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AQUATIC EFFECTS TECHNOLOGY EVALUATION PROGRAM

Notice to Readers

1997 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
progr¿ìm 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
recommend 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: L996- Preliminary surveys at seven candidate mine sites, selection of sites for further
work and preparation of study designs for detailed field evaluations.

Phase II: L997-Detailed 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 1997 field surveys.

A summary of the results and comparisons of tools at all the four mine sites studied in 1997 are
provided in a separate document which evaluate the cost-effectiveness of each monitoring tool
(AETE Report #4.1.3, Summary and Cost-ffictiveness 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 0G1

Tel.: (613) 992-2489 Fax: (613) 992-5172
E-mail: gbechard@nrcan. gc.ca
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PROGRAMME D'ÉVALUATION DES TECHNIQTJES DE MESURE
D'IMPACTS EN MILIEU AQUATIQTIE

Avis aux lecteurs

Études de terrain - L997

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
prograÍrme 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 ÉtIIrrlR 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:

Etape I L996 - Evaluation 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.

Étape 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 ÉtItUe 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 ftvêlê 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, Summnry 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).

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 ønU,q.

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 lFax: (613) 992-5172
Courriel : gbechard@nrcan.gc.ca



EXECUTIVE SUMMARY

The Heath Steele (New Brunswick) mine 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), Mattabi (Ontario) and Myra Falls (British Columbia). Results
of all four studies are summarized and evaluated in a separate summary report.

Heath Steele Division, Noranda Inc., is a base metal mine located northwest of Miramichi,
in the Tomogonops River headwaters, which flows into the Northwest Miramichi River.
The mine produces zinc, lead, copper and silver concentrations. The mine was first
developed in the mid-1950s and, although great strides have been made in cleanup of acid
rock drainage (ARD) and metal leaching problems in recent years, the mine continues to
release substantial loadings of metals to the Little South Branch Tomogonops River due to
the effects of ARD. These loadings are being progressively reduced.

The 1997 field studies were carried out in the Little South Branch Tomogonops River and
downstream in the main Tomogonops River, upstream of any effect of the treated effluent
from the tailings pond. Sampling was carried out here rather than downstream of the
effluent because this reach offered an opportunity for study in a stronger water quality
gradient. Sampling was not extended downstream of the treated effluent because of the
confounding effects of a greatly increased water hardness in the river produced by calcium
added in the form of lime for effluent treatment. The entire section of river studied here
consists of riffle/run habitat, with a rock-cobble substrate.

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 abilþ 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/community indicators), and; integration
of tools (relationships between exposure and biological responses and use of effluent
sublethal toxicity).

Of the 13 hypotheses, 8 were tested at Heath Steele as outlined in Table 1.1. The
hypotheses not tested at Heath Steele include tissue comparisons of metals and
metallothionein contents (because resident fish are small and analyses were of whole gut
rather than individual organs), and sediment-related hypotheses because no soft sediment
occurs in the affected reach. One sediment-related hypothesis was tested at Heath Steele
(linkage between benthos and sediment quality) using periphyton as a surrogate for sediment.



Study Design

The snrdy design at Heath Steele was based on river sampling for fish and benthos using a
gradient design, including five exposure reaches and three reference reaches, with each reach
consisting of two stations. Each exposure reach along the gradient had a different
concentration of metals, with the key metals being zinc, copper, cadmium and lead. Three
reference reaches were established to span the range of river size represented across the
exposure gradient.

Sampling Program

The field survey at Heath Steele was completed in August 1997, and included:

a water sampling at each of 16 stations (8 reaches) where fish and benthos were
sampled;

a

o

benthic sampling at each of 16 stations (2 samples at each) using a T-sampler;

periphyton sampling at each of 16 stations (2 samples at each) carried out by
scraping of rock substrate surfaces;

fish population and community at each of 16 stations using a standard
electrofishing effort;

collection of up to 134 juvenile Atlantic salmon and 47 blacknose dace for
measurement of length, weight and age (by length frequency analysis with
confirmatory aging). Some stations produced no salmon or dace, due to apparent
toxicity at the most exposed sites and in one instance due to habitat limitations
(fish migration barriers);

a collection of four viscera samples (where possible) per station from wild juvenile
salmon (one fish per sample), one to six composite blacknose dace per station and
variable numbers of brook trout at each station. In addition, two samples of
viscera were collected from each of two caged juvenile salmon from a nearby
salmon rearing facility exposed at each station for nine days; and

a three "effluent" samples for chronic toxicity testing using the Ceriodaphnia dubia
survival and reproduction test, the fathead minnow survival and growth test, the
Selenastrum capricornutum growth test and the Lemna minor growth test.
"Effluent" consisted of water collected from the Little South Branch Tomogonops
River at the location most affected by the mine and routinely monitored by mine
personnel.

a

a



Data Overview

WaÍer Øtahty

Total and dissolved (0.45 ¡rm-filtered) concentrations of Zn, Cd, Pb, Cu, Al and Fe all
showed concentration gradients downstream of Heath Steele. All of these parameters except
Al remained elevated relative to reference site concentrations at the downstream extent of the
exposure gradient, and all occurred in excess of Canadian'Water Qualþ Guidelines in some
or all exposure reaches (depending on the metal). Dissolved and total metal concentrations
were similar for Zn, Cu and Cd, while dissolved Al, Fe and Pb were substantially lower
than their total concentrations.

Periphyton

Periphyton samples were rich in species and variable in biomass, and no trends were
observed in response to the water quality gradient or between exposed and reference reaches.
In terms of metal concentrations in periphyton, exposed periphyton contained greater levels
of Cd, Cu, Zn and Pb, although only Pb in periphyton appeared to track the water qualþ
gradient in the exposure reaches.

B enthic M acroinv e rtebraf e s

Benthic community structure responded to the water qualrty gradient, with exposed stations
showing reduced total numbers of taxa and reduced numbers of Ephermoptera, Plecoptera
and Trichoptera (EPT) taxa. Trends were also observed in apparent indicator taxa such as

Micropsectra which was sensitive to high degrees of exposure, and Rheocrícotopøs which
was most abundant at higher degrees of exposure. Total benthic density, however, appeared
unresponsive to metal exposure.

Fish

Fish communþ structure varied from reach to reach, with juvenile Atlantic salmon densities
suppressed upstream of the most downstream exposure reach, apparently due to a partial
migration barrier. Ten species were represented in the collections, with juvenile salmon,
blacknose dace, lake chub and brook being the most coÍrmon. No fish were found at the
most exposed station, apparently due to toxicity.

Catch-per-unit-effort (numbers) and biomass-per-unit-effort (all species) clearly responded to
the exposure gradient, and gradually increased from upstream to downstream.

Fish size at age appeared unresponsive to exposure, although Atlantic salmon fry were larger
in the exposure area than in the reference area. This effect is probably attributed to higher
fry densities and greater competition in the reference area.

Metallothionein (MT) levels in fish viscera were greater in exposed salmon and dace than in
reference fish. MT concentrations in caged juvenile salmon viscera and gill closely tracked
metal concentrations in water after the exposure period.



Visceral metal levels appeared elevated in exposed wild fish for some metals, although this
response was less evident in caged fish.

Effluent Toxicity

All effluent samples tested were chronically toxic to Ceriodaphnia, Selenastrum and Lemna,
while sublethal and lethal toxicþ occurred in two of the three tests in fathead minnow. The
degree of toxicity corresponded with metal concentration tn Ceriodnphnia and Selenastrum,
while Lemna and fathead minnow responses did not appear to track metal concentrations in
the samples.

Hypothesis Testing

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

of the metals are bioavailable, that biological responses occur in both benthos and fish, and

that metals appear to cause some of these responses.

Technology Evaluation

Many of the monitoring tools evaluated at Heath Steele demonstrated a mine effect.
Periphyton communþ structure, fish growth and benthic community density were
ineffective. Those tools that demonstrated mine effects or partially demonstrating mine
effects included water qualþ, periphyton metals, fish viscera and gill metals and MT, fish
population/community indicators, effluent chronic toxicity and benthic community
indicators. Table 6.2 summarizes the effectiveness of the various tools tested at Heath
Steele.

Among those tools compared in hypothesis testing, some appeared more effective than
others. Table 6.3 provides a sunrmary of tool comparisons.

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

sn¡died 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".



SOMMAIRE

L'étude du site de la mine Heath Steele (Nouveau-Brunswick) 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 aquatique (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 Mattabi (Ontario) et de Myra Falls (Colombie-Britannique). On
présente un résumé et une évaluation des résultats de ces quatre études dans un rapport
sommaire distinct.

La division Heath Steele de Noranda Inc. est une mine de métaux communs située au
nord-ouest de Miramichi, dans le bassin du cours supérieur de la rivière Tomogonops, qui se
jette dans la partie nord-ouest de la rivière Miramichi. Depuis le milieu des années 50, cette
mine produit du zinc, du plomb, du cuivre et de I'argent et, malgré les efforts considérables
faits au cours des dernières années pour éliminer les eaux d'exhaure acides (EEA) et pour
régler des problèmes de lixiviation de métaux, cette exploitation minière continue de rejeter
d'importantes charges de métaux dans le bras Little South de la rivière Tomogonops à cause
des EEA. On travaille à réduire progressivement ces charges.

En 1997, on a effectué les études sur le terrain dans le bras Little South de la rivière
Tomogonops et en aval du cours principal de la rivière Tomogonops, en amont du point de
rejet de I'effluent traité du bassin de décantation des résidus. On a effectué l'échantillonnage à

cet endroit plutôt qu'en aval de I'effluent parce que ce tronçon rendait possible une étude dans
un gradient de qualité de I'eau plus étendu. On n'a pas étendu l'échantillonnage à la zone en
aval du point de rejet de I'effluent traité à cause d'effets venant brouiller les indices; en effet,
I'addition de calcium sous forme de chaux pour le traitement de I'effluent entraîne une forte
augmentation de la dureté de I'eau dans la rivière. Toute cette section de la rivière étudiée
consiste en un habitat de zones de courant et de rapides à substrat de roches et de galets.

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 capacitê (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 des 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 8 des 13 hypothèses au site de la mine Heath Steele (voir le tableau 1.1.). Les
hypothèses non vérifiées à ce site sont notamment les comparaisons des teneurs en métaux et
en métallothionéine des tissus (parce que les poissons qui y résident sont petits et qu'on
utilisait I'ensemble des enffailles plutôt que des organes particuliers pour les analyses), ainsi
que les hypothèses concernant les sédiments parce qu'on ne trouve pas de sédiments meubles
dans le bief touché. On a testé une hypothèse concernant les sédiments au site Heath Steele
(rapport entre le benthos et la qualité des sédiments) en utilisant le périphyton comme substitut
pour les sédiments.

Plan de l'étude

Le plan de l'étude au site Heath Steele était basé sur l'échantillonnage des poissons et du
benthos de la rivière selon un gradient, et il comportait cinq tronçons d'exposition et trois
tronçons de référence, chacun comportant deux stations. À I'intérieur du gradient, chacun des

tronçons êtait caractérisé par différentes concentrations de métaux, dont les principaux sont le
zinc,le cuivre, le cadmium et le plomb. On a choisi trois tronçons de référence de façon à

représenter la gamme des largeurs de la rivière correspondant au gradient d'exposition.

Programme d'échantillonnage

On a terminé les relevés sur le terrain pour le site Heath Steele en août 1997, notamment :

l'échantillonnage de I'eau à chacune des 16 stations (8 tronçons) où I'on a

échantillonné les poissons et le benthos;

l'échantillonnage du benthos à chacune des 16 stations (2 échantillons par station)
à I'aide d'un échantillonneur en T;

l'échantillonnage du périphyton à chacune des 16 stations (2 échantillons par
station), prélevés en grattant la surface de substrats rocheux);

la détermination des populations et des communautés de poissons à chacune des

16 stations à I'aide d'une méthode normalisée de pêche électrique;

la collecte de jusqu'à 134 juvéniles de saumon de I'Atlantique et de 47 naseux
noirs pour les mesures de longueur, de poids et d'âge (par analyse des fréquences
de longueur avec confirmation par l'âge). Dans certaines stations, on n'a prélevé
ni saumons ni naseux à cause de la toxicité apparente observée dans la plupart des

sites exposés et, dans un cas, à cause des limites de I'habitat (barrières entravant la
migration des poissons);

la collecte de 4 échantillons de viscères de juvéniles de saumon par station (si
possible) (un poisson par échantillon), de 1 à 6 échantillons composés de naseux
noirs par station et de nombres variables d'ombles de fontaine à chaque station.
De plus, on a obtenu deux échantillons de viscères de chacun des deux juvéniles
de saumon en cage provenant d'une écloserie voisine, après une exposition de 9
jours à deux stations;

a

a

a

a

a



o la collecte de trois échantillons d'" effluent > pour des tests de toxicité chronique
basés sur le test de survie et de reproduction de Ceriodaphnia dubia, le test de
survie et de croissance de la tête-de-boule, le test de croissance de Selenastrum
capricornutum et le test de croissance de Lemnn minor. L'" effluent " était
constitué d'eau recueillie dans la bras Little South de la rivière Tomogonops, à

I'endroit le plus touché par les activités minières, et surveillé de façon régulière
par le personnel de la mine.

Aperçu des données

Qualité de l'eau

Les concentrations de Zn, Cd, Pb, Cu, Al et Fe totaux et dissous (après traitement avec un
filtre à mailles de 0,45 pm) indiquaient toutes la présence de gradients de concentration en

aval du site Heath Steele. Tous ces paramètres sauf Al restait élevés par rapport aux
concentrations des sites de référence à I'extrémité aval du gradient d'exposition, et tous
dépassaient les limites des Recommandations pour la qualité des eaux du Canada dans certains
des tronçons d'exposition ou dans la totalité de ceux-ci (selon le métal). Les concentrations de
métaux dissous et totaux étaient semblables dans le cas du Zn, dtt Cu et du Cd, alors que

celles de I'Al, du Fe et du Pb dissous étaient beaucoup plus faibles que leurs concentrations
totales.

Périphyton

Les échantillons de périphyton étaient riches en espèces et leur biomasse était variable; on n'a
observé aucune tendance en réponse au gradient de qualité de I'eau ou entre les tronçons
exposés et les tronçons de référence. Pour ce qui est des concentrations de métaux, le
périphyton exposé contenait de plus fortes teneurs en Cd, Cu, Zn et Pb, bien que seule la
teneur en Pb du périphyton semblait correspondre au gradient de qualité de I'eau dans les

biefs exposés.

M acroinv e rt ébré s b e nthique s

La structure de la communauté benthique variait selon le gradient de qualité de I'eau; en effet,
on observait, dans les stations exposées, des nombres totaux réduits de taxons et des nombres
réduits des taxons Ephemeroptera, Plecoptera et Trichoptera (EPT). On a également observé
des tendances chez des taxons considérés cofllme des indicateurs apparents, par exemple
Micropsectra, qui est sensible aux fortes expositions, et Rheocricotopus, qui était abondant
aux fortes expositions. Toutefois, la densité benthique totale ne semblait pas répondre à
I' exposition aux métaux.

Poissons

La structure des communautés de poissons variait d'un tronçon à l'autre, les densités des
juvéniles de saumon de I'Atlantique étant absents de la partie amont de la pþart des tronçons
d'exposition en aval, ce qui s'expliquait apparemment par la présence d'une barrière partielle
entravant la migration. Dix espèces étaient représentées dans les collections, les plus



communes étant les juvéniles de saumon, les naseux noirs, les ménés de lac et les ombles de
fontaine. On n'a observé aucun poisson à la station la plus exposée, sans doute à cause de la
toxicité.

Les prises par unité d'effort (nombres) et la biomasse par unité d'effort (toutes espèces

confondues) correspondaient nettement au gradient d'exposition et augmentaient
graduellement d'amont en aval.

La taille des poissons selon l'âge ne semblait pas touchée par I'exposition, même si les alevins
de saumon de I'Atlantiques étaient plus gros dans la zone d'exposition que dans la zone de
référence. Cet effet est probablement dû aux densités d'alevins plus élevées et à une plus forte
compétition dans la zone de référence.

Les teneurs en métallothionéine (MT) dans les viscères des poisson étaient plus élevées chez
les saumons et les naseux exposés que chez les poissons de référence. Les concentrations de
MT dans les viscères et les branchies des juvéniles de saumon en cage correspondaient assez

bien aux concentrations de métaux dans I'eau après la période d'exposition.

Les concentrations de certains métaux dans les viscères semblaient élevées chez les poissons

sauvages exposés pour certains métaux, même si cette réponse était moins évidente chez les
poisson en cage.

Toxicité des ffiuents

Dans tous les échantillons d'effluents testés, on observait une toxicité chronique pour
Ceriodaphnia, Selennstrum et Lemna, ainsi qu'une toxicité sublétale et létale pour deux des

trois tests utilisés avec la tête-de-boule. Le degré de toxicité correspondait à la concentration
de métaux chez Ceriodnphnia et Selenastrum, alors que les réponses de Lemna et des
têtes-de-boules ne semblaient pas correspondre aux concentrations des métaux dans les
échantillons.

Vérification des hypothèses

Les résultats des vérifications des hypothèses sont résumés au tableau 5.2; ils indiquent que
certains des métaux sont biodisponibles, qu'on observe des réponses biologiques dans le
benthos et chez les poissons, et que les métaux semblent être la cause de certaines de ces

réponses.

Évaluation des techniques

Beaucoup d'outils de surveillance évalués au site Heath Steele indiquaient I'existence d'effets
dus aux activités minières. Les outils basés sur la structure des communautés de périphyton,
la croissance des poissons et la densité des communautés benthiques n'étaient pas efficaces.
Les outils sensibles aux effets des activités minières, même de façon partielle, étaient
notamment ceux qu'on utilise pour déterminer la qualité de I'eau, les métaux du périphyton,
les teneurs en métaux et en MT des viscères et des branchies des poissons, les indicateurs des
populations ou des coÍrmunautés de poissons, ainsi que les indicateurs de la toxicité chronique



des effluents et ceux de la communauté benthique. Le tableau 6.2 résume les données sur
I'efficacité des divers outils testés sur le site Heath Steele.

Certains des différents outils comparés pour la vérification des hypothèses semblent plus
efficaces que d'autres. Le tableau 6.3 présente un résumé des comparaisons entre ces outils.

Un document distinct, u 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 .
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I..O INTRODUCTION

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

evaluated the effectiveness of Canada's Metal Miníng 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 on the aquatic environment. The intention of the AETE program is

to evaluate and identiff 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 progr¿rm 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, L996). 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 hypothesis testing in 1997 (EVS er al., 1997). The sites

selected were Heath Steele, New Brunswick; Lupin, N.W.T.; 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 Mines Ltd.

Beak International Incorporated
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site. This report documents the results of the 1997 Field Evaluation at the Heath Steele mine

site in New Brunswick.

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

The 1997 progr¿Lm 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.

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)".

For the formulation of hypotheses, this definition has been 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 this program were:

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

compartments)? This question relates to the presence and 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.

2. Are contaminants bioavailable? This question relates to the presence of metals

in biota or to indicators of metal bioaccumulation such as the induction of
metallothionein (a biochemical response to metal exposure) in fish tissues.

Only if contaminants are bioavailable caÍL 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.

Beak International Incorporated
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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 community responses and bioassay responses to

evaluate whether wild community changes are predicted by bioassay responses;

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 of the L997 fteß program is to test the 13 hypotheses, developed by

the AETE Committee, at as many 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.

Beak International Incorporated
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TABLE 1.1: HYPOTHESES TESTED IN 1997. AETE FIELD PROGRAM
(Hypotheses in bold print were tested at Heath Steele)

Sediment Monitoring
H1 Sediment Toxicity:

H: The strength of the relationship benveen sediment toxicity responses and any exposure indicator is not
influencedby the use ofdifferent sediment toxicity tests or combinations oftoxicity tests.

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

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

H3. Metallothionein in Fish Tissues:
H: There is no dffirence in metallothionein concentration observed in liver, kidney, giUs, viscere

H4 Metal vs. Metallothionein in Fish Tissues:
H: The choice of metallothionein concentrofion vs. metal concentrafions in fish tissues does not influence

the øbilitv to detect environmental exposuîe of frsh to metals.

H5. Fish - CPIIE:
H: There is no environmental qffect in obsemed CPUE (cafch per unit effotf) of fish.

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

IJ7z Fish - Growth:
H: There is no environmental effect in obsemed fish srobtth.

Fish - Organ/Fish Size:
H: There is no environmental effect in observed or?an size (or fish size, etc.)

Integration of Tools
H9 Relationship between Water Quality and Biological Components:

H: The strength of the relationship between biological variables ønd metal chemistry in waÍer is not
intluenced by the choíce af total vs. dissolved analysis of metals concentratíon.

H10. Relationship Between Sediment Chemistry (periphyton used as a surrogate for sediment) and Biological
Responses:
H: The strength of the relationshíp between biological variables and sediment characteristics is not

influenced by the analysis of totøl metals in sediments vs. either metals øssociaied with iron and
manganese 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 macroinyertebrate

communiry characteristics is not influencedby the use of dffirent sediment toxicity tests, or combinations of
toxiciry tests.

Hlz. Metals or Metallothionein vs. Chemistry (receiving water and sediment):
H: The strength of the relationship between the concentrstion of metals in the envíronment (wafer and

sediment chemistry) ønd metal concentration in fish tissues is not dffirent from the relationship between
metal concentrafion in the environment ønd metallolhionein concentration ín fish tissues.

H13. Chronic Toxicity - Linkage with Fish and Benthos Monitoring Results:
H: The suite of sublethal toxicity tests cannot predict envíronmental effects to resident ftsh perþnnance

indicafors or benthíc macroinvertebrqfe co¡nmunity structure.
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These 13 hypotheses can be categorized into

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);

a 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 Hl2); 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).

Due to the natural characteristics of Heath Steele area watersheds, eight (8) of the 13

hypotheses were considered testable at Heath Steele (H4, H5, H6, H7, H9, H10, Hl2 and

H13) and are highlighted in Table 1.1.

L.2 Site Description

Heath Steele Division of Noranda Mining and Exploration Inc. (Heath Steele) operates a

base metal mining and milling operation in north-central New Brunswick, approximately

50 km northwest of the City of Miramichi (Figure 1.1). Mineimill operations are situated

within the headwaters of the Tomogonops River, a tributary system of the Northwest

Miramichi River.

The Heath Steele site has a relatively long history, with mine and mill facilities first

developed in 1955-1957. Heath Steele ores are base metal sulphides, with zinc, lead,

copper and silver-rich concentrates produced.

a
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Figure 1.2 shows the study area with mine sources of contaminants. The South Branch

Tomogonops River receives discharge from the tailings area, but this stream has, in recent

years, become periodically acidic due to thiosalt oxidation and is high in dissolved solids

(BEAK, 1997). This has produced a relatively strong pH gradient in the South Branch

Tomogonops River, especially in summer. The metal concentration gradient in the South

Branch is relatively weak (small changes with distance), and fish are scarce in the reach

nearest the tailings pond.

The Little South Branch Tomogonops River receives seepage and runoff from the general

mine site that is not strongly acidic and the water is much softer than treated effluent.

These effects occur at Heath Steele monitoring station HS-3, downstream of which no

significant additional inputs occur from Heath Steele. This water is relatively rich in
metals, and downstream gradients in water quality and biological conditions have been

well documented (BEAK, 1997). Accordingly, the 1997 AETE field program focused on

river reaches in the Little South Branch Tomogonops River and waters downstream before

the confluence with the South Branch Tomogonops, where water hardness level abruptly

increases.

A railway bridge at times presents a barrier to upstream migration of adult salmon.

Therefore, the fish community is different below the bridge than above. Fish present

above the bridge include juvenile salmon, small brook trout, white sucker and minnows,

although the abundance of salmon here is influenced by the barrier. An apparently fishless

zone exists immediately below the mine at HS-3, apparently due to water quality

impairment.

Aquatic habitat throughout this area consists of riffles and runs, with a predominantly

rock-cobble-gravel streambed. Soft sediments are rare to absent throughout most of the

Tomogonops River watershed. The predominant erosional condition of the river prevents

effective testing of sediment monitoring tools at Heath Steele. The watershed is

undeveloped and forested except for the mine site itself. The streamflow was low

(<0.31 m'ls) at all locations sampled in August 1997, with typical stream widths of up to

about 8 m. Stream size is progressively smaller towards upper reaches of the watershed.

All reference areas selected for study herein, including the neighbouring Little River and

unaffected reaches of the Tomogonops River, are similar to those represented by the area

of downstream habitat sampled, except for the partial barrier noted above. Habitat

information is detailed in Appendix 2.

Beak International Incorporated
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2.0 STUDY DBSIGN

2.L Adjustments to Preliminary Study Design

The preliminary study design developed by EVS et al. (1997) for Heath Steele was

reviewed and discussed with the AETE Technical Committee. Various important

recofllmendations arose from this review. These recommendations received AETE's

approval, and are integral to the final study design outlined in this section. Those

recommendations are:

The locations for testing of fish community response tools were relocated to the

gradient beginning at HS-3 on the Little South Branch Tomogonops River,

down to a point upstream of the South Branch Tomogonops confluence. This

relocation stems from concerns over potential thiosalt-induced pH effects and

variable water hardness effects in the South Branch (where EVS e/ a/. proposed

sampling), confounding the measurement of metal-induced biological effects.

Sediment chemistry and sediment toxicity measurements were not made due to

the relative lack of sediment-induced biological impacts seen at Heath Steele

previously. However, periphyton is used as a surrogate sediment in testing

H10.

a

o

"Effluent" toxicity was measured at Heath Steele Station HS-3 rather than in

final treated effluent, with re-focusing of seasonal sampling to dry/wet weather

sampling based on suspected effects of rainfall. This is used for testing of H13

using fish and benthic data.

Fish community/population tools have been tested, with sentinel species

including Atlantic salmon juveniles and blacknose dace. Use of fully enclosed

electrofishing stations to sample fish for testing of H5 have been replaced with

electrofishing without block nets to allow cost-effective sampling of more

stations/areas than provided in the original design (EVS et al., 1997) without

impairing our ability to collect meaningful catch-per-unit-effort (CPUE)

measurements.

Beak International Incorporated
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a H4 and H12 have been tested with both wild salmon juveniles and caged

salmon juveniles to better determine the relative effectiveness of the

metallothionein (MT) and tissue metal measurements. Caged fish were used to

control fish exposure so that fish mobility would not affect recent metal

exposure and tissue response. Use of fish in cages is not considered here

specifically as a monitoring tool per se.

2.2 Final Study Design

2.2.1 General Considerations

In general, sampling at AETE field study sites has been carried out in relation to a mine

effluent discharge in order to permit testing of hypotheses about the environmental effect

of the discharge. Sampling was completed both above and below the source (Reference

versus Exposed). To the extent possible, the "below discharge" samples were spaced at

increasing distances, because most dilution/mixing models are exponential decay models.

That is, contaminant concentrations usually decrease rapidly with distance at first, and

increasingly more slowly in an exponential fashion (see Figure 2.I). When monitoring

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

be impossible to achieve, especially where dilution occurs rapidly (e.g., a stream

discharging into a large lake).

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) is driven by site

differences (e.g., stepwise (Type A) versus more continuous dilution patterns (Type B)),

whereas the difference between Type B and Type C is driven by the biota being sampled.

For example, benthos because of their sessile nature, and some forage fish because of their

limited mobility, allow for replicate sampling in a small area (Type B) whereas large fish

being more mobile have to be sampled over a larger area to ensure the groups of fish are

not mixing and are distinct from one another, necessitating a Type C design.

Alternatively, a Type A design might be used for large fish, using individual fish rather

than stations as replicates.

Beak International Incorporated
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In a way, the ideal situation for testing hypotheses for the 1997 field 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 hypothesis testing in an Analysis of Variance (ANOVA)

design is possible.

a

The other two types of study design sacrifice one or the other of these. In the first, the

nature of the site precludes a gradient design. One takes replicate samples 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 the third type of study design, one can model the pattern of impact below the discharge

but the only possible hypothesis testing is that associated with simple regression/

correlation analysis. The least desirable situation (not shown) would be a site where

neither a gradient design nor replication at locations is possible.

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

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

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

the AETE program, it was decided that a total sampling effort per site of 20 to 25 field

samples was a reasonable trade-off between feasibility and cost on the one hand, and

statistical power and robustness on the other hand (refer to EVS et al., 1997). The

following is based on that total effort allocated to Heath Steele.

It should be emphasized here that the primary purpose of the 1997 field programs is to

evaluate monitoring tools as to their ability to detect mine effects. This requires designing

to detect effects. However, the approaches and sampling effort used here are not

necessarily the same as would be required in undertaking an environmental effects

monitoring (EEM) program at a mine.

Beak International Incorporated
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2.2.2 Design at Heath Steele

Sampling Areas

The study design at Heath Steele is of the second type in Figure 2.2 (Type B). This was

considered feasible based on a Íeasonably continuous pattern of dilution downstream from

the mine site (Figures 2.3 and 2.4; BEAK and Golder, 1997). There are relatively

homogeneous reaches of several kilometres between the tributaries that provide dilution in

the Little South Branch and North Tomogonops Rivers. Therefore, it was possible to locate

two stations in each of the five exposed reaches, and in each of three reference reaches

(Figure 2.3), such that stations within a reach have similar effluent exposure levels.

The design is based on sampling downstream of HS-3 on the Little South Branch

Tomogonops River (labelled "ARD Effluent' in Figure 2.3). This is recognized as the

location most affected by acid rock drainage (ARD) from Heath Steele. Most of the total

loadings of important metals (Zn, Cu) from Heath Steele occur in this vicinity rather than

from the tailings pond, which discharges treated effluent to the South Branch Tomogonops

River.

Five exposure areas were sampled downstream of the ARD effluent, corresponding with

average effluent concentrations of 60% (at HEl located on Little South Branch) to 12% at

HE5 (downstream of Island Lake Brook) (Figure 2.3). Exposure Areas 1 to 4 (HEl to
HE4) are influenced by the partial barrier to salmon migration located downstream of HE4

at the railway crossing; therefore, HE5 is not comparable to upstream areas in terms of
salmon CPUE measurements, but is comparable in this respect to HR3. Only Reference

Area HR2 is comparable to Exposure Areas HE1 to HE4 in terms of these factors. All
reference areas were used for testing of fish tissue and fish population/community level

hypotheses responses.

The two sentinel fish species sampled were blacknose dace and juvenile Atlantic salmon.

Among the fish species present, Atlantic salmon juveniles are generally the most

ubiquitous and abundant in the exposure zone, with the exception that this species does not

appear to enter the Little South Branch Tomogonops River (LSBTR). Nearly all fish

present in the river are small (typically <I2 cm in fork length), and are not amenable to

contaminant analysis of individual tissues.

Beak International Incorporated
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Hypothesis H4 was tested at Heath Steele not only with blacknose dace and wild juvenile

salmon, but also using caged Atlantic salmon installed at two stations in each of the five

exposure reaches and three reference reaches. These salmon were taken from the Heath

Steele salmon rearing facility, located upstream of any known sources of metal loadings

from Heath Steele. Some data are also available for brook trout at Heath Steele, but the

data were not subjected to hypothesis testing.

Benthic-related hypotheses were tested at Heath Steele in all exposure and reference areas.

All areas contain cobble/gravel substrates, and reference areas span a range of stream size

conditions from HRl, which is similar in stream size to the LSBTR at HE1, through to

Reference Areas HR2 and HR3 which are more comparable to the middle and lower

Exposure Areas (HE3 to HE5).

2.2.3 Statistical Power

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

(1988) computer code for power analysis. The total effort of 16 sampling stations equally

distributed among 8 groups (stream reaches) 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 (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 absolute difference indicated by three standard deviations will
vary from one monitoring parameter (effect measure) to another.

Beak International Incorporated
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3.0 FIBLD AND LABORATORY METHODS

3.1 Sampling Time and Crew

The Heath Steele field program was carried out during the period of 11 to 22 August 1997

The field crew consisted of two field biologists and two technicians. The BEAK project

manager also participated during half of the program.

3.2 Sampling Effort and Station Characterization

The numbers and distributions of each type of sample collected at Heath Steele are

summarized in Table 3.1. Variable numbers of fish tissues collected at each station reflect

the presence, absence and abundances ofvarious species.

Sampling stations for the Heath Steele program are listed in Section 2.2.2 and illustrated in

Figure 2.3. These include five "reaches" (HEl to HE5) downstream of the "effluent"

source (HS-3) and three reference "reaches" (HRl to HR3). Each downstream reach

contained two stations (A and B) of similar effluent concentration, separated by several

hundreds of metres. All stations were sited at least 150 m from major stream confluences to

avoid exposure to uneven effluent concentrations and to provide some assurance that

biological communities sampled were generally resident under site conditions (i.e., had not

recently migrated from other streams of different water quality).

Habitat conditions and station coordinates, measured by Global Positioning System, were

recorded on data forms (Appendix 2). Habitat information included stream order, data on

water temperature, conductivity, pH, substrate conditions, pooliriffle ratio, aquatic plant

coverage, in-stream and riparian cover, water depth and general flow conditions. All
stations may be generally characterued as riffle-run sequences, with cobble and gravel

substrates.

Habitat conditions are affected by barriers to fish migration including an abandoned railway

crossing between exposure reaches HE4 and HE5, which presents a partial barrier for

salmon migration (long culverts terminating about 0.5 metres above river level on the

downstream side), and two Heath Steele reservoirs on the Little South Branch Tomogonops

between exposure reach HE1 and reference reach HRl which preclude migration of Atlantic

Beak International Incorporated
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Periphyton
and Benthos2

Water
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HR2A
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I
I
1

I
I
1

I
1

1

1

1

1

I
1

I
1

1

1

1

1

I
I
I
I

0
0
0
1
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4
4
4
4
4

0
0
0
I
4
4

0
1 (1)

0
4 (r4)
1 (5)
1 (6)

0
4 (r3)
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6 (16)

4 (t2)
4 (1s)
6 (16)

4 (16)
3 (7)

2 (e)

2
2
2
2
2
2
2
2
2
2

2
2
2
2
2
2

I
I
I
I
I
I
I
I
1

I

1

1

1

TABLE 3.1: SUMMARY OF SAMPLES OBTAINED AT HEATH STEELE

1 
Chronic toxicity samples collected 24 Jwe,28 August and 12 November 1997.

2 Eachperiphyton sample is a composite of scrapings from >3 rocks. Each T-sample is a composite of five
grabs.

' Wut.r quality samples, exclusive of blanks, duplicates.
o ASW - wild Atlantic salmon parr; BD - blacknose dace; ASC - caged Atlantic salmon.t BD - several fish submitted per sample for tissue analysis to allow for compositing at laboratory to meet

sample mass requirements. Variable numbers of composite BD samples analyzed per station. Values
represent numbers of composite samples, with total numbers of individual fish in all composites combined
in parentheses.

6 Community sample based on approximately 1,000 to 1,900 measured electrofishing seconds per station. All
fish identified, enumerated, weighed and measured (length). Sentinel species caged by length-frequency
distribution with ages determined by scale (BD) or otolith (AS) to confirm age-size class categories.
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salmon to the HR1 area. For this reason, salmon abundance in exposure reaches HEl to
HE4 can only be compared with abundances at reference station HR2. Salmon abundance at

HE5, which is unaffected by downstream migration barriers, may be compared with

abundance at reference reach HR3.

At selected stations (generally one in each reach), in-stream discharge was measured using

the cross-section of method with a portable velocity meter (Marsh McBirney, Model No.

2000-11). All discharge measurements were taken under dry weather conditions (no

precipitation during the previous 48 hours) on 20 August 1997, so that discharges at each

reach would be proportional to one another. Discharge at HS-3 on the same date was

provided by Heath Steele, as recorded at their stream gauge. Because "effluent" discharge

rates are controlled mainly by natural drainage processes, effluent dilution factors within

each reach are approximately constant. "Best estimates" of streamflow were made by

considering not only the measurements made, but also the suitability of each streamflow

measurement location for providing accurate discharge estimates (e.g., degree of

turbulence), the watershed area of each reach and the concentrations of suitable effluent

tracers such as total zinc concentration. These final best "estimates" are those used to

produce the relative effluent concentrations for each reach (Figure 2.4), and are presented in

Appendix 2.

3.3 Effluent Chemistry and Toxicity

Chronic toxicity was measured in three samples of HS-3 "effluent" from Heath Steele,

collected on24 June, 28 August and 12 November 1997. The August sample was collected

during a runoff event in an attempt to sample a more metal-rich effluent normally found

during higher flow conditions at this location. Tests completed on each sample include:

the Ceriodaphnia dubia 7-day survival and reproduction test (Environment

Canada I992a)

the fathead minnow (Pimephales promelas) 7-day survival and growth test

(Environment Canada 1992b)

the Selenastrum capricornutum 3-day algal growth test, (Environment Canada

1992c), and

the duckweed, (Lemna minor) 7-day growth test (Saskatchewan Research Council,

1995,1996).

o

a

a

Beak International Incorporated
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The duckweed test was carried out by the Saskatchewan Research Council, in Saskatoon.

The other three tests were completed at BEAK's Brampton, Ontario toxicity testing facility.

Toxicþ testing procedures and laboratory reports are presented in Annex 1.

Bioassay procedures included use of dilution water collected from the site (Little South

Branch Tomogonops upstream of mine-related impact) or laboratory water adjusted to the

hardness of field conditions, depending on acclimation success in site water for

Ceriodaphnia dubia and Pimephales promelas. Results of a comparative study of chronic

toxicity using both site dilution water and hardness adjusted laboratory water, in addition to

acclimated organisms and organisms not acclimated, are presented in a Summary Document

for the three mines where effluent toxicity was measured in the 1997 AETE field study

program (BEAK and GOLDER, 1998b). Results of this comparative study showed that site

dilution water and laboratory dilution water produced generally comparable results in these

tests.

Upon receipt at BEAK's laboratory, a subsample of each effluent and dilution water sample

was forwarded to Philip Analytical Services. Samples were processed (filtered as

appropriate and preserved) and analyzed for the water quality parameters identified in

Section 3.4.

3.4 Water Quality

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

outlined in Annex 1 (provided as a separate document).

3.4.1 Field

All water samples were collected on 20 August 1997 under dry weather conditions (no

precipitation over previous 48 hours) so that relative metal concentrations at all locations

were representative of the same effluent quality (water quality at HS-3 effluent varies

according to runoff). Samples were collected for laboratory analysis of:

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, U, V, B and Zn); Zn, Cu, Pb,

Cd, Fe and Al are most relevant at Health Steele, based on effluent

concentrations observed;

a

Beak International Incorporated
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. 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 turbidity.

In addition to samples collected for laboratory analysis, field determinations were made of
specific conductance, temperature, pH and dissolved oxygen, with results recorded on field

habitat record forms. All field measurements were made on-site using calibrated meters.

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 densþ polyethylene containers confirmed free of measurable metal

contamination, ultrapure nitric acid and de-ionized distilled water (for field, trip and filter

blanks), and a filtration procedure using polypropylene syringes with 0.45 micron syringe-

filters confirmed free of measurable metal contamination. All sample preparation was

carried out in a clean work space in a hotel unit.

Quality control/quality assurance procedures followed in the field included collection of
sample duplicates, and preparation of trip blanks, field blanks and filter blanks.

3.4.2 Laboratory

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

Corporation, Burlington and Mississauga, Ontario) within 48 hours of collection.

