOC, Eh
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Relative Contributions of Physical-Chemical Variables
to Sediment Principal Components at Mattabi Mines
(Partial Metal Extraction Technique)

Principal Components

I
46.5

2

20.4

J 4

14.4 7.6o/oYariance Explained

Dry Bulk Density
ToMoisture

Zinc_Partial
Aluminum_Partial
Nickel Partial

Iron_Partial
TOC
Eh

Lead_Partial

Copper Partial
Cadmium_Partial
o/oYery Fine Sand, Silt, Clay
o/oGravel

Arsenic_Partial

%Sand

SEM/AVS

096139
-0.95615

0.94022
0.92s84
0.91043

0.89347

-0.87t74
-0.86377

0.72316

-0.09248
-0.21629

0.06692
-0.09884
032657
-0.05707

0.15758

0.ltt62
-0.16934

0.17222

-0. I 5633

-0.32338
-0.2968t
-0.09015

-0.21372

0.53059

0.826s3
0.72920

-0.6666s

056832
0.21972

0.625r7
-0.47496

-0.11917

0.t2694
-0. I 5508

0.09671

0.03835

0.08482

0.22t21

0.04008

0.28207

0.48618

0.60640
0.62974
-0.25741

0.78433
-0.62728

0.13695

-0.024s2

0.03958

-0.15993

0.26909
-0.02224

-0.02314

-0.19629

0.24306
-0.1529t

0.08634

0.08155

-0.37468

-0.56248

0.30123

0.44812
0.47773
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Sediment (Total Metals)
PCA Results

Mattabi Mines Lake Stations
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Relative Contributions of Physical-Chemical Variables

to Sediment Principal Components at Mattabi Mines
(Total Metal Extraction Technique)

Principal Components

%oYariance Explained

I
65.5

2

14.3

J

l0.l

Zinc_Total
Iron_Total
Cadmium_Total

Copper_Total

Nickel_Total
Dry Bulk Density

Lead_Total
Selenium_Total

Arsenic_Total
SEM/AVS
%oGravel

%oSand

ToFines

%TOC
Eh
ToMoisture

0.9858

0.9730

0.97r I
0.9698

0,9628
0.9489

0.9443
0.8962

0.8899
0.1355

0.1137
-0.0015
-0.0039

-0.8436

-0.8524
-0.9503

-0.0047

0.0900

0.1 120

-0.0571

-0.1344

-0. I 100

0.1241

0.0965

0.2882

0.3999
-0.0620
-0.969t
0.9670

0.2221

0.0937

0.1476

-0.0586

0.0763
-0.0076

-0.1074

0.0297
-0.0304

-0.0744
-0.0876

0.0815

0.8263

0.9030

0.1687
-0.122s

-0.1259
0. l 366

0.0348



Benthic Macroinvertebrate PCA Results
Mattabi Mines Lake Stations
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Relative Contributions of Benthic Macroinvertebate Taxa to Benthic Principal Components at Mattabi Mines , October 1997
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Mattabi Mines
Sediment Quality Triad Correlations for Lakes

(Partial metals used in sediment chemistry)

x variable y variable(s) R p

Sediment Chemistry x Benthos

SPCl

SPC2

BPC2

BPCI

0.t77 0.443

0.343 0.128

Sediment Chemistry x Toxicity
SPCI Chironomus Growth, Tubiþx Young Tubifex o/oCocoons 0.476 0.214

'lì 
r, r,ì i ¡i i.,

Benthos x Toxicity
BPCI Chironomus Growth, Tubifex Young Tubiþx o/oCocoons 0.576 0.07

- statistically significant at p=9.9t



Mattabi Mines
Sediment Quality Triad Correlations for Lakes
(Total metals used in sediment chemistry)

x variable y variable(s) R p

Sediment Chemistry x Benthos

SPCI BPCI

SPCl BPC2

SPC2 BPCl

0.316 0.163

0.263 0.2s0

0.226 0.324

Sediment Chemistry x Toxicity
SPCI Chironomus Growth, Tubifex #Young Tubifex o/oCocoons 0.s47 0.102

SPC2 Chironomus Growth, Tubifex #Young Tubifex o/oCocoons 0.531 0.122

Benthos x Toxicity
BPCI Chironomus Growth, Tubifex #Young, Tubifex ToCocoons 0.576 0.070

iffiffi - statistically significant at p:0.05



Mattabi
Sediment Quatity Triad - Mantel's Tests

Comparison of Euclidean Distance Matrices

Matrix 1 Matrix 2 ZM p

Sediment Chemistryl

Sediment Chemistryl

Benthic Community

Benthic Community

Sediment Toxicity'z

Sediment Toxicity'z

0.182 0.409

0.316 0.222

0.234 0.314

Results based on 10,000 Iterations

j , .; ' r,i. ,r '. ',. . I - statistically significant at p=0.05
t based on total extraction results
2 based on Chironomus and Hyalella o/omoftality and growth and Tubifex cocoons and #adults