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

Beak International Incorporated
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TAbIe 3.2: LABORATORY METHODS AND BOTTLE/PRESERVATIVE PROCEDT]RES USED IN \ryATER SAMPLE ANALYSIS
( as provided by Philip Analytical Services)

Paremetert Method Bottle Requirement heservative Tvoe
Acidity

RCAP Calcr¡lations

Total Dissolved Solids(Calculated)

Hardness(as CaCO)
Bicarbonate(as CaCO3, calculated)

Carbonate(as CaCO3, calculated)

Cation Sum

Anion Sum

Ion Balance

Colour

Specific Conductance

Manual Conventionals for RCP(pll,Turb,Conduct,Color)

Ifardness
Ion Balance

pH, Hvdrogen Ion Activity
Total dissolved Solids
Total Suspended Solids
Turbidity, [IltraViolet
RCAP MS Package, 8 Element ICPAES Scan

B. Fe. P. Zn.Ca. Ms. K. Na

ICP-MS 25 Element Scan, Clean \üater Package
Al, Sb, As, Ba, Be, Bi, Cd, Cr, Co, Cu, Pb, Mn, Mo, Ni, Se,

As, Sr, Th, Sn. Ti. U. V. B. Fe. Zn
Alkalinity for RCAP Packages 30. 50 and MS
Anions for RCAP 50 and MS(CI,NO2,NO3,o-PIO4 & SO4)

Dissolved Organic Carbon, as Carbon for RCAP
Ammonia for RCAP Packages 30, 50 and MS

Organic Nitrogen(TKN - NH3)

Standard Methods (l7th ed.) No. 23108

U.S. EPA Method No. 305.1

Standard Methods (17th ed.) No. 2320 250 ml Bottle Glass

MDS Internal Reference Method

U.S. EPA Method No. 110.3(Modified)
(Reference-Std Methods(l7th)2 120CMod)

100 ml Bottle Glass

U.S EPA Method No. 120.1 100 ml Bottle Glass

U.S. EPA Method No. 150.1, 120.1, 180.1

and 110.3

250 ml Bottle HDPE

U.S. EPA Method No. 130.2 250 ml Bottle Glass

250 ml Bonle HDPE

U.S. EPA Method No. 150.1 100 ml Bottle Glass

U.S. EPA Method No. 160.1 1 L Bottle Glass

U.S. EPA Method No. 160.2 500 ml Bottle Glass

U.S. EPA Method No. 180. I 100 ml Bottle Glass
U.S. EPA Method No. 200.7 125 ml Bottle HDPE

250 ml Bottle HDPE
U.S. EPA Method No. 200.8(Modification) 250 ml Bonle HDPE

125 ml Bottle HDPE

U.S. EPA Method No. 310.2 250 ml Bonle HDPE
U.S. EPA Method No. 300.0 or

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

250 ml Bottle HDPE

MOE Method No. ROM - lO2ACE(Modified) 100 ml Bottle Glass

ASTM Method No. D1426-79 C

Refer - Merhod No. 1100106 lssue 122289

U.S. EPA Method No. 350.1

U.S. EPA Method No. 351.1

U.S. EPA SW846 Method No. 7470A

Standard Methods(l8th ed.) No. 31128

250 ml Bottle Glass

100 ml Bottle Glass

250 ml Bottle HDPE
250 ml Bottle Glass

no preservative

no preservative

no preservative

no preservative

no preservatrve

no preservative

HNO3 to pH < 2

no preservatlve

no Dreservâtive

no preservative

no Dreservative
HNO3 to pH < 2

no Dreservative

no preservatrve

HNO3 to pH < 2

no preservative

no preservatlve

no Dreservatrve
HrSOo to pH < 2

no Dreservative

HrSOo to pH < 2

HNO, to pH < 2

+ 5% KcCrt0z

Max. Holding
Time

14 days

14 days

48 hours

28 days

6 months

14 days

7 davs

7 days

48 hours

14 days

48 hours

3 days

28 days

28 days

Mercury, Cold Vapour AA 100 ml Bottle Glass 7 days
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3.5 Periphyton

Periphyton was collected for metals and taxonomic analysis at each of the 16 Heath Steele

stations. One sample each for taxonomic and metal determination was collected at each

location (i.e., total of two samples per reach).

Collections for taxonomic evaluation were made by manually scraping surfaces of three

rocks on the stream bottom using a stainless spatula approximating the method of Rott

(1995). The areas were scraped inside a 1 cm2 measured area, with a minimum of 3 cm2

sampled (1 cm'z per rock), or until about 1 mL (wet volume) of material was obtained.

Sample areas were recorded and the samples diluted to about 10 mL with site water.

Periphyton samples for taxonomic analysis were then preserved with Lugol's iodine.

Taxonomic determinations were completed in the laboratory of Dr. H.C. Duthie,

Department of Biology, University of Waterloo. These determinations include species

identifications and biomass of each.

Samples for metal analysis in periphyton were collected in a similar fashion without

measurement of sample area. Samples were scraped from the same three rocks sampled for

taxonomy or, where periphyton growth was very light, also from neighbouring rocks.

Samples were scraped until a wet volume of about 1 mL was reached, and were placed in

small high density polyethylene bottles. Samples were then preserved by freezing until

delivery to Philip Analytical Laboratories for metals analysis. Samples were analyzed by

ICP-Mass Spectroscopy after drying and digesting the sample.

Quality control/quality assurance procedures included collection of duplicate samples for

metal analysis.

3.6 Benthic Macroinvertebrates

3.6.1 Field

One benthic sample was collected at each of the two stations within each exposure and

reference reach. Each sample consisted of a 5-grab composite using a 0.1 m'z T-sampler

fitted with a250 micron mesh collection net. Samples were collected by manually removing

Beak International Incorporated
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invertebrates from rock surfaces and disturbing the underlying sand and gravel repetitively to

a depth of about 10 cm. All collections were made by the same field crew member.

After collection, each composite sample was preserved in a clearly labelled 1 L plastic jar

and preserved to a level of l0% buffered formalin.

3.6.2 Lab Processing

All samples were processed by the BEAK Benthic Ecology Laboratory or by Zaranko

Environmental Assessment Services, Guelph, Ontario. Both laboratories followed the same

laboratory protocols.

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

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

Prior to detailed sorting, the samples were washed free of formalin ina250 ¡rm 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 pm 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 ¡rm) 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 Annex 1.

Benthic samples, especially when consisting of composites of multiple samples, often require

extensive hours and costs for sorting. In addition, technicians working for extended periods

on one sample often become fatigued and sorting efficiency and accuracy reduce

Beak International Incorporated
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significantly. Samples either need to be subsampled because of large amounts of organic

matter or due to high densities of invertebrates. The latter is the case at Heath Steele.

For Heath Steele samples, a minimum of 400 to 600 organisms was sorted from each

sample. Subsampling was based on the weight of the sample. Each whole sample was

drained of water, homogenized, and sample portions randomly selected until a prescribed

weight of material was attained. For example, if the total sample weighed 5,000 g, typically

25%, or 1,250 g would be selected for sorting. For Heath Steele, subsample fractions as

low as 5% were sufficient to obtain more than 500 animals, based on five pooled samples.

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 resorted by an

independent taxonomist to ensure 95% recovery of all invertebrates. At least 95% recovery

of organisms is required to meet BEAK's data quality objective.

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

for Heath Steele. 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 Benthic Ecology

Laboratory also maintains a master reference collection of all taxa which have been

identified by the lab.

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 a 3%

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

3.6.3 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.

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

mandible and mentum deformities or abnormalities. These data were not used in the

testing of specific hypotheses, but are discussed briefly in Section 4.4.

3.7 Fish

3.7.I \ryild Fish Collections

Wild fish were sampled at each of the 16 stations (2 stations per reach, HE1 to HE5, HR1

to HR3) during the August 1997 fteld survey. Sampling was carried out using a portable

back-pack electrofishing unit (Smith Root Model XV). Sampling was carried out in the

same vicinity as benthic collections, with care taken to avoid disruption of benthic

substrates by placement of the electrofishing arca, 
^t 

least 50 m downstream of benthic

sampling sites.

Electrofishing was carried out with a standardized effort of approximately 15 to 20

electrofishing minutes (as lapsed on the electrofisher counting unit), or about one hour of
actual time. The crew consisted of one electrofisher operator using an anode equipped

with a capture net, and a technician using a long-handled dip net to assist in fish

collection. Effort (shocking seconds) was recorded for each station. Stations were not

enclosed with block nets, and all habitat conditions represented at each site were sampled.

All captured fish were retained in a 20-L plastic bucket containing site water until

completion of sampling. After collection, all fish were identified and weighed on-site, and

were either retained for further analysis (frozen whole on dry ice for metallothionein or

metal analysis, or for determination of age and organ size) or released back to the river.

Fish lengths were measured using standard measuring boards (total length, fork length) to

the nearest millimetre. Weights to the nearest 0.1 g were determined using an Ohaus

balance. A more detailed account of procedures used in processing of fish samples is

presented in Annex 1.

The two sentinel species retained for tissue analysis were juvenile Atlantic salmon parr and

adult blacknose dace. Wherever possible, sufficient numbers were retained for a minimum

of two samples per species for each of metallothionein (MT) and metals in viscera. One to

four (usually four) wild juvenile salmon per site and up to 16 blacknose dace per site were

retained for this purpose (blacknose dace required composites of more than one fish to

Beak International Incorporated
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produce adequate visceral mass for laboratory analyses). As potential alternate sentinel

species, several lake chub and/or small brook trout were also retained frozen from stations

where these species were obtained.

Upon completion of the wild fish survey, an evaluation was made of the numbers and

biomass of sentinel species (and alternates) captured at each site. \{here the numbers of
fish available for tissue analysis appeâred deficient, supplemental electrofishing was

carried out at sampling stations with effort focused on habitats most likely to produce

additional specimens. These additional fish were excluded from analysis of fish

community characteristics (i. e., catch-per-unit-effort CPUE).

Biological measurements carried out on sentinel species at the laboratory included age

determination. Age was determined for both sentinel species by length-frequency

distributions with reaches (where adequate numbers were obtained) or within reference

versus exposure areas, with multi-modal distributions used to distinguish age classes.

Representative specimens of blacknose dace were aged by scale reading and of Atlantic

salmon by otolith to confirm age breaks implied in the length frequencies. Except for

salmon fry which are easily distinguished in the field, only those fish directly aged (i.e.,

by scale or otolith readings) were used in the assessment of fish growth.

An attempt was made in the laboratory to measure liver weights in blacknose dace.

However, after thawing, livers in the fish fragmented easily when dissected, and it was not

possible to obtain all of the liver mass in each case. The fact that blacknose dace livers

are diffusely distributed through the gut made effective removal more difficult.

Accordingly, no liver weight determinations were recorded.

Atlantic salmon is a species of considerable resource value in the Northwest Miramichi

River watershed. Thus, few juvenile salmon were retained for age determination by

otolith, and larger sample sizes were not retained for organ size determinations. Only

specimens for MT and metal analysis and a few others were aged directly by otolith.

3.7.2 Caged Atlantic Salmon

Caged Atlantic salmon juveniles were used to further evaluate the tissue metal and MT

tools. The source of salmon used here was the Heath Steele McCormack Reservoir

Beak International Incorporated
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salmon rearing facility. (The McCormack Reservoir is located upstream of any significant

metal sources from Heath Steele.) All fish used were yearling parr (1+).

Fish cages consisted of 20-L plastic buckets, fitted with "snap-on" plastic lids. Buckets

each contained three large surface area openings covered with 1 mm "Nitex" screen.

Approximately one-third of each bucket consisted of window, so that once immersed in the

river, the river current would flow through the bucket.

One fish cage containing five salmon parr was installed at each of the 16 monitoring

stations. Cages were placed in areas of gentle current to ensure continuous flow of water

through the interior, and were secured by rope to trees or shrubs on the streambank. Fish

were left in place for nine days during the August 1997 field campaign.

At the end of the exposure period, fish survival was recorded (all fish survived at all

locations) and two specimens were sacrificed for metal and MT analysis of the viscera.

Specimens for analysis were measured (total and fork length), weighed to the nearest 0.1 g

and placed whole on dry ice. No samples of pre-exposure fish were collected for analysis

as it was unnecessary in the context of hypothesis testing. However, pre-exposure fish

analyzed in the fish cage experiment at Dome under the 1997 AETE program did show

that tissue concentrations of metals and MT may change in response to the caging itself

(refer to BEAK, 1998a).

3.7.3 Tissue Metallothionein and Metal Analyses

All analyses of Heath Steele fish tissues were carried out at the Department of Fisheries

and Oceans, Freshwater Institute, Winnipeg, under the direction of Dr. J. Klaverkamp.

Analyses were completed on two wild Atlantic salmon samples, two blacknose dace

samples and two caged Atlantic salmon samples for all stations, where sufficient fish

specimens were available (refer to Table 3.1). In addition, one composite gill sample was

analyzed from two caged salmon per station. Variable numbers of brook trout (viscera)

sampled coincidentally with the Atlantic salmon and blacknose dace were also analyzed on

an opportunistic basis by Dr. Klaverkamp. The gill and brook trout data were not subject

to formal hypothesis testing.

Beak International Incorporated
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4.0 DATA OVERVIEW

4.t Effluent Chemistry and Toxicity

Detailed toxicity test reports are presented under separate cover as Annex 1, with results

summarized in Table 4.1, Figure 4.1 and Appendix 4. Effluent quality conditions are

provided in Table 4.2, with laboratory reports on effluent and site dilution water quality

provided in Annex l.

All samples produced chronic toxicity in all tests except for fathead minnow. The June

effluent sample was non-toxic to fathead minnow. The Selenastrum and Ceriodaphnia tests

were the most sensitive of the four tests. Toxicity of the three samples to Selenastrum and

Ceriodaphnia ranked in accordance with the total zinc and copper concentrations present

(i.e., highest and lowest metal concentrations corresponded with the most and least toxicity),

although this pattern did not hold for fathead minnow or duckweed. The duckweed response

appeared to show the poorest correspondence with metal concentration, with the lowest zinc

and copper concentrations producing the greatest toxicity.

The August "runoffevent" sample was richer inparticulate iron (i.e., total minus dissolved

iron) than either of the other two dry weather samples, although both total and dissolved zinc

and copper were higher in concentration in the November sample. Construction of a new

buffer storage pond by Heath Steele in L997 has apparently been successful in reducing

maximum metal concentrations at HS-3 during runoff conditions, and may have contributed

to a suppressed spike in metal concentrations during the August event.

4.2 Water Quality

Water quality data for Heath Steele are suÍrmarized in Table 4.3 (total metals and general

chemistry) and Table 4.4 (which compares total versus dissolved metals). The mean

concentrations for each reach are illustrated in Figure 4.2. Non-detect samples were

assigned concentrations equal to half the detection limit for computation of means. Detailed

data for all parameters and samples are presented in Appendix 4. These additional

parameters include those that were generally below detection limits and those that did not

show a mine-related trend.

Beak International Incorporated
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Table 4.1: Results of Aquatic Toxicity Tests Conducted on Three Heath Steele Effluent Samples (HS-3), June, August and November 1997.
(Expressed as 7o Effluent. Values in parentheses represent theg5%o confidence interval)

Lemna minor
(Duckweed)

IC5O

91.1
(s6.7-100)

78.4
(73.6-83.5)

>100

na

fc25

30.0
(r7.2-s2.s)

51.9
(45.6-s9.1)

59.3

(sz.s-66.9)

S e le nøstrum c apric ornutum
(Aleae)

IC5O

55.6
(s2.3-s7.7)

32.5
(27.t-36.r)

23.7

(3.88-31.8)

IC25

23
(17.e-26.0)

2t;l
(14.6-27.s)

6.03

(4.1r-1t.2)

Pfunephøles promelas
(Fathead Minnow)

IC5O

>100
na

41.0*
(35.7-45.0)

>50*

na

TC25

>100
na

23.O*
(16.3-34.4)

41.3*

not calculable a

LC5O

>100
na

22.2*
(r8.s-26.6)

44.0*

(36.9-sL.4)

Ceriodøphnia dubia

IC5O 3

75.7
(6e.7-82.3)

35.6
(32.8-37.s)

23.0

(r2.7-3r.3)

1c252

58.4
(48.7-63.7)

28.4
(21.8-30.9)

10.9

(4.82-18.5)

LC5O '

9t.6
(50-infinity)

33.0
(28.e-37.6)

18.6

(12.6-21.7)

Sample

H-E-1
(June24-97)

H-8.2
(August 28-97)

H-E-3

November 12-97.

Notes:
All tests conducted using site water as dilution water except where indicated by "*".
* tests conducted using laboratory water (adjusted to site water hardness, pH and alkalinity) as dilution water because fìsh could not be acclimated to site water
Ceriodøphnia and fathead minnows were acclimated to dilution water prior to testing.
Fathead minnow data analysed according to Environment Canada amendments (Nov. 1997) - IC values represent growth effects alone.
August 28 sample corresponds with runoff event.
tLC50 - concentration lethal to 50Vo of the test organisms

'IC25 - inhibition concentration - 25Va response (i.e., 25Vo reduc¡on in growth or reproduction)

'IC50 - inhibition concentration - 507o response (i.e., 5OVo reductton in growth or reproduction)
a not calculable by ICPIN program because random sampling of raw data resulted in an estimation of an endpoint greater than L00Vo.



Mean LC50s of Ceriodaphnia and Fathead Minnow Tests Conducted
on Heath Steele Effluent
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Figure 4.1: Mean Toxicity Test Results (+1 S.E.), for Four Species based on Three Heath Steele HS-3
"Eflluent" Samples, June, August and November 1997.

Mean (+l S.E.) Based on Data in Table 4.1.



Table 4.2: Water Quality of "EfÏluent" Samples (HS-3) collected at Heath Steele Mine, June, August and November 1997.

'LOq:¡¡u.r,,ofQuantitation:lowestleveloftheparameterthatcanbequantifiedwithconfidence.
' MMLER: Metal Mining Liquid Effluent Regulations (Fisheries Act, 1994)
r na: Regulation values not available
a -:NotAnalyzed
J nd : Parameter not detected
6 pH limits listed are minimum.

Parameter Units LOQI
Monthly

Meân

MMLERZ
Grab Sample

Maximum

HSE.I
(Totat)

97/06/2s

HSE-I
(Dissolved)

97/06/25

HSE-2
(Total)

97/08/29

HSE-2

(Dissolved)
97t08t29

HSE-3
(Total)

97/|U13

HSE.3
(Dissolved)

97/tl/13
Acidig(as CaCO3)

Alkalinity(as CaCO3)

Aluminum
Ammonia(as N)
Antimony
Anenic
Barium
Beryllium
Bicarbonate(as CaC03, calculated)

Bismuth
Boron
Cadmium
Calcium
Carbonate(as CaCO3, calculated)

Chloride
Chromium
Cobalt

Colour
Conductivity - @25øC
Copper

Dissolved Inorganic Carbon(as C)
Dissolved Organic Carbon(DOC)

Hardness(as CaC03)
Iron
Lead

Magnesium

Manganese

Mercury
Molybdenum
Nickel
Nitrate(as N)
Nitrite(as N)
Orthophosphate(as P)

pH

Phosphorus

Phosphorus, Total

Potassium

Reactive Sitica(SiO2)

Selenium

Silver
Sodium

Strontium
Sulphate

Thallium
Tin
Titanium
Total Dissolved Solids(Calculated)

Total Kjeldahl Nitrogen(as N)
Total Suspended Solids

Turbidity
Uranium
Vanadium

Zinc

mg/L

mg/L

mglL
mglL
mgr'
mgll-
mdL
mglL
mgll,
mglL
mglL
mglL
mglL
mg/L

mgll-
mg/L

mglL
TCU
us/cm

mglL
mgll-
mgL
mgll
mgll
mgL
mgL
mgll,
mglL
mgÍ-
mgll
mgL
mglL
mg/L

Units

mC/L

mglL
mdL
mglL
mglL
mgñ,
mgll-
mg[,
mgll
mgr-
mglL
mglL
mglL
mgI-
mgll-
NTU
mglL
múL
meJL

0.1

I

0.01/0.00s

0.05

0.002/0.0005

0.002

0.005

0.005

I

0.002
0.005

0.0005

0.1

I

I

0.002/0.000s

0.00 l /0.0002

5

I

0.002/0.0003

0.5/0.2

0.5

0.1

0.02

0.0001

0.1

0.002/0.0005

0.0001

0.002/0.000 r

0.002/0.001

0.05

0.01

0.01

0.1

0.1

0.01

0.5

0.5

0.002

0.000s/0.0000s

0.1

0.005

2

0.0001

0.002

0.002

I

0.05

s/t
0.1

0.000 I

0.002

0.002/0.00 I

na'

na

na

na

na

0.5

na
.na

na

na

na

na

na

na

na

na

na

na

na

0.3

na

na

na

na

0.2

na

na

na

na

0.5

na

na

na

6.0 6

na

na

na

na

na

na

na

na

na

na

na

na

na

na

25.0

na

na

na

0.5

na'

na

na

na

na

1.0

na

na

na

na

na

na

na

na

na

na

na

na

na

0.6

na

na

na

na

0.4

na

na

na

na

1.0

na

na

na

5.0 6

na

na

na

na

na

na

na

na

na

na

na

na

na

na

50.0

na

na

na

1.0

;
0.29

0.06
<0.002

nd

nd

nd

5

nd

0.127

nd

J-J

nd

2

<0.002

0.002

43

42

0.023

13.5

0.41

0.0028

I

0.104

nd

<0.002

<0.002

b.4

nd

0.05

1.2

4.6

nd

<0.0005

1.9

0.01I
8

nd

nd

nd

0.58
<5

l.l
nd

nd

0.168

0.2

<0.002

nd5

nd

nd

nd

nd

nd

J.t

<0.002

0.002

0.0t7
l.l
4.2

0.28

0.001 5

l.l
0.082

nd

<0.002

<0.002

nd

nd

nd

nd

nd

nd

<0.0005

1.9

0.01I

nd

nd

nd

24

nd

nd

0.171

7

0.355

nd

<0.0005

nd

0.005

nd

7

nd

nd

0.00067

4.4

nd

2

0.0006

0.0038

79

48

0.0329

16.5

0.9

0.0048

1.2

0.157

nd

<0.0001

0.002

6.1

nd

0.04

nd

4.9

nd

<0.00005

2

0.013

ll
nd

nd

0.003

0.39

3

3

nd

nd

0.36

0.122

<0.0005

0.0038

0.0262

0.2

5

<0.0005

.nd

0.005

nd

nd

nd

0.0007

4.4

0. l9
0.001I

1.3

0.152
nd

<0.000 I

0.002

nd

nd

nd

<0.00005

2.1

0.013

nd

nd

nd

nd

nd

nd

3l

nd

nd

0.363

I
0.56

nd
<0.0005

nd

0.01

nd

.l
nd

nd

0.0009s

4.3

nd

3

0.000s

0.0078

66

56

0.055

15.9

0.41

0.003

1.2

0.22

nd

0.0005

0.003

0.43

2

1.9

0.0001

nd

0.44

7

nd

0.02

0.7

7.2

nd
<0.00005

2.2

0.019

t6
0.000t

nd

0.003

l0

0.36

<0.0005

0.0063

0.041

0.3

5.4

<0.0005

nd

0.007

nd

nd

nd

0.00078

4.3

0. l4
0,0015

1.2

0. I7
nd

0.0002

0.002

0.42

nd

nd

nd

<0.00005

z.)
0.015

nd

nd

0.002

38

nd

nd

0.37

nd

0.7



Table 43: Selected Water Quality Results at Heath Steele,20 August 197. Total Metals and General Chemistry

t LOq = ¡¡¡¡ o¡qwtitation = lowest level of the pãmeær that cm be qumtified with confidence
t CwqG = Cædim Water Quality cuidelines (CCREM, 1987)
3 na = Guideline values qot available
4 

nd = Pæmeier not detected

: - Denotes values that exceed the guideline

E)(POSURE STATIONS

HEIA HE1B HEZA HE2B HE3A HE3B HE4A HE/,B HE5A HE5B

0.u
0.0009

5

15

47

J.i

16.6

7.11

29

nd

0.23

0.0008

0.07

0.0001

0.zz

0.0007

5

16

49

3.3

17.7

7.11

30

nd

0.059

0.00008

0.18

0.000s

4

20

53

3.5

19.7

7.15

33

nd

0.17

0.0004

4

m
56

3.6

20.8

7.t5

33

nd

9

5

46

4.5

12.8

7.0

25

2

9

8

48

3.6

15

7.14

29

I

9

9

49

J.J

15.4

7.14

29

I

8

l0
48

3.2

15.2

7.11

28

nd

5

l3

46
a1

15.7

7.3

n
3

5

l5
49

J.J

l7
7.r3

29

nd

0.0002 0.00016

0.082

0.0001 I

o.o74

0.0001

0.055

0.00007

REFERENCE STATIONS

HR1A HR1B HR2A HR2B HR3A TIR3B

0.031 0.047 0.049

nd4 nd nd

nd nd 0.0003

0.09 0.08 0.1

nd nd nd

0.008 0.009 0.016

33nd
9915
32 31 38

2.7 2.9 3.2

9.8 9.8 13.6

6.73 6.8 7.36
)) 11 

'<
lznd

0.046

nd

0.000,1

0.13

0.0003

0.017

nd

15

39

3.4

13.7

7.32

25

nd

0.033 0.059

nd nd

nd nd

0.14 0.18

nd nd

0.003 0.004

J

32

7l
2.7

29.8

7.05

4l
I

J

32

72

2.7

3r.5

7.05

41
a

cwQG'?

0.1

0.0002

0.002

0.3

0.001

0.03

na3

na

na

îa
na

6.5 - 9.0

trâ

na

LOQI

0.005

0.0000s

0.0003

o.o2

0.0001

0.001

2

I
I

0.5

0.1

0.1

1

I

Units

mglL
mgll-
mglL
mglL
mglL
mglL

mglL
mglL

uVcm

mglL
mglL

Units

mglL
msIL

Pâramet€rs

Iotål Mefâls

4.luminum

ladmium

lopper

lron
'æad

Litc
3e¡¡erâl Chemistry
lulphate

{lkaliniry(as C¿CO3)

lonductivity - @259C

)issolved Organic Ca¡bon(DOC)

Iardness(as CaCOr)

äeldpH
fotal Dissolved Solids(Cålculared)

total Suspended Solids



Table 4.4: Total versus Dissolved Concentrâtions for Selected Metals in Samples Collected at Heath Steele,20 August 1997.

' LOq = ¡¡t¡, o¡ Ouantitation = lowest level of the parameter that can be quantified with confidence

'? nd = Parâmeter not deEcted

REFERENCE STATIONS

HRIA HRIA
Total Dissolved

HRIB
Dissolved

HR2A

Dissolved

HR2B

Dissolved

HR3A

Dissolved

HR3B

Dissolved

HRIB
Total

HR2A

Total

HR28

Total

HR3A

Total

HR3B

Total

0.031

nd?

nd

0.09

nd

0.008

0.049

nd

0.0003

0.1

nd

0.016

0.021

nd

0.0003

0.07

nd

0.012

0.046

nd

0.0004

0. l3

0.0003

0.017

0.021

nd

0.0004

0.07

nd

0.018

0.033 0.013 0.059 0.013

nd nd nd nd

nd nd nd nd

0.14 0.09 0.18 0.09
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Total and Dissolved Mean Aluminum Concentrations in Water Samples
Collected at Heath Steele
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As shown in Table 4.3 and graphically in Figure 4.2,total and dissolved concentrations of
zinc, cadmium, lead, copper, aluminum and iron all show clear concentration gradients

downstream of the mine, with the highest concentrations in reach HEl and the lowest

downstream concentrations in HE5. All of these parameters except aluminum remained

elevated relative to reference site values in the final exposure reach (HE5), and all occurred

in excess of Canadian surface water quality guidelines (CCREM, 1987) in some or all

downstream reaches. Dissolved and total metal concentrations were similar for cadmium,

copper and zinc, whereas dissolved metal concentrations were substantially lower than total

metal concentrations for lead, iron and aluminum. On some occasions, dissolved metal

concentrations were slightly higher than totals due to either the precision of the analytical

method or because the values were close to the detection limit.

In terms of general water quality conditions, water hardness was low throughout (<20 mglL

as CaCO:) in Tomogonops River reaches, but was somewhat higher (about 30 mglL CaCO)

in reference reach HR3 in the neighbouring Little River (Table 4.3). Conductivity and

sulphate levels were relatively low, but showed some elevation in near-field reaches (HEl

and HE2). Field pH levels were near neutral (pH -6.7 to 7.1) throughout.

Based on these results, it may be concluded that the field program was successful in

sampling an aqueous metal gradient downstream of Heath Steele, with concentrations of
some metals (e.g., Zn, Clu, Pb) often at least an order of magnitude higher in the near-field

(HE1) than at reference sites.

4.3 Periphyton

Detailed biological analyses of periphyton, as provided by Dr. H.C. Duthie, are provided in

Annex 1. A summary of results in terms of numbers of taxa and biomass by reach is

presented in Figure 4.3. Table 4.5 and Figure 4.4 present periphyton metal concentration

data.

Periphyton samples were rich in algal species and variable in terms of biomass. Spatial

trends among the exposure and reference reaches are not readily apparent in the data

(Figure 4.3).

Periphyton copper, cadmium, lead and zinc concentrations all showed a reference-exposure

difference, with an exposure area gradient also indicated for lead (Figure 4.4 vs Figure 4.2)

Beak International Incorporated
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Mean Periphyton Biomass at Heath Steele Reaches
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Table 4.5: Concentrations of Selected Metals in Periphyton collected at Heath Steele, August 1997.
Al1 values expressed on a dry mass basis.

I MDL - Method Detection Limit - lowest level the parâmeter can be detected with confidence

EXPOSURE STATIONS
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22000

1.3

t20
140

1.8

13

4.7
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Mean Concentration of Cadmium Detected in Periphyton
Collected at Heath Steele
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and also iron (Table 4.5). Concentration ranges for important metals, including cadmium,

copper and zinc, were often variable between samples within reaches.

4.4 Benthic Invertebrates

Benthic community sample composition is presented in detail in,A.ppendix 4, with Table 4.6

providing a summary by reach and expressed per square metre. Figure 4.5 illustrates spatial

trends in benthic community indices by reach.

Overall, riffle communities in all reaches were rich in species and numbers of benthic

organisms. Chironomids were generally predominant, although EPT taxa (Ephemeroptera-

Plecoptera-Trichoptera) were well represented. These latter groups are generally considered

to be sensitive to metals. Mean total densities of organisms were relatively high in all

reaches, at about 3,000 to 10,000 organisms per square metre (Figure 4.5).

Spatial trends are apparent in terms of the EPT Index (number of EPT taxa) and total

number of taxa present, with a suppression in values at reach HEl in the near-field, and

recovery to reference site conditions in the downstream reach, HE5. Other trends are

apparent for individual taxa, such as the chironomids Micropsectra which was common

everywhere except in the near-field reaches, and Rheocricotopus which showed the opposite

trend (i.e., densities were highest in the near-field and were lower in the far-field). Percent

Orthocladiinae reflected the trend seen for Rheocricotopus. Except for a very high total

organism density at HRl, no spatial trends are apparent in total density.

As illustrated in Appendix 4, the incidence of abnormalities in chironomid head capsules was

relatively low throughout, with no obvious spatial trend across the water quality gradient

downstream of Heath Steele.

Beak International Incorporated
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Table 4.6: Benthic Community Indices, Based on T-Sampler Collections, Heath Steele, August L997.

Station
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(Vo')

HRIA
HRlB
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}IE3A
HE3B

IIE4A
HE4B
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l5
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Mean Density of Benthic Organisms in Heath Steele Reaches
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4.5 Fish

4.5.1 Fish Catches

Detailed electrofishing results in terms of species, size, numbers and ages of fish are

presented in Appendix 5. Table 4.7 summarizes the numbers of fish captured at each

station, while Tables 4.8 and 4.9 provide CPUE (numbers of fish per minute) and BPUE

(biomass of fish per minute), respectively. Summaries of the data in Tables 4.7 to 4.9 are

illustrated graphically in Figures 4.6 and 4.7 .

Ten species of fish were represented in the fish collections, with juvenile Atlantic salmon,

blacknose dace and brook trout generally the most abundant. Fish CPUE and BPUE were

lowest at HEl, but recovered in the downstream direction, and appeared to track the metal

concentration gradient in the water. No fish were found at HE1A in the upstream extremity

of reach HEl, although caged Atlantic salmon survived here over nine days.

Juvenile Atlantic salmon were most abundant at HR3 (Little River) and HE5, which are

unaffected by migration barriers. Salmon densities were much lower at HE3 and HE4 than

at HE5, mainly due to an absence of any salmon fry (age 0*) upstream of the abandoned

railway crossing. No Atlantic salmon were captured in the Little South Branch Tomogonops

(H81, HEZ) possibly due to an avoidance reaction, although other species were found in low

numbers in these reaches. As expected, salmon were also absent at reference reach HRl.

Blacknose dace were most abundant at HR2 and HE5 but, unlike salmon, were found in all

reaches.

4.5.2 Atlantic Salmon and Blacknose Dace Growth

Data on ages for selected specimens of fish are presented in Appendix 5, which include

length-frequency histograms and raw data for all fish specimens. The size-frequency plots

for all dace and all salmon show definite break points separating fry (0+ fish) from older

age classes. Older age classes of salmon and dace are less distinct. As shown in

Appendix 5, juvenile salmon were present in four age classes, although age 3+ salmon (the

oldest age class) were low in abundance. Blacknose dace spanned six year-classes, with

overlaps in length between age classes for fish aged 1* and older.
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Table 4.7: Raw Fish Catches by Species and Station, August 1997
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0.0

0
0.0

81

134
8

9

4
6

0

0

l6
t6

8

0

0

0

'7

0
0
0

5

J

215
107.5

1710032807
8.5 5.0 0.0 16.0 4.0 0.0 3.5

0
0.0

8

4.0

216
36.00

121

20.17
357 80 89 18

3.00
7

l.l7
'7 0

s9.50 13.33 14.83 Ltj 0.00 1.33

Electrofishing

Effort
(seconds)

999
1231
2230

1115.0

1555

t 565

3120
1s60.0

1775
1676

3451
1725.5

1667

1542

3209
1604.s

1816

t924
3740

1.870.0

13520.0

1575.0

t402
1723

3r25
1562.5

1699
t'750
3449

1724.5

1'721

I 565

3286
1643.0

9860.0
1643.3

Sampling
Date

13-Aug-97
16-Aug-97

Total
Mean

16-Aug-97
14-Aug-97

Total
Mean

l4-Au'g-97
l4-Atg-97

Total
Mean

l6-Attg-97
13-Aug-97

Total
Mean

l7-Aug-97
19-Aug-97

Totâl
Mean

Total
Mean

18-Aug-97
18-Aug-97

Total
Mean

15-Aug-97
15-Aug-97

Total
Mean

17 -Atg-97
19-Aug-97

Total
Mean

Total
Mean

Station

HElA
HElB

HE2A
HE2B

HE3A
HE3B

HF4A
HE4B

HE5A
HE5B

All

HRlA
HRIB

HR2A
HR2B

HR3A
HR3B

All

Area

Exposure

Reference



Table 4.8: Catch per unit effort (CPUE) of fish at Heath Steele, August 1997
Values are number of fish per minute of electrofishing.

All Fish

(fish/min)

9.201

6.616

7.m9

3.461

3.531

3.496

4.497

6.44t

5.469

5.625

0.000

0.146

0.073

0.1 54

0.613

0.384

1.758

1.360

1.559

0.936

1.829

1.382

5.4r9

4.304

4.E61

1.652

Sea

Lamprey
(fish/min)

0.000

0.000

0.000

0.000

0.000

0.000

0.174

0.1 15

0.145

0.048

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

9-Spine

Stickleback
(fish/min)

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.033

0.000

0.017

0.003

3-Spine

Stickleback
(fish.¡min)

0.000

0.000

0.000

0.000

0.000

0.000

0.244

0.000

0.122

0.041

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0:000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

Creek

Chub
(fish/min)

0.000

0.070

0.035

0.177

0.000

0.088

0.000

0.000

0.000

0.041

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.036

0.018

0.000

0.000

0.000

0.099

0.031

0.065

0.017

White

Sucker

(fish./mi¡)

0.342

0.070

0.206

0.000

0.000

0.000

0.279

0.000

0.139

0.115

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.036

0.018

0.000

0.000

0.000

0.000

0.031

0.016

0.007

Slimy

Scuplin
(fìsh/min)

0.000

0.000

0.000

1.307

0.686

0.996

0.558

0.613

0.586

05n

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.165

0.000

0.0E3

0.017

Lake

Chub
(fish/min)

2.183

1.010

1.596

0.000

0.000

0.000

0.000

0.000

0.000

0.532

0.000

0.049

o.0u

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.039

0.019

0.396

0.249

0.323

0.073

Brook

Trout
(fish/min)

6.163

4.597

5.380

0.706

1.749

L2n

0.139

0.230

0.1E5

2.264

0.000

0.049

0.0u

0.154

0.r92

0.173

1.318

0.788

1.053

0.540

0.428

0.484

0.463

0.1 87

0.32s

0.412

Blacknose

Dace

(fish./min)

0.514

0.871

0.692

1.27 |

r.063

1.167

0.279

0.345

0312

0.724

0.000

0.049

0.024

0.000

0.422

o.2tl

0.169

0.2t5

0.192

0.000

0.039

0.019

1.553

|.435

1.494

0.388

Atlantic

Salmon
(fish/min)

0.000

0.000

0.000

0.000

0.034

0.017

2.824

5.137

3.981

1.333

0.000

0.000

0.000

0.000

0.000

0.000

0.270

0.286

0.278

0.396

t.323

0.8s9

2.709

2.370

2.540

0.736

Electrofishing

Effort
(seconds)

1402

1723

ts62.s

1699

1750

17u.5

t721

1565

1643.0

1643.3

999

t23t
1115.0

1555

1565

I5ó0.0

t775

1676

t725.5

1667

1542

1604.5

1816

1924

1870.0

1s7s.000

Sampling

Date

l8-Aug-97

l8-Aug-97

Mean

15-Aug-97

15-Aug-97

Mean

17-Aug-97

19-Aug-97

Mean

Mean

l3-Aug-97

16-Aug-97

Mean

lGAug-97

14-Aug-97

Mean

l4-Atg-97

l4-Aug-97

Mean

l6Aug-97

13-Aug-97

Mean

17-Atg-97

19-Aug-97

Mean

Mean

Station

HRlA

HRIB

HR2A

HR28

HR3A

HR3B

All

HEIA

HEIB

HEzA

HE2B

HE3A

HE3B

HE4A

HE4B

HE5A

HE5B

All

Area

Reference

Exposure



Table 4.9: Biomass per unit effort (BPUE) of fish at Heath Steele, August 1997.
Values are grams of fish per minute of electrofishing.

All Fish

(9min)
'77.063

30.526
s3.794

1 7.887

35.69r
26.789

2r.263
43.507

32.385

37.6s6

0.000

r.243

0.621

7.350
5.1 14

6.232

29.855

26.903

28.379

28.967

32.642

30.805

57.856

42.206

50.031

23.214

Sea

Lamprey

(/min)
0.000

0.000

0.000

0.000

0.000

0.000

0.48r

0.337

0.409

0.136

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

9-Spine

Stickleback
(e/min)

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

o.046

0.000

0.023

0.005

3-Spine

Stickleback

lgrnin)
0.000

0.000

0.000

0.000

0.000

0.000

0.080

0.000

0.040

0.013

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

Creek

Chub
(lmin)
0.000

0.084

0.042

1.148

0.000

0.574

0.000

0.000

0.000

0.205

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.097

0.048

0.000

0.000

0.000

0.129

0.125

0.r27

0.035

White

Sucker
(lmin)
7;t25
0.195

3.960

0.000

0.000

0.000

0.073

0.000

0.037

r.332

0.000

0.000

0.000

0.000

0.000

0.000

0.000

3.215

t.607

0.000

0.000

0.000

0.000

r.378
0.689

0.4s9

Slimy

Scuplin
(9min)

0.000

0.000

0.000

4.'/48

3.514
4.t3r

1.862

2.208

2.035

2.055

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.357

0.000

0.178

0.036

Lake

Chub
(g/min)

9.847

3.907

6.877

0.000

0.000

0.000

0.000

0.000

0.000

t )o)

0.000

0.127

0.063

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.128

0.064

9.317

3.271

6,294

1.284

Brook
Trout

(/min)
57.971

24.017

40.994

8.952

29.657

19.305

3.720

12.410

8.065

22.788

0.000

1.028

0.51.4

7.350
4.110

5.730

1 8.899

12.569

1.5.734

16.578

6.852
lt.7l5

9.928
4.946
7.437

8.226

Blacknose

Dace

(9min)

I .519

2.323

1.92t

3.039

2.026

2.s33

o.6t4
0.564
0.s89

1.681

0.000

0.088

0.044

0.000

1.004

0.502

0.112

0.200

0.156

0.000

0.004

0.002

3.456

3.621

3.538

0.848

Atlantic

Salmon
(/min)
0.000

0.000

0.000

0.000

0.494

0.247

r4.433

2'7.987

21.210

7.r52

0.000

0.000

0.000

0.000

0.000

0.000

10.844

10.822

10.833

12-389

25.658

19.023

34.622

28.865

31.744

t2.320

Electrofishing

Effort
(seconds)

1402

1723

t562.s

1699

1 750

1724.s

172r
1565

t643.O

1643.3

999

1231

1115.0

1555

1 565

1560.0

1775

1676

I725.5

1667

1542

1ó04.s

1816

1924
1.870.0

1s75.000

Sampling

Date

18-Aug-97

18-Aug-97

Mean

15-Aug-97

15-Aug-97

Mean

l7-Aug-97

19-Aug-97

Mean

Mean

13-Aug-97

16-Aug-97

Mean

16-Aug-97

14-Aug-97

Mean

14-Attg-97

14-Aug-97

Mean

l6-Aug-97
13-Aug-97

Mean

17-Aug-97

19-Aug-97

Mean

Mean

Station

HRIA
HRlB

HR2A

HR2B

HR3A

HR3B

All

HElA
HEIB

HE2A
HE2B

HE3A

HE3B

HE4A
HE4B

HE5A
HE5B

Ail

Area

Reference

Exposure



Mean Catch per Unit Effort (# fîsh/minute) - Heath Steele
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Figure 4.6: Mean Catch and Biomass Per-Unit-Effort by Electrofishing (all species) at Heath Steele, August 1997.

Reach Means (+1 S.E.) Based on Data in Tables 4.8 and 4.9.



Mean Numtrer of Salmon Caught per Minute - Heath Steele
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Figure 4.7: Mean Numbers of Atlantic Salmon, Blacknose Dace and Mean Numbers of Fish Species

Captured by Electrofishing, Heath Steele, August 1997.

Reach Means (+1 S.E.) Based on Data in Tables 4.8 and 4.9.
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4eath Steele Site Report September 1998

The only spatial difference readily apparent in fish size at age is seen in comparison of
salmon fry at HR3 (Little River) and HE5 (see Table 4.10a for a summary of biological

characteristics of fish captured at Heath Steele). Fry at HR3 were smaller than those at HE5

(compare reach-specific length-frequency plots in Appendix 5). This effect could be

attributed to the higher densities of fry at HR3 and a density-dependent effect on growth

(e.g., competition for food).

4.5.3 Caged Atlantic Salmon

Biological measurements taken on caged Atlantic salmon used in tissue analysis are

presented in Appendix 5. As noted in Section 2.0, all fish were yearlings from Heath

Steele's McCormack Reservoir rearing facility. These yearlings were substantially larger

than wild yearlings from the Tomogonops River (refer to Appendix 5 for fish sizes).

All fish survived the nine-day exposure at all reference and exposure sites, including HE1A

where wild fish were apparently absent.

4.5.4 Metals and Metallothionein

Results of metallothionein (MT) and metal analyses on wild juvenile Atlantic salmon, caged

juvenile Atlantic salmon and blacknose dace are suÍrmarøed in Tables 4.10 to 4.12 and in

Figures 4.8 to 4.I2, wtth data on metals provided for zinc, copper, cadmium and lead. Table

4.13 and Figures 4.8 to 4.12 also present tissue data for juvenile brook trout, which were

sampled opportunistically as a potential alternate sentinel species. Data on MT and metals in

caged Atlantic salmon gill tissue were also provided by the Department of Fisheries and

Oceans, based on pooling of the gill tissues from both caged fish for each station.

Table 4.14 presents a detailed tabulation of all fish tissue results including all metals

analyzed, as well as a correlation matrix for MT and metals in tissues. The correlation

matrix does not form part of formal hypothesis testing, but is useful in identifying possible

cause-effect linkages between tissue metal concentrations and MT concentrations. In

general, the best correlations are with cadmium, and metals were most often correlated with

MT in gill in caged salmon.

Examination of the data shows that tissue MT levels were higher in all species at Heath

Steele exposure stations than at reference sites, at least in the near-field. MT results for

Beak International Incorporated
4.5



Table 4.10: Summary of Metallothionein and Metals Analyses Conducted on Wild Atlantic Salmon Viscera,
Heath Steele, August 1997. (salmon not caught at Stations HEl, HE2 and HRI)

Station Fish ID Snecies

VISCERA
Metallothionein

fusls\
Cadmium

(ugle)
Copper
ßuls.l

Lead
(uele)

Zinc
Qtslp\

HR2B

HR3A

HR3B

HE3A

HE3B

HE4A

HE4B

HESA

HE5B

HR2BASI-F

HR3AASl-F
HR3AAS2-F
HR3AAS4-F
HR3AAS5-F

HR3BASI-F
HR3BAS2-F
HR3BAS3-F
HR3BAS4-F

HE3AASl-F
HE3AAS2-F
HE3AAS3-F

HE3BASI-F
HE3BAS2-F
HE3BA54-F
HE3BAS5-F

HE4AASI-F
HE4AAS2-F
HE4AAS3-F
HE4AA54-F

HE4BA53-F
HE4BA54-F
HE4BASI-F
HE4BAS2-F

HE5AASI-F
HE5AAS2-F
HE5AAS3-F
HE5AAS4-F

HE5BASI-F
HE5BA52-F
HE5BA53-F
HE5BAS4.F

Atlantic Salmon

Atlantic Salmon
Atlantic Salmon
Atlantic Salmon
Atlantic Salmon

Atlantic Salmon
Atlantic Salmon
Atlantic Salmon
Atlantic Salmon

Atlantic Salmon
Atlantic Salmon
Atlantic Salmon

Atlantic Salmon
Atlantic Salmon
Atlantic Salmon
Atlantic Salmon

Atlantic Salmon
Atlantic Salmon
Atlantic Salmon
Atlantic Salmon

Atlantic Salmon
Atlantic Salmon
Atlantic Salmon
Atlantic Salmon

Atlantic Salmon
Atlantic Salmon
Atlantic Salmon
Atlantic Salmon

Atlantic Salmon
Atlantic Salmon
Atlantic Salmon
Atlantic Salmon

68.6

46.0

84.5
24.7
32.1

89. I

41.8
31.8
48.6

12s.9
161.7

345.1

2t7.7
214.2
234.s
285.2

198.3

406.9
216;l
146.3

t54.4
308.4
281.8
121.6

154.0
244.0
249.4
138.1

n9.4
183.6
76.3

70.7

t.37

0.63
0.27
0.16
0.43

0.22
0.26
0.36
0.24

0.95
l.53
1.50

l.t7
t.57
1.08

1.40

1.55

2.26
1.22

1.49

r.39
1.22
1.57
I _05

0.94
1.67

1.66

l.0l

1.74

1.87

0.88

0.99

8.9

24.6
8.2

6.3
38.1

32.3
9t.2
172
19.7

94.9

58.0
39.7

29.2
34.5
23.3
22.8

24.8
3 1.8

20.2
29.9

t6.2
16.4
21.5
24.7

13.0
97.9
108

tl4

216
29.8
17.9

21.7

0.21

0.32
0.23
0.43
0.27

0. l0
0.62
0.09
0.04

0.67
1.29

0.47

0.76
0.97
0.53
0.53

0.88
0.61
0.71

r.68

0.53
0.66
0.59
1.43

0.43
0.78
2.33
2.38

0.64
0.46
0.39
1.28

2s0

196
140

t02
ll8

130

2t4
110

113

261
275

325

203
336
236
278

327
366
262
352

298
268
273
258

187

318
306
347

452
376
252

249



Table 4.l0az Summary of Biological Characteristics of Brook Trout, Blacknose Dace and Atlantic Salmon, Heath Steele
(values are mean t I S.E.)

Atlantic Salmon z

Reference I E*potu."
Areas I Ar"us

225

I + 0.04
10.6 t 0.176
11.5-r 0.193
16.6 x. O.792

2rl
<1

6.62 ¡ O.I8l
7.I7 + O.2OO

5.33 =0.421

Blacknose Dace
Reference I E*posure

Areas I Rr"ut

158

2+0.1
5.42 x.0.102
5.81 -r 0.111
2.15 t 0.103

t2r
2+O.l

5.66 t 0.111
6.03 + 0.120
2.28'+ O.llI

Brook Trout
Reference I E*posure

A¡eas I Areas

129

not measured
10.3 t 0.391
I0.9 + O.4I2
19.9 + 2.O9

358

not measured

8.27 x.O.I74
8.71+ 0.183
10.0 + 0.836

Biological Measurement

Sample Size

Mean Age (yrs) 1

Mean Fork Length (cm)
Mean Total Length (cm)
Mean Weieht (e)

t Mean age - a proportion of the fish were aged using scales or otolith. The balance of the ages were determined based on a iength-frequency distribution.

'Fish size differences for Atlantic Salmon are attributed to a partial migration barrier, apparently preventing fish spawni,ng in exposure reaches Hl to H4,
and preventing occurrence of small fish (fry) in these reaches.

Refer to Tables A6.2a and 46.2b (Appendix 6) for summary of biological data by reach for Atlantic Salmon and Blacknose Dace.



Table 4.11: Summary of Metallothionein and Metals Analyses Conducted on Blacknose Dace Viscera,
Heath Steele, August 1997.

Station Fish ID Soecies

VISCERA
Metallothionein

fttplpl
Cadmium

fuslp\
Copper
(uçlø\

Lead
(ue/s)

Zinc
lusls)

HRIA

HRlB

HR2A

TIR2B

HR3A

HR3B

HEIB

HE2B

HE3A

HE3B

HE4B

HESA

IIE5B

RIA-I (composite of 2 samples)
RIA-2 (composite of 2 samples)

RIA-3 (composite of 3 samples)
RIA-4 (composite of 5 samples)

RIB-l (composite of 2 samples)

RIB-2 (composite of 3 samples

RIB-3 (composite of 4 samples)
RlB-4 (composite of 6 samples)

R2A-l (composite of 2 samples)
R2A-2 (composite of 2 samples)
R2A-3 (composite of 2 samples)
R2A-4 (composite of 3 samples)
R2A-5 (composite of 3 samples)
R2A-6 (composite of 4 samples)

R2B-l (composite of 2 samples)
R2B-2 (composite of 3 samples)
R2B-3 (composite of 3 samples)
R2B-4 (composite of 8 samples)

HR3ABDI-F
R3A-2 (composite of 2 samples)
R3A-3 (composite ol4 samples)

R3B-l (composite of 3 samples)
R3B-2 (composite of 6 samples)

HEIBBDI-F

E2B-l (composite of 3 samples)
E2B-2 (composite of 3 samples)
E2B-3 (composite of 4 samples)

E2B-4 (composite of 4 samples)

E3A-l (composite of 5 samples)

E3B-l (composite of 6 samples)

HE4BBDI.F
E4B-2 (composite of 3 samples)
E4B-3 (composite of 3 samples)
E4B-4 (composite of 6 samples)

E5A-l (composite of 3 samples)
E5A-2 (composite of 2 samples)
E5A-3 (composite of 3 samples)
E5A-4 (composite of 4 samples)
E5A-5 (composite of 4 samples)

HE5BBDI-F
E5B-2 (composite of 2 samples)
E5B-3 (composite of 2 samples)
E5B-4 (composite of 3 samples)
E5B-5 (composite of 3 samples)
E5B-6 (composite of 5 samples)

Blacknose Dace

Blacknose Dace
Blacknose Dace

Blacknose Dace

Blacknose Dace

Blacknose Dace

Blacknose Dace

Blacknose Dace

Blacknose Dace

Blacknose Dace

Blacknose Dace

Blacknose Dace

Blacknose Dace

Blacknose Dace

Blacknose Dace

Blacknose Dace

Blacknose Dace

Blacknose Dace

Blacknose Dace

Blacknose Dace

Blacknose Dace

Blacknose Dace
Blacknose Dace

Blacknose Dace

Blacknose Dace

Blacknose Dace

Blacknose Dace

Blacknose Dace

Blacknose Dace

Blacknose Dace

Blacknose Dace

Blacknose Dace

Blacknose Dace

Blacknose Dace

Blacknose Dace

Blacknose Dace

Blacknose Dace

Blacknose Dace

Blacknose Dace

Blacknose Dace

Blacknose Dace

Blacknose Dace

Blacknose Dace

Blacknose Dace
Blacknose Dace

89.6

103.2

92.7
109.9

9t.2
119.6

78.6
130.4

184.8

138.8

147.9

1 15.1

113.3
136.3

138.3

194.9

l3 1.0

127.5

139.4

107.5
1t4.4

r r3.6
80.7

605.0

504.7

657.4
437.9
598. I

385.2

735.2

24t.9
199.5

286.2
240.9

156.1

297.9
120. I
202.6
162.2

35t.2
361.3
185.5
123.7

194.1

132.4

0.44
0.37
0.40
0.30

0.38

0.68

0.43

0.67

2.30
1.82

t.37
1.09

1.08

0.8 r

1.82

l. 14

0.81

0.52

0.77
0.38
o.23

0.35
0.42

0.86
0.87
0.48

0.66

0.88

1.8 I

t.t2
1.07

l. l9
0.69

0.66
2.41

1.07

0.79
0.63

2.0s
1.96

t.21
0.47
0.76
0.60

4.6
3.0
4.4
2.9

5.2
1 1.8

6.5
4.7

4.4
8.5

6.2
6.8

5.7
4.0

2.'7

4.3

2.8

1.8

8.0

5.0
5.5

7.5
4.6

22.4
17.8

8.6

I 1.3

'7.6

12.0

22.8
10.4

t0.7
4.2

6.0
20.0
8.6

5.8
6.4

25.2
13.5

18.2
10.5

7.8

t6.7

l.l5
0. l3
0. l5
0. 14

0.15
0.t2
0.25

Q.16

0.17
0.s9
0.78
0.51

0.54
0.39

0.23
0.28
0. l6
0.1I

0.24
0.2t
0.28

0.21
0.21

0. l3
t.2t
0.24
0.36

0. l9

0.54

0.40
0.28
0.29
0. l3

0.24
0.60
0. l5
0. l4
0.20

0.70
0.3'l
0.30
0.26
0.22
0.36

32

29

30

26

27
23

26
26

47

58
50

49
38

36

38

38
23

44

3l
l9

24

22

92

104

45

65

5t

82

159

66

56
39

47

7',|

4t
34

35

t22
93

102
41

56
6l



Table 4.12: Summary of Metallothionein and Metals Analyses Conducted on Caged Atlantic Salmon Viscera and Gill,
Heath Steele, August 1997.

Station Fish ID

VISCERA GILL'
Metallothionein

fuels)
Cadmium

(u.slq\
Copper
htplp\

Lead
fuplo-\

Zinc
htsJp\

Metallothionein
hrs.lq.\

Cadmium
fuels)

Copper
fusls)

Lead
(ttslp\

Ztnc
(uele)

HRlA

HRlB

HR2A

HR2B

HR3A

HR3B

HEIA

HElB

HE2A

HE2B

HE3A

HE3B

HE4A

HE4B

HE5A

HEsB

HRIAASlC-F
HRlAAS2C-F

HRlBASlC-F
HRIBAS2C-F

HR2AASlC-F
HR2AAS2C-F

HR2BASlC-F
HR2BAS2C-F

HR3AASlC-F
HR3AAS2C-F

HR3BASlC-F
HR3BAS2C-F

HElAASIC-F
HEIAAS2C-F

HElBASlC-F
HEIBAS2C-F

HE2AASlC-F
HE2AAS2C-F

HE2BASlC-F
HE2BAS2C.F

HÉ3AASIC-F
HE3AAS2C-F

HE3BASIC-F
HE3BAS2C-F

HE4AASlC-F
HB1AAS2C.F

HE4BASlC.F
HBÍBAS2C.F

HEsAASIC-F
HE5AAS2C-F

HE5BASIC-F
HE5BAS2C-F

30.5
44.2

28.9
31.0

n.5
25.5

33.s
36.2

25.9
21.9

21.4
28.8

t23.t
138.7

110.3
88.9

s9.8
75.6

46.8

65.5

44.4

39.0

20.5
30.3

32.9
39.9

26.9
l5.l

25.0
17.0

15.8
3 1.8

0.06

0.03

0.04
0.05

0.03

0.04

0.1 1

0.05

0.04
0.04

0.04

0.04

0.05

0.05

0.04

0.06

0.05
0.07

0.06
0.04

0.12
0.07

0.05

0.05

0.06

0.06

0.03
0.05

0.03
0.03

0.0s
0.1 1

3.0

3.8

7.5

13.6

6.3

3.8

4.4
6.8

7.6
J.J

2.8
2.4

2.7

2.7

5.3
4.6

2.6

3.5

3.7
3.4

4.3

3.9

3.4

2.7

2.5

3.4

5.0

3.3

J.J

3.2

2.7
2.8

0.10
0.14

0.13

0.16

0.11
0.13

o.ri
0.13

0.10
0.11

0.13
0.15

0.10
0.10

0.t2
0.r2

0.09
0.r2

0.1 I
0.13

0.15
0.t4

0.12
0.16

0.16
0.t2

0.09
o.l2

0.13
0.12

0.13
0.22

142

t82

163

140

165

222

2tl
185

175

178

t97
134

285
r78

r90
194

245
r65

195

t82

277

193

r47
140

166

88

t42
,'))

r97
247

2t6
r83

tt.4

t2.t

18.4

I7.l

t2.0

t2.3

65.9

65.7

57.4

57.2

34,2

29.7

37.5

30. I

18. I

17.2

0.1

0.1 I

0.09

0.t4

0.08

0.08

0.69

0.95

0.s3

0.68

0.31

0.23

0.41

0.32

0.21

0. l9

6.1

4.6

3.1

3.6

5.6

4.3

4

74.6

13.3

4.6

4.4

3.3

6.2

6.4

3.8

2.3

0.07

0.08

0.l l

0.05

0.05

0.04

0.12

0.1

0.43

0.03

0.1

0.05

0. l9

< 0.05

0.09

0.2

7I

'12

90

85

75

68

9l

88

120

100

82

88

102

10r

92

98

' Gill - the results are from a pooled sample of the 2 caged fish
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Mean Concentrations of Metallothionein in Fish Viscera and Gill, Heath Steele, August 1997.
Reach Means (t 1 S.E.) in þglg fresh weight. Number of analyses per reach presented in parentheses.
Blacknose dace results are each from composites of up to 8 fish. Caged salmon gill results are each from
a composite of tissue from 2 fish. Other results are from analysis of individual fish.

Figure 4.8:
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Figure 4.9: Mean Concentrations of Zinc in Fish Viscera, Heath Steele, August 1997.

Reach Means (+ 1 S.E.) in ¡rg/g fresh weight. Number of analyses per reach presented in parentheses.

Blacknose dace results are each from composites of up to 8 fish. Caged salmon gill results are each from
a composite of tissue from 2 fish. Other results are from analysis of individual fish.
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Mean Concentrations of Copper in Fish Viscera, Heath Steele, August 1,997.

Reach Means (t I S.E.) in Wg/g fresh weight. Number of analyses per reach presented in parentheses.

Blacknose dace results are each from composites of up to 8 fish. Caged salmon gill results are each from
a composite of tissue from 2 fish. Other results are from analysis of individual fish.

Figure 4.10:
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Mean Concentrations of Cadmium in Fish Viscera and Gill, Heath Steele, August L997.

Reach Means (t 1 S.E.) in pg/g fresh weight. Number of analyses per reach presented in parentheses.
Blacknose dace results are each from composites of up to 8 fish. Caged salmon gill results are each from
a composite of tissue from2 fish. Other results are from analysis of individual fish.

Figure 4.11,:



Mean Concentration of Lead in Blacknose Dace
Viscera
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Figure 4.1.2: Mean Concentrations of Lead in Fish Viscera, Heath Steele, August 1997.

Reach Means (t 1 S.E.) in Vg/g fresh weight. Number of analyses per reach presented in parentheses.

Blacknose dace results are each from composites of up to 8 fish. Caged salmon gill results are each from
a composite of tissue from 2 fish. Other results are from analysis of individual fish.
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Table 4.13: Summary of Metallothionein and Metals Analyses Conducted on Brook Trout Viscera,
Heath Steele, August 1997.

Station Fish Number Species

Viscera
Metallothionein

us/s.

Cadmium
tlelE

Copper
LLels.

Lead
wsls.

Zinc
ws/s.

HRlA

HRlB

HR2A

HR2B

TIR3B

HElB

TTE2A

TTE2B

HE3A

HE3B

HE4A

HF.4B

HE5A

HESB

HRlABTI-F
HRIABT2-F
HRIABT4-F
HRIABT5-F

HRlBBTl-F
HRIBBT2-F
HRIBBT3-F
HRIBBT4-F

HR2ABTl-F
HR2ABT2-F

HR2BBTI.F
HR2BBT2-F
HR2BBT3-F
HR28BT4-F

HR3BBTl-F
HR3BBT2-F

HElBBTl-F

HE2ABTI-F
HE2ABT3-F

HE2BBTl-F
HE2BBT2-F

HE3ABTI-F
HE3ABT2-F
HE3ABT4-F
HE3ABT5.F

HE3BBTl-F
HE3BBT2-F
HE3BBT4-F
HE3BBT5-F

HE4ABTl-F
HE4ABT2-F
HE4ABT3-F
HE4ABT4-F

HE4BBTI-F
HE4BBT2-F
HE4BBT3-F
HE4BBT4-F

HE5ABTI-F
HE5ABT2-F
HE5ABT3-F
HE5ABT4-F

HE5BBTl-F
HE5BBT2-F

Brook Trout
Brook Trout
Brook Trout
Brook Trout

Brook Trout
Brook Trout
Brook Trout
Brook Trout

Brook Trout
Brook Trout

Brook Trout
Brook Trout
Brook Trout
Brook Trout

Brook Trout
Brook Trout

Brook Trout

Brook Trout
Brook Trout

Brook Trout
Brook Trout

Brook Trout
Brook Trout
Brook Trout
Brook Trout

Brook Trout
Brook Trout
Brook Trout
Brook Trout

Brook Trout
Brook Trout
Brook Trout
Brook Trout

Brook Trout
Brook Trout
Brook Trout
Brook Trout

Brook Trout
Brook Trout
Brook Trout
Brook Trout

Brook Trout
Brook Trout

210.t
242.2
109.9
100.8

180.6
82.2
95.9
85.4

203.9
108.7

t75.t
125.2
212.9
202.0

95.6
I11.4

215.8

276.7
177.4

329.9
497.4

260.1

384.9
417.1

2r0.7

497.7
2t8.4
285.0
485.7

319.0
339.8
380.0
355.2

206.3
295.7
233.2
212.4

67.5
74.5
8r.7
60.4

195.2
289."1

0.3r
0.26
0.23
1.92

0.22
0.19
0.58
0.06

0.14
0.19

0.25
0.61
0.24
0.66

0.2
0.28

0.6

0.56
0.67

1.08
t.62

1.08

1.18

1.87
1.04

t.23
0.84
t.44
t.23

1.04
1.54
0.98
1.38

0.82
1.36
1.3

t.2

0.59
0.21
0.38
0.39

0.66
0.97

7.2
7.7
4.4
5.7

8.8
6.5
4.7

37.8

29.4
8.1

10.7

5.6
12.4
I1.9

6.7
7.5

25.9

19.9
45.2

42.8
24.9

29.6
40.9
27.8
22.4

24.7
13.1

r4.3
25

r8.7
t5.2
32.5
25.9

I 1.6

13.6
12.2
lt;7

6.3
5."1

5.9
6.4

I r.3
r7.9

0.08
0.15
0.16
0.51

0.08
0.06
0.24

< 0.0-5

< 0.05
< 0.05

< 0.05
0.09

< 0.05
0.23

0.05
0.14

0.75

0.1 1

0.32

0. r4
0.52

0.21
<0.05
0.55
r.4l

0.16
0.24
0.09
0.11

0.21
0.35
0.46
0.46

0.16
0.38
0.12
0.12

0.05
< 0.05
0.08
0.16

< 0.05

0.il

155

t69
116
109

96
62
42
45

43
9

t2
69
34
8l

92
106

80

109

96

122

123

107

144
144
118

119

82
109

144

172

85
102
85

79
110

67
il9

80
35
I l8
87

45

7t



Table 4.14: Pearson Correlation Matrix for log transformed Tissue Metallothionein and Metal Concentration,
Heath Steele, August 1997.
(analysis based on exposure site data only)

Parameter

Caged Atlantic salmon
Metallothionein

in Viscera

Caged Atlantic salmon
Metallothionein

in Gills

Wild Atlantic salmon
Metallothionein

in Viscera

Wild Blacknose dace

Metallothionein
in Viscera

AI r
Sig. (l{ailed)
N

0.208
0.190

20

0.072
0.422

t0

-0.264
0.1t2

23

-0.356
0.057

2t
As r

Sig. (l-tailed)
N

-0.042
0.433

t9
0.002

20

r
Sig. (l-tailed)
N

-0.194
0.207

20

0.366
0.149

l0

-0.094
0.335

23
0.022

21

r
Sig. (ltailed)
N

0.073
0.319

20
8.89E-05

l0
0.002

0.300
0.093
2l23

r
Sig. (l-tailed)
N

-0.040
0.434

20

0.399
0.127

l0

0.252
0.123

23
0.008

2l
r
Sig. (l-tailed)
N

-0.188

0.214
20

0.426
0.1 10

l0

-0.291
0.089

23

0.006
2t

r
Sig. (l-tailed)
N

0.143
0.274

20
0.039

l0

-0.061
0.391

23

0.313
0.084

2t
Fe r

Sig. (l-tailed)
N

-0.313
0.089

20

-0.252
0.123

23

-0.3 l8
0.080

2t
0.025

10

r
Sig. (l-tailed)
N

-0.307
0.094

20
0.008

l0

-0.103
0.321

23

-0.292
0.1 00

2l
Mo r

Sig. (ltailed)
N

0.042
0.430

20

0.478
0.081

l0

-0.163
0.229

23

0.043
2t

r
Sig. (l-tailed)
N

0.1l2
0.319

20

0.386
0.135

l0

-0.299

0.083
23

0.010
2l

r
Sig. (l-tailed)
N

-0.318
0.086

20

0.1 39

0.351

l0

-0.207
0.172

23

0.013
2l

Se r
Sig. (1-tailed)
N

0.1 00

0.337
20

0.340
0.017

l9

Sig. (l-tailed)
-0.372

0.053
20

-0.321

0.068
z)

0.009
2l

r
Sig. (l-tailed)
N

0.103
0.333

20

0.1 50

0.340
l0

0.134
0.27 |

23

0.024
2l

- Tissue MT or metal data not available
Shaded values are statistically significant (p<0.05)
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viscera and gill in caged juvenile salmon closely match the aqueous metal'gradient measured

downstream of the mine (Figure 4.8, Section 4.5.4). Visceral MT levels in wild fish were

generally highest in blacknose dace and lowest in juvenile Atlantic salmon, with an

intermediate level present in brook trout.

The effect of fish size or age on MT or tissue metal concentration was not specifically tested.

However, inspection of the data (Tables 4.10 to 4.12) and fish measurements presented in

Appendix 6 does not suggest any effect of fish size on tissue response in these samples. The

blacknose dace data are less conclusive in this regard, as composite samples analyzed often

included a mixture of fish sizes and ages, reflecting the availability of fish in each sample.

Caged Atlantic salmon had lower visceral MT levels than did wild salmon, and gill MT

levels were less than those found in viscera.

In terms of visceral metal concentrations, exposure area-reference area differences are

apparent in wild fish, with higher concentrations occurring in exposed fish for some metals.

These differences are evaluated with respect to statistical significance in the hypothesis

testing section (Section 5.2.1). Wild Atlantic salmon viscera had higher metal

concentrations than did blacknose dace viscera for zinc and copper. In caged salmon,

visceral copper, cadmium and lead levels were all low relative to levels in wild fish of either

species, while visceral zinc concentrations in caged fish were intermediate between those

seen in blacknose dace and wild salmon.

Beak International Incorporated
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5.0 HYPOTHBSIS TBSTING

5.1 Methods

The eight hypotheses considered testable at Heath Steele 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 ability 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, while Hl through H4 are of the second type. H9 through

H12 address the integration of tools and the relative abilþ of two monitoring tools to detect

a correlation between specific exposure and response variables, while H13 addresses the

ability of a particular toxicity testing tool to show such a correlation.

These different types of hypotheses require different methods of statistical analysis. The

following sub-sections 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

of p <0.05 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 H4 - Metal vs Metallothionein in Tissue

Hypothesis H4 addresses the relative ability of two monitoring tools (response measures) to

detect a mine effect (i.e., metals in fish tissues versus metallothionein in fish tissues). In

Beak International Incorporated
5.1



TABLE 5.1: VARIABLES AND HYPOTIIESES AT IIEATH STEELE

Ilvpothesis

H5

H6

H7

H9

Hl0

Hl2

H13

H4

Response or
Effect Variables (Y)

Metal i in Tissue j (Tool l)
MT in Tissue j (Tool 2)

CPUE for dace, juvenile salmon,
all species

BPUE @iomass) for fish
No. of Taxa (fish, benthos.

periphyton)
EPT Taxa
Benthic Density
Weight at age

Iængth at age

Benthic Density
No. of Benthic Taxa
EPT Index
Fish CPUE and BPUE
No. of Fish Taxa
Periphyton Community Indices
Effluent Chronic Toxicity
Benthic Density
No. of Benthic Taxa
EPT Index
Fish CPUE and BPUE
No. of Fish Taxa
Metal i in Tissue j
MT in Tissue j

Benthic Density
No. of Benthic Taxa
EPT Index
Fish CPUE and BPUE
No. of Fish Taxa

Predictor or
Exoosure Variables (X)

Reach Number (in order of increasing
dilution downstream from mine)

Reach Number (in order of increasing
dilution downstream)

Reach Number (in order of increasing
dilution downstream from mine)

Reach Number (in order of increasing
dilution downstream)

Dissolved Metal in Water (Tool l)
Total Metal in Water (Tool 2)

Fraction Metal i in Periphyton (Tool 1)

Dissolved Metal i in Water (Tool 2)

Meta.l i in Periphyton (Tool 1)

Dissolved Metal i in Water (Tool 2)

Calculated 7o Inhibition in Exposure Reach

Null Hypothesis

no trend or
R/E x tool

interaction by
ANOVA

no trend or RIE
difference by

ANOVA
no trend or R/E

difference by
ANOVA

no trend or R/E
difference by

ANOVA
same Y-X
correlation

with Tool I as

Tool2

same Y-X
correlation

with Tool I as

Tool 2

same Y-X
correlation

with Tool I as

Tool 2
NO Y-X

correlation

Comment
For blacknose dace, juvenile salmon.
Repeat with caged salmon. Viscera only. Partial
results presented for gill (caged salmon) and brook
trout (viscera) also.

CPUE for salmon tested using data for
comparable stations (equal barrier effects)

Collections at several stations per reach

Mature minnows and small salmon
Use age covariate as appropriate

May be other benthic indices,
as revealed by multivariate analysis

Use periphyton for "sediment";
Dissolved metals used in comparison. Dissolved
metals and total metals were similarly correlated
with benthic responses in H9.

Use periphyton for "sediment"

Calculated 7o inhibition in sítubasedon
effluent toxicity tests and water/effluent
sulphate concentration ratio

MT
R/E
CPUE
BPUE
EPT taxa

= metallothionein

= reference/exposure

= catch-per-unit-effort (number offish caught per unit fishing effort)
= biomass-per-unit-effort (mass of fish caught per unit ñshing effort)
- Ephemeroptera (mayflies), Plecoptera (stoneflies) and Trichoptera (caddisflies) (pollution-sensitive benthic invertebrates)

Definitions:
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particular, metallothionein in fish viscera was compared to each of the individual metals in

fish viscera, to determine whether these two monitoring tools differ in their ability to detect a

mine effect (i.e., a reference vs exposure area difference, or a trend with degree of exposure

within the exposure area). A stream reach identifier (e.g., HEl , HE2, etc.), ordered within

the exposure area to reflect distance from the mine site, was used as a surrogate for exposure

to mine effluents because, as distance from the mine increased, so did dilution of the

effluent. Figure 2.3 illustrates the reach identifiers. Analysis of variance (ANOVA) was

used to address this hypothesis, as described below. Essentially, the ANOVA is used to

compare tools in two ways:

o

a

a

by determining if there is a reference area - exposure area difference in mean

values for each tool (a larger difference indicates greater effectiveness in

detecting an effect with this data set); 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

in detecting an effect with this data set).

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 (e.g., for metallothionein and

copper in tissue). It measures how much the spread between Line 1 andLine 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 I 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 1 (metallothionein) is more

effective than Tool 2 (copper in viscera). The interaction is also illustrated in

Figure 5.2.

Beak International Incorporated
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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
Line6 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 lack of 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 H4 (metal or metallothionein in fish tissue) 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 metal values by the pooled within-reach standard deviation

for the metal being evaluated, and dividing the metallothionein values by the pooled

within-reach standard deviation for metallothionein.

5.I.2 H5 through H7 - Fish CPLIE, Community Structure and Fish Growth

Hypotheses H5 through H7 address the ability of a particular monitoring tool (response

measure) to detect a mine effect. For example, in H5, fish catch-per-unit-effort (CPUE) was

compared across reaches to determine whether it demonstrates a mine effect (i.e., a reference

vs exposure area difference), or a trend with degree of exposure within the exposure area. A

reach identifier, ordered within the exposure area to reflect distance from the mine site, was

Beak International Incorporated
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used as a surrogate for exposure to mine effluents. Analysis of variance (ANOVA) was used

to address this hypothesis, as described below.

The ANOVA partitions overall variance in the response measure into a number of terms,

representing effects of particular interest. These include:

o

o

a

An "Among Reference" term which indicates whether'the various Reference

reaches are similar to each other. It measures the spread of reference means

around Line 1 in Figure 5.3 (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 (e.g., habitat) 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 Figure5.3 (i.e., between

reference and exposure means). A reference-exposure difference is 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 Line 2 and Line 3 (the exposure trend line) in Figure 5.3 (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.

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

Beak International Incorporated
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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 5.3 as a curved line rather

than straight Line 3.

In the example, the data points in Figure 5.3 represent CPUE at each station for all fish

species. The ANOVA shows a significant "Ref vs Exp" effect, because there is a

substantial difference between Lines L and 2. The ANOVA also shows that there is a
significant "Linear Trend" effect, because CPUE is lowest near the mine (Reach HEl) and

increases as we move further away (i.e., slope of Line 3). The interpretation would be

that fish abundance is responding to mine exposure.

H6, which is intended to identify fish community tools, has been expanded in the case of
Heath Steele to include benthic community tools. This is appropriate, because subsequent

hypotheses (H9 and H10) involve benthic as well as fish community tools and their

chemical correlations. Community tools which seem to reflect mine effects are of
particular interest. However, benthic community response tools tested, in H6, include

only a few biotic indices in common use or showing apparent response to mine exposure.

The evaluation is not extended to the point where the multitude of diversity and biotic

indices available are evaluated in terms of exposure response. H6 is also tested using

periphyton community tools.

For H7, the response measure (fish weight or length) varies with fish age. Therefore, an

age covariate was added to the ANOVA model in order to adjust all fish to a common age.

The statistical analysis of age-adjusted data is as described above.

Such age adjustment is inappropriate when the form (i.e., slope) of the size-age

relationship differs among reaches. This was true for Atlantic salmon when young-of-year

(YOY) fish and all reaches were included in the analysis. The YOY were smaller in size

in areas of high YOY density (e.g., reach HR3). Therefore, YOY were excluded from the

analysis in order to perform the age adjustment and test for other growth effects (i.e., on

the intercept of the size-age relationship) using ANOVA as described above.

Reaches HR3 and HE5 were excluded from analyses involving salmon density (H5),

because they'are unaffected by a barrier that limits the spawning run at points upstream,

and are therefore not comparable to the upstream study area. A similar exclusion is

probably appropriate for analyses involving salmon growth (H7); however, this leaves

Beak International Incorporated
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only three reaches (HR2, HE3, HE4) and two among-reach degrees of freedom, which is

insufficient to support the partitioning of among-reach variance that is described above.

Therefore, analysis of H7 for salmon was performed with and without the exclusion of
reaches HE3 and HE5.

5.1.3 H9 through H12 - Tool Integration Hypotheses

Hypotheses H9, H10 and H12 address the relative ability of two monitoring tools to detect

correlation between exposure and response variables. For example, in H9, dissolved

metal in water was compared to total metal in water, 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 number of taxa, and the

metal exposure 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

exposure variable (X1 or X2) indicates the proportion of variance in the response measure

that is explained by the predictor (Figure 5.4). The best predictor for each pair compared

is the one which explains the highest proportion of variance (i.e., has the highest I and

hence the highest r). No statistical test was performed to determine whether rr differs

significantly from 12, since 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.

These correlations were computed excluding reference stations. Response tools correlated

with potential causal agents when reference sites are excluded are considered more

effective than those showing correlations only when reference sites are included. This is

because correlations seen within the exposure gradient are more clearly associated with

mine impact. The inclusion of data from up to three reference site reaches could

potentially impose spurious correlations by producing clusters of data points at low

exposure concentrations. It must be noted that the decision to compute correlations

excluding references stations is not supported by scientists working on metal toxicology

and MT in fish who believed that important biological information are lost using this

procedure.

Beak International Incorporated
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In the example shown in Figure 5.4, dissolved lead is a more effective predictor of

numbers of benthic taxa in exposure reaches than is total lead.

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 concentration in water) is

more strongly correlated with biological response are made by the weight-of-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

mine site, i.e., trend among exposure reaches or difference between reference and

exposure reaches.

At Heath Steele, H9 (relationship between water quality and biological variables) is tested

both using benthic community tools and fish community tools. This hypothesis compares

the strength of correlations of dissolved versus total metals in water with biological

responses.

H10 (relationship between sediment chemistry and biological tools) is tested using

periphyton metal concentration as a surrogate for sediment chemistry. Because H10

compares different sediment chemistry tools (e.g., total versus partial sediment metals)

and only one "sediment" chemistry tool is available here (total metals in periphyton), H10

is tested by comparison of periphyton metals and dissolved metals.

Hl2 (relationship between water and sediment chemistry and fish tissue chemistry

response) is tested using dissolved water chemistry and periphyton chemistry in the

environment, and metallothionein and metals in fish viscera.

5.1.4 H13 - Chronic Toxicity Linkage with Benthic and Fish Community Results

Hypothesis H13 addresses the ability of a particular effluent toxicity testing tool to predict

a mine effect that has been otherwise demonstrated (e.g., in H5 to H7). For example,

H13 might address whether fish catch-per-unit-effort (CPUE) in each downstream reach

can be predicted from effluent toxicity to Ceríodaphnia. In order to test this hypothesis, it

is necessary to estimate the receiving water toxicity to Ceriodaphnia in each reach, based

Beak International Incorporated
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on the effluent toxicity information and the expected downstream dilution of effluent.

Then we can determine if these two reach attributes (fish CPUE and water toxicity) are

correlated as they vary from reach to reach.

'Water toxicity, like effluent toxicity, can be expressed, as a % inhibition (i.e., for

Ceriodaphnia as % inhibition of reproduction). The % inhibition increases with effluent

concentration. The IC25 concentration produces 25% inhibition, and the IC50

concentration produc es 50% inhibition. These two concentrations, obtained from the

effluent toxicity test, define the % inhibition vs concentration relationship. We can use

this relationship to estimate the % inhibition that would be expected at each effluent

concentration that exists in the downstream reaches.

The % inhibition vs concentration relationship has a sigmoid form, such that % inhibition

increases most rapidly with concentration in the vicinity of the IC50 concentration (Figure

5.5). It is standard practice to transform both variables (i.e., % inhibition and effluent

concentration) to make a linear relationship, in order to facilitate estimation of %

inhibition at arLy concentration. A probit (or Z) transformation of % irhibition and a log

transformation of effluent concentration will accomplish this (Finney, l97L). Figure 5.6

illustrates the linearized relationship, based on the Ceriodaphnia lC25 and IC50

concentrations for the June "effluent" sample at Heath Steele. It also illustrates the use of

the relationship to estimate water toxicity (% inhibition of Ceriodaphnia reproduction) at

reach HE2 downstream.

Water toxicity was estimated in this manner for each reach downstream of the mine, based

on three different effluent samples (June, August, November) and up to four different

toxicity test methods (Ceriodaphnia, fathead minnow, algae, duckweed). It can only be

done for tests that produce both IC25 and IC50 values (i.e., two points are necessary to

draw a concentration-response line in Figure 5.6). Two minnow tests and one duckweed

test at Heath Steele did not produce both endpoints. Thus, there were nine different water

toxicity variables (i.e., different estimators of % inhibition). Each of these toxicity

variables was tested for correlation with each of the field measurements of biological

response, such as fish CPUE, and plots such as Figure 5.7 were produced to illustrate

some of the stronger relationships.