MATTABI
SEDIMENT QUALITY TRIAD
BENTHIC COMMUNITY - EUCLIDEAN DISTANCE MATRIX

Case Rl-l R1-2 Rl-3 R2-1 R2-2 R2-3 1-1 l-2 l-3
Lake Sampling Station

2-t 2-Z 2-3 3-1 3-2 3-3 4-1 4-2 4-3 5-1

Rl-l
Rl-2
Rl-3
R2-1

R2-2

R2-3

1-l
t-2
l-3
2-l

a1

3-l
3-2

3-3

4-l
4-2

4-3

5-l
5-2

5-3

0.00000

0.1062 I

0.01416

0.63431

0.613'Ì9

036029

0.59434

0.61442

0.62253

0.55723

0.5'1733

0.56990

0.76406

0.75915

0.77662

0.98574

0.94213

1.00000

0.71613

0.79005

0.76 1 06

0.00000

0.00000

0.64750

0.61100

0.s7s07

0.62210

0.6361l

0.61823

0.56554

0.55181

0.58262

0.76086

0.75580

0.77810

0.94390
0.89690

0.95105

0.67604

0.74445
0.7161s

0.00000

0.59299
0.55628

0.52945

0.56811

0.59570

0.56976

0.50 1 30

0.51064

0.52854

0.71357

0.70062

0.73043

0.90750

0.85538

0.91047

0.63455
0.71033
0.69629

0.00000

0.23605

0.16321

0.37873

0.3 1936

0.2ó900

0.30860

0.34696

0.27280

0.38806

0.47126

0.6081 1

0.73070
0.59345
0.77192

0.53507
0.54221
0.50567

0.00000

0.22533

0.44324

0.26329

0.35191

0.26796

0.26911

0.29834

0.36354

0.41611

0.51 163

0.65704

0.58 120

0.70294

054079
0.55375
0.52493

0.00000

0.31704

0.28065

0.33580

0.32889

0.28636

0.28343

0.41351

0.4ó085

0.57114

0.72283

0.63862
0.75841

0.49697

0.5341 I
0.48671

0.00000

0.33566

0.23833

0.36741

0.35194

0.24571

0.43560

0.46748

0.64493
0.79036

0.71509

0.79614
0.56054

0.60870

0.57641

0.00000

0.25986

0.29476

0.23498

0.23425

0.30958

0.36708

0.48710

0.67310

0.s4476
0.70615

0.54139
0.55561

0.48202

0.00000

0.28808

0.32648

0.23499

0.25222

0.36392

0.52456

0.68714
0.578 1 0

0.67342

0.54480

0.52378
0.4s160

0.00000

0.28185

0.23939

0.41409

0.35794

0.48739

0.68455

0.s5370
0.71317

0.48057

0.54534
0.46056

0.00000

0.23750

0.34458

0.41130

0.57812
0.71942

0.6086 I
0.73302

0.47893

0.5s172
0.5 1 838

0.00000

0.34209

0.32191

0.54443
0.75283

0.63959
0.77471
0.54683

0.56897

0.53233

0.00000

0.275s0

0.46656
0.64800

0.54695

0.63036

0.s5507
0.58501

0.55719

0.00000

0.40821

0.66802

0.62080

0.71 181

0.56763

0.56853

0.52000

0.00000

0.69443

0.71446
0.72014
0.66663

0.72318
0.65627

0.00000

0.33362
0.42099

0.65862
0.62323

0.57508

0.00000

0.35675
0.62915
0.56809

0.5 1 509

0.00000

0.66073

0.63002

0.56142

0.00000

0.24039
0.24707

5-3

0.00000

0.18322 0.00000



MATTABI
SEDIMENT QUALITY TRIAD
SEDIMENT TOXICITY - EUCLIDEAN DISTANCE MATRIX

Case Rl-l R1-2 R1-3 R2-1 P¿-2 R2-3 l-1 1-2 l-J

Lake Sampling Station

2-l 2-3 3-1 3-2 J.J 4-1 4-2 4-3 5-1 5-2 5-3

Rt-1
Rl-2
R1-3

R2-t
F.2-2

R2-3

1-1

l-2
1-3

z-1

l-3
3-l
3-2

3-3
4-1

4-3

5-1

5-2
5-3

0.00000

0.96291

0.393 13

0.62108

0.51054

0.6s460

0.6976s

0.93035

0.83596

0.35528

0.57260

0.56766

0.69773

0.90267

1.41359