Appropriate transformations were applied prior to the correlation analysis. For example,

the arcsine square root of % inhibition was used as the water toxicity variable, and fish

Beak International Incorporated
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5.5
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Figure
5.6

Concentration-Response Function for June Êffluent Sample
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in a Downstream Reach
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Figure
5.7

Relationship of Fish CPUE (All Taxa) to Estimated Water Toxic¡ty
(%lnhibition oi Ceriodaphma) Across Five Downstream Reaches
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CPUE was log transformed. Then the correlation coefficient (r) was computed and tested

for significance using a one-tailed t-test. Significance depends only on the magnitude of r

and a sample size (n). For n:5 exposure reaches, r must be greater than 0.81 (i.e., 12

> 0.65) to produce a significant correlation. In Figure 5.7 , the November effluent sample

produces the strongest CPUE vs water toxicity relationship (1 : 0.76), but all the

relationships shown are significant.

A significant correlation (r) indicates that the toxicity tool may be useful as a predictor of

the in-stream biological response measure. It does not, of course, prove that effluent is

responsible for any observed pattern in biological response downstream from the mine.

The toxicity test methods that generally provide the highest correlations with biological

response measures are considered to be the best.

An estimate of % inhibition in the downstream reach (as described above) is likely to be a

better predictor of biological response than a simple toxic unit (TU) predictor. The former

uses the concentration-response information obtained from the toxicity test, while TU is
simply a dilution factor for the reach scaled by the IC25 (or IC50) concentration of the

effluent. As such, a TU predictor would show exactly the same relationship to biological

response as the dilution factor, and would not effectively utilize the exposure-response

information from the toxicity test, as given in Figure 5.5. In other words, the predicted %

inhibition approach used, unlike a TU approach, incorporates information on whether

there is a large or small change in toxicity with a specified change in effluent

concentration.

Using the % inhibition approach, if there is a biological response downstream from the

mine, and if there is sufficient dilution relative to effluent toxicity that zero % inhibition is

expected at all downstream locations, then the points in Figure 5.7 will fall in a vertical

line and the correlation will not be significant.

5.2 Results

The general conclusions with respect to the eight hypotheses tested at Heath Steele are
summarized in Table 5.2. The following sections present the findings in more detail,
based on statistical tables and figures in Appendix 3. 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.

Beak International Incorporated
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TABLE 5.2: SIJMMARY OF GENERAL CONCLUSIONS REGARDING HYPOTHESES TESTED AT HEATH STEELE

Hypothesis Response or Effect Variables lY) Predictor or Exnosure Variables (X) Null Hvnothesis General Conclusion

H4 aMetal i in Tissue j (Tool 1)

MT in Tissue j (Tool2)

CPUE for dace, juvenile salmon,
all species

BPUE (biomass) for Fish

No. of Benthic Taxa and EPT Taxa

Reach Number (in order of increasing
dilution downstream from mine)

Reach Number (in order of increasing
dilution downstream from mine)

Reach Number (in order of increasing
dilution downstream from mine)

no trend or
RÆ x tool

interaction by
ANOVA

no trend or RÆ
difference by

ANOVA
no trend or R-/E

difference by
ANOVA

no trend or R./E

difference by
ANOVA

a

a

MT vs metals (Cd, Pb, Zn, Cu) show different
trends in the exposure area (MT trend stronger) for
caged salmon.
MT vs metals (Cd, Pb,Zn, Cu) are similar in their
lack of trend in the exposure area for wild salmon.
MT vs metals (Cd, Pb, Zn) show different trends in
the exposure area (MT trend stronger) for blacknose
dace.

MT and Cu change in opposite directions from
Reference to Exposurè areas (MT higher in
Exposure area) for caged salmon.
MT vs metals (Cd, Pb, Zn) show different degrees
of change from Reference to Exposure areas (both
higher in Exposure area) for blacknose dace.

Fish CPUE (all taxa combined) is reduced with
degree of exposure and E<R mean.

¡ Fish BPUE (all taxa combined) is reduced with
degree of exposure and E<R mean.

¡ E<R mean for number of benthic taxa; no linear
trend in exposure zone.

¡ Number of EPT taxa is reduced with exposure and

E<R mean.
¡ No spatial trends evident in total density.
o Rheocricotopus dominance showed a linear trend in

exposure area and a EIR mean difference.
o Orthoclad dominance showed a trend in the

exposure area.
¡ Periphyton community indices showed no spatial

trends.
¡ YOY salmon are smaller in high density reaches

(below barriers).
¡ Effect persists at later ages.

. No impairment of growth by exposure for salmon or
blacknose dace.

a

a

aH5

H6

H7

Total Benthic Density
7o Chironomid Indicators
- 7o Rheocricotopus
- 7o Orthocladoinae

Periphyton Taxa and Biomass

Weight at age
Length at age

Reach Number (in order of increasing
dilution downstream from mine)

a



TABLB 5.2: SUMMARY OF GENERAL CONCLUSIONS REGARDING HYPOTHESES TESTED AT HEATH STEELE

Hypothgsis Response or Effect Variables (Y) Predictor or Exposure Variables (X) Null Hvpothesis General Conclusion
H9

H10

Ht2

H13

E - exposure reaches
R - reference reaches

No. of Benthic Taxa
EPT Index
7o Chironomid Indicators

Fish CPUE and BPUE
No. of Fish Taxa
Predicted In-stream Toxicity

No. of Benthic Taxa
EPT Index
7o Chironomid Indicators

Fish CPIIE and BPUE
No. of Fish Taxa

Predicted In-stream Toxicity

Metal i in Tissue j
MT in Tissue j

Fish CPUE and BPUE
7o Chironomid Indicators
No. of Benthic Taxa
EPT Index
No. of Fish Taxa

Dissolved Metal in Water (Tool 1)

Total Metal in Water (Tool2)

Fraction Metal i in Periphyton (Tool 1)

Dissolved Metal i in Water (Tool 2)

Metal i in Periphyton (Tool 1)

Dissolved Metal i in Water (Tool2)

Predicted 7o Inhibition in Exposure
Reach based on effluent toxicity testing
and downstream dilution factors

same Y-X
correlation with
Tool 1 as Tool 2

same Y-X
correlation with
Tool I as Tool 2

same Y-X
correlation

with Tool I as

Tool 2

no Y-X
correlation

a

o Numbers of total benthic taxa and EPT taxa are
reduced and dominance of tolerant chironomids
increases with increasing metal in water.

o Fish CPUE, BPUE and number of fish taxa decrease

with increasing metal in water.
¡ Relationships similar for dissolved and total metals.
¡ Relationships similar for dissolved and total metals.

Numbers of total benthic taxa and EPT taxa are

reduced and dominance of tolerant chironomids
increases with increasing metals in periphyton and

water.
Fish CPLIE, BPUE and number of taxa decrease

with increasing metals in periphyton and water.

For most fish and benthic indices, relationships
stronger with metals in water than metals in
periphyton.
Relationships slightly stronger for Al, Cd, Cu and

Zninwafer and for Pb and Fe in periphvton.

MT in wild and caged salmon viscera increases with
metals in water; metals in salmon did not increase
with metals in water or periphyton.
MT in blacknose dace viscera increases with Pb in
water;Zn, Cu and Pb in dace viscera increase with
metals in periphyton.

Fish CPUE, BPUE and number of taxa decrease
with predicted water toxicity to algae,

Ceriodaphnia. duckweed or fathead minnow.
Dominance of pollution-tolerant chironomids
increases with predicted water toxicity. Other
benthic indices not correlated with predicted
toxicity.
The four toxicity tests produce similar biology vs

predicted toxicity correlations, when effluent is
sublethally toxic.
Fathead minnow test is less sensitive than other
tests.

a

a

a

a

a

a

a
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5.2.I H4 - Metallothionein vs Metal in Fish Tissue as a Response to Exposure

Figures illustrating the response patterns of metallothionein and metals in fish tissue, and

ANOVA tables showing tests for differences in response patterns between metallothionein

and metals are provided in Appendix 3. Based on these patterns and statistical test results,

the key findings regarding Hypothesis H4 are outlined below, for caged Atlantic salmon

(viscera), wild Atlantic salmon (viscera) and wild blacknose daee (viscera). This

hypothesis was addressed only for viscera because quantities of other tissues were

insufficient for both metallothionein and metal analyses.

Caged Atlantic Salmon (Viscera)

Metallothionein (log concentration in tissue) shows an increasing trend with increasing

exposure within the exposure area (i.e., from HE5 in the North Branch Tomogonops,

upstream to HEl in the Little South Branch) (p : 0.009). Similarly, the exposure area

mean level of metallothionein is somewhat elevated relative to the reference mean (HRl to

HR3), although this result is not significant (p : 0.09).

Metals in fish tissue (log concentration of Zn, Pb, Cd, Cu) do not show a trend in the

exposure area. Similarly, the exposure area mean levels of metals in tissue are not

elevated relative to the reference mean. In the case of Cu, the reference area mean

exceeds the exposure aîea mean, in contrast to the direction of difference for

metallothionein.

The trend in metallothionein, but not metals, results in a significant trend x tool interaction

(p <0.05) withZn, Pb, Cd, Cu and the molar sum of CdfCu*Zn. In addition, the

difference in exposure versus reference mean for Cu, which was in the opposite direction

as compared to metallothionein, resulted in a significant reference/exposure x tool

interaction (p : 0.015).

Wild Atlantic Salmon (Viscera)

In wild Atlantic salmon, metallothionein (log concentration in tissue) does not show an

increasing trend with increasing exposure level within the exposure area (i.e., from HE5

upstream to HE3). The exposure area mean suggests an elevation relative to the reference

area mean (HR2 and HR3); however, this difference is not significant (p : 0.099).

Beak International Incorporated
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Some metals in fish tissue show a similar response pattern, with no trend in the exposure

area, but a small elevation in the exposure area mean. The difference is significant (p :
0.019) for log concentration of Pb in tissue. Other metals, such as Zn, show no elevation

in the exposure area. No metals show a significant spatial trend in the exposure area.

The metallothionein and metal tools were equally effective (or ineffective) in'wild Atlantic

salmon at Heath Steele, as indicated by the lack of any significant reference vs. exposure x

tool interactions. However, our ability to statistically detect such interactions was limited

by availability of Atlantic salmon data for only three exposure reaches and two reference

reaches.

It appears that there may be a weak metallothionein response in the HE5 to HE3 region

(there were no salmon caught closer to the mine), as indicated by the elevated levels in this

exposure area (although not significant). However, in contrast to the caged salmon, no

spatial trend is evident, in either metallothionein or metal, within this far-field area. This

difference as compared to caged fish may be related to the longer exposure period of wild

fish (wild fish in this area had about eight times as much metallothionein and about two

times as much metal as the caged fish) or to the greater mobility of wild fish. This

mobility would lead to spatial averaging across the exposure area.

Wild Blacknose Dace (Viscera)

Blacknose dace show a response pattern similar to caged Atlantic salmon. In this case, the

suggested metallothionein trend within the exposure area is not significant (p : 0.06), but

the elevation in the exposure area mean level of metallothionein relative to the reference

area mean is significant (p : 0.008).

There is an elevated level of some metals (log concentration of Zn and Cu) in the tissues

of dace from the exposure area. Other metals, such as Pb, are not elevated in the

exposure area. No metals show a significant spatial trend in the exposure area (p >0.05).

The trend in metallothionein, but not metals, results in a significant trend x tool interaction

for Zn (p : 0.0¿6), Pb (p : 0.049) and Cd (p : 0.002). In addition, there is a

significant reference vs exposure x tool interaction (p <0.05) for these metals, indicating

that the reference-exposure difference for metallothionein is greater or smaller than it is
for metals (depending on the metal).

Beak International Incorporated
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The metallothionein trend seen in caged salmon and blacknose dace, but not wild salmon,

suggests that the lack of trend in wild salmon may be related to their mobility. The

exposure area elevation of some metals, seen in wild salmon (Pb) and wild dace (Cu, Zn),

suggests that the short exposure period may prevent detection of a similar effect in caged

fish.

5.2.2 H5 through H7

5.2.2.1 HS - Fßh CPUE as ø Response to Exposure

Figures illustrating the response patterns of fish CPUE in relation to mine exposure, and

ANOVA tables showing tests for significance of these trends, are provided in Appendix 3.

Based on these patterns and statistical test results, the key findings regarding hypothesis

H5 are outlined below for Atlantic salmon, blacknose dace, brook trout and the overall

fish community.

Atlantic Salmon CPLIE

The analysis for Atlantic salmon was confined to catch at HEI to HE4 and HR2, because

these reaches were all influenced by the same barrier, i.e., the railway bridge on the North

Branch Tomogonops River. Salmon are excluded from HRl, upstream of the mine, by

barriers downstream of HRl.

Catch was zero at HEl and HE2 nearest the mine, and increased at HE3 and HE4 further

downstream. However, the suggested trend in log CPUE within the exposure aÍea was

non-significant (p : 0.069).

The exposure area mean, although elevated relative to HR2, was not significantly different

than the reference mean. It should be noted that the reference mean in this case is

represented by a single reach with two stations.

Blacknose Dace CPUE

There was no demonstrable trend of increasing catch in the downstream direction, nor any

difference between exposure and reference areas. Reach HE4 produced a very low catch,

contrary to what may have been a trend otherwise.

Beak International Incorporated
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Unknown habitat effects may confound the use of this tool, as suggested also by a

discontinuity in benthic community measurements in HE4. There was considerable

variability among reference reaches.

Brook Trout CPUE

There was no demonstrable trend of increasing catch in the downstrearn direction, nor any

difference between exposure and reference areas.

Mine effects may be confounded by habitat effects since HE4 and HE5 in the North

Branch Tomogonops River are probably sub-optimal for brook trout based on the river

size and flow.

Fish Community CPUE

The suggested trend of increasing catch of all fish in the downstream direction was

statistically significant (p : 0.0+3), and the exposure anea mean CPUE was significantly

reduced relative to the reference mean (p : 0.029). Consequently, this tool was useful in

detecting mine effects on the fish community at Heath Steele. The greater effectiveness of
this tool is attributed to the dampening of "noise" in the relationships when all species are

included, including not only the three listed but others such as lake chub which were also

present.

5.2.2.2 H6 - Biological Community Measures as a Response to Exposure

Figures illustrating the response patterns of fish biomass and benthic community measures

in relation to mine exposure, and ANOVA tables showing tests of significance for these

trends, are provided in Appendix 3. Based on these patterns and statistical test results, the

key findings regarding hypothesis H6 are outlined below.

FISH

Atlantic Salmon BPIJE

The suggested trend of increasing biomass in the downstream direction was not

statistically significant (p : 0.074), and the exposure area mean was not significantly

elevated relative to the reference mean.

Beak International Incorporated
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Blacknose Dace BPUE

There was no demonstrable trend of increasing biomass in the downstream direction, nor

any difference between exposure and reference areas. Reach HE4 produced a very low

biomass, contrary to what may have been a trend otherwise.

Unknown habitat effects at HE4 may confound the use of this tool, as suggested also by a

discontinuity in benthic community measurements at HE4. There was considerable

variability among reference reaches.

Brook Trout BPTIE

The apparent linear trend of increasing biomass in the downstream direction was not

statistically significant (p : 0.206; however, a second order trend was significant. In

other words, biomass changed more rapidly with distance in the near-field than in the far-

field exposure area. Using this second order trend to improve the fit of the trend model,

the lower biomass in the exposure area, as compared to reference, was significant (p :
0.023). Consequently, brook trout BPUE was useful in detecting mine effects at Heath

Steele.

Mine effects may be confounded by habitat effects, since HE4 and HE5 in the North

Branch Tomogonops River are probably sub-optimal for brook trout based on the river

size and flow.

Fish Community BPIIE

The linear trend of increasing biomass in the downstream direction was statistically

significant (p : 0.OZ). However, a second order trend fit the data better, suggesting that

there is less change with distance in areas that are further away from the mine site. Using

the second order term to describe the trend, it was shown that the exposure area mean

BPUE was significantly reduced relative to the reference mean (p : 0.045).

Consequently, fish BPUE was useful in detecting mine effects on the fish community at

Heath Steele.

Beak International Incorporated
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BENTHIC INVERTEBRATES

Number of Benthic Taxa

The mean number of benthic taxa was significantly reduced in the exposure area relative to

the reference area. This is because metal-tolerant species tend to replace more sensitive

species in the exposure areas.

The suggested trend of increasing species richness in the downstreâm direction was not

statistically significant, in particular due to the low species 'richness at HE4. An unknown

habitat effect may be involved here.

Number of EPT Taxa

The linear trend of increasing EPT taxa (mayflies, stoneflies and caddisflies) in the

downstream direction was statistically significant (p : 0.029), and the exposure area mean

was significantly reduced relative to the reference area mean (p : 0.023). The EPT taxa

are generally sensitive to pollution and are considered to be indicators of good water and

sediment quality. Thus, they may be considered useful in detecting effects on the benthic

community at Heath Steele.

Rheocricotopus (Dominance)

The dominance of the chironomid Rheocricotopus (arcsine square root transformed % total

benthic density) decreased significantly in the downstream direction (p : 0.02S), and the

exposure area mean was significantly greater than the reference mean (p : 0.047). This

genus is apparently pollution-tolerant and does well in the most exposed reaches of the

Little South Branch. Thus, it may be considered useful as an indicator of effects at Heath

Steele.

Orthocladiinae (Dominance)

The dominance of this sub-family of chironomids (arcsine square root transformed % total

benthic density) decreased significantly in the downstream direction (p : 0.012), mainly

in the near-field (HE1 to HE3). The exposure area mean was not greater than the

reference area mean (0.052). Like Rheocricotopus, this group is pollution-tolerant and is

Beak International Incorporated
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more dominant near the mine. Thus, it may be considered useful as an indicator of mine

effects at Heath Steele.

PERIPHYTON

Number of Periphyton Taxa

The number of periphyton taxa did not differ significantly among reaches. Therefore, no

tests for spatial trend or comparisons between areas were performed.

Periphyton Biomass

The log of periphyton biomass showed no significant spatial trend or difference between

reference and exposure areas.

5.2.2.3 H7 - Fish Growth as a Response to Exposure

Figures illustrating the size-age relationships of Atlantic salmon and blacknose dace, as

well as age-adjusted weights in relation to mine exposure, and ANOVA tables showing

tests of significance for these trends, are provided in Appendix 3. Based on these patterns

and statistical test results, the key findings regarding hypothesis H7 arc outlined below.

Atlantic Salmon

Atlantic salmon tend to be larger at age at more exposed locations HE3 and HE4 than at

less exposed sites (HE5) or at reference reach HR3. This is not consistent with an

expected metal exposure effect, and may be associated with a density-dependent growth

response where growth is reduced in reaches where salmon density is high.

Young-of-year (YOY) fish are smaller in high density reaches (HR3, HE5), which

produces different slopes in the size-age relationships for different reaches. If we exclude

the young-of-the-year (YOY) fish, the slopes are the same and we can adjust for age to

examine other possible effects on fish size. After we do this, there is still an effect of
reach on size at age (i.e., on the intercept of the size-age relationship) as indicated by

small size-at-age at HR3 and to a lesser extent at HE5. Thus, the apparent density-

dependent effects on young fish growth at these stations remain evident in older fish. Both

Beak International fncorporated
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these stations are unaffected by the barrier (railway bridge) that limits the spawning run to

points upstream.

If we leave HR3 and HE5 stations in the analysis, there are significant among-reach effects

on fork length (p : 0.023 based on station mean values), but no discernible reference-

exposure difference, and no discernible trend within the exposure area, for either fork

length or weight. If we exclude these stations from the analysis, there is no significant

among-reach difference.

Blacknose Dace

For statistical analyses involving fork length, only fish <3 years of age were used because

the presence of older fish (which grow slowly) in some reaches produced a significant

length x age interaction. For analyses of fish weight or weight-at-age, the interaction was

not significant, so all fish were utilized. Adjusting for the age effects, neither length-at-

age or weight-at-age differed among reaches.

5.2.3 H9 through H12

These hypotheses involve examination of correlation coefficients between measured

parameters. The correlations can be computed in two ways: excluding and including the

reference stations. 'We consider it more appropriate to exclude the reference stations in

the hypothesis testing, so that the correlations clearly reflect relationships that exist within

the mine exposure gradient, rather than extreme values on the X-axis driven by three

reference reaches (six reference stations). Thus, a total that produces a high correlation

coefficient when tested with exposure station data only is more effective than one

producing high values only when reference site data are included in the analysis. Only the

results generated exclusive of reference station data are discussed in this report. While no

statistical tests were performed to compare the correlations generated by two measurement

tools, differences of about 0.1 or more between coefficients are considered worthy of

discussion, as long as at least one of the coefficients is statistically distinguishable from

zeÍo.

Beak International Incorporated
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5.2.3.1 H9 - Correlation of Biological Response with Dissolved vs Total Metal

in Water

Tables showing the correlation coefficients between water chemical and biological

measurements are provided in Appendix 3. Based on the magnitudes of the significant

correlation coefficients, the key findings regarding hypothesis H9 are outlined below.

Correlation of Community Structure with Dissolvedvs Total Metal in'Water

These correlations are negative for fish CPUE and BPUE (slightly stronger for BPUE in

general) and for number of fish taxa. In other words, CPUE, BPUE and fish taxa tend to

decrease with increasing metal concentrations. These CPUE and BPUE correlations are

strongest for the fish community as a whole (all species) and for Atlantic salmon, which

showed significant (p <0.05) or near significant (0.05 < p <0.1) responses in H5 and

H6.

The correlations are negative for number of benthic taxa and EPT taxa, but positive for

dominance of pollution-tolerant taxa such as Rheocrícotopus and Orthocladiinae. In other

words, as metal concentrations increase, the number of taxa decreases and pollution-

tolerant species comprise a greater percentage of total organism density. These results are

generally consistent with the benthic response trends seen in H6.

On balance, the strength of correlations between fish or benthic response and aqueous

metal concentrations are similar for dissolved and total metals.

Correlation of Predicted Toxicity with Dissolved vs Total Metal in Water

In general, dissolved and total metals in water show similar relationships to the expected

water toxicity (based on effluent toxicity tests and reach dilution factors).

5.2.3.2 H10 - Correlation of Biological Response with Periphyton Metal vs Dissolved

Metal in Water

Tables showing the correlation coefficients between water or periphyton chemistry and

various biological measurements are provided in Appendix 3. Based on the magnitudes of

the significant correlation coefficients, the key findings regarding hypothesis H10 are

outlined below.

Beak International Incorporated
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Correlation of Community Structure with Periphyton Metals vs Dissolved Metals in

Water

The correlations are negative for fish CPUE and BPUE (slightly stronger for BPUE in

general) and for number of fish taxa. In other words, CPUE, BPUE and fish taxa tend to

decrease with increasing metal concentrations, either dissolved in water or (for CPUE and

BPUE) associated with periphyton.

The correlations are negative for number of benthic taxa and EPT taxa, but positive for

dominance of pollution-tolerant taxa such as Rheocricotopus and Orthocladiinae. In other

words, as metal concentrations increase in water or periphyton, the number of benthic and

EPT taxa decreases and pollution-tolerant species comprise a greater percentage of total

organism density.

The relationships are generally stronger (often substantially so) for metal in water than for

periphyton metal, with a few exceptions such as brook trout CPUE and BPUE in relation

to lead and aluminum.

While the hypothesis is not tested with total metals specifically, the results obtained for

dissolved metals and total metals would be similar, as dissolved metal and total metal

results are generally similar in terms of spatial trend and based on the results of H9.

Correlation of Predicted Toxicity with Periphyton Metals vs Dissolved Metals in

Water

In general, dissolved metal in water shows a slightly stronger relationship to the expected

water toxicity (based on effluent toxicity tests and reach dilution factors) than does the

periphyton metal. This is true for Al, Cd, Cu and Znwhereas, for other metals (Pb, Fe),

periphyton metal generally shows a slightly stronger relationship to expected water

toxicity.
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5.2.3.3 H12 - Metal vs Metallothionein in Fish (Viscera) as a Biological Response

to Environmentøl Metals

Tables showing the correlation coefficients between metal or metallothionein in fish

viscera, and metals in water (dissolved) or periphyton, are provided in Appendix 3. Based

on the magnitudes of the significant correlation coefficients, the key findings regarding

hypothesis HIZ are outlined below.

For exposed wild Atlantic salmon, metallothionein in tissue is correlated with metals in

water. The only significant correlations between corresponding metals in tissue and water

are negative (and thus possibly spurious). These results indicate that the marginally

insignificant exposure area trends in MT levels in wild salmon in H4 (Section 5.2.1) may

be more attributed to the use of the reach identifier rather than metal concentration in

water in that analysis. The absence of correlations between metals in water and viscera is

consistent with the absence of spatial trends in H4 for nearly all metals (except one).

For exposed blacknose dace, metallothionein is related only to lead in water, and zinc,

copper and lead in tissue are related only to corresponding metals in periphyton. These

results are consistent with the presence of an exposure area trend and reference-exposure

difference in MT, and with the reference-exposure differences in metal levels in viscera

and in periphyton.

For caged Atlantic salmon, metallothionein is correlated with metals in water and no

correlations were seen between metals in water and metals in viscera. These correlations

are consistent with responses seen in H4 (Section 5.2.1).

On balance, tissue metallothionein and tissue metal concentrations were both correlated

with environmental metal concentrations in some instances, although neither

metallothionein nor metals responded in a consistent manner among the fish tested.
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5.2.4 H13 - Correlation of Biological Response with Predicted Effluent Toxicity

Figures illustrating the relationships between biological response and expected water

toxicity (based on effluent toxicity and reach dilution factors), and tables showing the

correlation coefficients, are provided in Appendix 3. Based on the magnitudes of the

significant correlation coefficients, the key findings regarding hypothesis H13 are outlined

below.

In general, the data show that the expected water toxicity (% inhibirion) is negatively

correlated with number of fish taxa, fish CPUE and BPUE, and Atlantic salmon CPUE

and BPUE. The correlations involving brook trout and blacknose dace were not generally

significant.

The data show that the expected water toxicity (% irhibirion) is positively correlated with
pollution-tolerant benthic taxa such as Rheocricotopus and Orthocladiinae. The

correlations involving number of benthic taxa, number of EPT taxa and benthic density

were negative but not significant.

5.2.5 Triad Hypotheses

There are many combinations of chemistry (C), toxicity (T) and biology (B) monitoring

tools that show significant correlations on all three arms of the "triad". This is true

whether we use dissolved or total metal chemistry in water, or periphyton chemistry. The

strongest C-T, C-B and T-B correlations are listed in Appendix 3.

In the absence of sediment at this site, only water toxicity values are available, and these

values are estimated for the exposure reaches based on effluent toxicity testing. Although

triad analysis might be possible based on water toxicity tests on field-collected water

samples, it is questionable whether it should be performed using estimated water toxicity

values. Consequently, we have not performed any further statistical evaluations of the

triad hypothesis at this site.
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6.0 BVALUATION OF AQUATIC EFFECTS
TECHNOLOGIBS

6.L Introduction

The Heath Steele progr¿rm evaluated several of the aquatic effects monitoring "tools"

considered by AETE. These tools were evaluated through testing eight of the thirteen

hypotheses pertinent to the 1997 field program, as well as by examination of other tool

performance indicators other than those specific to these hypotheses (e.g., other apparent

cause-effect relationships, practical aspects, etc.). To avoid repetition, the cost-effectiveness

aspects are considered collectively in the summary report on all four 1997 field sites,

because costs for each specific technology were approximately equal at the four sites (BEAK

and GOLDER, 1998b).

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 1,2 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 response to Question No. 4.
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Question Tool Boxes Tools

Are contaminants getting
into the system?

Water chemistry ¡ total metal concentrations
o dissolved metal concentrations

Sediment chemistryr ¡ total metal concentrations
o partial metal concentrations

Are contaminants
bioavailable?

Fish tissues a

a

organ/tissue metal concentration
organ/tissue metallothionein
concentration

Is there a measurable
response?

Effluent chronic toxicity2 a fathead minnow survival and growth
test
C e rio dap h ni ø dub i ø (micr ocrustacean)
survival and reproduction test
S e I e n as t r um c ap ri c o r nutu m (algae)
growth test
Lemns minor (duckweed) growth test

a

Sediment toxicity o Chironomus riparius (larval insect)
survival and growth test

. Hyalella azteca (crustacean) survival test

. Tubilex tubiÍex (aquatic worm) survival
and reproduction test

Fish health indicators . fÏsh growth (length, weight and age)
. fish organ size

Fish population/community
health indicators

a fish catch-per-unit-effort (CPUE - by
species and total)
fish biomass-per-unit-effort (BPLIE - by
species and total)

a

Benthic community health
indicators

o densities of benthic invertebrates
¡ numbers of benthic invertebrates
o benthic community indices (e.g., EPT

index)
o frequency of chironomid deformity

Periphyton community
health indicators

o periphyton community 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
r toxicity x biology tool correlations
o chemistry x toxicity tool correlations

TABLE 6.1 GUIDING QUESTIONS, TOOL BOXES AND TOOLS CONSTDERED IN THE t997
FIELD PROGRAM. TOOL BOXES AND TOOLS IN BOLD PRINT ARE
SPECIFICALLY CONSIDBRED AT HEATH STEELE.

t Periphyton metal concentration used as a surrogate for sediment metal concentration as a predictor of
benthic effects at Heath Steele.

2 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 Heath Steele

data set. Heath Steele 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 Heath Steele 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 with

Heath Steele data will necessarily be broadly valid at mines across Canada. As shown in the

AETE 1997 Field Program Summary Report, monitoring tools can respond very differently

from site to site (BEAK and GOLDER, 1998b). 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. However, the degree of impact known to occur at Heath Steele and the

aqueous concentrations of metals typically present are consistent with conditions which

should demonstrate the effectiveness of monitoring tools unless they are insensitive.

6.2 Are Contaminants Getting Into the System?

6.2.1, 'Water Chemistry Tool Box

Hypothesis Te sting Aspects

At Heath Steele, water chemistry sampling showed that metals were "getting into the

system" in the vicinity of the mine's monitoring station, HS-3. This was demonstrated by a

downstream gradient in total and dissolved concentrations of zinc, copper, lead, cadmium

and aluminum. A gradient was also observed for lead and possibly iron concentrations in

periphyton, but gradients were generally not evident for other metals in periphyton.

In testing of Hypotheses H9, H10 and H12, measured aqueous concentrations of metals from

the Heath Steele site were effectively correlated with fish community health indicators

(CPUE, BPUE, number of fish taxa), benthic community health indicators (density, numbers

of taxa, EPT index) and some visceral metal and MT concentrations in wild Atlantic salmon

a

a
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and blacknose dace. However, metal concentrations in water were more strongly correlated

with visceral MT than with visceral metal concentration in all fish examined.

Biological (fish and benthic) coÍìmunity responses were similarly correlated with dissolved

metal concentration and total metal concentration in water in H9. Total metals in periphyton

were generally more weakly correlated with biological responses than tvere metal

concentrations in water in H10.

Other Considera.tions

The collection of dissolved metal water samples according to the methods described in

Annex 1 was not onerous, but required approximately five technician hours (additional

relative to total metal samples) to filter and preserve the 18 samples (16 plus 2 duplicates)

and appropriate filter blanks.

The syringes used, based on recommendations by chemists at 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 the order.

The commercial laboratory used required very specific instruction to provide sampling

containers and filtration materials consistent with the specifications 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 (generally not at Heath

Steele), filters became quickly clogged and required replacement.

Although no significant sample contamination was apparent in the dissolved metal results and

in the filter blanks (i.e., dissolved metal concentrations were generally less than or equal to
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total metal concentrations and blanks were generally below detection limits), a greater

potential for sample contâmination exists in the field for dissolved metals than for total

metals owing to the handling required. Some contamination was apparent at one of the other

three sites.

To conclude, water chemistry (metal concentration) measurements were effêctively

correlated with biological effects in fish and benthos at Heath Steele. Dissolved and total

metal concentrations were similarly correlated .with biological effects, .and water

concentrations were more often and more strongly correlated with biological effects than

were periphyton metal concentrations.

6.2.2 Sediment (Periphyton) Chemistry Tool Box

Hypothesis Testing Aspects

The periphyton metal tool, as a possible surrogate for sediment metals, has been evaluated

by identifying reference versus exposure differences or concentration trends within the

exposure gradient, and by examination of periphyton as a possible causal agent for biological

responses (H10, HIz).

In general, reference-exposure differences in periphyton metal concentrations were observed

for zinc, lead, cadmium and copper, and exposure area trends for lead and iron. These

trends could, in part, be due to the effects of metal precipitates (e.g., iron hydroxide)

collecting on the stream substrate (and forming part of the periphyton samples).

Periphyton metal concentrations provided some linkages to biological effects. In particular,

periphyton metal levels were correlated with benthic and fish community responses, as well

as with some metal levels in blacknose dace viscera from the exposure area. Within

exposure reaches, periphyton metal concentrations were generally better correlated with

visceral metal concentrations than were aqueous metal concentrations in blacknose dace.

This may, in part, be due to the fact that blacknose dace are known to feed on algal species

(Scott and Crossman, 1973).
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Other Considera.tions

At Heath Steele, variability in the periphyton growth forms and species present affected the

biological composition of the sample collected and in turn probably influenced metal

concentrations. Species composition and biomass varied substantially from site to site,

potentially affecting metal bioaccumulation within any particular sample. Also, material

other than algae may be present in the samples such as mineral precipitates and bacterial

slimes. These factors may be more important in influencing metal concentrations in

periphyton than in sediment material.

Periphyton was relatively easy to collect in the field. However, at some stations, growth

was sparse and collection times of up to 10 to 15 minutes per sample were necessary.

Although this collection time is not excessive, it generally exceeds the time needed to collect

a water or sediment sample. Periphyton samples, however, required minimal preparation

after collection (label and freeze only).

Periphyton metal concentrations may be most useful in identifying whether contaminants are

"getting into the system" in special cases 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. In cases where

soft sediments are sparse or absent (e.g., a fast-flowing river), periphyton metal

concentrations may be effective in integrating the ranges of water quality conditions

prevailing in the recent past.

6.3 Are Contaminants Bioavailable?

6.3.1 Tissue Metal Concentrations

Hypothesis Te sting Aspects

At Heath Steele, the effectiveness of visceral metal concentration as an indicator of metal

bioavailabilþ is measured from the identification of differences in concentrations between

reference and exposure areas and/or the occurrence of linear trends within the exposure

reaches. Effectiveness is also determined by the strength of correlations between possible

causal agents (metals in water or periphyton) and metals in viscera.
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Reference area-exposure area differences in visceral metal concentrations were observed for

lead in wild Atlantic salmon and copper and zinc in blacknose dace, although no

concentration trends were seen in either species in the exposure zone. Reference-exposure

area differences were also apparent for visceral copper and cadmium in brook trout, with a

possible exposure area trend indicated for copper.

Visceral metal concentrations in wild fish were not correlated with exposure to metals in

water. However, blacknose dace Cu, Pb and Zn in viscera were correlated with

concentrations of the same metals in periphyton, reflecting a possible food chain linkage.

Metal bioavailability was not indicated by visceral metal concentrations in caged Atlantic

salmon exposed for nine days downstream of Heath Steele. The reduction or elimination of
feeding by these fish in the cages may have reduced any food intake pathway for metals, and

the exposure time may have been inadequate to induce the effect seen in wild fish.

However, because MT results suggest that metal exposure has occurred, the absence of
apparent response in metal concentration might be attributed to homeostatic processes in the

viscera, potentially involving MT.

Gill in caged salmon appeared to respond to metal exposure, with gill cadmium levels in

particular paralleling the aqueous cadmium gradient present. Although Hypothesis 2 was not

specifically intended for testing at Heath Steele, the results of gill and visceral analyses in

caged fish imply that at least for short-term metal exposures, analysis of metals in gill may

be a better indicator of metal bioavailability than metals in viscera.

Other Considera.tions

From a practical standpoint, processing of small fish for metal analysis is accomplished more

quickly than required for larger fish at other mine sites. Small fish samples were easily

processed in the field simply by freezing the whole fish on dry ice. These fish were

dissected and the tissues processed and analyzed for metals and MT by the Department of
Fisheries and Oceans, Winnipeg, Manitoba. At most Heath Steele sites, small fish were

abundant and could be sampled quickly by electrofisher during one visit to each station

(versus use of gillnets for larger fish).

It is not certain to what extent visceral analysis is influenced by the quantity of food present

in the gut of the fish. However, one might assume that visceral metal concentration may be
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either reduced or increased in viscera following feeding periods, depending on metal

concentrations in the food consumed. For example, the correlation between periphyton

metal concentrations and metal concentrations in blacknose dace viscera may reflect either

bioaccumulation by the tissues or simply the presence of periphyton in the alimentary canal.

This possible source of variation would not occur in the analysis of individual organs or

tissues.

6.3.2 TissueMetallothioneinConcentrations

Hypothesis Te sting Aspects

The effectiveness of visceral MT concentration as an indicator of metal bioavailability is

measured as described above for visceral metals (i.e., by reference-exposure area

differences, exposure area trends and correlations with possible causal agents). A reference-

exposure difference and/or an exposure area trend indicate an effective tool response.

Reference area-exposure area differences in visceral MT were evident in blacknose dace

viscera, with a linear trend indicated for caged salmon. The reference area-exposure area

difference was weak and not significant for wild salmon (p : 0.099). The exposure area

trend for blacknose dace was also weak and not significant (p : 0.06).

Visceral MT levels responded to exposure concentrations in water for exposure area wild

salmon for most metals of concern. Visceral MT levels in caged salmon were strongly

correlated with aqueous metal concentrations. Correlations between exposure concentrations

of metals and visceral MT were found in blacknose dace only for lead.

Although Hypothesis 3 was not specifically intended for testing at Heath Steele, the analysis

of both gill and viscera in caged Atlantic salmon appears to indicate that, for short-term

exposures, both tissue types responded similarly to exposure. However, gills from two fish

were necessary to provide sufficient mass for a single sample for analysis of MT and metals

(in contrast to viscera from a single fish).
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Other Consideralions

The collection of fish for MT analysis at Heath Steele was accomplished readily and fish

required little processing, as described in Subsection 6.3.1. Maintenance of a reliable supply

of dry ice required for preservation of tissues for MT analysis was somewhat problematic at

Heath Steele owing to the absence of a commercial supply in Miramichi and a requirement

for courier deliveries from Halifax, Nova Scotia. Maintenance of a dry ice supply required

daily diligence to confirm orders and to track deliveries. Also, a dry ice quantity limitation

of 2kg on passenger aircraft required an unscheduled re-packaging of samples at the airport

and a requirement for immediate replenishment of the dry ice supply upon sample arrival at

BEAK.

6.3.3 Tissue Metal vs Metallothionein Comparison

Based on the Heath Steele data, MT and metal concentrations in wild fish viscera and caged

fish gill both responded to metal exposure. Visceral MT was better correlated with metal

concentrations in the environment than were visceral metals in salmon, while the reverse was

true for blacknose dace. For shorter-term exposure using salmon, visceral MT was more

effective than visceral metal concentration.

The correlation matrix of tissue metal versus metallothionein concentrations in fish viscera

and gill suggests that some metals are more closely associated with tissue metallothionein

than others. For fish at Heath Steele, the highest correlation coefficients occur for cadmium

in most cases where metal-metallothionein relationships were apparent. This suggests that

MT is likely more effective in reflecting the bioavailability of some metals than others.

6.4 Is There A Measurable Effect?

6.4.1 Effluent Chronic Toxicity

Hypothesis Testing Aspects

Estimates of in situ chronic toxicity, based on effluent toxicity test results and a Tomogonops

River dilution model, were correlated with in situ effects in some fish communþ and

benthic community indices. The three most sensitive tests (Ceriodaphnia, Selenastrum and

duckweed) were more effective than the least sensitive (fathead minnow) test. This abilþ to
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predict biological effects with Heath Steele toxicity results is intuitively reasonable, because

chronic effect endpoints occurred at effluent concentrations also found along the exposure

gradient.

Predicted in sítu chronic toxicþ was also strongly correlated with measured metal

concentrations in water. Thus, a strong cause-effect linkage is implied between water

concentrations and chronic'toxicity, as well as between chronic toxicity and in-stream

response.

Other Considera.tions

Of the four tests, Selenastrum and Ceriodaphnia were the most sensitive to Heath Steele

"effluent", and fathead minnow was the least sensitive. All tests effectively measured

chronic toxicity except in one case (June 1997 sample) when no lethal or sublethal effect was

measured in fathead minnow.

As documented in the Summary Report (BEAK and GOLDER, 1998b), similar toxic

responses were obtained in chronic testing of Ceriodaphnia and fathead minnow using Heath

Steele site dilution water and laboratory dilution water having a hardness similar to site

water. Thus, for Heath Steele, little or no reduction in toxicity was achieved in site dilution

water, in spite of the presence of potential modiffing factors such as dissolved organic

carbon (typically 3 to 5 mglL) in site water.

Testing of H13 as worded could have been undertaken more directly by measuring chronic

toxicity in water collected from each downstream exposure station. In this way, linkages

between causal agents (toxicity) and biological response would be based on data from the site

rather than from toxic responses predicted indirectly from testing of effluent. In practice,

however, this alternate approach would have been problematic owing to difficulties in

discerning responses at effluent concentrations that in many cases would have been low

relative to effect concentrations, and to the dilution water effect (as noted below) which

would have been inherent in the samples.

Use of site dilution water was associated with invalid test results for fathead minnow in two

of the three Heath Steele tests, as well as in some of the fathead minnow tests completed for

the other mines in this program. This condition arose from excessive mortalities in control

fish, apparently in response to fungal growth on the fish.
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In terms of the practical aspects of the testing, use of site dilution water added a level of

difficulty to test logistics. In particular, use of site dilution water added to the acclimation

requirements for fathead minnow and Ceriodaphnia, and necessitated additional sampling

effort and shipping expense.

6.4.2 Fish Growth

Hypothesis Testing Aspe cts

In neither juvenile Atlantic salmon nor in blacknose dace was fish size at age related to

effluent exposure. The only reference-exposure difference seen in size at age was in the

occurrence of larger Atlantic salmon in the exposure area than in the reference area, possibly

owing to greater density effects (competition) in the reference area. This result is interesting

in light of the evidence for other effects on fish at the population and community levels in

that fish apparently are diminished in numbers in exposure areas, but the fish present in

exposure areas are not impaired in terms of growth.

6.4.3 Fish CPUE and BPUE

Hypothe sis Testing Aspects

CPUE or BPUE for all fish species combined effectively responded to effluent exposure, as

measured in H5, H6 and H9. The CPUE and BPUE tools were similarly effective for

juvenile Atlantic salmon ¿rmong comparable stations, but not for other individual species

such as blacknose dace or brook trout. CPUE and BPUE were particularly effective in

showing a spatial trend consistent with the aqueous metal gradient in the exposure area.

Other Considera.tions

CPUE and BPUE were readily measured in the field, with two monitoring stations

completed by a crew of two each day. This effort included often difficult site access, as well

as the identification and processing of all fish captured.
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6.4.4 Benthic Community Health Indicators

Hypothesis Testing Aspects

Monitoring of benthic community parameters was effective in identiffing metal exposure

responses in the exposure area at Heath Steele, with effects on numbers of taxa, EPT index

and numbers of specific species evident. This effectiveness was evident in terms of
reference-exposure differences and with respect to correlations with aqueous metal

concentrations. Total benthic density was not effectiye in distinguishing an exposure effect,

because metal-tolerant forms replaced more sensitive species in exposure areas.

Benthic indices could be predicted based on metal concentrations in the water. This

strengthens our conclusion that the response is associated with metal exposure. Weaker

associations were seen between benthic indices and periphyton metals, suggesting that effects

are predominantly associated with exposure to aqueous metals.

Other Considera.tions

The incidence of chironomid abnormality, based on examination of mouth parts in mounted

specimens, was low throughout the reference and exposure area (Appendix 5), indicating

that this tool would be ineffective in measuring biological responses to metals at Heath

Steele.

The presence of a very rich and diverse benthic fauna in the Tomogonops River probably

enhances the sensitivity of benthic monitoring to metal exposure. Similar trends can be more

difficult to discern in aquatic habitats supporting a less diverse benthic assemblage.

6.4.5 PeriphytonCommunitylndicators

Hypothe sis Testing Re sults

Periphyton densities and numbers of taxa did not show a reference-exposure area difference

or a trend consistent with a response in the exposure gradient. Based on this result,

periphyton community conditions were ineffective in monitoring exposure at Heath Steele.
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Other Considerations

Periphyton communities may be affected by degree of shading by riparian vegetation,

substrate type, flow conditions and other aspects of habitat. Monitoring of periphyton on

artificial substrates (colonization surfaces) could be more effective than natural community

monitoring, because it would provide a standard surface for colonization. However, this

would necessitate a return field trip to retrieve the substrates. Monitoring of natural benthic

communities offers a clear advantage over periphyton as a biomonitoring tool in terms of

cost effectiveness, ease of sample collection and environmental relevance.

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 H13.

At Heath Steele, evidence indicates that contaminants are getting into the system and are

bioavailable, and that certain biological responses are correlated with metal concentrations in

the environment. Certain fish community and benthic community responses are correlated

with aqueous concentrations of metals in the Tomogonops River, and the directions of

exposure-response relationships are consistent with biological effects. Furthermore, in situ

toxicity predicted from laboratory toxicity testing is also correlated with these biological

effects. Accordingly, the field data support a conclusion that "contaminants are causing the

responses". However, dose-response relationships in the field do not necessarily prove

cause and effect. Rather, a combination of controlled laboratory testing of metal toxicity and

field evidence such as provided herein would be appropriate to provide further detail on

cause and effect (e.g., which metals individually or in combination produce a response).
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6.6 Section Summary

Table 6.2 provides a sunmary of the effectiveness rankings of the aquatic monitoring tools

evaluated at Heath Steele. Table 6.3 compares the effectiveness of alternate tools that may

be used to measure metal concentrations, metal bioavailabilify or biological response.

For Table 6.2, the rankings are based on those statistical indicators of mine effect available

for each tool (reference-exposure differences, exposure area trends, etc.). The ÍEffect

Detected" ranking is used when effects are consistently measured for a tool at Heath Steele.

An "Effect not Demonstrated" ranking means that effects are never measured with the tool

in question at Heath Steele. The "Effect Partially Demonstrated" category applies when

effects are measured in only some cases with a particular tool. For example, statistically

significant MT responses in fish occurred in blacknose dace and caged juvenile salmon but

not in wild salmon. Thus, MT in viscera demonstrated a partial effect.

Overall, most of the tools evaluated were effective or somewhat effective. Periphyton

communþ structure, fish growth and benthic community density were ineffective. Of those

tools that were effective, some were more effective than others as predictors of biological

response.
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TABLE 6.2: EFFECTIVENESS OF MONITORING TOOLS TESTED AT HEATH STEELE (Note: Refer to Table 6.3 for tool comparisons)

Comment

Gradient in Zn, Cd, Cu, Pb and Al in exposure area. Correlated with
biological effects and tissue MT and metal levels.

Gradient n Zn, Cd, Cu, Pb and Al in exposure area. Correlated with
biological effects and tissue MT and metal levels.

Gradient in exposure area evident for Pb and Fe. Some correlations
occurred between periphyton metals and biological/tissue responses.

Visceral metal levels responded to metal exposure (increase in exposure
area fish) but little or no trend present in exposure area. Visceral metals
in caged salmon did not respond to metal gradient.

Gill metals responded effëctively to exposure over nine days in caged

salmon, especially for Cd. Spatial trends not well developed for other
metals.

Visceral MT levels responded to metal exposure (increase in exposed
fish) in blacknose dace. Visceral MT showed clear spatial trend in
exposed caged salmon, but no significant response seen in wild salmon.

Gill MT showed clear spatial trend in exposed iuvenile salmon (caged)

Ceriodnphnia and Selenastrum were the most sensitive tests. All tests

were correlated with some ln situberÍJriclfish effects.

Ceriodaphnia and Selenøstrum wete the most sensitive tests. All tests
were correlated with some ¿n situbenthic/fish effects.

Effectiveness

Effect Not
Demonstrated

Effect
Partially

Demonstrated
Effect

Demonstrated

I

Tools

Total Metals

Dissolved Metals

Periphyton Metals

Visceral Metals

Gill Metals

Visceral MT

GiII MT

Ceriodaphnia

Selenaslrum

Tool Boxes

Water Chemistry

Sediment
(Periphyton)
Chemistry

Fish Tissues

Effluent Toxicity



TABLE 6.2: EFFECTIVENESS OF MONITORING TOOLS TESTED AT HEATH STEELE (Note: Refer to Table 6.3 for tool comparisons)

Comment

Ceriodaphnia and Selenastrum were the most sensitive tests. All tests
were correlated with some in situbenthic/fish effects.

Fathead minnow was the least sensitive of the four tests and presented
difficulties in acclimation to site water.

No effects on growth seen in sentinel species

Catch and biomass of fish per unit effort effective in responding to
exposure. Total community results (all fish) affected more clearly than
individual species.

Exposure-reference difference or exposure trend not evident.

Exposure-reference difference evident; exposure area trend apparent but
not significant.

. Exposure-reference difference evident

. Exposure area trend evident and significant

o Exposure-reference differenceevident.
o Exposure area trend evident and significant

Reference-exposure area differences' or exposure area trends not
observed.

Effectiveness

Effect Not
Demonstrated

Effect
Partially

Demonstrated

I

Effect
DemonstratedTools

Lemna minor

Fathead minnow

Growth

CPUE/BPUE

Benthic Density

No. ofTaxa

No. ofEPTTaxa

Abundances of
Indicator Species

Periphyton Biomass

No. of Periphyton
Taxa

Tool Boxes

Effluent Toxicity
(cont'd)

Fish Health
Indicators

Fish Population/
Community Health
Indicators

Benthic Community
Health Indicators

Periphyton
Community Health
Indicators



TABLE 6.3: COMPARATIVE EFFECTIVENESS OF MONITORING TOOLS AT
HEATH STEELE

Tools Comparison

Total Metals vs Dissolved Metals in
Water

Dissolved metal and total metal concentrations were similar in terms of
strength of correlation with biological responses.

Metals in rüy'ater vs Metals in
Periphyton

Metals in water rather than periphyton were more strongly correlated
with community level biological responses on balance. Periphyton Cu,
Zn and Pb were better correlated with visceral metals in blacknose dace

than were aqueous metals, possibly reflecting periphyton in the gut.

Visceral Metals vs Visceral MT in
Fish

On balance, MT responded more frequently or strongly to exposure than
did metals in small fish viscera. Effectiveness differed greatly from
species to species and MT only responded in caged salmon. The
responsive metals variously included Zn, Pb, Cu and Cd.

Gill Metals vs Gill MT in (Caged)
Salmon

Gill metals were variable in responsiveness to exposure (Cd most
effective); eill MT was effective.

Visceral Metals vs Gill Metals in
(Caeed) Salmon

Gill concentrations of some metals were responsive to exposure.
Visceral metals were not.

Visceral MT vs Gill MT in (Caged)

Salmon
Visceral and gill MT appeared equally responsive to exposure.

Effluent Chronic Toxicity Tests All tests were effective in predicting in-stream effects on natural
communities; fathead minnow test was the least sensitive of the four

Fish CPUE/BPUE (individual species

vs whole community)
CPUE and BPUE were responsive to exposure; CPUE and BPUE were
more responsive at the community level (all fish) than at the individual
species level.

Benthic Community Health Indicators
(density, no. of taxa, EPT index,
indicator taxa)

Benthic EPT index and abundances of some indicator species were more
responsive than numbers oftaxa to exposure. Total densities did not
respond effectively. Only a selected subset of indices was tested (beyond

core hypotheses requested by AETE).
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BEAK MEMO

To Paul McKee, Project Manager
Dennis Farara, Project Manager

From: Guy Gilron, QA OffÏcer
Pierre Stecko, QA OffÏcer

Ref: AETE L997 - Heath Steele Data QA Report Date: May 04, 1998

V/e have reviewed the 1997 AETE data collected from the Heath Steele mine and have

conducted a data quality assessment in comparison to the data quality objectives (DQO)

outlined in the Quality Management Plan (QMP). A summary of the results of the data

quality assessment is presented below, categorized by study.

Benthos (Table 41.1)

DQOs for percent recovery (> 95 %) and laboratory precision (> 80%) were met based

on an assessment of percent recovery in samples HR3A and HR4A and sub-sampling

error in samples HR2B and HE4A. NO FLAGS.

Water Chemistry (Table 41..2)

Analysis of trip and filter blanks met DQOS in all cases. There were no DQOs set for
laboratory precision for water chemistry. However, we have flagged parameters with
> 50% difference (as a percentage of the mean). No such differences occurred between

laboratory replicate samples. FLAGS: Differences of greater than 50% between field
duplicates were observed for ion balance (HEIA; HRIA), orthophosphates (HEIA;
HRIA), total suspended solids (HRIA) and turbidity (HRIA).

Metals and Nutrients (Table LL.Z)

Analysis of trip and filter blanks met DQOs in all cases. In addition, none of the metals

and nutrients were flagged due to differences greater than 5O% between laboratory
replicates or field duplicates. NO FLAGS.



Sediment

There were no sediments collected at the Heath Steele Mine (periphyton was done
instead; see below).

Periphyton (Table 41.3)

Recovery of metals in matrix spikes varied from 84 to IIO%, while the DQO for
laboratory accuracy was 1,0% (i.e., 90 to L1.0% recovery). V/ith the exception of lead

OL%), all metals of concern were within the L0% limit. FLAGS: arsenic, beryllium,
boron, chromium, cobalt, lead, nickel, selenium, and titanium at HEIA. In addition,
tin at HE1A exceeded the DQO for laboratory precision (10%), and the variability
among field duplicates (taken atHE2B and HE3B) was high.

Water Toxicity (Tabte Al.4)

All DQOs for water toxicity (i.e., minimum significant difference, control mortality,
control and reference toxicant variability, and accuracy of the reference toxicant) were
achieved. NO FLAGS.

Sediment Toxicity

There were no sediments collected at the Heath Steele Mine, therefore there were no
sediment toxicity tests conducted.



Table Al.1: Results of Benthic Sorting Recovery Check and Subsampling Check, Heath Steele

Station

l\umoer or Antmals
Recovered

Number ol Anrmals ln
Re-sort Percent Recovery

rlÃ,Jl\ 4Ut IJ vo.Y

tt tr44 +vY yo.J

Calculation of subsampling enor

Station
lìulllucr 0l Alllrlrärs ilr

Fraction I
lìutuuça ut Atttlltats ttl

Fraction 2

ùf,atlua¡ u

Deviation
LtrE¡llultllt Itt

Verietion
fll(¿u )u/ )lu ¿.t¿ u.4t I I t¿t42
Ï1l]44 4lö +oo JJ.>q /.o / òyÕ /ooy

samples that required subsampling
ùrauon ¡råcüon ùorteo
tl_tllA. l/8
HbItt Lt4

HE¿A JI L6

|tEZI] 3t 16

HIlJA. t/u
rTE JB l/8
Hb4Á' t/ð .
HE4I' l/E
HB5A U¿

Hb)tt t/8
FIKIA' t/ð
HRIB r/ö
HRzA Ut\
tlKzu l/8{
TIKJA t/E
IIKJTJ r/ð



Table Â.1.2: Heath Stæle Waler Chemistry QA/QC

Anatysis of Water

Pilmeter LOQ Units

EXPOSURE STATIONS

HEIA.W-
Total

HEIA.W.
Totâl

Lab Reo

HEIA-W
Total

DQA
(Vo dilf)
VS.LR

DQA
(Vo ditrl
YS. FD

DQA
(7o ditr)

HEIA-W
Dissolved

Field Dup

DQA
go díff)
vs. FD

HEIA-W
Dissolved

HEIA-'rV
Dissolved

Field Lab P¡n LR

Aciditlas CaCO3)
Alkaliniry(æ caco3)
Aluminum
Ammonia(æ N)
Anion Sum

Antimony
Arænic
Buium
Beryllium
Bicarbonaæ(as CaCO3, calculaæd)

Bismuth
Bofon
Cadmium

Calcium
Caöonaæ(as CaCO3, calculaæd)

Cation Sum

Chloride
Chromium
Cobalt
Colour
Conducrivity - @25øC

Copper

Dissolved Inorganic Carbon(as C)
Dissolved Orgmic Carbon(DOC)
Hrdness(æ CaCO3)

Ion Balance

Ifon
Langelier lndex at 206C

Langelier lndex at 47C
Iæad

Magnesium

Manganese

Mercury (dissolved)

Mercury (total)

MolyMenum
Nickel
Nitrate(as N)
Nitrite(æ N)
Orthophosphate(as P)

pH
Phosphorus

Potassium

Reactive Silica(SiO2)
Saturation pH at 20øC

Satuntion pH at4øC
Selenium

Silver
Sodium
Strontium

Sulphate

Thallium
Tin
Titanium
Total Dissolved Solids(Calculated)
Total Kjeldahl Nitrogen(as N)
Total Suspended Solids

Turbidity
Uranium
Vanadium

Zirc
Fluoride

t
I

0.005

0.05

na

0.0005

0.002

0.005

0.005

t
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

na

0.0001

0.1

0.0005

0.0001

0.0005

0.0001

0.001

0.05

0.0r
0.01

0.1

0.1

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.02

mgll-
mgll-
mgll-
mglL
msl/L
mglL
mg/L
mglL
mglL
mElL
mglL
mglL
mglL
mglL
mglL
mql/L
mgll-
mg/L
mg/L
TCU
uVcm
mg/L
mgll-
mglL
mgll-

%

mgr-
na

na

mgll-
mgll-
mglL
mgll,
mg/L
mg/L
mg/L
mgll,
mElL
mg/L
Units
mElL
mg/L
mglL
units
units
mg/L
mgll-
mgll-
mgll-
mglL
mg/L
mgll-
mgll-
mgll-
mg/L
mg/L
NTU
mg/L
mgll,
mgll,
ms/L

4
5

0322
nd

0.329
nd

nd

nd

nd

5

nd

nd

0.00032

3.5

nd

o.342
2
nd

0.0021

50
46

o.0225

t2.8
t.92
0.67

-J.b
4

0.003

I
0.103

nd

nd

nd

nd

nd

0.0r
6.6

nd

I
5.1

t0.2
10.6

nd

nd

t.7
0.014

9

nd

nd

0.002

0.36

2
2.6

nd

nd

0.157

0.02

0.00

2.90

3.73

0.00

0.00

15.05

4.44

o'1t

0.78

91.98

3.03

5.5n

5.13

3.28

0.00

0.98

142.86

2.99

0.00

9.52

0.00

0.00

0.00

0.00032

3.5

nd

0.0021

0.0201

0.6

4.5

o:,

0_00t

I

0.0973

nd

nd

nd

0.t 85

nd

nd

1.8

0.012

nd

nd

0.t58

0.187

";
nd

nd

nd

nd

nd

0.00032

t:

^Oo'Tt

0.0191

0.5

o:

o.32

0.00r
t

0.0957

nd

nd

nd

0.00
2.90

0.00034

t-t

";
0.0019

0.o189

0.8

4.2

olz

4
5

nd

40.00

0.00

1.88

6
5

0.3r6

2.77

nd

nd

nd

nd

5

nd

nd

0.00032

3.4
nd

0.355

2

nd
0.0021

43
44

0.00

nd

0.32

0.00

4.08

0.00

1.08 0.185 0.00

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

2

6.06

0.00

to:*

6.15

24.57

6.90

0.00

9.52

0.00
5.71

4.88
48

46

Q.Q224 5.10

18.18

0.00

12.9

5. l9
0.65

-3.4

-3.8

0.003r
I

0.102

nd

nd

nd

nd

nd

0.06

6.8

nd

l.l
5.1

lo.z
10.6

nd

nd

1.7

0.014

9
nd

nd

0.003

0.35

2
2.4

nd

nd

0. l5
o.o2

0.00

0.00
0.00

1.66

0.00

1.53

nd

nd

nd

0.01

6.5

0.00t I

I

0.0919

nd

nd

nd

nd

nd

1.8

0.o13

;
nd ";nd

";o.8

0.00

8.00
0.00
8.00

9 0.00

0.00

0.00

0.00

40.00

2.82

0.00

8.00

4.56

0.00

nd

nd

1.8

0.0r3

nd

nd

nd

nd

nd

o.t62 2.50

0.37

2

0.02

2.74

0.00

3.92

nd

nd

nd

25

nd

nd

0.157

nd

nd

nd

25 0.00

0.63

0.00
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Table.Al.2: Heath Stæle Waaer Chemistry QA/QC

Analysis of Water

Ptrmeter LOQ Units

REFERENCE STATIONS

HRIA-W.
Total

HRIA.W.
Total

Field Dup

DQA
(Vo diÍf)
YS. FD

HRIA-Vr'
Dissolved

HRIA.W
Dissolved

Field Dup

DQA
(1o ditrl
vs. FD

HRIB-W
Total

HRIB.W
Total

l¡b Rep

DQA
(1o díff)
vs. LR

Acidity(as CaCO3)

Alkaliniry(æ CaCO3)

Aluminun
Ammonia(æ N)
Anion Sum

Antimony
Arsenic
Brium
Beryllium
Bicarbonate(as CaCO3, calculaæd)

Bismuth
Boron
Cadmium

Calcium
Crbonaæ(as CaCO3, calculated)

Cation Sum

Chloride
Chromium
Cobalt

Colour
Conductivity - @25øC

Copper

Dissolved Inorgmic Carbon(as C)

Dissolved Organic Catron(DOC)
Hildness(as CaCO3)

lon Balance

Iron

langelier lndex at 206C

Lmgelier Index at 4PC

lnad
Magnesium

Mangmese

Mercury (dissolved)

Mercury (total)

Molybdenum
Nicket
Nitrate(as N)
Nitrite(as N)
Odhophosphate(as P)

pH

Phosphorus

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
lJranium
Vanadium

Zinc
Flrroride

I
I

0.00s

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.o2

na

na

0.0001

0.1

0.0005

0.0001

0.0005

0.0001

0.001

0.05

0.01

0.01

0.1

0.1

0.5

0.5

na

na

0.002

0.00005

0.1

0.005

2
0.0001

0.002

0.002

t
0.05

I
0.1

0.0001

0.002
0.001

o.oz

mglL
mgll-
mglL
mgll-
meqlL
mgll-
mg/L
mglL
mg/L
mgll,
mglL
mgll-
mgll-
mgll,
mglL
mql/L
mg/I,
mgll-
mgll-
TCU
us/cm

mgll,
mglL
ngll-
mglL

%

mElI-
na

na

mgll,
mglL
mgll,
mg/L
mgll,
mg/L
mgll-
mgll,
ñgll,
mgll
Units
ñEll,
mg/L
mgll-
units
units
mgll,
mg/L
mg/l-
mglL
mgll,
mgll,
mg/L
mg/L
mgll-
mgll-
mgll-
NTU
mgll,
mEn'
mg/L
me/1,

IO

9
0.031

nd

0.2'1

nd

nd

nd

nd

9

nd

nd

nd

2.5

nd

0.26't
nd

nd

nd

32

32

nd

l0
9

0.03

nd

0.266
nd

nd

nd

nd

9

nd

nd

nd

2.5

nd

0.2'16

nd

nd

nd

33

32

nd

l0.l
r.86

0.08

-3.09

-3.49

nd

0.9

0.0149

nd

nd

nd

0.08

nd

0.05
't

nd

o.7
'1.4

l0
10.4

nd

nd

1.3

0.01I
3

nd

nd

nd

o.26

2

45

nd

nd

0.006
nd

0.00

0.00

3.28 0.019 0.019 0.00 oy'

nd

nd

nd

nd

nd

nd

nd

2.5

;
nd

1'

0.o8

1.49

nd

nd

nd

nd

nd

nd

nd

2.4

nd

nd

0.00

nd

nd

nd

nd

nd

nd

nd

2.6

nd

nd

0.00

3.31

8.00

nd

2.5 0.00

3.08

0.00

nd

1.9

2;1

nd

1.5

2.8

23.53

3.64

0.00

0.00

3.2a

9.8

0.61

0.09
-3.27

-3.6't

nd

0.9

0.0r63

3.02

l0I.2l
t[.76
5.66

5.03

0.05

nd

0.9
0.0031

nd

nd

nd

0.05

nd

0.9

0.003

0.00

':'

r333

85.71

2.90

2s.00

1.34

r.00
0.I

7.41

9.52

0.00

nd

0.9
0.0145

0.9 0.00

nd

nd

nd

0.07

nd

0.02

6.8

nd

0.9

7.5

t0. r

10.5

nd

nd

1.4

0.01

3

nd

nd

nd

0.26

I
0.5

nd

nd

0.008

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

0.8

";
nd

1.3

0.01

nd

0.1 13.33

nd

nd

t.4
0.009

nd

nd

nd

:

nd

nd

0.003

nd

nd

t.4
0.009

nd

nd

nd

22

0.00

0.00
1.3 0.00

I

nd

nd

nd

0.00

66.67

r95.60

0.00

0.007ß.57

nd

nd

0.003

nd

nd

0.009
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Table Al.2: Heålh Stæle Water Chemistry QA/QC

Analysis of Water

Pammeter LOQ Units

REFERENCE STATIONS
HR3A-I¡r' HR3A.W DQA HR3B.W. HR3B-W- DQA

Total Total (Io diÍÍ) Totat Total (7o diff)
Iab Rep Y!.!iB Lab Rep vs. LR

HR3B-Vr'

Dissolved
HR3B.W
Dissolved

låb Rep

DQA
(vo diff)
VS. LR

Acidity(as CaCO3)

Alkalinity(as CaC03)
Aluminum
Ammonia(as N)
Anion Sum

Antimony
Ar*nic
Brium
Beryllium
Bicarbonate(as CaCO3, calculated)

Bismuth
Borcn
Cadmium
Calcium
Cubonate(as CaCO3, calculated)

Cation Sum

Chloride
Chromium
Cobalt
Colour
conductivity - @25øc
Copper

Dissolved Inorganic Caròon(as C)
Dissolved Orgmic Ca¡bon(DOC)
Hrdness(as CaCO3)

Ion Balance

Iron
Långetier Index at 20øC

Langelier Index at 4øC

læad
Magnesium

Manganese

Mercury (dissolved)

Mercury (total)

Molybdenum
Nickel
Nitrate(as N)
Nit{ite(æ N)
Orthophosphate(as P)

pH
Phosphorus

Potassium

Reactive Silica(SiO2)
Saturation pH at 20øC

Satumtion pH at 4øC

Selenium

Silver
Sodium
St¡ontium
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

1

na

I
0.0005

0.0002
5

I
0.0003

o.2
0.5

0.1

0.01

o.o2
na

na

0.0001

0.1

0.0005

0.0001

0.0005

0.0001

o.001

0.05

0.01

0.01

0.1

0.1

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.t

0.000r
0.002
0.001

o.02

mglL
mglL
mgll-
mgll-
meqll-
mglL
mglL
mgll,
mglL
mglL
mg/L
mglL
mglL
mgll
mglL
meqll,
mgll,
mglL
mgll-
TCU
us/cm

mgll,
mgll,
mgll,
mEll,

7o

mgll,
na

na

ngll,
mgtL
mgll,
mgll-
mg/L
mg/L
mgll-
mglL
mEll-
mgll-
Units
mglL
mg/L
mglL
units

units

mgll-
mglL
mglL
mglL
mg/L
mg/L
mgll,
mglL
mg/l-
mglL
mgll,
NTU
mg/L
mgll-
mgll-
ms/L

4
32

0.033

nd

0.719

nd

nd

0.006

nd

32

nd

nd

nd

10.9

nd

0.654
nd

nd

nd

t7
71

":

29.8

4;12

0.14

-t.64
-2.M

nd

0;l
0.0128

nd

nd

nd

nd

nd

nd

t-5

nd

0.?

4.8

8.89

9.29

nd

nd

I
0.024

3

nd

nd

nd

2
32

0.059

nd

0;t22
nd

nd

0.006

nd

32

nd

nd

nd

10.9

nd

0.68

nd

nd

nd

20

nd

2 0.00

3.173l
0.013

nd

nd

nd

nd

nd

nd

nd

fi 
_.4

nd

nd

0.014

nd

nd

nd

nd

nd

nd

nd

I r.3

";
nd

nd

4.9
na

0.08

"O
0.8

0.0069

nd

nd

nd

7.41
nd

0.88

nd

l9
73

s.l3
1.38

nd

5 2.02

3 r.5

3

0. l8
-1.55

-r.95
nd

0.7

0.0165

nd

nd

nd

nd

nd

nd

7.3

nd

0.8

4.8

8.86

9.26

nd

nd

I
o.o24

3

nd

nd

nd

o.:n

nd

0.8

0.0069

nd

nd

nd

11.76

0.00

0.00

nd

nd

nd

nd

7.4 r.36
nd

nd

nd

nd

4.8 0.00

nd

nd

l.l
0.021

nd

nd

nd

4l

nd

nd

l.t
0.022

0.00

4.65

0.00

nd

nd

nd

o.2

I
0.4

nd

nd

o.23

2

45

nd

nd

0.004

nd

na

44 ara
nd

nd

nd

nd
0.003

nd

nd

nd

ndnd nd
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Table 41.2: Heath Stæle Waôer Chemistry QA/QC

Analysis of Waær

Pæmeter LOQ Units

BLANKS

Filter Blank
HB3A

Trip Blmk Field Blânk Field Blank Fiher Blank Filter Blmk
HB4A HB4A HBIA HB2A
Total Dissolved

Acidity(as CaCO3)
CaCO3)

N)
Sum

CaCO3, calculated)

Calcium
Carbonate(æ CaCO3, calculaæd)

Cation Sum

Chloride
Chromium
Cobalt
Colour
Conductivity - @25øC

Copper

Dissolved lnorganic Carbon(æ C)
Dissolved Organic Carbon(DOC)
Hrdness(as CaCO3)
Ion Balance

Iron

Langelier lndex at 20øC

Lângelier Index at 4øC

l*ad
Magnesium

Manganese

Mercury (dissolved)

Mercury (total)

Molybdenum
Nickel
Niaate(æ N)
Nitrite(as N)
Onhophosphate(as P)
pH

Phosphorus

Potassium

Reactive Silica(SiO2)
Saturation pH at 20øC

Saturation pH at 4øC

Selenium

Silver
Sodium

Strcntium
Sulphate

Ihallium
Iin
fitanium
fotal Dissolved Solids(Calculated)
fotal Kjeldahl Nitrogen(as N)
Iotal Suspended Solids
turbidity
Uranium

Vanadium

Zinc
Fluoride

I
I

0.00s

0.05

na

0.0005

0.002

0.005

0.005

I
0.002

0.005

0.00005

0.1

I
oa

I
0.000s

0.0002

5

I
0.0003

0.2

0.5

0.1

0.01

0.02

na

na

0.000r

0.1

0.0005

0.000r
0.000s

0.000t
0.001

0.05

0.01

0.01

0.1

0.1

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.t

0.000r
0.002

0.001
0.02

mglL
mgll-
mgll,
mElL
mql/L
mglL
mglL
mglL
mglL
mglL
mglL
mgtL
mglL
m8ß-
mgll-

meq/L
mgr-
mElL
mglL
TCU
us/cm

mgll-
mgfl-
mgll,
m9ll-

%

mgfl-
na

na

mglL
mg/L
mglL
mgll-
mgll,
mg/L
mgll-
mg/L
mglL
mg/L
Units
mg/L
mg/L
mg/L
units

utrits

mgll,
mgll-
mglL
mg/L
mg[L
mg[L
mgll-
mg/L
mg/L
mg/L
mg/L
NTU
mgß'
mgll,
mgll,
mpll,

T

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

";

"j

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

i'
nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

0
nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

0.003

nd

nd

nd

nd

2
nd

";
84.9

nd

NCALC
NCALC

nd

nd

nd

";
nd

nd

nd

nd

0.01

5.6

nd

nd

NCALC
NCALC

nd

nd

nd

nd

nd

nd

nd

nd

0.06

nd

0.1

nd

nd

0.003

nd

nd

nd

nd

nd

0
nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

0.0r3
nd

nd

nd

nd

2

nd

nd

I
nd

100

nd

NCALC
NCALC

nd

nd

nd

nd

nd

nd

nd

nd

0.02

5.8

nd

nd

nd

NCALC
NCALC

nd

nd

nd

nd

nd

nd

nd

nd

nd

0.07

nd

nd

nd

nd

0.003

nd

nd

nd

nd

"".

nd

nd

"j

nd

nd

"j

"..

nd

nd

nd

nd

nd

nd

"j

nd

nd

nd

";
nd

"j

nd

nd

"j

nd

nd

nd

nd

nd

":

nd

nd

nd

"j

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

"j

";
nd

nd

nd

nd

nd

nd

nd

":

nd

nd

nd

nd

nd

nd

nd

NCALC

nd

nd

nd

";
nd

nd

nd

nd

nd

nd

nd

nd
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Table 41.3: Heath Steele Periphyton QA/QC

HEIA-P
97108/13

HElA-P
97/08113

Replicate

DQA
(% difÐ

vs. Rep

HElA.P
97108/13

M. Spike

HEIA-P
97/08113

MS o/o Rec.

22000

1.3

t20
140

1.8

13

4.7
ot
18

110

930

46000

1 100

3300

1.6

19

3.5

3.6

24

0.82

0.86

560

37

3400

21000

1.2

120

140

1.7

l3
4.7
ôt

l8
ll0
950

47000

I 100

3400
1.7

t9
3.4

3.6

25

0.76

0.69

560

38

3500

4.65

8.00

0.00

0.00

5.71

0.00

0.00

0.00

0.00

0.00

2.13

2.15
0.00

2.99
6.06

0.00

2.90

0.00

4.08

7.59

21.94

0.00

2.67
2.90

NA
160

260

300

140

170

140

170

160

2s0
r 100

NA
1200

NA
160

160

140

NA
200

160

160

700

180

3600

100

84

97

89

99

85

98

88

87
o)

;

100

86

85

110

100

100

89

92

110

Component MDL Units

Aluminum
Antimony
Arsenic
Barium
Beryllium
Bismuth

Boron

Cadmium

Chromium
Cobalt

Copper

Iron
Lead

Manganese

Molybdenum
Nickel
Selenium

Silver

Strontium

Thallium
Tin
Titanium
Vanadium
Zinc

0.5

0.01

0.1

0.05

0.01

0.01

0.2

0.005

0.05

0.01

0.03

2

0.01

0.05

0.01

0.05

0.2

0.005

0.05

0.01

0.01

0.03

0.05

0.1

mC/kC

mC/kC

mg/kg

mC/kC

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg
mg/kg

mC/kC

mg/ke
mC/kC

mg/kg

mg/kg

mg/kg
mg,4(g

mg/kg

mglkg

mg/kg

mg/kg

mC/kg

mg/kg
mg/kg



Table 41.3: Heath Steele Periphyton QA/QC

HE2B-P

97108114

HE2B.P2

97108114

Duplicate

DQA
(% difÐ

vs. Dup

HE3B-P

97108114

HE3B-P2

97108114

Duplicate

DQA
(% diff)
vs. Dup

12000

0.67

60

140

1.5

4.5

4.4

22

11

390
I 100

27000
500

12000

1.3

38

3.7

1.5

38

0.32

0.47

360

23

9100

12000

0.91

7t
280

1.3

4.1

3.8

42

ll
690

2000

32000

500

3 1000

2

62

3.7

1.3

35

0.7

0.28

300

2t
10000

0.00

30.38

16.79

66.67

14.29

9.30

14.63

62.s0

0.00

55.50

58.06

16.95

0.00

88.37

42.42

48.00

0.00

14.29

8.22

74.51

s0.67

18.18

9.09

9.42

16000

0.51

64

330

1.3

3.6

2.7

28

l4
570

830

30000

430

26000
r.6
JJ

J.t
1.3

42

0.61

0.32

470

29

8800

3000

0.12

22

190

0.31

0.15

0.3

l3
0.86

680

870

3700
s40

16000

0.67

l6
0.6

0.029
o?

0.14
<0.10

9.1

3.2

2700

136.8

123.8

97.7

53.8

123.0

184.0

160.0

73.2

176.9

17.6

4.7

156.1

22.7
47.6

81.9

69.4

144.2

191.3

t28.1

125.3

192.4

160.2

106.1

Component MDL Units

Aluminum
Antimony
Arsenic

Barium

Beryllium
Bismuth

Boron

Cadmium

0.5

0.01

0.1

0.05

0.01

0.01

0.2

0.005

0.05

0.01

0.03
)

0.01

0.05

0.01

0.05

0.2

0.005

0.05

0.01

0.01

0.03

0.05

0.1

mg/kg
mg/kg

mC/kg

mg/kg

mgkc
mg/kg

mg/kg

mg/kg

mC/kC

mg/kg
mg/kg

mglkg
mg/kg

mg/kC

mglkg
mg/kg

mg/kg

mg/kg

mg/kg

mglkg
mg/kg

mglkg

me/ke
mg/kg

Chromium
Cobalt

Copper

Iron
Lead

lMunu"n.r.
lvtolybd.nut
lrui"t.t
ls.l.nir,n
lsilu.,
lstrontium

lrnuttiut
lTin
t_.
Il rtanlum

lvanadium

lzin"



Table 41.4: Heath Steele Water Toxicity QA/QC

' - : MSD (minimum significant difference) value not available from the statistical methods used.

2 
na = Not applicable for the conesponding test.

3 Based on IC50 for Ceriodaphnia dubia and Fathead Minnow and|C21 for Selenastrum capricornutum.
o 

The high CV values associated with the algae test are largely the result ofthe recent adaptation ofthe test by Beak. As a result, the control chart for this test

is not as established as those fo¡ other reference toxicant tests. It is expected that after more points are added to the control chart, the CV will be reduced

to a level consistent with the Ceriodaphnia and fathead minnow reference toxicant tests (approximately 20%o). Higher variability with the Selenastrum test may

also be attributed to the reference toxicant, zinc sulphate, which does not provide as consistent results as do salts, such as sodium chloride and potassium

chloride. Variability associated with the reference toxicant test is considered to be a function ofissues specific to the reference testing, such as the toxicant,

and is not representative of the effluent test results. During the CANMET project, three Selenastrum tests were conducted in parallel, one for each mine site.

Results of each pair of tests were within each other's confidence limits, even though different dilution waters were used. The average difference between IC50s

for each pair was l6%, indicating a high degree of precision.

Control Limits

(Mean + 3 std.dev.)

963 - 2t80
906 - 2170

896 - 2150

440 - 1830

510 - 1680

481 - 1680

-0.8 - 49.7

-11.2 - 72.0

-7.4 - 66.1

Warning Limits
(Mean t 2 std.dev.)

ll70 - 1980

tt20 - 1960

1 100 - 1940

672 - 1600

705 - 1490

681 - 1480

7.6 - 41.3

2.7 - 58.1

4.9 - 53.8

Reference toxicant

Endpoint3

1700

1210

1390

1610

I 100

923

tt.4
53.8

22.7

Reference toxicant

cv3 (%)

12.9

13.7

13.7

20.4

17.8

18.5

34.54

4s.6
4t.7

Control CV

(o/o)

18

30

22

2l
4.4

5.2

15

7

10

Control Mortality
('/'\

0

l0
0

t2
0

0

5

2
na

na

na

MSD

(%)

21.5

25

16.4

10

Organism

Ceriodaphnia dubia

H-E.1

H-E-2
H.E-3

Fathead Minnow
H-E-I
H-E-2
H-8.3

Sele nas trum c apric ornutum

H.E-I
H-E-2
H-E-3
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APPENDIX 2

Station Coordinates and Habitat Information



Table A2.l: Station Coordinates and Field Chemistry Measurements, Heath Steele, August 1997.