0.49047

0.77439

0.55702
0.49318

0.76820
0.42185

0.00000

0.67800

1.29337

1.14940

1.1 8445

1.33398

0.83993

090627

1.1 858 I

t.34826

0.70266

1.62277

l.ll578
1.37539

0.72509

0.71s59
0.72348

1.23436

0.82412
1.21592

0.00000

0.70843

0.71472

0.67423

0.91586

0.88437

0.76438

0.60410

0.91822

0.54271

1.06825

0.99694

1.50583

0.25934
0.41845

0.49091

0.70008

0.63849

0.64957

0.00000

0.73627

0.77231

1.14353

1.36272

1.27731

0.63956

1.05066

1.09566

0.81578

1.50807

2.00583

0.78307

0.89004

L08198
0.91853

1.20252

0.59999

0.00000

0.52558

0.64645

0.84758

0.79485

0.38320

0.72682

0.64963

0.82825

1.05364

1.57433

0.855 I 9

0.98379

0.90199

0.66479

0.94213
0.39764

0.00000

0.77799

0.90713

0.73043

0.42s91

1.02245

0.76033

1.06170

1.19117

1.82607

0.8583 8

0.781 58

0.95356
0.63940

0.82859

0.525 10

0.00000

0.90641

0.66398

0.63323

0.5430 1

0.65615

0.96546

0.69223

1.31479

0.95199

t.21393
0.89 1 87

0.59398

0.97654
0.73810

0.00000

0.46894

0.98060

t.13250

0.5005 1

1.47176

0.89158

1.25846

1.02202

1.08061

0.93414

1.06361

090272
1.0944s

0.00000

0.84164

1.02389

0.39489

1.41205

0.73409

1.32093

0.855 13

0.9 1488

0.78761
0.83948

0.70888

0.94736

0.00000

0.65723

0.69009

0.66833

1.01513

1.60971

0.75502
0.86858

0.76870

0.36506

0.79683
0.20660

0.00000

0.78520

0.61288

0.73976

1.18155

0.92476

1.28966

0.80394

0.60415

1,.05677

0.70046

0.00000

1.17586

0.59099

1.12 1 06

0.63793
0.8062 1

0.48471
0.69439
0.57353
0.76594

0.00000

1.29775

1.71618

1.12814

1.39522

1.12673

0.76773

1.31490

0.66600

0.00000

0.73789

0.997s2
1.26296

0.65559

0.82154

0.81 529

1.08938

0.00000

1.47623

1..79494

1.15039

1.47288

1.39626

1.67003

0.00000

0.53070

0.51629
0.80396

0.77411
0.78412

0.00000

0.71546
0.93162
0.65621
0.87486

0.00000

0.63980

0.44"Ì27

0.79'726

0.00000

0.65052
0.43346

0.00000

0.82689 0.00000



MATTABI
SEDIMENT QUALITY TRIAD
SEDIMENT CHEMISTRY . EUCLIDEAN DISTANCE MATRIX

Case Rl-l Rl-2 Rl-3 R2-l k2-2 PJ-3 l-l t-2 l-3 z-l 1a 2-3 3-t 3-2 3-3 4-l 4-2 4-3 5-l 5-2 5-3

Rl-l
Rt-2
R l-3
R2-l
R2-2

R2-3

t-l
t-2
l-3
2-l
2-2

2-3

3-l
3-2
3-3

4-l
4-2
4-3

5-l
5-2
5-3

0.00000

0.263t7

0.27217

0.40976

0.5858 I

0.39740

0.63736

0.74730

0.70997

0.61631

0.56827

0.64067

0.503 I ó

0.56690
0.51226

0.50892

0.31600

0.3E383

0.40606

0.411t9
0.45084

0.00000

0.00000

0.25427

0.4657 |

0.23346

0.5 867 I

0.70565

0.?E328

0.55 I 34

0.49186

0.58092

0.42466
0.49084

0.42826
0.43013

0. I 8294

0.76234

0.30878

0.38319
0.3ó55 I

0.00000

0.239 I 5

0.42427

0.2t2ll
0.59804

0.72t34
0.79585

0.56273

0.50578

0.59621

o.42964

0.49555

0.44276
0.435q7

0.19191
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