Water
Temperature

Dissolved

Oxygen
(me/L)

Conductivity
(pmhos/cm)

pH

Station I.D. Latitude I Longitude 2 (units)

HEIA
HElB
HEzA
HE2B
HE3A
HE3B
HE4A
HE4B
HE5A
HE5B

HRIA
HRIB
HR2A
HR2B
HR3A
HR3B

47"17',22"

47"17',19"

47"17',24"

47"17',50"

47"17',51"

47"17'33',
47017',12"

47016'52"

47016'19"

47016',07"

47"17',31"

47"17',34"

47" l 8'01 "
47"17',56',

47"12',15u

47"12',20"

66"01'44
66"00'49"
66"00'32"
65"59',22"

65059'08u

65059'19"

65"57'43u

65"57'27"
65056'10"

65055'54u

66"06',34"

66"06'3 l "
65"59',36u

65"59'25u

65"58'03u

65058'01 '

20.0

19.5

19.0

21.0

l8.s
l8.s
t7.5
13.0

13.0

13.0

7.00

7.14

7.14

7.ll
7.30

7.tl
7.13

7.tt
7.15

7.15

38

40

39

42
38

38

38

38

35

38

l6.s
16.5

18.0

18.0

16.0

16.0

6.73

6.80

7.36

7.32

7.05

7.0s

25

25

3l
3t
52

52

8.7

10.1

10.2

9.7
9.3

9.3

l0.l
9.6

10.0

10.3

8.9

8.9

10.0

10.0

10.0

9.6

' Latitude - measurements are in degrees, minutes and seconds North
2 Longitude - measurements are in degrees, minutes and seconds West



TABLE A2.2: STREAM DISCHARGES IN HEATH STEELE EXPOSURE
REACHES, 20 AUGUST 1997

' Cross-sectional measurements inaccurate at these stations. Flows adjusted according to
dilution indicated for total zinc concentration.

Reach/Station Discharge (m'¡s) Method

HS-3 (effluent)

HElA

HEZB

HE3A

HE4B

HE5A

0.036

0.06

0.074

0.23

0.28

0.31

Heath Steele, pers. comm.

Field measurement (adjusted)l

Field measurement

Field measurement

Field measurement

Field measurement (adjusted)l



APPENDIX 3

Figures and Tables Illustrating the

Hypothesis Testing Results
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Hypothesis #4
Caged Atlantic Salmon

Tissue Metal vs Tissue Metallothionein by Reach

Cadmium

Copper
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Hypothesis #4
Caged Atlantic Salmon

Tissue Metal vs Tissue Metallothionein by Reach

CdCuZn Molar Sum
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Heath Steele Fish - Test of Hypothesis #4

Caged Altantic Salmon

Cadmium
Test

Source SS DF MS F P Against

Among Reference 1.058 2 0,529 2.259 0.252 Lack of Fit
Ref vs Exp 0.711 I 0.711 3.036 0.180 Lack of Fit
Linear Trend 4.448-02 I 0.044 0.190 0.693 Lack of Fit
Lack of Fit 0.703 3 0.234 0.234 0.870 Within Reach

WithinReach 8 8 1.000

Copper
Test

Source DF MS F P

Reach

Among Reference

Refvs Exp
Linear Trend
Lack ofFit

Within Reach

0.740

0.761

3.331
0. l4l
0.063

1.000

0.648

0.037

0.00s
0.232

0.978

1.521

3.33t
0.14r
0.1 89

8

7

2

1

I
J

8

0.740
12.071

52.873
2.238

0.063

Within Reach

Lack of Fit
I-ack ofFit
Lack ofFit
Within Reach

Lead
Test

Source SS DF MS F P Against

Among Reference 0.269 2 0.135 0.138 0.876 Lack of Fit
Ref vs Exp 0.046 I 0.046 0.047 0.842 Lack of Fit
Linear Trend 5.058 I 5.058 5.190 0.107 Lack ofFit
Lack of Fit 2.924 3 0.975 0.975 0.451 Within Reach

WithinReach 8 8 1.000

Zinc
Test

Source SS DF MS F P Against

Among Reference

Refvs Exp
Linear Trend
Lack ofFit

Within Reach

0.926

I .018

0.505

1.618

l 000

0.616
0.486

0.6r 5

0.260

1.85 I
1.018

0.505

4.855

I

0.572

0.629

0.3t2
1.618

Lack ofFit
Lack ofFit
Lack of Fit
Within Reach

CdCuZn Molar Sum
Test

Source SS DF MS F P Against

Reach 7.698 7 1.100

Among Reference 1.661 2 0.831

Ref vs Exp 0.75 I 0.750

Linear Trend 0.53 1 I 0.531

Lack of Fit 4.756 3 1.585

WithinReach 8 8 1.000

1.100

0.524
0.473

0.335

1.585

0.443
0.638

0.541

0.603

0.267

Within Reach

Lack ofFit
Lack of Fit
Lack ofFit
Within Reach

MT
Test

Source SS DF MS F P Against

Among Reference 2.038 2 1.019 0.576 0.614 Lack of Fit
Refvs Exp 10.809 1 10.809 6.109 0.090 Lack ofFit
Linear Trend 66.056 1 66.056 37.334 8.81E-03 Lack of Fit
Lack of Fit 5.308 3 1.769 1.769 0.231 Within Reach

\üithinReach 8 8 1.000



Heath Steele Fish - Test of Hypothesis #4 - Ancillary Information
Caged Altantic Salmon

Cadmium

Source SS DF MS F P Against
est

Among Reference

Refvs Exp
Linear Trend
Lack of Fit

Within Reach

0.529

0.711
0.044
0.234

1.000

2.259
3.036

0.190

0.234

0.252

0.180

0.693
0.870

1.05I
0.711

4.44E-02
0.703

8

2

I
I
3

8

Lack of Fit
Lack of Fit
Lack ofFit
Within Reach

Copper

Source
Reach

Among Reference

Refvs Exp
Linear Trend
Lack of Fit

Within Reach

SS DF MS F P

Test

Within Reach

Lack ofFit
Lack ofFit
Lack of Fit
Within Reach

t.521
3.331

0.14 I
0.189

8

0.740
0.761

3.331
0.14 1

0.063

1.000

0.740

t2.071

s2.873
2.238
0.063

0.648

0.037

0.005

0.232

0.978

2

I
I
J

I

Lead
Test

Source SS DF MS F P Against

Among Reference 0.269 2 0.135 0.138 0.876 Lack of Fit
Ref vs Exp 0.046 1 0.046 0.047 0.842 Lack of Fit
Linear T¡end 5.058 I 5.058 5.190 0.107 Lack ofFit
Lack of Fit 2.924 3 0.975 0.975 0.451 Within Reach

WithinReach 8 I 1.000

Zinc
Test

Source SS DF MS F P Against

Among Reference

Refvs Exp

Linear Trend

Lack ofFit
Within Reach

0.926

I .018

0.505

1.618

1.000

0.616

0.486

0.615

0.260

1.851

1.018

0.505

4.855

8

0.572

0.629

0.312
1 .618

Lack of Fit
Lack ofFit
Lack ofFit
Within Reach

CdCuZn Molar Sum
Test

Source SS DF MS F P Against

Among Reference

Refvs Exp
Linear Trend
Lack ofFit

Within Reach

t.661
0.75

0.531

4.756

8

0.831

0.750

0.531

1.585

1.000

0.524
0.473

0.335

1.585

0.638

0.541

0.603

0.267

2

I
I

3

8

Lack of Fit
Lack of Fit
Lack ofFit
Within Reach

MT
Test

Source SS DF MS F P Against

Among Reference 2.038 2 1.019 0.576 0.614 Lack of Fit
Refvs Exp 10.809 I 10.809 6.109 0.090 Lack ofFit
Linear Trend 66.056 I 66.056 37.334 8.818-03 Lack of Fit
Lack of Fit 5.308 3 1.769 1.769 0.231 Within Reach

WithinReach I 8 1.000



Hypothesis #4
Witd Atlantic Salmon

Tissue Metal vs Tissue Metallothionein by Reach
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Hypothesis #4
Witd Atlantic Salmon

Tissue Metal vs Tissue Metallothionein by Reach

Cadmium

Copper
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Hypothesis #4
\ryild Atlantic Salmon

Tissue Metal vs Tissue Metallothionein by Reach

CdCuZn Molar Sum
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Heath Steele Fish - Test of Hypothesis #4
rilild Altantic Salmon

Cadmium
Test

Source SS DF MS F P Against

Reachr 224506 4 56.127 56.127 6,828-06 Within Reach

RefvsExp 113.871 1 113.871 2.089 0.285 LackofFit
Linear Trend 1.621 1 1.621 0.030 0.879 Lack of Fit
Lack of Fit 109.014 2 54.507 54.507 2.188-05 Within Reach

Interactions 30.505 4 7.626 7.626 0.008 Within Reach

Ref/Exp xTools 0.211 1 0.211 0.016 0.911 Residual

Linear Trend x Tools 3.849 1 3.849 0.291 0.644 Residual

Residual 26.445 2 13.223 13.223 0.003 Within Reach

WithinReach I 8 1.000

Copper
Test

Source SS DF MS F P Against

Reachr
Refvs Exp

Linear Trend
Lack ofFit

Interactions
Ref/Exp x Tools
Linear Trend x Tools
Residual

Within Reach

49.955
47.401
0.436

2.fi8
40.306

18.027

4.434
17.84s

I

12.489

47.401

0.436
1.059

10.077

18.027

4.434
8S23
1.000

12.489

44.760

0.412
1.059

10.077

2.020
0.497

8.923

1,618-03
0.022
0.587

0.391

0.003

0.291
0.554

0.009

Within Reach

Lack ofFit
Lack ofFit
Within Reach

Within Reach

Residual
Residual
Within Reach

Lead

Source SS DF MS F P Against

Reachr
Refvs Exp
Linear Trend
Lack ofFit

Interactions
ReflExp x Tools
Linear T¡end x Tools

Residual

Within Reach

104.s93
92.23

0.494
1 1.869

10.324

2.332
4.255
3.737

I

4

I
I
2

4

I
I
2

8

26.148
92.230
0.494
5.93s

2.s81
2.332

4.255

1.869

1.000

26.148
15.541

0.083

5.935
2.581

L248
2.277

1.869

1.208-04 WithinReach
0.059 Lack ofFit
0.800 Lack ofFit
0.026 Within Reach

0.118 Within Reach

0.380 Residual
0.270 Residual
0.216 Within Reach

Zinc

Source SS DF MS F P Against

Reachr

Refvs Exp
Linear Trend
Lack ofFit

fnteractions
Ref/Exp x Tools
Linear T¡end x Tools

Residual
Within Reach

I 80.933

1t4.065
0.13 8

66.730
15.546

0.203
5.732

9.611
8

45.233

1 14.065

0.138

33.365
3.887

0.203

5.732

4.806

1.000

45.233

3.419
0.004

33.365

3.887

0.042
1.193

4.806

1.55E-05
0.206

0.955

1.318-04
0.049

0.856

0.389

0.043

4

I
1

2

4

1

1

2

8

Within Reach

Lack ofFit
Lack ofFit
Within Reach

Within Reach

Residual
Residual
Within Reach

CdCuZn Molar Sum

Source SS DF MS F

Test

P Against

Tools
Reachr

Refvs Exp
Linear Trend
Lack ofFit

Interactions
Ref/Exp x Tools
Linear Trend x Tools
Residual

Within Re¡ch

733.98
90.345

69.028
0.238

21.079
ls.234
7.966
5.191

2.077
8

733.975

22.586
69.028
0.238
10.540

3.809

7.966

5.19 I
1.039

1.000

733.975

22.586
6.s49
0.023

I 0.540

3.809

7.671

4.999
1.039

3,718-09
2.058-04

0.125
0.894

0.006

0.051

0.109

0.155

0.397

Within Reach

Within Reach

Lack ofFit
Lack ofFit
Within Reach

Within Reach

Residual
Residual
Within Reach

l
4
I
I
2

4

I
I
2

8

I Among Reference variance is not partitioned from the among reach variance because Salmon were caught

at only two reference reaches, with multiple fish caught at only one ofthose reference reaches.



Heath Steele Fish - Hypothesis #4 - Ancillary Information
Wild Altantic Salmon

Cadmium

Source SS DF MS F P

Tested

Against

Reach
Refvs Exp

Linear Trend
Lack of Fit

Within Reach

174.995

52.137

0.024
122.834

4.000

43.749

52.137

0.024
61.417

I

43.749

0.849

0.000

6t.4t7

1.488-03

0.454
0.986

9.958-04

Within Reach

Lack of Fit
Lack of Fit

Within Reach

4

I
I
2

4

Copper

Source SS DF MS F P

Tested

Against

Reach
Refvs Exp
Linear Trend

Lack of Fit
Within Reach

10.146

3.482
1.045

5.619

4.000

4

I
I
2

4

2.537

3.482
1.045

2.810

I

2.537

r.239
0.372

2.810

0.1 95

0.381

0.604

0.173

Within Reach

Lack of Fit
Lack of Fit

Within Reach

Lead

Source ss DF MS F P

Tested

Against

Reach
Refvs Exp

Linear Trend
Lack of Fit

Within Reach

34.802
32.616
0.924
1.262

4.000

8.701

32.616
0.924
0.631

I

8.701

s1.689

1.464

0.631

0.030

0.019

0.350

0.578

4

I
I
2

4

rilithin Reach

Lack of Fit
t,ack of Fit

Within Reach

Zinc

Source SS DF MS F P

Tested

Against

Reach
Refvs Exp

Linear Trend

Lack of Fit
Within Reach

1r6.364
52.322

2.045
61.997

4.000

29.091

52.322

2.045
30.999

I

29.091

1.688

0.066

30.999

0.003

0.323

0.821

0.004

4

I
I

2

4

Within Reach

I-ack of Fit
Lack of Fit

within Reach

CdCuZn Molar Sum

Source ss DF MS F P

Tested

Against

Reach
Refvs Exp
Linear Trend
Lack of Fit

Within Reach

25.464
15.048

1.603

8.813

4.000

4

I
I
2

4

6.366
15.048

1.603

4.407

I

6.366
3.4t5
0.364
4.407

0.050

0.206
0.608

0.097

Within Reach

Lack of Fit
Lack of Fit

Within Reach

MT

Source SS DF MS F P

Tested

Against

Reach
Refvs Exp

Linear Trend

Lack of Fit
Within Reach

80.1 r 5

6r.946
3.825
14.344

4.000

20.029
61.946

3.825

7.172
I

20.029

8.637

0.533

7.172

0.007

0.099

0.541

0.048

4

I

I

2

4

Within Reach

Lack of Fit
Lack of Fit

Within Reach



Hypothesis #4
\ryitd Blacknose l)ace

Tissue Metal vs Tissue Metallothionein by Reach

Cadmium

Copper
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Hypothesis #4
\ryild Blacknose f)ace

Tissue Metal vs Tissue Metallothionein by Reach
Zinc

Lead
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Hypothesis #4
Witd Blacknose Dace

Tissue Metal vs Tissue Metallothionein by Reach

CdCuZn Molar Sum
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Heath Steele Fish - Test of Hypothesis #4

Wild Blacknose dace

Cadmium
Test

Source MSDFSS F P

14 Within
l.llE-04 Within Reaclt

0.441 Lack ofFit
0.096 Lack ofFit
0.485 Lack ofFit
0.012 Within Reach

0.012 Within Reach

0.002 Residual

0.002 Residual

0.882 Within Reach

Tools
Reach

Arnong Reference

Refvs Exp
Lineu Trend
Lack of Fit

Interactions
Ref/Exp x Tools
I-inear Trend x Tools

Residual

Within Reach

I
6

2

I
I
2

6

I
1

4

10

3327

100.142

17.846

63.1 5 1

5.068

14.077

30.935

15.084

14.718

l.133
l0

16.690

8.923

63.151

5.068

7.038

5.156

15.084

14.? l8
0.283

1.000

16.690

|.268
8.972

0.720

7.038

5.15ó

53.253

51.961

0.283

Copper
Test

Source SS PDF MS F

Reach

Among Reference

Refvs Exp
Linear Trend

Lack ofFit
Int€ractions

Ref/Exp x Tools
Linear Trend x Tools
Residual

Within Reach

1815.72

86.529

0.505

73.318

10.68

2.026

27.212

10.6'7

7 .95

8.592
l0

14.422

0.253
73.3t8
10.680

1.0 l3
4.535

10.670
7.950
2.t48
1.000

t4.422
0.249

12.377

10.543

1.013

4.535

4.967
3.701

2.t48

t.228-tZ
2.098-04

0.800

0.014

0.083

0.398

0.018

0.090
0.12't
0.149

Within Reach

Lack ofFit
Lack ofFit
Lack ofFit
Within Reach

Within Reach

Residual
Residual
Within Reach

,l

6

2

I
I
2

6

I
I
4
l0

Lcad
'Ièst

Source SS DF MS F

Reach

Arnong Reference

Refvs Exp
Linear Trend

Lack ofFit
Interactions

Ref/Exp x Tools
Linear Trend x Tools
Residual

Within Reach

58.46

2.3t
40.405

12.593

3.152

39.769

30.007

6.44'7

3.315

l0

9.743

I .155

40.405

t2.593
L516
6.628

30.007

6.447

0.829

1.000

9.743

0.733

25.638
1.990

1.576

6.628
36.208

7.779

0.829

6

2

I

l
2

6

I

I

4

l0

1.08E-03 Within Reach

0.577 Lack ofFit
0.037 Lack ofFit
0.106 LackofFit
0.254 Within Reach

0.005 Withh Reach

0.004 Residual

0.049 Residual

0.536 Within Reach

Zinc
Test

Source
Tools
Reach

Among Reference

Refvs Exp
Liner Treud
Lack of Fit

Interåctions
Ref/Exp x Tools
Liner Treud x Tools
Residual

Within Reach

SS DF MS F P

t03.677

5.76

83.357

I t.107

3.453

I 8.595

7.2',78

7 .59

3.727

l0

583.967

t7.280
2.880

83.357

I 1.107

t.727
3.099

7.278
7.590

0.932
L000

583.967

17.280

1.668

48.281

6.433

|.727
3.099

?.81I
8.1 46

0.932

6

2

I

I

2

6

I

I

4

l0

9.508-05 Within Reach

0.375 LackofFit
0.020 Lack ofFit
0.12'l Lack of Fit
0.227 Within Reach

0.055 Within Reach

0.049 Residual

0.046 Residual

0.484 Within Reach

CdCuZn Molar Sum
Test

Source SS DF MS F P

Tools
Reach

Among Reference

Refvs Exp

Linear Trend

Lack of Fit
lnteråctions

Ref/Exp x Tools
Liuear Trend x Tools
Residual

Within Rcach

103.676

4.694

84.789

I l.l t9
3.074

18.s24

6.862

7.58

4.082
l0

17.7'19

2.347

84.789

I l.l 19

t.537
3.087

6.862
7.580

I.02t
1.000

3230.524

t7.2't9
t.527

55. I 65

7.234

1.531

3.087

6.'124
'1.428

t.021

6

2

I

I

2

6

I

I

4
l0

6.908-
9.50E-05 Within Reach

0.396 Lack ofFit
0.018 t¿ck ofFit
0.1 l5 Lack ofFit
0.262 Within Reach

0.056 Within Reach

0.060 Residual

0.053 Residual

0.442 Within Reach



Heath Steele Fish - Hypothesis #4 - Ancillary information
Wild Blacknose dace

Cadmium

Source ss DF MS F P

Tested

Against

Reach

Refvs Exp

I-inear Trend

Lack of Fit
Within Reach

5.745

9.349
t.256
5.966

I

5.745

1.567

0.2t1
5.966

Within Reach

Lack of Fit
Lack ofFit

Within Reach

34.470

9.349

t.256
23.865

5

6

I
I
4

5

0.037

0.219
0.670

0.038

Source SS DF MS F P Against

Refvs Exp

Linear Trend
Lack of Fit

Within Reach

15.433

0.101

t.599
5

I
I
4

5

15.433 38.607 0.003 Lack of Fit
0.101 0.253 0.642 Lack of Fit
0.400 0.400 0.802 Within Reach

I

Lead

Sourcc ss DF MS F P

Tested

Against

Reach

Refvs Exp

Linear Trend

Lack of Fit
Within Reach

t.622
0.654

0.510

0.458

5

0.2'70

0.654
0.510

0.1 15

I

0.270

5.712
4.454

0.1 l5

929

0.075

0.102
0.972

Within Reach

Lack of Fit
Lack of Fit

Within Reach

Zinc
Tested

Source SS DF MS F P Against

Refvs Exp

Linear Trend

Lack of Fit
Within Reach

22.36t
0.167

3.t37
5

I
I
4

5

22.361 28513 0.006 Lack of Fit
0.167 0.213 0.668 Lack of Fit
0.784 0.784 0.581 Within Reach

I

CdCuZn Molar Sum
Tested

Source SS DF MS F P Against

Refvs Exp

Linear Trend

Lack of Fit
Within Reach

23.438

0.169

1.985

5

I
I
4

5

23.438 47.230 0.002 Lack of Fit
0. 169 0.341 0.591 Lack of Fit
0.496 0.496 0.742 Within Reach

I

MT
Tested

Source SS DF MS F P Against

Refvs Exp

Linear Trend

Lack ofFit
Within Reach

I 1.594

3.210

1.932

0.866

I

I

4

5

11.594 24.004 0.008 Lack of Fit
3.210 6.646 0.061 Lack of Fit

0.483 2.789 0.145 Within Reach

0.1732



Hypothesis #5
CPUE (number/min) by Reach

Atlantic Salmon
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Hypothesis #5
CPUE (number/min) by Reach

Brook Trout

0.9

0.8

b0
o

L
o¡
á
frl

U

o

&

L
Êa

0.7

0 .6

.50

0.4

0 .J

.20

I

0

0 I 2 3 4 5 123
Reference ReachExposure Reach

t
t

Allfish

1.2

l.l

I

I

/

A

åo o.s

.E o.s

L

-t 0.7

ã 0.6

É¡lÞ 0.5
È
U
.¿, 0.4

ã o¡

0.2

0.1

0

0 2 3 4 5 I 2 3

Exposure Reach Reference Reach



Heath Steele Fish - Hypothesis #5
CPUE

Log Transformed Data

Atlantic salmon
Test

Blâcknose Dace

Source SS DF MS F P Against

Refvs Exp 0.01 1 I 0.01 t 1.894 0.303 Lack ofFit
Linear Trend 0.076 | 0.076 12j91 0.069 Lack of Fit

Lack of Fit 0.012 2 0.006 1.190 0.378 Within Reach

Within Reach 0.025 5 0.005

Rlacknose I)ace
TestTest

FMSDFSSSource SS DF MS F P Against

Among Reference 0.047 2 0.024 0.449 0.675 Lack of Fit

Ref vs Exp 0.048 I 0.048 0.912 0.410 Lack of Fit

Linear Trend 0.099 I 0.099 1.898 0.262 Lack ofFit
Lack of Fit 0.157 3 0.052 23.622 2.508-04 Within Reach

Within Reach 0.018 8 0.002

Brook trout

Source
Rerch

Among Reference

Refvs Exp

2o Trend

Lack ofFit
Within Rsch

Within Reach

Lack ofFit
Lack ofFit
Lack ofFit

Within Reach

0.304

0.047

0.048

0.147

0.1 09

0.018

0.043

0.024

0.048

0.073

0.055

0.002

19.607

0.430

0.872

1.343

24.693

1.938-04

0.699

0.449

0.427

3.788-04

7

2

I

2

z

8

Brook trout
Test

Source SS DF MS F P Against

Among Reference 0.544 2 0.272 1.303 0.392 Lack of Fit

Ref vs Exp 0.269 I 0.269 1.288 0.339 Lack of Fit

Linear Trend 0.021 I 0.021 0.099 0.774 Lack ofFit
Lack of Fit 0.626 3 0.209 42.777 2.858-05 Within Reach

Within Reach 0.039 8 0.005

Source SSDFMSF P

Test

Against

Reach

Among Reference

Refvs Exp

2o Trend

Lack of Fit
Within Reach

0.916

0.544
0.269

0.072
0.575

0.039

0.131

0.272

0.269

0.036

0.288

0.005

26.808
0.945

0.93s

0.124

58.941

6.038-0s
0.514

0.436

0.889

1.638-0s

7

2

I

2

2

I

Within Reach

Lack ofFit
Lack ofFit
Lack ofFit

Within Reach

All Fish All Fish

Test Test

source ss DF MS F P Against Source ss DF MS F P Against

Tn Re'¿ctr

Among Reference

Refvs Exp

Linear Trend

Lack ofFit
Within Reach

0.086

0.793

0.583

0.153

0.048

0.043

0.793

0.583

0.051

0.006

0.839

15.549

I 1.431

8.442

0.514

0.029

0.043

0.007

0.086

0.793

0.594

0.142
0.048

0.043

0.793

0.297

0.071

0.006

0.601

11.144

4.171

11.779

0.625

0.079

0.193

0.004

Lack ofFit
Lack ofFit

Lack ofFit
Within Reach

Among Reference

Refvs Exp

2o Trend

Lack ofFit
\ilithin Reach

2

I

z
2

8

Lack ofFit
Lack ofFit

Lack ofFit
Within Reach

I Among Reference variance is not partitioned from the among reach variance because Salmon were caught

at only two reference reaches, with multiple fish caught at only one ofthose reference reaches.



Hypothesis #6
BPUE (grams/min) by Reach

Atlantic Salmon
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Hypothesis #6
BPUE (grams/min) by Reach

Brook Trout
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Heath Steele Fish - Hypothesis #6
BPUE

Log Transformed Dafa

Atlantic salmon
Test

Source SS DF MS F P Against

Reechr 3.201 4 0.800 66.788 1.588-04 Within Reach

Refvs Exp

Linear Trend

Lack of Fit
Within Reach

0.400
2.403
0.398
0.060

0.400

2.403
0.1 99

o.o12

Lack of Fit
Lack of Fit

Within Reach

I

I
t
5

2.010
12.07s

t 6.608

0.292

0.074
6.198-03

Blacknose DaceBlacknose Dace
Test

Source SS DF MS F P Against

Among Reference 0.128 2 0.064 0.553 0.624 Lack of Fit

Ref vs Exp 0.188 I 0.188 1.625 0.292 Lack of Fit

Linear Trend 0.254 I 0.254 2.196 0.235 Lack of Fit

Lack of Fit 0.347 3 0.116 14.894 1.238 03 Within Reach

Within Reâch 0.062 8 0.008

Reach 0.917 7 0.131 16.868 3.348-04
Among Reference 0.128 2 0.064 0.699 0.588

Refvs Exp 0.188 I 0.188 2.055 0.288

2o Trend 0.418 2 0.209 2.284 0.304

LackofFit 0.183 2 0.092 11.782 4.138-03
\{ithin Reach 0.062 8 0.008

Source SSDFMSF P

Test

Against
Within Reach

Lack of Fit
Lack ofFit
Lack of Fit

Within Reach

Brook trout Brook trout
TestTest

AgainstPSSDFMSFSourceSource SS DF MS F P Against

Among Reference 0.468 2 0.234 0.975 0.472 Lack of Fit

Ref vs Exp 0.631 I 0.631 2.629 0.203 Lack of Fit

Linear Trend 0.620 I 0.620 2.583 0.206 Lack of Fit

Lack of Fit 0.720 3 0.240 4.076 0.050 Within Reach

Within Reach 0.471 8 0.059

All Fish

Reach

Among Reference

Refvs Exp

2o Trend

Lack of Fit
Within Reach

0.348

0.234
0.631

0.655

0.016

0.059

0.011

0.062
0.024

0.023

0.77 5

Within Reach

Lack ofFit
Lack ofFit
Lack of Fit

Within Reach

5.918

1s.097

40.710

42.226

0.263

7

2

I

2

2

8

2.419
0.468

0.631

1.309

0.031

0.471

All Fish
TestTest

I Among Reference variance is not partitioned from the among reach variance because Salmon were caught

at only two reference reaches, with multiple fish caught at only one ofthose reference reaches.

source ss DF MS F P Against source ss DF MS F P Agqtn.t

il R"*ñ-
AmongReference 0.081 2 0.040 0.307 0.756 LackofFit AmongReference 0.081 2 0.040 1.401 0.417 LackofFit

Refvs Exp 0.593 I 0.593 4.521 0.123 Lack ofFit Refvs Exp 0.593 I 0.593 20.633 0.045 Lack ofFit

LinearTrend 2.741 I 2.741 20.898 0.020 LackofFit 2oTrend 3.077 2 1.539 53.532 0.018 LackofFit

Lack of Fit 0.393 3 0.131 4.265 0.045 Within Reach Lack of Fit 0.057 2 0.029 0.935 0.432 Within Reach

Within Reach 0 2a6 8 0.031 - Wtttt¡" n"".tt O.Z+ø g



Hypothesis #6
Benthic Community Indices

Number of Taxa
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Hypothesis #6
Benthic Community Indices

YoOrthocladiinae
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Heath Steele Benthos - Hypothesis #6

Total Abundance

Source SS DF MS F P Against

Among Ref
Refvs Exp
Linear Trend

Lack ofFit
Within Reach

0.124
0.2t5

1.07E-03

0.1 ó5

0.236

2

I
I
J

8

0.062

0.2t5
0.001

0.055

0.030

0.431

0.142
0.898

0.214

1.128

3.91I
0.019

1.864

Lack of Fit
Lack of Fit
Lack of Fit

Within Reach

Taxa
Test

Source SS DF MS F P Against

Among Ref
Refvs Exp
Linear Trend
Lack of Fit

Within Reach

20.333
825.1042

125

167.0008

204.5

10.1665

825.1042
125

s5.66693
25562s

0. I 8263 l
14.82216

2.24s498
2.17768

0.842
0.031

0.231
0.169

2

I
I
J

8

Lack of Fit
Lack of Fit
Lack of Fit

Within Reach

EPT
Test

Sourcc SS DF MS F P Against

Among Ref
Refvs Exp
Linear Trend
Lack ofFit

Within Re¡ch

12.333

136.504

115.2

22.401
59.s

6.1665

136.504

t15.2
7.467

7.4375

0.825834

18.28097

t5.42788
r.003966

0.518

0.023

0.029
0.440

2
I
I
3

I

Lack of Fit
Lack of Fit
Lack of Fit

Within Reach

%oRheocricotopus (arcsin square root)

Source SS DF MS F P

Test
Against

Reach
Among Ref
Refvs Exp
Linear Trend
I-ack ofFit

Within Reach

0.1 18

1.468-03
0.040
0.066
0.01 I
0.020

0.017

7.29F-04
0.040

0.066

3.738-03
0.003

Within Reach

Lack of Fit
Lack of Fit
Lack of Fit

Within Reach

7

2

I

I
3

8

6.676

0.195

10.635

17.60t
1.478

0.832

0.047

0.025

0.292

ToOrthocladiinae (arcsin square root)
Test

Source SS DF MS F P Against

Among Ref
Refvs Exp
Linear Trend
Lack ofFit

Within Reach

1.29F-04
0.078
0.53s
0.213
0.099

0.0001

0.0780

0.5350

0.0710

0.0123

0.001

1.099

7.540
5.7 55

0.999
0.371

0.071

0.021

2
I
I
J

8

Lack ofFit
Lack ofFit
I-ack ofFit

Within Reach

ToOrthocladiinac (arcsin square root)

Source SS DF MS F P

Test

Against

Rcach
Among Ref
Refvs Exp

2o Trend
Lack of Fit

Within Reach

0.826
t.29F-04

0.078

0.739
0.009
0.099

7

2

I

2

2

8

0.1 180

0.0001

0.0780

0.3695

0.0044

0.0123

9.570
0.015

17.586

83.308

0.360

0.002

0.986

0.052

0.012

0.709

Within Reach

Lack of Fit
Lack ofFit

Lack ofFit
Within Reach



Heath Steele Periphyton - Hypothesis #6

Biomass (log)

Source SS MSDF F P

Tested

Against

Reach
Among Reference

Refvs Exp
Linear Trend

Lack of Fit
Within Reach

8.515

3.957

0.714
0.207
3.637

0.612

1.2t6
1.979

0.714
0.207

1.212

0.077

7

2

I
I
J

8

15.901

1.632

0.589
0.1 71

ls.847

4.138-04

0.331

0.499

0.707

0.001

Reach

Lack of Fit
Lack of Fit
Lack of Fit

V/ithin Reach

Number of Taxa

Source SS DF MS F P

Reach
Within Reach

1.129 0.4300.1 36

0.137

0.019

0.017
7

8



Hypothesis #7

Atlantic Salmon
Age Adjusted (Age 0 years) Weight

(Excluding 0+ Age Class)
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Heath Steele Fish - Hypothesis #7

Atlantic Salmon

All Data (excluding 0+ age class)

Fork

Source SS DF MS F P Against

Using Station Mean Values for Age-Adjusted

Weight and Length (excluding 0+ agc class)

ForkLength @Age

Source DF MS F P

Tested

Against

Age
Among Ref.

Refvs Exp
Linear Trend

Lack ofFít
Within Reach

98.176

0.994
0.064

0.607

2.7'19

24.298

98.176
0.994
0.064

0.607

2.779

0.565

0.248
0.?18

0.007

0.081

0.184

0.02s

r0.000
3.902
0.038

0.440
7.434

0.023

0.298

0.8't7

0.627

0.053

I
I
l
I
I

43

t73.7 4l
0.358

0.023

0.218

4.917

1.068-ré
0.657

0.904

0.722

0.032

Within Reach

Lack of Fit
Lack ofFit
Lack ofFit

Within Reach

Among ruch
Among Refl

Refvs Exp

Linea¡ Trend

Iâck ofFit
Within Reach

0.990

0.718

0.007

0.081

0.1 84

9.90E-02

Within Reach

Lack ofFit
Lack ofFit
Lack ofFit

Within Reach

\{eisht (A Age Weight@Age
Tested

Source SS DF MS F P Against Source SS DF MS F
Tested

Against

Age
Among Ref.

Ref vs Exp
Liner Trend

Lack ofFit
Within Reach

2235.889

29.168
2.084
71.082
76.199

704.758

2235.889

29.168
2.084

71.082
76.199

ló.390

6.328-t5
0.647

0.896

0.51 I
0.037

Within Reach

Lack ofFit
Lack ofFit
Lack ofFit

Within Reach

Among reach

Among Ref.

Refvs Exp

Liner Trend

Lack ofFit
rilithin Reach

I

I
I
I
I

43

136.420

0.383

0.02'1

0.933

4.649

32.634

21.066
0.577

7 .179

3.812

16.003

8.1 59

21.066

0.5'1'l

7 .t79
3.812

4.001

2.039

5.526

0.151

1.883

0.953

0.254

0.256
0.764

0.401

0.384

4

I
I
I
I
4

Within Reach

Lack ofFit
Lack ofFit
Lack of Fit

Within Reach

Weieht (Loe) vs Fork Length (Log)

Tested

Source SS DF MS F P Against

Using Station Mean Values for Age-Adjusted
Weight and Length (excluding 0+ age clâss ând HE3 and HR5 results)

Fork Length @ Age
Source SS DF MS F P

Reach

Fork Length
Among Ref.

Refvs Exp

Liner Trend

Lack of Fit
Within Reach

l;107
0.002

2.s9F-04
0.004

2.068-04
0.083

t.'107

2.098-03
2.598-04
3.918-03
2.068-04
t.93E-03

884.669

l0.ló5
1.257

18.990

0.107

2.598-30
0.193

0.464
0.144
0.745

Within Reach

Lack ofFit
t¿ck of Fit
Lack ofFit

Within Reach \{eight @ Age

2

2

I
I
I
I
I

43

Enor
0.1 14

0.013

0.057

0.006

8.818 0.102

Source SS DF MS F P

Reach

Enor
3.890

15.454

l.945

7.727
2

2

0.252 0;t99

All Data including 0* age class

\Yeight vs Age - Significant Age x Reach Inter¡ction (p<0.001)

Fork Length vs Age - Significant Age x Reach Interaction (p<0.001)

Weight (Log) vs Fork Length (Log)
Tested

Source SS DF MS F P Against

Fork Length
Among Ref.

Ref vs Exp

Linear Trend

Lack of Fit
Within Reach

19.730

0.004

4. l9E-04
0.004

0.028

19.730

4.36E-03

4.198-04
3.548-03
2;t7E-O2

3194.23t
0.157

0.015

0.128

5322

3.23D-134

0.760

0.922

0.781

0.022

Within Reach

Lack ofFit
I¿ck of Fit
Lack of Fit

Within Reach

1.066 205 5.20E-03



Hypothesis #7

Blacknose dace
Age Adjusted (Age 0 years) Weight
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Fork Length @ Age (Age<=3 Years)

Heath Steele Fish - Hypothesis #7

Blacknose Dace

All Dafa Station Means

Fork Lensth @ Ase (Ase<=3 Years)
Tested Tested

AgainstSource SS DF MS F P Against Source SS DF MS F P

Age

Among Reference

Refvs Exp
Linea¡ Trend

Lack ofFit
Within Ruch

25.103

1.626

0.012
l.133
o.579
10.325

25.103

0.813

0.012

1.133

0.289

0.287

81526
2.810
0.042
3.915

1.009

3.578-11
0.262
0.856

0.186

0.375

2.735

t.644
0.002

0.294
0.795

1.048

0.456

0.822
0.002

0.294
0.398

0.210

2.175

2.068
0.005

0.740
t.897

0.206
0.326

0.950

0.480

0.244

I
2

I
I
2

36

Within Reach

Lack ofFit
Lack ofFit
Lack ofFit

tüithin Reach

Among reach
Among Reference

Refvs Exp
Linear Trend

Lack ofFit
\trithin Reach

6

2

I
I
2

5

Within Reach

I¿ck ofFit
Lack ofFit
Lack ofFit

Within Reach

Weight @ Age (All Ages) Weight @ Age (All Ages)

Tested

Source SS DF MS F P Against
Tested

Source SS DF MS F P Against

Age

Among Reference

Refvs Exp

Linear Trend
Lack of Fit

\üithin Reach

66.880

2.672

4.65E-03

0.170

0.436
17.906

6ó.88

1.336

0.005

0.17

0.218
0.437

153.137

6.t24
0.021

0.779

0.500

1.988-15
0.140

0.897

0.411

0.610

1.830

1.487

0.085

0.057

0.201

0.707

I
2

1

I
2
4t

Within Reåch

Lack ofFit
f¿ck ofFit
Lack ofFit

ìrtrr'ithin Reach

Among ruch
Among Reference

Refvs Exp
Linear Trend

Lack ofFit
Within Reach

6

2

I
I
2

5

0.305 2.157 0.208

0.744 7.397 0.119

0.085 0.845 0.455

0.057 0.567 0.530

0.101 0.71 I 0.535

0.141

Within Reach

Lack ofFit
Lack ofFit
Lack ofFit

Within Reach

Weight vs Fork Length (Log)
Tested

Source SS DF MS F P Against

Fork Length 2.963 I 2.963 ll9l.0l0 6.378-32 Within Reach

Among Reference 0.016 2 0.008 20.002 0.048 LackofFit
Refvs Exp 3.36E-03 I 3.368-03 8.348 0.102 Lack ofFit
LineæTrend 1.808-04 I 1.80E-04 0.447 0.573 LackofFit
Lack of Fit 8.068-04 2 4.038-04 0.162 0.851 Within Reach

Within Reach 0.102 41 2.498-03

Fork Length vs Age (All Ages) - Signilicant Interaction (p=0.003)



Heath Steele - Fish Growth - Atlantic Salmon
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Heath Steele - Fish Growth - Atlantic Salmon
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Heath Steele - Fish Growth - Blacknose Dace
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Heath Steele - Fish Growth - Blacknose Dace
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Atlantic Salmon
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Heath Steele - Hypothesis 9

Pearson's Correlation Coefficients

(All chemistry log-transformed)

(Only includes exposure stations)

Benthic Community
A ORTHOC A RTIEOCR EPT LTDEN TAXA

Fish Community
FISH

TAXA LBIO ALL LBIO AS LBIO BND LBIO BT LCPUE ALL LCPUE BND
AL*DISS
AL-TOT
CD-DISS
CD-TOT
CU-DISS
CU-TOT
FE_DISS
FE-TOT
PB-DISS
PB-TOT
ZN_DISS
ZN_TOT

N
Degrees ofFreedom

-0.786

-0.772

-0.772

-0.763

-0.746

-0.754
-0.776

-0.780
-0.834
-0.744

-0.740
-0;145

-0.620

-0.533

-0.610
-0.516

-0.595

-0.547

-0.653

-0.547

-0.676

-0.454
-0.556
-0.517

1-tailed Significance
AL_DISS 0.000 0.001 0.004 0.329 0.028 0.003 0.000 0.000 0.060 0.010 0.000 0.037
AL_TOT 0.001 0.001 0.004 0.4s4 0.056 0.003 0.000 0.001 0.049 0.025 0.000 0.034

CD_DISS 0.001 0.000 0.004 0.403 0.031 0.002 0.000 0.000 0.056 0.007 0.000 0.034

CD_TOT 0.002 0.001 0.005 0.461 0.063 0.001 0.000 0.001 0.037 0.025 0.000 0.025
cu_DISS 0.000 0.000 0.007 0.323 0.035 0.003 0.000 0.000 0.091 0.005 0.000 0.057
cu*ToT 0.000 0.000 0.006 0.375 0.051 0.002 0.000 0.000 0.069 0.013 0.000 0.044
FE_DISS 0.000 0.000 0.004 0.299 0.020 0.004 0.000 0.000 0.071 0.005 0.000 0.043
FE_TOT 0.001 0.001 0.004 0.496 0.0s1 0.001 0.000 0.001 0.038 0.024 0.000 0.025
PB_DISS 0.004 0.002 0.001 0.490 0.016 0.001 0.000 0.000 0.015 0.029 0.000 0.007

PB_TOT 0.008 0.007 0.007 0.420 0.094 0.002 0.002 0.005 0.021 0.096 0.001 0.015

ZN_DISS 0.000 0.000 0.007 0.421 0.048 0.003 0.000 0.001 0.108 0.002 0.001 0.072
zN TOT 0.000 0.000 0.007 0.474 0.063 0.002 0.000 0.002 0.087 0.006 0.001 0.060

0.898

0.870
0.871

0.829

0.907

0.887

0.900

0.856

0.785

0.730
0.918

0.902

0.871

0.838

0.907

0.865

0.903

0.882

0.886

0.849

0.807

0.743
0.95 r

0.933

-0.161

-0.042

-0.089

0.035

-0.166

-0.116
-0.191

-0.004
-0.009

0.0'74

-0.072

0.023

-0.794

-0.800
-0.821

-0.844
-0.789

-0.808

-0.781

-0.83s
-0.853

-0.828
-0.793

-0.806

10

-0.949

-0.907
-0.960
-0.917

-0.965

-0.941

-0.966
-0.9l9
-0.909
-0.809
-0.967

-0.949

-0.962
-0.902
-0.934
-0.897

-0.965

-0.963

-0.943

-0.908

-0.966

-0.838

-0.906

-0.878

-0.525

-0.553

-0.534

-0.s89
-0.459
-0.504

-0.499

-0.584
-0.683

-0.652
-0.429

-0.467

-0.713

-0.631

-0.738

-0.634
-0.763

-0.69r
-0.769
-0.637

-0.615

-0.450

-0.806
-0.756

l0

-0.913

-0.877

-0.914

-0.891

-0.893

-0.893

-0.906
-0.898
-0.969
-0.869
-0.845

-0.838

l0

-0.588

-û.597

-0.s97

-0.633

-0.532

-0.565

-0.570

-0.631

-0.744

-0.680
-0.498

-0.s24

10l0 10 10

888
- significant correlation at cr : 0.05

10 l0 8

68 8

l0 10

8 8 8



Periphyton metals Anova

Heath Steele Periphyton Chemistry vs Reach

Aluminum

Source SS DF MS F P

Tested

Against

Reach

Among Ref
Refvs Exp

Linear Trend

Lack of Fit
Within Reach

2.781
0.979

0.755
0.64s
0.402

3.17 s

0.397

0.490

0.755

0.645

0.134
0.397

1.001

3.653
5.634
4.813

0.338

0.493
0.157

0.098

0.1 16

0.799

7

2

I
I
J

8

Within Reach

Lack of Fit
Lack of Fit
Lack of Fit
Within Reach

Chromium

Source SS DF MS F

Tested

AgainstP

Reach
Among Ref
Refvs Exp
Linear Trend

Lack of Fit
Within Reach

0.477

0.732

0.747

0.043

0.361

0.282

1.693

2.029

2.070
0.1 18

1.282

Within Reach

Lack of Fit
Lack of Fit
Lack of Fit
Within Reach

3.336
t.464
0.747
0.043

1.082

2.252

7

2

I
I
3

8

0.238
0.277

0.246

0.754
0.34s

Cadmium

Source SS DF MS F P

Tested

Against

Reach

Among Ref
Refvs Exp

Linear Trend
Lack of Fit

Within Reach

3.962

0.073
3.394
0.156

0.339

5.061

0.566

0.037

3.394
0.1 56

0.1l3
0.633

0.552

0.746

0.012

0.325
0.908

2

I
I
J

8

0.895

0.324

30.057

1.382
0.178

Within Reach

Lack of Fit
Lack of Fit
Lack of Fit

Within Reach

Copper

Source SS DF MS F P

Tested

Against

Reach
Among Ref
Refvs Exp
Linear Trend
Lack of Fit

Within Reach

13.7 st
0.1 05

12.144
1.02

0.482

3.992

1.964

0.053

12.144

1.020

0. r61

0.499

3.937

0.327

75.585

6.349
0.322

0.037

0.744

0.003

0.086

0.810

7

2

I
I
J

I

V/ithin Reach

Lack of Fit
Lack of Fit
Lack of Fit
Within Reach

Iron

Source SS DF MS F P

Tested

Against

2.804
0.908

0.726
0.935

0.401

0.454
0.726

0.935

Page I

0.364

0.093

0.056

0.041

Reach

Among Ref
Refvs Exp
Linear Trend

7

2

I

I

1.284

5.796
9.268
11.936

Within Reach

Lack of Fit
Lack of Fit
Lack of Fit



Periphyton metals Anova

0.251 0.858 Within ReachLack of Fit
Within Reach

0.235

2.496
0.078

0.312

J

I

Lead

Source SS DF MS F P

Tested

Against

Reach

Among Ref
Refvs Exp
Linear Trend
Lack of Fit

Within Reach

8.584

0.139
6.232
1.784

0.429

3.184

1.226

0.070

6.232

1.784

0.143

0.398

0.069

0.656

0.007

0.039

0.784

a

2

I
I
J

8

3.081

o.486

43.580

12.476

0.359

Within Reach

Lack of Fit
Lack of Fit
Lack of Fit

Within Reach

Nickel

Source SS DF MS F P

Tested

Against

Reach

Among Ref
Refvs Exp

Linear Trend
Lack of Fit

Within Reach

3.006
1.146

1.414
0.161

0.285

3.546

0.429

0.573
1.414

0.161

0.095

0.443

0.510

0.089

0.031

0.284
0.884

7

2

I

I

J

8

0.969

6.032
14.884

1.695

0.2t4

Within Reach

Lack of Fit
Lack of Fit
Lack of Fit

Within Reach

Zinc

Source SS DF MS F P

Tested

Against

Reach

Among Ref
Refvs Exp
Linear Trend

Lack of Fit
Within Reach

6.227

0.153

5.446
0.293

0.335

4.355

0.890

0.077

5.446
0.293

0.112
0.544

0.253

0.569

0.006

0.204
0.890

7

2

I

I
3

8

r.634
0.68s
48.770

2.624

0.205

Within Reach

Lack of Fit
Lack of Fit
Lack of Fit

Within Reach

Arsenic

Source SS DF MS F P

Tested

Against

Reach

Among Ref
Refvs Exp
Linear Trend
Lack of Fit

Within Reach

7.125

0.831

3.26r
2.222

0.81 I
4.026

1.018

0.416

3.261
2.222

0.270

0.503

7

2

I

I

J

8

2.023

1.537

12.063

8.219
0.537

0.172

0.347

0.040

0.064

0.670

Within Reach

Lack of Fit
Lack of Fit
Lack of Fit

Within Reach

Beryllium
Tested

Source

Reach

Among Ref
Refvs Exp

1.037

1.391

7.225

SS

2.687

0.359
0.932

DF MS F P

7

2

I

Within Reach

Lack of Fit
Lack of Fit

0.384

0.1 80

0.932

Page2

0.474

0.314

0.075



Periphyton metals Anova

Linear Trend
Lack of Fit

Within Reach

1.009

0.387
2.96

1.009

0.129

0.37

7.822
0.349

0.068

0.791
I
J

I

Lack of Fit
Within Reach

Selenium

Source ss DF MS F P

Tested

Against

Reach

Among Ref
Refvs Exp

Linear Trend

Lack of Fit
Within Reach

1.364
4.33E-03

0.133

l.lll
0.115672

1.831

7

2

I
I
J

8

0.195

0.002
0.133

l.lll
0.039

0.229

0.851

0.056

3.449
28.814

0.168

0.578

0.946
0.160

0.013

0.915

Within Reach

Lack of Fit
Lack of Fit
Lack of Fit

Within Reach

Page 3



Heath Steele - Hypothesis 10

Pearson's Correlation Coellicients

(All chemistry log-transformed)

(Only includes exposure stations)

Benthic Community
A ORTHOC A RHEOCR EPT LTDEN TAXA

Fish Community

LBIO ALL LBIO AS LBIO BND LBIO BT LCPUE ALL LCPUE BND LCPUE BT

FISH

TAXA
AL-DISS
AL-PERI
CD_DISS

CD-PERI
CU_DISS
CU-PERI
FE-DISS
FE-PERI
PB_DISS

PB-PERI
ZN_DISS

ZN-PERI

N
Degrees ofFreedom

0.898

0.556

0.871

0.299
0.907
0.575

0.900

0.633

0.785

0.715

0.918

0.354

0.622
0.907

0.393

0.903

0.634
0.886

0.694
0.807

0.753

0.951

0.458

-0.786

-0.568

-0.772

-0.263

-0.746
-0.483

-o.776

-o.666
-0.834

-0.625

-0.740
-0.309

-0.161

0.104
-0.089

0.269

-0.166

0.181

-0.191

0.141

-0.009

0.098

-0.072

0.228

-0.620

-0.576
-0.610

-0.282

-0.595

-0.454
-0.653

-0.634
-0.676
-0.s92

-0.556
-0.3 l8

-0.

-0.257

-0.821

-0.050
-0.789

-0.293
-0.781

-0.380
-0.853

-0.462

-4.793

-0.145

0.003

0.237
0.002
0.446

0.003

0.206

0.004

0.139

0.001

0.089
0.003

0.345

-0.526

-0.960

-0.262

-0.965

-0.551

-o.966
-0.625

-0.909

-0.722

-0.967

-0.353

-0.962

-0.496

-4.%4
-0.427

-0.965

-0.703
-0.943

-0.587

-0.966

-0.765

-0.906

-0.512

-0.52s

-0.157

-0.534

0.078

-0.459
-0.085

-0.499
-0.275

-0.683

-0.242

-0.429

0.012

-0.713
.:0.639

-0.738
-0.398

-0"763

-0.605
-o.769

-0.664

-0.615
-0J09
-0.806

-0.429

-0.913

-0.46t
-0.914

-0.217

-0.893

-0.482
-0.906

-0.589

-0.969
-0.662

-0.845

-0.329

-0.225

-0.597

0.013

-0.532
-0.t62
-0.570

-0.344
-0.744

-0.319

-0.498

-0.060

-0.719
-0.613
-0.s34

-0.672

-0.683

-0.680

-4.744
-0.490

-0.748
-0.651

4.572

10

-0.588 -0.6

1-tailed Significance
AL_DISS
AL-PERI
CD-DISS
CD-PERI
CU_DISS

CU-PERI
FE_DISS

FE_PERI

PB-DISS
PB-PERI
ZN-DISS
ZN PERI

0329
0.387

0.403

0.226

0.323

0.308

0.299

0.349

0.490

0.394
0.42t
0.263

0.000

0.048

0.001

0.20t
0.000

0.041

0.000

0.025

0.004

0.010

0.000

0.158

0.001

0.027

0.000

0.130

0.000

0.025

0.000

0.013

0.002

0.006

0.000

0.092

0.004
0.043

0.004
0.231

0.007

0.079

0.004

0.018

0.001

0.027

0.007

0.192

0.028

0.041

0.031

0.21s

0.035

0.094

0.020

0.025

0.016

0.036

0.048

0.185

0.000

0.059
0.000

0.232

0.000

0.049

0.000

0.027

0.000

0.009

0.000

0.1 59

0.000

0.r06
0.000

0.146

0.000

0.026

0.000

0.063

0.000

0.013

0.001

0.097

0.060

0.332
0.056

0.415

0.091

0.408

0.071

0.221

0.015

0.250

0.108

0.486

0.010

0.023
0.007

0.128

0.005

0.032

0.005

0.018

0.029

0.011

0.002
0.108

0.000
0.090
0.000
0.273

0.000

0.079

0.000

0.036

0.000

0.019

0.001

0.177

0.037

0.266

0.034

0.48s

0.057

0.328

0.043

0.165

0.007

0.1 84

0.072

0.435

0.030

0.010

0.030

0.056

0.017

0.015

0.015

0.012

0.075

0.006

0.021
0.042

l0 10 l0
888

- signif,rcant correlation at ø:0.05

10

8

10 10 l0 8

6

l0 l0 l0
8 8 8 8

t0
I I 8



HEATH STEELE . HYPOTHESES #9 AND #10

TOXICITY VS CHEMISTRY
(only includes exposure stations)

Pearsonts Correlation Coefficient

Algae iun Algae aug Algae nov Cerio iun Cerio_aug Cerio_nov Duck_jun Duck_aug FHM_aug

AL-DISS
AL-PERI
AL TOTAL

0.961

0.901

0.890

0.986

0.967

0.950

0.989

0962
0.957

0.974

0.990

0.930

0.979

0.976

0.934

0.988

0.96r
0.957

0,988

0,966
0.955

0.983

0.982

0.941

0.987

0.967

0.952
CD_DISS

CD-PERI
CD TOTAL

0.966
-0.375

0.901

0.979
-0.095

0.938

0.982

-0.105

0.946

0.970
-0.t20
0.917

0.972

-0.080

0.921

0.981

-0.103

0.945

0.982
-0.104

0.943

0.977

-0.100

0.928

0.980

-0.1 00

0.940

CU-DISS
CU-PERI
CU TOTAL

0.967

0.396
0.942

0.993

0.656

0.984

0.994

0.648

0.988

0.985

0.645

0.965

0.994

0.649
0.988

0.994
0.651

0.987

0.994

0.653

0.986

0.990

0.666

0.975

0992
0.657

0.978
FE-DISS
FE-PERI
FE TOTAL

0.977

0.942
0.905

0.984

0.995

0.954

0.983

0.995

0.953

0.984

0.996
0.9s 1

0.982
0.994
0.946

0982
0.992
0.927

0.980

0.992
0.930

0.985

0.996

0.937

0.984

0.995

0.948

PB_DISS

PB PERI

PB TOTAL

0.953

0.767

0.8t2

0.918

0.931

0.860

0.926

0.931

0.873

0.892
0.924

0.812

0.904

0.928

0.833

0.923

0.931

0.867

0.907

0.931

0.836

0.925
0.930

0.872

0.920

0.931

0.863

ZN-DISS
ZN-PERI
ZN TOTAL

0.956
-0.009

0.921

0.989
0.288

0.973

0.990

0.282

0.977

0.990

0.224

0.970

0.986

0.291

0.964

0.990
0.285

0.976

0.991

0.280

0.977

0.992
0.264

0.972

0.991

0.283

0.975

1-Tailed Signifïcance
AL_DISS
AL-PERI
AL TOTAL
CD_DISS

CD-PERI
CD_TOTAL
CU_DISS

CU-PERI
CU_TOTAL
FE-DISS
FE-PERI
FE_TOTAL
PB_DISS

PB-PERI
PB-TOTAL
ZN_DISS

ZN_PERI
ZN TOTAL

0.005

0.018

0.021

0.004

0.267

0.018

0.004

0.255

0.008

0.002

0.008

0.017

0.006

0.065

0.047

0.005

0.494
0.013

0.001

0.004

0.007

0.002

0.440

0.009

0.000

0.115

0.001

0.001

0.000

0.008

0.014

0.01I
0.031

0.001

0.319

0.003

0.001

0.004

0.005

0.001

0.433

0.007

0.000

0.118

0.001

0.001

0.000

0.006

0.012

0.01I
0.027

0.001

0.323
0.002

0.002

0.001

0.01I
0.003

0.424

0.014

0.001

0.120

0.004

0.001

0.000

0.012

0.021

0.013

0.048

0.001

0.359

0.003

0.002

0.002

0.010

0.003

0.449

0.013

0.001

0.110

0.002

0.002

0.000

0.01I
0.018

0.011

0.040

0.001

0.317

0.004

0.001

0.005

0.005

0.002

0.434

0.008

0.000

0.1 18

0.001

0.001

0.000
0.006

0.012
0.01I
0.027

0.001

0.321
0.002

0.001

0.004

0.006

0.001

0.434

0.008

0.000

0.117

0.001

0.00r

0.000

0.006

0.013

0.01I
0.029

0.000

0.324

0.002

0.001

0.001

0.009

0.002

0.436

0.011

0.000

0.114

0.002

0.001

0.000

0.009

0.017

0.01 I
0.039

0.000

0.334

0.003

0.00 r

0.004

0.006

0.002

0.436

0.009

0.000

0.1l6
0.001

0.001

0.000

0.007

0.013

0.011

0.030

0.001

0323
0.002

N:5
Degrees ofFreedom:3

- significant correlation at o = 0.05



Summary of Signiflcant Heath Steele Correlation Coefficients (Benthos, Chemistry, Toxicity)

CU-DISS
CU_DISS
CU_DISS
CU_DISS
CD-DISS
CU-DISS
CU-DISS
CD-DISS
CD-DISS
CU_DISS
CD_DISS
CD_DISS
CD-DISS
ZN_DISS
ZN-DISS
FE_DISS
CD-DISS
FE_DISS
CU-DISS
FE-DISS
FE_DISS
FE_DISS
CU_DISS
FE-DISS

DISS

SS
DISS

SS

DISS
FE-DISS
AL-DISS
AL-DISS
ZN_DISS
ZN-DISS
ZN-DISS
AL_DISS
FE DISS

SS
SS

AL_DISS
FE-DISS
ZN-DISS
AL-DISS
AL DISS

Ceriojun
Duck_aug
Algaejn
Duckjun
FHM_aug
Algae_aug
Cerio_aug
Ceriojun
Algaejn
Duckjun
FHM_aug
Ceriojun
Duck_aug
Algae_aug
Algaejn
Duckjun
Cerio_aug
FHM_aug
Algae_aug
Duck_aug
Ceriojun
Duck_aug
Ceriojun
Cerio_aug
Duck_aug
Ceriojun
Algaejn
Duckjun
FHM_aug
Duck_aug
Algae_aug
Ceriojun
Cerio_aug
Algaejn
Duckjun
Cerio_aug
Duckjun
FHM_aug
FHM_aug
Ceriojun
Algaejn
Ceriojun
Algae_aug
Duck_aug
Algae_aug
Duck_aug
Duck_aug

0.997
0.992
0.991

0.991

0.991

0.989
0.986
0.996
0.994
0.994
0.994
0.985
0.992
0.993
0.982
0.982
0.990
0.980
0.979
0.977
0.997
0.992
0.989
0.972
0.985
0.996
0.984
0.984
0.984
0.992
0.982
0.990
0.980
0.988
0.988
0.986
0.991

0.991

0.987
0.989
0.991

0.990
0.986
0.985
0.989
0.983
0.983

0.951
0.951
0.951
0.9s1
0.951
0.951
0.951
0.903
0.903
0.903
0.903
0.907
0.903
0.903
0.907
0.907
0.903
0.907
0.907
0.907
0.918
0.918
0.886
0.907
0.886
0.907
0.886
0.886
0.886
0.907
0.886
o.871
0.886
0.87'1

0.871
0.918
0.918
0.918
0.871
0.900
0.918
0.898
0.871
0.900
0.918
0.871
O.B9B

0.992
0.989
0.989
0.989
0.989
0.988
0.985
0.992
0.989
0.989
0.989
0.992
0.989
O.9BB

0.989
0.989
0.985
0.989
0.988
0.989
0.955
0.957
0.992
0.985
0.989
0.955
0.989
0.989
0.989
0.957
0.988
0.992
0.985
0.989
0.989
0.94

0 935
0.935
0.989
0.955
0.934
0.955
0.988
0.957
0.933
0.989
0.957

A_RHEOCR
A_RHEOCR
A_RHEOCR
A-RHEOCR
A_RHEOCR
A_RHEOCR
A_RHEOCR
A-RHEOCR
A-RHEOCR
A-RHEOCR
A_RHEOCR
A-RHEOCR
A-RHEOCR
A-RHEOCR
A_RHEOCR
A_RHEOCR
A-RHEOCR
A-RHEOCR
A-RHEOCR
A-RHEOCR
A-ORTHOC
A_ORTHOC
A-RHEOCR
A-RHEOCR
A-RHEOCR
A_ORTHOC
A_RHEOCR
A-RHEOCR
A_RHEOCR
A_ORTHOC
A_RHEOCR
A-RHEOCR
A_RHEOCR
A_RHEOCR
A-RHEOCR
A_ORTHOC
A-ORTHOC
A_ORTHOC
A_RHEOCR
A_ORTHOC
A-ORTHOC
A_ORTHOC
A-RHEOCR
A-ORTHOC
A_ORTHOC
A_RHEOCR
A_ORTHOC

Monitoring Tool Used Correlatio n Goeffi cient

c-T T.Bc-BBiologyChemistry Toxicity



Summary of Significant Heath Steele Correlation Coefficients (Benthos, Chemistry, Toxicity)

CU-DISS
CU_DISS
CU-DISS
CU-DISS
AL_DISS
AL-DISS
FE-DISS
AL-DISS
AL-DISS
FE-DISS
FE_DISS
FE_DISS
AL-DISS
AL-DISS
FE-DISS
CD_DISS
CD_DISS
CD-DISS
CD-DISS
CD_DISS
CD-DISS
CD-DISS
PB-DISS
PB_DISS
PB_DISS
PB_DISS
PB_DISS
PB-DISS
PB_DISS
PB-DISS
PB_DISS
PB-DISS
PB_DISS
PB-DISS
PB_DISS
PB-DISS
ZN DISS

CUD

SS
DISS

AL_DISS
ZN_DISS
PB-DISS
FE-DISS
ZN_DISS
ZN_DISS
CD_DISS
ZN DISS

Cerio_aug
Duckjun
FHM_aug
Algaejn
Algae_aug
Cerio_aug
Duckjun
Cerio_aug
FHM_aug
Algaejn
Duckjun
FHM_aug
Algaejn
Cerio_aug
Algae_aug
Algae_aug
Ceriojun
Duck_aug
Duckjun
Algaejn
FHM_aug
Cerio_aug
Algae_aug
Ceriojun
Algaejn
Duckjun
FHM_aug
Algae_aug
Duck_aug
Cerio_aug
Ceriojun
Duck_aug
Duckjun
Algaejn
FHM_aug
Algae_aug
Cerio_aug
Ceriojun
Algaejn
FHM_aug
Ceriojun
Algae_aug
Ceriojun
Ceriojun
Duck_aug
Duckjun
Ceriojun
Cerio_aug

A_ORTHOC
A-ORTHOC
A_ORTHOC
A-ORTHOC
A_ORTHOC
A-RHEOCR
A-ORTHOC
A-ORTHOC
A_ORTHOC
A-ORTHOC
A_ORTHOC
A_ORTHOC
A-ORTHOC
A_ORTHOC
A_ORTHOC
A_ORTHOC
A-ORTHOC
A-ORTHOC
A-ORTHOC
A-ORTHOC
A_ORTHOC
A_ORTHOC
A-ORTHOC
A-RHEOCR
A_RHEOCR
A-RHEOCR
A-RHEOCR
A_RHEOCR
A-RHEOCR
A_RHEOCR
A-ORTHOC
A_ORTHOC
A_ORTHOC
A-ORTHOC
A_ORTHOC
A-ORTHOC
A-ORTHOC
LRHEO
LRHEO
LRHEO
EPT
LRHEO
EPT
EPT
LRHEO
LRHEO
EPT
LRHEO

0.990
0.994
0.994
0.994
0.993
0.979
0.988
0.980
0.987
0.988
0.984
0.984
0.984
0.979
0.986
0.982
0.985
0.977
0.982
0.982
0.980
o.972
0.979
o.922
0.923
0.923
0.920
0.918
0.907
0.904
0.922
0.907
0.923
0.923
0.920
0.918
0.904
0.997
0.991
0.991
0.990
0.989
o.922
0.989
0.99'1

0.991
0.985
0.986

0.907
0.907
0.907
0.907
0.907
0.871
0.898
0.900
0.898
0.898
0.900
0.900
0.900
0.898
0.898
0.900
0.871
0.871
0.871
o.871
0.871
0.871
0.871
0.807
0.807
0.807
0.807
0.807
0.807
0.807
0.785
0.785
0.785
0.785
0.785
0.785
0.785
0.730
0.730
0.730
-0.786
0.730
-0 834
-0.776
0.730
0.730
-0.772
0.730

0.94
0.935
0.935
0.934
0.933
0.985
0.935
0.94

0.935
0.934
0.935
0.935
0.934
0.94

0.933
0.933
0.955
0.957
0.935
0.934
0.935
0.94
0.933
0.992
0.989
0.989
0.989
0.988
0.989
0.98s
0.955
0.957
0.935
0.934
0.935
0.933
0.94
0.868
0.872
0.869
-0.805
0.867
-0.805
-0.805
0.851
0.851

-0.805
0.849

Correlation CoefficientMonitoring Tool Used

c-T T.Bc-BChemistry Toxicity Biology



Summary of Significant Heath Steele Correlation Coefficients (Benthos, Chemistry, Toxicity)

Monitoring Tool Used Gorrelation Goefficient

Chemistry Toxicity Biology c-T c-B T.B
CU_DISS
ZN_DISS
CU-DISS
CD_DISS
CD-DISS
CU_DISS
CU-DISS
CD-DISS
CU-DISS
CD_DISS
CU_DISS
CD-DISS
CU-DISS
AL_DISS
CD_DISS
CU_DISS
AL_DISS
AL-DISS
AL-DISS
CD-DISS
AL-DISS
FE_DISS
FE-DISS
AL_DISS
FE_DISS
FE-DISS
AL_DISS
FE_DISS
FE_DISS
FE_DISS
PB_DISS
PB_DISS
PB_DISS
PB_DISS
PB_DISS
PB_DISS
PB_DISS

Ceriojun
Ceriojun
Algaejn
Algaejn
Ceriojun
Ceriojun
FHM_aug
FHM_aug
Algae_aug
Algae_aug
Duckjun
Duckjun
Duck_aug
Algaejn
Duck_aug
Cerio_aug
Ceriojun
FHM_aug
Algae_aug
Cerio_aug
Duckjun
Ceriojun
Algaejn
Duck_aug
FHM_aug
Algae_aug
Cerio_aug
Duck_aug
Duckjun
Cerio_aug
Algae_ln
Ceriojun
FHM aug
Algae_aug
Duckjun
Duck_aug
Cerio_aug

EPT
EPT
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO

0.996
0.997
0.994
0.982
0.985
0.996
0.994
0.980
0.993
0.979
0.994
0.982
0.992
0.988
0.977
0.990
0.990
0.987
0.986
0.972
0.988
0.989
0.984
0.983
0.984
0.982
0.979
0.985
0.984
0.980
0.923
0.922
0.920
0.918
0_923

0.907
0.904

-0.746
-0.740
0.658
0.666
0.666
0.658
0.658
0.666
0.658
0.666
0.658
0.666
0.658
0.643
0.666
0.658
0.643
0.643
0.643
0.666
0.643
0.629
0.629
0.643
0.629
0.629
0.643
0.629
0.629
0.629
0.609
0.609
0.609
0.609
0.609
0.609
0.609

-0.805
-0.805
o.872
0.872
0.868
0.868
0.869
0.869
0.867
0.867
0.851

0.851

0.851
0.872
0.851
0.849
0.868
0.869
0.867
0.849
0.851

0.868
0.872
0.85't
0.869
0.867
0.849
0.8s1
0.851
0.849
0.872
0.868
0.869
0.867
0.851

0.851
0.849



Summary of Significant Heath Steele Correlation Coefficients (Benthos, Chemistry, Toxicity)

TOTAL

CU_TOTAL
CU_TOTAL
CU-TOTAL
CU_TOTAL
CU_TOTAL
CU_TOTAL
CU_TOTAL
ZN-TOTAL
ZN_TOTAL
CU_TOTAL
CU-TOTAL
ZN-TOTAL
ZN-TOTAL
ZN-TOTAL
ZN_TOTAL
CU_TOTAL
CU_TOTAL
CU_TOTAL
ZN_TOTAL
CU_TOTAL
CU-TOTAL
CD-TOTAL
CD_TOTAL
CD-TOTAL
CD-TOTAL
FE_TOTAL
CD-TOTAL
FE_TOTAL
FE-TOTAL
AL_TOTAL
FE_TOTAL
AL_TOTAL
CD_TOTAL
FE_TOTAL
AL-TOTAL

TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL

Ceriojun
Algaejn
Duckjun
FHM_aug
Algae_aug
Duck_aug
Cerio_aug
Cerio_jun
Algaejn
Duckjun
FHM_aug
Algae_aug
Duck_aug
Cerio_aug
Ceriojun
Duck_aug
Ceriojun
Duck_aug
Duckjun
Algaejn
FHM_aug
Algae_aug
Duckjun
FHM_aug
Algaejn
Cerio_aug
Algae_aug
Cerio_aug
Ceriojun
Algaejn
Duckjun
FHM_aug
Ceriojun
Algae_aug
Algaejn
Duckjun
Cerio_iun
FHM_aug
Ceriojun
Duck_aug
Algae_aug
Algaejn
Duckjun
FHM_aug
Duck_aug
Algae_aug
Cerio aug

A_RHEOCR
A-RHEOCR
A_RHEOCR
A_RHEOCR
A-RHEOCR
A-RHEOCR
A-RHEOCR
A_RHEOCR
A-RHEOCR
A-RHEOCR
A_RHEOCR
A_RHEOCR
A-RHEOCR
A-RHEOCR
A-ORTHOC
A_ORTHOC
A_ORTHOC
A-ORTHOC
A-ORTHOC
A_ORTHOC
A-ORTHOC
A_ORTHOC
A-ORTHOC
A_ORTHOC
A_ORTHOC
A_ORTHOC
A_ORTHOC
A_ORTHOC
A_RHEOCR
A_RHEOCR
A_RHEOCR
A_RHEOCR
A_RHEOCR
A_RHEOCR
A_RHEOCR
A_RHEOCR
A_RHEOCR
A_RHEOCR
A-ORTHOC
A-RHEOCR
A_RHEOCR
A-RHEOCR
A-RHEOCR
A_RHEOCR
A_RHEOCR
A_RHEOCR
A_RHEOCR

0.983
0.977
0.977
0.975
0.973
0:972
0.964
0.987
0.987
0.987
0.986
0.984
0.978
0.975
0.983
0.972
0.987
0.978
0.977
0.977
0.975
0.973
0.987
0.986
0.987
0.964
0.984
0.975
0.946
0.943
0.943
0.940
0.954
0.938
0.951

0.951
0.958
0.948
0.958
0.928
0.946
0.955
0.955
0.952
0.937
0.950
0.921

0.933
0.933
0.933
0.933
0.933
0.933
0.933
0.882
0.882
0.882
0.882
0.882
0.882
0.882
0.902
0.902
0.887
0.887
0.902
0.902
0.902
0.902
0.887
0.887
0.887
0.902
0.887
0.887
0.865
0.865
0.865
0.865
0.849
0.865
0.849
0.849
0.838
0.849
0.870
0.865
0.849
O B3B

0.838
0.838
0.849
0.838
0.865

0.992
0.989
0.989
0.989
0.988
0.989
0.985
0.992
0.989
0.989
0.989
0.988
0.989
0.985
0.955
0.957
0.955
0.957
0.935
0.934
0.935
0.933
0.935
0.935
0.934
0.94

0.933
0.94

0.992
0.989
0.989
0.989
0.992
0.988
0.989
0.989
0.992
0.989
0.955
0.989
0.988
0.989
0.989
0.989
0.989
0.988
0.985

TOTAL
TOTAL

FE_TOTAL
AL_TOTAL
CD TOTAL

Monitoring Tool Used Correlation Coeffi cient

Chemistry Toxicity Biology c-T T.Bc-B



Heath Steele - Hypothesis 12

Pearson's Correlation Coeffïcients

(All chemistry log-transformed)

(Only exposure stations included)

Atlantic salmon

MT AL-TISS CD-TISS CU-TISS FE-TISS PB-TISS ZN.TISS
AL PERI -0.330

0.804

-0.s 1 I
0.891

-0.484

0.822
-0.263

0.906

-0.335

0.764

-0.441

0.400

0.1 58

-0.956

0.268
-0.899

0.225

-0.953

0.030

-0.839

0.1 54

-0.957

0.241

-0.887

-0.215

0.079
-0. 153

0.060

-0.14s

0.1 88

-0.204

0.206

-0.086

0.r80
-0.t02
-0.291

0.082
-0.964
0.203
-0.959

0.1 59

-0.973

-0.045

-0.900

0.064

-0.97s

0.162

-0.814

-0.094
-0.501

0.089

-0.622

0.074
-0.446

-0.137

-0.520

0.004

-0.430

0.074

-0.488

AL-WAT
CD-PERI
CD_V/AT
CU-PERI
CU-V/AT
FE-PERI
FE_WAT
PB-PERI
PB-V/AT
ZN-PERI
ZN-WAT

1-Tailed Significance
AL_PERI 0.261

AL_WAT 0.027

CD_PERI O.I5O

cD_wAT 0.009

CU_PERI 0.165

cu_wAT 0.022

FE PERI 0.307

FE_V/AT 0.006

PB_PERI 0.258

PB_WAT 0.039

ZN-PERI O.I9O

ZN WAT 0.216

-0.466
-0.521

-0,263

-0.725

-0.278

-0.663

-0.527

-0.856

-0.400

-0.764

-0.31 I
-0.338

-0.631

-0.2s5

-0.731

-0.234

-0.766

-0.296

-0.729

-0.135

-0.741
-0.399

-0.728

-0.418

0.382

0.001

0.304

0.007

0.334

0.002

0.477

0.018

0.385

0.001

0.323

0.009

0.341
0.441

0.386

0.455

0.392

0.360

0.349

0.348

0.436

0.366

0.424

0.288

0.176

0.145

0.307

0.051

0.297

0.075

0.14 1

0.015

0.216

0.038

0.274

0.256

0.439
0.001

0.350

0.001

0.382

0.001

0.466

0.007

0.452

0.000

0.379
0.024

0.090

0.313

0.049

0.327

0.038

0.285

0.050

0.399
0.046

0.217

0.051

0.205

0.430

0.156

0.434
0.094

0.444

0.1 88

0.398

0.145

0.497

0.198

0,445
0.163

N:6
Degrees ofFreedom:4

- significant correlation at cr : 0.05



Heath Steele - Hypothesis 12

Pearson's Correlation Coefficients

(All chemistry log-transformed)

(Only exposure stations included)

Blacknose Dace

MT AL TISS CD TISS CU TISS FE TISS PB TISS ZN TISS

AL-PERI
AL_WAT
CD-PERI
CD_WAT
CU-PERI
CU_WAT
FE-PERI
FE_WAT
PB*PERI
PB-V/AT
ZN-PERI
ZN WAT

0.254

0.668

0.31

0.701

0.402

0.592

0.388

0.604
0.494
0.'129

0.405

0.513

0.47

-0.485

0.465
-0,419

0.387

-0.312

0.325
-0.297

0.33I
-0.578

0.417

-0.365

0.281

-0.578

0.275

-0.474

0.1 84

-0.601

0.221

-0.s28

0.204
-0.457

0.237

-0.71

0.906

0.197

0.922

0.263

0.926
0.347

0.881

0.355

0.91

0.1 87

0.927

0.306

0.006

0.354
0.004

0.307

0.004

0.25

0.01

0.24s

0.006

0.361

0.004

0.278

0.406
-0.534

0.422

-0.499

0.338

-0.362

0.261

-0.371

0.26

-0.627

0.354
-0.376

0.774

0.33',7

0.796
0.442

0.827

0.423

0.785

0.462

0.887

0.327

0.857

0.294

0.036

0.257

0.029
0.19

0.021
0.202

0.032
0.178

0.009

0.263

0.015

0.286

0.97

0.1 86

0.935

0.272

0.928
0.248

0.99

0.299

0.93

0.338

0.928
0.219

1-tailed Significance
AL PERI 0.313

AL_WAT 0.073

CD-PERI 0.275

CD-V/AT 0.06

CU-PERI 0.215

CU WAT O.IO8

FE_PERI 0.223

FE_WAT 0.102
PB-PERI 0.16

PB-WAT O.O5

ZN_PERI 0.213
ZN V/AT 0.149

0.174

0.1 65

0.176

0.204
0.225

0.274
0.265

0.284

0.256

0.1 15

0,20s
0.238

0.295
0.1 15

0.299

0.171
0.363

0.1 03

0.337

0.141

0.349
0.181

0.325

0.057

0.212

0.138

0.202

0.157

0.256

0.241
0.308

0.23s
0.309

0.091

0.245
0.231

0.001

0.362

0.003

0.301

0.004

0.318

0

0.282

0.004

0.2s6

0.004

0.338

N:6
Degrees ofFreedom :4

- significant correlation at cr : 0.05



caged-as-exposure onlyr,l{ll

Heath Steele - Hypothesis 12

Pearson's Correlation Coefficients

(All chemistry log-transformed)

(exposure stations only)

Caged Atlantic salmon

MT AL TISS CD TISS CU TISS FE TISS PB TISS ZN TISS

t-Ji,l1

AL-PERI
AL-TOT
AL-DISS
CD-PERI
CD_TOT
CD-DISS
CU-PERI
CU-TOT
CU-DISS
FE-PERI
FE-TOT
FE-DISS
PB-PERI
PB-TOT
PB_DISS
ZN PERI

ZN-TOT
ZN-DISS

0.393

0.955

0.946
0.063

0.954

0,952
0.419

0.949
0.9s2
0.494

0.950

0.944

0.6t2
0.871

0.914

0.1 96

0.9s4
0.950

0.431

0.051

0.100

0.709
-0.025

0.034

0.633

0.092
0.106

0.409

0.016

0.064
0.501

0.010

0.047

0.665

0,024

0.053

-0.260
-0.028

-0.174

0.044
-0.065

-0.217

-0.036

-0.129

-0.200

-0.206

-0.029

-0.248

-0.144

0.112
-0.1 88

-0.046

-0.067

-0.165

-0.099

0.1 80

0.157

-0.221

0.068

-0.022

-0.128

0.132

0.083

-0.028

0.162

0.129
-0.124

0.198

0.240

-0.195

0.039

0.010

-0.304

-0.462

-0.572

-0.036

-0.384
-0.444

-0.253

-0.531

-0.558

-0.341
-0.440
-0.595

-0.333

-0.330
-0.620

-0.152

-0.395

-0.4s9

-0.257

-0.629

-0.674

0.216

-0.661

-0.699

-0.082

-0.672

-0.678

-0.316

-0.651

-0.710

-0.279

-0.593

-0,695

0.064
-0,644

-0.680

-0.155

0.429

0.31 I
-0.228

0.424

0.3 18

-0.127

0.369
0.319

-0.132

0.405

0.2s9
-0.085

0.466

0.1 95

-0.292

0.457

0.403

1-Tailed Significance
AL_PERI 0.131

AL_TOT 8.51E-06

AL_DISS 1,77F-05

CD_PERI 0.431

cD TOT 9.22F-06
CD-DISS I.I lE-05
CU-PERI O.II4
cu_Tor 1.42F-0s

CU-DISS 1.06E-05

FE-PERI 0.074
FE_TOT 1.24F-05
FE-DISS 2.04F-05
PB-PERI O.O3O

PB_TOT 0.001

PB-DISS I.O8E-04

ZN-PERI 0.294

ZN_TOT 9.528-06
ZN-DISS I.3OE-05

0.1 07

0.445
0.392

0.011

0.473

0.463

0.025

0.401

0.3 85

0.120
0.483

0.430
0.070

0.489

0.448

0.018

0.474

0.443

0.234

0.469
0.316

0.4s2

0.430

0.273

0.460

0.361

0.290
0.284

0.469
0.245

0.346

0.379

0.301

0.450

0.427

0.325

0.393

0.310

0.332

0.270

0.426

0.476

0.362

0.358

0.410

0.469

0.328
0.361

0.366
0.291

0.252

0.29s

0.457

0.489

0.197
0.090
0.042

0.460

0.137
0.099

0.240
0.0s7
0.047

0.167
0.102
0.035

0.173
0.176

0.028

0.338
0.129
0.091

0.237

0.026

0.016

0.274

0.019

0.012

0.411

0.017

0.016

0.1 87

0.021
0.011

0.217

0.035

0.013

0.431
0.022

0.015

0.334

0.1 08

0.191

0.263

0.1l l
0.1 86

0.364

0.147

0.1 85

0.358

0.123
0.23s
0.407

0.087

0.294

0.207

0.092
0.124

- significant correlation at cr : 0.05
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Allfish CPUE vs Ceriodaphnia o/olrúibition
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Heath Steele - Hypothesis #13
Fish CPUE vs Expected \ilater Toxicity (%Inhibition)

Allfhh CPUE vs Duckweed %Inhibition
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Heath Steele - Hypothesis #13
o/o Rh e o cr i c o top us vs Expected Water Toxicity (% Inhibition)
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HEATH STEELE. HYPOTHESIS #13

Toxicity Correlations with Biological Endpoints

Pearson's Correlation Coefficient

Benthic Community Fish Community
FISH

A ORTHOC A_RTIEOCR EPT LTDEN TAXA TAXA LBIO ALL LBIO AS LBIO BND LBIO BT LCPUE AL LCPUE BD LCPUE BT
Algae_june

Algae_aug
Algae_nov

Ceriojune
Cerio_aug

Cerio_nov
Duckjune
Duck aug

0.934

0.933

0.929
0.980

0.940
0.928
0.935

0.9s7

-0.814

=0.810
-0.818
-0.766

-0.794

-0.818
-0.814

-o.7gt

0.047

0.048

0.045

0.065

0.054

0.045

0.047

0.056

-0.953

-0.949

-0.951

-0.980
-0.948

-0.949

-0.954
-0.964

-0.992

-0.993

-0.994
-0.956

-0.989
-0.994
-0.992

-0.981

0.989
0.988

0.988

0.984
0.985

0.988

0.989

0.989

-0.789

-0.781

-0.79r
-0.790
-0.'765

-0.790

-0.790

-0.783

-0.301

-0.315

-0.289

-0.364
-0.361

-0.290
-0.301

-0"349

-0.582

-0.576

-0.578

-0.643

-0.577

-0.576

-0.583

-0.605

-0.384 -0.802 -0.869 -0.460 -0.729

-0.373 -0.802 -0.864 -0.450 -0.737
-0.392 -0.ìgz -0.873 -0.467 -OJtg
-0.346 -0.393 -0.837 -0.422 -0.791
-0.341 -0.820 -0.847 -0.422 -0.770

-0.390 -0.791 -0.873 -0.466 -0.719
-0.385 -0.803 -0.870 -0.460 -0.729

-0.3s4 -0.846 -0.852 -0.432 -0.770

0.081

0.078

0.085

0.056

0.064
0.085

0.081

0.064

0.221 0.079

FHM_aug 0.935

l-Tailed Significance
Algaljune 0.010

Algae_aug 0.010

Algae_nov 0.011

Ceriojune 0.002

Cerio_aug 0.009

Cerio_nov 0.012

Duckjune 0.010

Duck_aug 0.005

FHM aug 0.010

N:5
Degrees ofFreedom: 3

- correlation significant at cr:0.05

0.989 -0.786 -0.308 -0.58r -0.81l -0.9s2 -9.992 -0.379 -0.804 -0.867 -0.455 -0.734

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.056

0.059

0.055

0.056

0.066

0.056

0.056

0.059

0.31I
0.303

0.319

0.273

0.275

0.318

0.312

0.283

0.006

0.007

0.006

0.002

0.007

0.007

0.006

0.004

0.004

0.004

0.003

0.022

0.005

0.003

0.004

0.010

0.262

0.268
0.257

0.284
0.287

0.258

0.26t
0.279

0.051

0.051

0.055

0.021
0.044
0.056

0.051

0.035

0.028

0.029
0.027

0.038

0.035

0.027

0.028

0.034

0.2r8
0.223

0.214

0.240
0.240

0.215

0.218

0.234

0.152
0.155

0.1 54

0.121
0.154
0.155

0.151

0.140

0.001 0.057 0.307 0.152 0.048 0.006 0.004 0.265 0.050 0.029



Summary of Significant Heath Steele Correlation Coefficients (Benthos, Chemistry, Toxicity)

AL_TOTAL
AL-TOTAL
FE_TOTAL
FE_TOTAL
AL_TOTAL
AL-TOTAL
AL_TOTAL

FE-TOTAL
FE_TOTAL
FE_TOTAL
FE_TOTAL
CD_TOTAL
FE-TOTAL
CD_TOTAL
CD_TOTAL
CD_TOTAL
CD_TOTAL
CD_TOTAL
CD-TOTAL
PB_TOTAL
PB-TOTAL
PB_TOTAL
PB-TOTAL
PB_TOTAL
PB_TOTAL
PB_TOTAL
PB_TOTAL
CU_TOTAL
FE_TOTAL
AL-TOTAL
PB_TOTAL
PB TOTAL

TOTAL
TOTAL

FE-TOTAL
TOTAL

TOTAL
PB_TOTAL
PB_TOTAL
PB_TOTAL
CD_TOTAL
PB-TOTAL
PB TOTAL

TOTAL
CD-TOTAL
CU-TOTAL
FE-TOTAL
PB_TOTAL

A_RHEOCR
A-ORTHOC
A_RHEOCR
A-ORTHOC
A_ORTHOC
A-ORTHOC
A-ORTHOC
A-RHEOCR
A_ORTHOC
A-ORTHOC
A_ORTHOC
A_ORTHOC
A-ORTHOC
A-ORTHOC
A_ORTHOC
A-ORTHOC
A-ORTHOC
A_ORTHOC
A-ORTHOC
A_ORTHOC
A-ORTHOC
A-ORTHOC
A-RHEOCR
A_RHEOCR
A_RHEOCR
A_RHEOCR
A_RHEOCR
A_RHEOCR
A_RHEOCR
A_ORTHOC
EPT
EPT
EPT
A_ORTHOC
A-ORTHOC
EPT
A-ORTHOC
A_ORTHOC
A-ORTHOC
EPT
A_ORTHOC
EPT
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO

Duck_aug
Duck_aug
Ceriojun
Cerio_aug
Duckjun
Algaejn
FHM_aug
Algae_aug
Cerio_aug
Duck_aug
Cerio_aug
Duckjun
Algaejn
FHM_aug
Algae_aug
Ceriojun
Cerio_aug
Duck_aug
Duckjun
Algaejn
FHM_aug
Algae_aug
Cerio_aug
Algaejn
Duckjun
Ceriojun
FHM_aug
Algae_aug
Duck_aug
Cerio_aug
Ceriojun
Ceriojun
Cerio_jun
Ceriojun
Duckjun
Algaejn
Ceriojun
FHM_aug
Algae_aug
Duck_aug
Ceriojun
Cerio_aug
Ceriojun
Algae_aug
Algae_aug
Algae_aug
Algae_aug
Algae_aug

THOC 0.941
0.941
0.954
0.930
0.955
0.955
0.952
0.950
0.934
0.937
0.934
0.951
0.951
0.948
0.946
0.946
0.930
0.928
0.943
0.943
0.940
0.938
0.921
0.867
0.867
0.862
0.863
0.860
0.836
0.833
0.862
0.987
0.954
0.958
0.867
0.867
0.983
0.863
0.860
0.836
0.946
0.833
0.862
0.950
0.938
0.984
0.946
0.860

0.870
0.838
0.856
0.849
0.870
0.870
0.870
0.870
0.838
0.856
0.870
0.856
0.856
0.856
0.856
0.829
0.856
0.829
0.829
0.829
0.829
0.829
0.829
0.743
0.743
0.743
0.743
0.743
o.743
Q.743
0.730
-0.754
-0.780
-0.772
0.730
0.730
-0.745
0.730
0.730
0.730
-0.763
0.730
-0.744

0.957
0.989
0.955
0.985
0.935
0.934
0.935
0.933
0.985
0.957
0.94

0.935
0.934
0.935
0.933
0.955
0.94

0.957
0.935
0.934
0.935
0.933
0.94
0.989
0.989
0.992
0.989
0.988
0.989
0.985
0.955
-0.805
-0.805
-0.805
0.935
0.934
-0.805
0.935
0.933
0.957
-0.805
0.94

-0.805
0.867
0.867
0_867

0.867
0.867

Correlation Coeffi cientMonitoring Tool Used

c-T T-Bc-BChemistry Toxicity Biology



Summary of Significant Heath Steele Correlation Coefficients (Benthos, Chemistry, Toxicity)

Monitoring Tool Used Gorrelation Goefficient

Chemistry Toxicity Biology c-T c-B T.B
TOTAL Algae_aug

Algaejn
Algaejn
Algaejn
Algaejn
Algaejn
Algaejn
Cerio_aug
Cerio_aug
Cerio_aug
Cerio_aug
Cerio_aug
Cerio_aug
Cerio_jun
Ceriojun
Ceriojun
Ceriojun
Ceriojun
Ceriojun
Duck_aug
Duck_aug
Duck_aug
Duck_aug
Duck_aug
Duck_aug
Duckjun
Duck_jun
Duckjun
Duckjun
Duckjun
Duckjun
FHM_aug
FHM_aug
FHM_aug
FHM_aug
FHM_aug
FHM_aug

LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO

LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO
LRHEO

TOTAL
CD_TOTAL
CU-TOTAL
FE_TOTAL
PB-TOTAL

TOTAL
TOTAL

CD-TOTAL
CU_TOTAL
FE-TOTAL
PB_TOTAL
ZN-TOTAL
AL_TOTAL
CD_TOTAL
CU-TOTAL
FE_TOTAL
PB-TOTAL
ZN_TOTAL
AL_TOTAL
CD_TOTAL
CU_TOTAL
FE_TOTAL
PB_TOTAL
ZN_TOTAL
AL_TOTAL
CD-TOTAL
CU_TOTAL
FE_TOTAL
PB_TOTAL
ZN_TOTAL
AL-TOTAL
CD_TOTAL
CU_TOTAL
FE_TOTAL
PB_TOTAL
ZN_TOTAL

0.973
0.955
0.943
0.987
0.951

0.867
0.977
0.941
0.921
0.975
0.930
0.833
0.964
0.958
0.946
0.987
0.954
0.862
0.983
0.941
0.928
0.978
0.937
0.836
0.972
0.9s5
0.943
0.987
0.9s1
0.867
0.977
0.9s2
0.940
0.986
0.948
0.863
0.975

0.867
0.872
o.872
0.872
0.872
0.872
0.872
0.849
0.849
0.849
0.849
0.849
0.849
0.868
0.868
0.868
0.868
0.868
0.868
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Summary of Signifìcant Heath Steele Correlation Coefficients (Benthos, Chemistry, Toxicity)
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Summary of Significant Heath Steele Correlation Coefficients (Benthos, Chemistry, Toxicity)
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Summary of Significant Heath Steele Correlation Coefficients (Fish, Chemistry and Toxicity)
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Summary of Significant Heath Steele Correlation Coefficients (Fish, Chemistry and Toxicity)
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Summary of Significant Heath Steele Correlation Coefficients (Fish, Chemistry and Toxicity)
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Summary of Significant Heath Steele Correlation Coefficients (Fish, Chemistry and Toxicity)
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Summary of Significant Heath Steele Correlation Coefficients (Fish, Chemistry and Toxicity)
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Summary of Signíficant Heath Steele Correlation Coefficients (Fish, Chemistry and Toxicity)

PB-PERI
PB-PERI
PB_PERI
PB-PERI
PB_PERI
PB-PERI
PB_PERI
PB-PERI
PB_PERI
PB_PERI
PB_PERI
PB_PERI
PB_PERI
PB-PERI
FE_PERI
FE_PERI
FE_PERI
FE-PERI
FE-PERI
FE_PERI
FE_PERI
FE_PERI
PB_PERI
FE_PERI
PB_PERI

Algae_aug
Algae_jn
Duckjun
FHM_aug
Cerio_aug
Ceriojun
Duck_aug
Ceriojun
Duck_aug
Duckjun
Algaejn
FHM_aug
Algae_aug
Cerio_aug
Ceriojun
Duck_aug
Duckjun
Algaejn
FHM_aug
Algae_aug
Cerio_aug
Duck_aug
Duck_aug
Ceriojun
Ceriojun
Cerio_aug
Cerio_aug
Ceriojun
Algaejn
Duckjun
FHM_aug
Algae_aug
FHM_aug
Duck_aug
FHM_aug
Duck_aug
Cerio_aug
Ceriojun
Ceriojun
Cerio_aug
Algaejn
Duckjun
FHM_aug

LBIO-AS
LBIO_AS
LBIO-AS
LBIO_AS
LBIO_AS
LBIO-AS
LBIO_AS
LBIO_ALL
LBIO_ALL
LBIO_ALL
LBIO_ALL
LBIO_ALL
LBIO_ALL
LBIO_ALL
LBIO_ALL
LBIO-ALL
LBIO_ALL
LBIO_ALL
LBIO-ALL
LBIO_ALL
LBIO_ALL
LBIO_BT
LBIO_BT
LBIO_BT
LBIO_BT
LBIO_BT
LBIO_BT
LCPUE_AL
LCPUE_AL
LCPUE_AL
LCPUE_AL
LCPUE_AL
LBIO_BT
LBIO_BT
LBIO_BT
LCPUE_AL
LCPUE_AL
LBIO_BT
LCPUE_AL
LBIO_BT
LCPUE_AL
LCPUE_AL
LCPUE-AL

0.931

0.931

0.931
0.931
0.928
0.932
0.931
0.932
0.931
0.931

0.931
0.931

0.931
0.928
0.999
0.996
0.996
0.996
0.995
0.994
0.992
0.996
0.931
0.999
0.932
0.992
0.928
0.932
0.931
0.931
0.931
0.931

0.995
0.982
0.931
0.931
0.928
0.974
0.999
0.976
0.996
0.996
0.99s

-0.765
-0.765
-0.765
-0.765
-0.765
-0.765
-0.765
-0.722
-0.722
-0.722

-0.722

-0.722
-0.722

-0.722
-0.625
-0.625
-0.625
-0.625
-0.625
-0.625
-0.625
-0.664
-0.709
-0.664
-0.709
-0.664
-0.709
-0.662
-0.662
-0.662
-0.662
-0.662
-0.664
-0.639
-0.709
-0.662
-0.662
-0.639
-0.589
-0.639
-0.589
-0.589
-0.589

-0.993
-0.992
-0.992
-0.992
-0.989
-0.98

-0.981
-0.971

-0.964
-0.954
-0.953
-0.952
-0.949
-0.948
-0.971
-0.964
-0.954
-0.953
-0.952
-0.949
-0.948
-0.846
-0.846
-0.836
-0.836
-0.82
-0.82

-0.87
-0.87
-0.87
-0.867
-0.864
-0.804
-0.846
-0.804
-0.852
-0.847
-0.836
-0.87
-0.82
-0.87
-0.87
-0.867

FE_PERI
PB_PERI
PB_PERI
PB_PERI
PB_PERI
PB_PERI
PB_PERI
FE_PERI
AL_PERI
PB_PERI
PB_PERI
PB_PERI
AL-PERI
FE_PERI
AL_PERI
FE_PERI
FE-PERI
FE PERI

Monitoring Tool Used

Chemistry Toxicity Biology

Correlation Coefficient

c-T T-Bc-B



Summary of Significant Heath Steele Correlation Coefficients (Fish, Chemistry and Toxicity)

Monitoring Tool Used

Chemistry Toxicity Biology

Correlation Goefficient

c-T c-B T.B

FE-PERI
FE-PERI
AL-PERI
FE_PERI
AL-PERI
AL_PERI
AL-PERI
AL_PERI
AL-PERI
AL_PERI
AL PERI

Algae_aug
Duck_aug
FHM_aug
Cerio_aug
Ceriojun
Duckjun
Algaejn
FHM_aug
Duck_aug
Algae_aug
Cerío_aug

LCPUE-AL
LCPUE-AL
LBIO-BT
LCPUE_AL
LCPUE-AL
LCPUE_AL
LCPUE-AL
LCPUE_AL
LCPUE-AL
LCPUE-AL
LCPUE AL

0.994
0.996
0.967
0.992
0.974
0.966
0.965
0.967
0.982
0.967
0.976

-0.589
-0.589
-0.639
-0.589
-0.46't
-0.461
-0.461
-0.461
-0.461
-0.461
-0.461

-0.864
-0.852
-0.804
-0.847
-0.87
-0.87
-0.87

-0.867
-0.852
-0.864
-0.847



Summary of Significant Heath Steele Correlation Coefficients (Fish, Chemistry and ToxiciÇ)

CU_TOTAL
CU-TOTAL
CU-TOTAL
CU-TOTAL
CU_TOTAL
CU-TOTAL
CU_TOTAL
ZN_TOTAL
CU_TOTAL
ZN_TOTAL
CU-TOTAL
CU_TOTAL
CU_TOTAL
ZN_TOTAL
ZN_TOTAL
CU-TOTAL
ZN_TOTAL
CU-TOTAL
ZN_TOTAL
CU_TOTAL
ZN_TOTAL
FE_TOTAL
FE-TOTAL
AL TOTAL

Algaejn
Duckjun
FHM_aug
Algae_aug
Ceriojun
Cerio_aug
Duck_aug
Ceriojun
Ceriojun
Duck_aug
Duck_aug
Duckjun
Algaejn
Duckjun
Algaejn
FHM_aug
FHM_aug
Algae_aug
Algae_aug
Cerio_aug
Cerio_aug
Algaejn
Duckjun
Algaejn
Duckjun
FHM_aug
Algae_aug
FHM_aug
Ceriojun
Algaejn
Duckjun
Algae_aug
FHM_aug
Ceriojun
Algae_aug
Ceriojun
Ceriojun
Ceriojun
Ceriojun
Algaejn
Duckjun
Duck_aug
Cerio_aug

LBIO-AS
LBIO_AS
LBIO_AS
LBIO-AS
LBIO_AS
LBIO-AS
LBIO_AS
LBIO_ALL
LBIO-ALL
LBIO-ALL
LBIO_ALL
LBIO_ALL
LBIO_ALL
LBIO-ALL
LBIO_ALL
LBIO_ALL
LBIO_ALL
LBIO_ALL
LBIO_ALL
LBIO_ALL
LBIO-ALL
LBIO_AS
LBIO-AS
LBIO_AS
LBIO_AS
LBIO_AS
LBIO-AS
LBIO-AS
LBIO_ALL
LBIO_AS
LBIO_AS
LBIO_AS
LBIO_AS
LBIO*AS
LBIO_AS
LBIO_AS
LBIO_AS
LBIO_ALL
LBIO_ALL
LBIO_AS
LBIO_AS
LBIO_AS
LBIO AS

0.987
0.987
0.986
0.984
0.987
0.975
0.978
0.983
0.987
0.972
0.978
0.987
0.987
0.977
0.977
0.986
0.975
0.984
0.973
0.975
0.964
0.951
0.951

0.955
0.955
0.948
0.946
0 952
0.954
0.977
0.977
0.950
0.975
0.954
0.973
0.958
0.983
0.958
0.946
0.943
0.943
0.972
0.964

-0.963
-0.963
-0.963
-0.963
-0.963
-0.963
-0.963
-0.949
-0.941
-0.949
-0.941

-0.941
-0.941

-0.949
-0.949
-0.941
-0.949
-0.941

-0.949
-0.941
-0.949
-0.908
-0.908
-0.902
-0.902
-0.908
-0.908
-0.902
-0.919
-0.878
-0.878
-0.902
-0.878
-0.908
-0.878
-0.902
-0.878
-0.907
-0.917
-0.897
-0.897
-0.878
-0.878

-0.992
-0.992
-0.992
-0.993
-0.98

-0.989
-0.981
-0.97'1

-0.971

-0.964
-0.964
-0.954
-0.953
-0.954
-0.953
-0.952
-0.952
-0.949
-0.949
-0.948
-0.948
-0.992
-0.992
-0.992
-0.992
-0.992
-0.993
-0.992
-0.971

-0.992
-0.992
-0.993
-0.992
-0.98
-0.993
-0.98
-0.98
-o 971

-0.971
-0.992
-0.992
-0.981
-0.989

TOTAL
FE_TOTAL
FE-TOTAL
AL-TOTAL
FE_TOTAL
ZN_TOTAL
ZN-TOTAL
AL_TOTAL
ZN_TOTAL
FE_TOTAL
ZN_TOTAL
AL_TOTAL
ZN_TOTAL
AL_TOTAL
CD_TOTAL
CD TOTAL
CD_TOTAL
ZN_TOTAL
ZN TOTAL

Correlation Coefficient

c-T T-Bc-B

Monitoring Tool Used

Chemistry Toxicity Biology



Summary of Significant Heath Steele Correlation Coefficients (Fish, Chemistry and Toxicity)

CD_TOTAL
CD_TOTAL
FE_TOTAL
FE_TOTAL
FE-TOTAL
AL_TOTAL
FE_TOTAL
AL_TOTAL
CD_TOTAL
FE_TOTAL
FE-TOTAL
AL_TOTAL
AL_TOTAL
FE_TOTAL
CD_TOTAL
CD_TOTAL
AL_TOTAL
AL-TOTAL
CD_TOTAL
CD_TOTAL
AL_TOTAL
CD_TOTAL
CD_TOTAL
CD-TOTAL
FE TOTAL

FHM_aug
Algae_aug
Cerio_aug -
Duck_aug
Duckjun
Cerio_aug
Algaejn
Duck_aug
Ceriojun
Duck_aug
FHM_aug
Duckjun
Algaejn
Algae_aug
Duckjun
Algaejn
Duck_aug
FHM_aug
FHM_aug
Duck_aug
Algae_aug
Cerio_aug
Duck_aug
Algae_aug
Cerio_aug
Cerio_aug
Cerio_aug
Algaejn
Ceriojun
Duckjun
FHM_aug
Algae_aug
Ceriojun
Duck_aug
Algaejn
Duckjun
FHM_aug
Cerio_aug
Algae_aug
Ceriojun
Algaejn
Duckjun
Ceriojun

LBIO-AS
LBIO_AS
LBIO-AS
LBIO_AS
LBIO-ALL
LBIO_AS
LBIO-ALL
LBIO_AS
LBIO-AS
LBIO-ALL
LBIO-ALL
LBIO_ALL
LBIO_ALL
LBIO_ALL
LBIO_ALL
LBIO-ALL
LBIO_ALL
LBIO-ALL
LBIO_ALL
LBIO_ALL
LBIO-ALL
LBIO_AS
LBIO_AS
LBIO_ALL
LBIO_ALL
LBIO_ALL
LBIO-ALL
LCPUE_AL
LCPUE-AL
LCPUE_AL
LCPUE-AL
LCPUE_AL
LCPUE_AL
LCPUE_AL
LCPUE_AL
LCPUE_AL
LCPUE_AL
LCPUE_AL
LCPUE_AL
LCPUE-AL
LCPUE_AL
LCPUE_AL
LCPUE AL

0.940
0.938
0.930
0.937
0.951
0.934
0.951

0.941
0.946
0.937
0.948
0.955
0.955
0.946
0.943
0.943
0.941
0.952
0.940
0.928
0.950
0.921

0.928
0.938
0.930
0.934
0.921
0.987
0.987
0.987
0.986
0.984
0.954
0.978
0.951

0.951
0.948
0.975
0.946
0.946
0.943
0.943
0.958

-0.897
-0.897
-0.908
-0.908
-0.919
-0.902
-0.919
-0.902
-0.897
-0.919
-0.919
-0.907
-0.907
-0.919
-0.917
-0.917
-0.907
-0.907
-0.9'17
-o.917
-0.907
-0.897
-0.897
-0.917
-0.919
-0.907
-0.917
-0.893
-0.893
-0.893
-0.893
-0.893
-0.898
-0.893
-0.898
-0.898
-0.898
-0.893
-0.898
-0 891

-0.891
-0.891
-0.877

-0.992
-0.993
-0.989
-0.981
-0.954
-0.989
-0.953
-0.981
-0.98
-0.964
-0.952
-0.954
-0.953
-0.949
-0.954
-0.953
-0.964
-0.952
-0.952
-0.964
-0.949
-0.989
-0.98'1

-0.949
-0.948
-0.948
-0.948
-0.87
-0.87
-0.87
-0.867
-0.864
-0.87
-0.852
-0.87
-0.87
-0.867
-0.847
-0.864
-0.87
-0.87
-0.87
-0.87

CD_TOTAL
CU_TOTAL
CU_TOTAL
CU_TOTAL
CU-TOTAL
CU-TOTAL
FE_TOTAL
CU_TOTAL
FE TOTAL

TOTAL

FE_TOTAL
FE-TOTAL
CU_TOTAL
FE_TOTAL
CD_TOTAL
CD-TOTAL
CD-TOTAL
AL TOTAL

Correlation Coefficient

T-Bc-T c-B

Monitoring Tool Used

ToxicityChemistry Biology



Summary of Significant Heath Steele Correlation Coefficients (Fish, Chemistry and Toxicity)

AL_TOTAL
PB-TOTAL
FE_TOTAL
ZN_TOTAL
PB_TOTAL
ZN-TOTAL
ZN-TOTAL
ZN_TOTAL
PB_TOTAL
FE_TOTAL
ZN_TOTAL
CD-TOTAL
AL_TOTAL
CD_TOTAL
ZN_TOTAL

TOTAL
TOTAL

CD TOTAL
TOTAL

CD_TOTAL
PB-TOTAL
PB TOTAL

TOTAL
PB_TOTAL
PB_TOTAL
ZN_TOTAL
PB_TOTAL
PB_TOTAL
PB_TOTAL
PB_TOTAL
PB_TOTAL
PB_TOTAL
PB-TOTAL
PB_TOTAL
PB_TOTAL
PB_TOTAL
CU_TOTAL
CU_TOTAL
CD-TOTAL
CD_TOTAL
FE_TOTAL
FE TOTAL

Algaejn
Duckjun
FHM_aug
FHM_aug
Algae_aug
Algaejn
Duckjun
Algae_aug
FHM_aug
Duck_aug
Ceriojun
Algae_aug
Algaejn
Duckjun
FHM_aug
Ceriojun
Cerio_aug
Algae_aug
Duck_aug
Duck_aug
Cerio_aug
Duck_aug
Cerio_aug
Cerio_aug
Duck_aug
Cerio_aug
Ceriojun
Duckjun
Algaejn
FHM_aug
Algae_aug
Algaejn
Duckjun
Duck_aug
Ceriojun
FHM_aug
Algaejn
Duckjun
Algaejn
Duckjun
Algaejn
Duckjun
FHM_aug

LCPUE_AL
LCPUE-AL
LCPUE_AL
LCPUE_AL
LCPUE-AL
LBIO_AS
LBIO_AS
LCPUE-AL
LBIO_AS
LCPUE-AL
LCPUE-AL
LBIO-AS
LCPUE_AL
LCPUE-AL
LCPUE_AL
LBIO-AS
LCPUE-AL
LCPUE-AL
LCPUE-AL
LCPUE_AL
LCPUE_AL
LCPUE_AL
LCPUE-AL
LBIO-AS
LBIO_AS
LCPUE_AL
LBIO-ALL
LBIO_ALL
LBIO-ALL
LBIO_ALL
LBIO-ALL
LCPUE_AL
LCPUE-AL
LBIO-ALL
LCPUE_AL
LCPUE_AL
FTAXA
FTAXA
FTAXA
FTAXA
FTAXA
FTAXA
FTAXA

0.955
0.955
0.940
0.952

0.938
0.867
0.867
0.950
0.863
0.937
0.983
0.860

0.977
0.977
0.975
0.862
0.930
0.973
0.928
0.941
0.921
0.972
0.934
0.833
0.836

0.964
0.862
0.867
0.867

0.863
0.860
0.867
0.867
0.836
0.862
0.863
0.987
0.987
0.943

0.943
0.951
0.951
0.986

-0.877
-0.877
-0.891

-0.877
-0.891

-0.838
-0.838
-0.877

-0.838
-0.898
-0.838
-0.838
-0.838
-0.838
-0.838
-0.838
-0.898
-0.838
-0.891
-0.877
-0.891
-0.838
-0.877
-0.838
-0.838
-0.838
-0.809
-0.809
-0.809
-0.809
-0.809
-0.869
-0.869
-0.809
-0.869
-0.869
-0.808
-0.808
-0.844
-0.844
-0.835
-0.835
-0.808

-0.87
-0.87
-0.867
-0.867
-0.864
-0.992
-0.992
-0.864
-0.992
-0.852
-0.87
-0.993
-0.87
-0.87
-0.867
-0.98
-0.847
-0.864
-0.852
-0.852
-0.847
-0.852
-0.847
-0.989
-0.981
-0.847

-0.971
-0.9s4
-0.953
-0.952
-0.949
-0.87
-0.87
-0.964
-0.87
-0.867
-0.814
-0.814
-0.814
-0.814
-0.814
-0.814
-0.811

Correlation Coefficient

c-B T-Bc-T

Monitoring Tool Used

Chemistry Toxicity Biology

CU TOTAL



Summary of Significant Heath Steele Correlation Coefficients (Fish, Chemistry and Toxicity)

PB_TOTAL
CU_TOTAL
CD_TOTAL
CD-TOTAL
CU_TOTAL
FE_TOTAL
FE-TOTAL
CD_TOTAL
ZN_TOTAL
ZN_TOTAL
FE_TOTAL
PB_TOTAL
ZN_TOTAL
ZN-TOTAL
ZN_TOTAL
AL-TOTAL

Algae_aug
Algae_aug
FHM_aug
Ceriojun
Ceriojun
FHM_aug
Ceriojun
Algae_aug
Algaejn
Duckjun
Algae_aug
Cerio_aug
Ceriojun
FHM_aug
Algae_aug
Algae_jn
Duckjun
Duck_aug
Ceriojun
Duck_aug
FHM_aug
Ceriojun
Algae_aug
Cerio_aug
Cerio_aug
FHM_aug
Algaejn
Duckjun
FHM_aug
Algae_aug
Ceriojun
Duck_aug
Ceriojun
Cerio_aug
FHM_aug
Ceriojun
Ceriojun
Duck_aug
Duck_aug
Cerio_iun
Duck_aug
Cerio_aug
FHM_aug

LCPUE_AL
FTAXA
FTAXA
FTAXA
FTAXA
FTAXA
FTAXA
FTAXA
FTAXA
FTAXA
FTAXA
LBIO-ALL
FTAXA
FTAXA
FTAXA
FTAXA
FTAXA
LBIO_BT
LBIO_BT
LCPUE_AL
FTAXA
FTAXA
FTAXA
LCPUE_AL
LBIO_BT
LBIO_BT
FTAXA
FTAXA
FTAXA
FTAXA
FTAXA
LBIO_BT
LBIO_BT
LBIO_BT
LBIO_BT
LBIO-BT
LBIO-BT
LBIO_BT
LBIO_BT
LBIO_BT
LBIO_BT
LBIO_BT
LBIO-BT

0.860
0.984
0.940
0.946
0.987
0.948
0.954
0.938
0.977
0.977
0.946
0.833
0.983

0.975
0.973
0.955
0.955
0.972
0.983
0.836
0.952
0.958
0.950
0.833
0.964
0.975
0.867
0.867
0.863
0.860
0.862
0.978
0.987
0.975
0.986
0.954
0.958
0.937
0.941

0.946
0.928
0.930
0.948

-0.869
-0.808
-0.844
-0.844
-0.808
-0.835
-0.835
-0.844
-0.806
-0.806
-0.835
-0.809
-0.806
-0.806
-0.806
-0.800
-0.800
-0.756
-0.756
-0.869
-0.800
-0.800
-0.800
-0.869
-0.756
-0.756
-0.828
-0.828
-0.828
-0.828
-0.828
-0.691

-0.691
-0.691
-0.691

-0.637
-0.631
-0.637
-0.631
-0.634
-0.634
-0.637
-0.637

-0.864
-0.81

-0.811
-0.805
-0.805
-0.811
-0.805
-0.81

-0.814
-0.814
-0.81
-0.948
-0.805
-0.811
-0.81

-0.814
-0.814
-0.846
-0.836
-0.852
-0.811

-0.805
-0.81

-0.847
-0.82

-0.804
-0.814
-0.814
-0.811
-0.81

-0.805
-0.846
-0.836
-0.82

-0.804
-0.836
-0.836
-0.846
-0.846
-0.836
-0.846
-0.82
-0.804

AL_TOTAL
AL_TOTAL
PB_TOTAL
ZN_TOTAL
ZN_TOTAL
PB_TOTAL
PB_TOTAL
PB_TOTAL
PB_TOTAL
PB_TOTAL
CU_TOTAL
CU_TOTAL
CU_TOTAL
CU TOTAL

TOTAL
ZN_TOTAL
ZN_TOTAL
PB_TOTAL
AL TOTAL

FE_TOTAL
AL-TOTAL
FE_TOTAL
AL-TOTAL
CD_TOTAL
CD_TOTAL
FE TOTAL
FE TOTAL

Monitoring ToolUsed

ToxicityChemistry Biology

Correlation Coefficient

c-T T.Bc-B



Summary of Significant Heath Steele Correlation Coefficients (Fish, Chemistry and Toxicity)

Monitoring Tool Used

ToxicityChemistry Biology

Gorrelation Coefficient

c-T c-B T-B

AL_TOTAL
AL_TOTAL
CD-TOTAL
CD TOTAL

Cerio_aug
FHM_aug
FHM_aug
Cerio_aug

LBIO-BT
LBIO_BT
LBIO-BT
LBIO BT

0.934
0.952
0.940
o.921

-0.631

-0.631

-0.634
-0.634

-0.82
-0.804
-0.804
-0.82



APPENDIX 4

Detailed Water Quality Data and Toxicity Test Results



Analysis of Water, Heath Steele, August 1997

Parameter LOQ Unis
FIElA.W-

Total
97t08t20

HEIA.W
Totâl

HE6A
HElA.W-

Total
HEIA.W
Dissolved
9't/o8t20

TIEIA.W
Dissolved

HE6A
HEIA.W
Dissolved

field field

Acidity(as CaCO3)

Alkalinity(as CaCO3)
Aluminum
Ammonia(as N)
Anion Sum

Antimony
Arsenic

Barium

Beryllium
Bica¡bonate(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 206C

Langelier Index at 49C

Lead

Magnesium

Manganese

Mercury (dissolved)

Mercury (total)

Molybdenum

Nickel
Nitrate(as N)
Nitrite(as N)
O(hophosphate(as P)

pH

Phosphorus

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

0.000s

0.000r

0.001

0.05

0.01

0.01

0.1

0.1

0.5

0.5

na

na

0.002

0.00005

0.1

0.005

2

0.0001

0.002

0.002
I

0.05
t

0.1

0.000 t

0.002

0.001

0.02

mgtL
mC/L

mglL
mgr-

meqll-
mgr'
mg[-
mg[,
mgll-
mglL
mglL
mglL
mglL
mElI-
mglI-

meq/L

mglL
mglL
mglL
TCU
us/cm

mgll,
mglL
mglL
mglL

Vo

mg[-
na

na

mgll-
m9lL
melL
mgll-
mg[-
mgll,
mglL
mE/L

mglL
mglL
Units
mglL
mglL
mglL
units

units

mgtL
mgfi-
mg[-
mgll-
mglL
mglL
mdL
m9lL
mgll-
mçlL
mglL
NTU
mgL
mglL
mgll,
mø/L

4

5

0.322

nd

0.329

nd

nd

nd

nd

5

nd

nd

0.00032

3.5

nd

0.342

2

nd

0.0021

50

46

0.0225

ti.s
1.92

0.67

-3.6

-4
0.003

I

0.103

nd

nd

nd

nd

nd

0.01

6.6

nd

I

5.1

10.2

10.6

nd

nd

1.7

0.014

9

nd

nd

0.002

0.36
2

2.6

nd

nd

0.157

0.02

nd

nd

nd

0.01

6.5

6

5

0.316

nd

0.32

nd

nd

nd

nd

5

nd

nd

0.00032

3.4

nd

0.355

2

nd

0.0021

43

M
0.0224

12.9

5. l9
0.65

-3.4

-3.8

0.0031

I

0.102

nd

nd

nd

nd

nd

0.06

6.8

nd

l.l
5.1

10.2

10.6

nd

nd

l;7
0.014

9

nd

nd

0.003

0.35

2

2.4

nd

nd

0.t5
0.02

0.185

nd

nd

0.00032

3.5

nd

0.0021

0.00r
I

0.0973
nd

nd

nd

1.8

0.001

I

0.0957

nd

nd

nd

1.8

0.013

nd

nd

nd

nd

nd

0.00034
3.5

nd

0.0019

0.0189

0.8

4.2

0.32

0.0011

I

0.0919
nd

nd

nd

1.8

0.013

4
5

0.187 0.185
nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

0.00032

3.4

;
nd

0.002

o.oìsr
0.5

4.5

0.-32

4;
46

0.020

0.6

4.5

o"-32

nd

nd

nd

nd

nd

nd

nd

0.8

nd

nd

nd

nd

nd

nd

nd

25

0.012

nd

nd

nd
25

9

0.37

2

2.5

0.02

nd

nd

0. l-57

nd

nd

0.158

nd

nd

o.t62
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Analysis of Water, Heath Steele, August 1997

Pa¡ameter

Date Samnled >

HElB-W.
LOQ Units Total

97t08t20

HEIB.W
Dissolved
9'ilO8t20

HE2A.W-
Total

97108t20

FIE2A-W
Dissolved

97t08/20

HE2B-W-
Total

97t08t20

FIE2B.W
Dissolved
97tÙ8t20

Acidity(as CaCO3)

Alkalinity(as CaC03)
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 206C

Langelier Index at 46C

Iæad

Magnesium

Manganese

Mercury (dissolved)

Mercury (total)

Molybdenum

Nickel
Nitrate(as N)
Nirrite(as N)
Orthophosphate(as P)

pH

Phosphorus

Potassium

Reactive Silica(Si02)
Saturation pHat20øC
Saturation pH at4çC
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

1

0.0003
0.2

0.5

0.1

0.0r
0.02

na

na

0.0001

0.1

0.0005

0.0001

0.0005

0.0001

0.001

0.05

0.01

0.01

0.t
0.1

0.5

0.5

na

na

0.002

0.00005

0.1

0.005
2

0.000r

0.002
0.002

I
0.05

I

0.1

0.0001

0.002

0.001

0.02

mgtL
mClL
mCIL
mClL

meq/L

mglL
mglL
nCIL
mClL
mglL
mg/L
mglL
mglL
mglL
mgL

meq/L

mglL
mClL
mgr'
TCU
us/cm

mglL
mElL
mgr-
mgll-

Vo

mglL

6

8

0.277

0.1 I
0.386

nd

nd

nd

nd

7

nd

nd

0.00022

4.5
.nd

0.393
7

nd

0.0012

40

48

0.0193

l5
0.94

0.54
-3.19

-3.59

0.0025

0.9
0.0643

nd

nd

nd

nd

nd

0.05
6.7

nd

Lt
5.6

9.9
10.3

nd

nd

1.6

0.015

9

nd

nd

nd

0.1'73

nd

0.0011

0.001

I

0.0588

nd

nd

nd

t.7
0.014

6

9

0.247

nd

0.393

nd

nd

nd

nd

9

nd

nd

0.00021

4.7

nd

0.388
1

nd

0.001

38

49

0.018

15.4

0.63

0.5
-3.02

-3.42

0.0021

0.9
o.o572

"O
nd

nd

nd

nd

0.02

6.8

nd

0.9
)-/

9.81

10.2

nd

nd

1.6

0.016

9
nd

nd

nd

0.153

"O
nd

nd

nd

nd

nd

0.00022
4.6

0.0008

0.9

0.0453

nd

nd

nd

1.6

0.014

4

l0
0.169

nd

0.389

nd

nd

nd

nd

l0
nd

nd

0.0002
4.8

nd

0.384
1

nd

0.0007

36

48

0.0158

15.2

0.7

0.42
-2.92

-3.32

0.0019

0.9

0.0402

0.1l8

nd

0.0006

0.014r
1.3

3.2

0.24

0.0008

0.9

0.0346

nd

nd

nd

0.0002

nd

nd

nd

nd

nd

nd

4.6

0.00022

nd

nd

nd

nd

nd

nd

4.4

nd

0.0008

0.0151

1.2

3.3

0"-26

0.0167

0.8

3.6

0.-2g

na

na

mg1'
mClL
mglL
mglL
mglL
mC/L

mgL
mglL
mgL
mgll-
Units
mglL
mClL
mglL
units

units

mgtL
mgtL
mgll-
mglL
mglL
mgr-
mC/L

mClL
rûdL
mC/L

mglL
NTU
mg/L
mg/L
mg/L
t¡s/L

0.31

I

1.9

nd

nd

0.1I I
0.02

0.3
I

1.7

nd

nd

0. r06
o02

0.26
nd

1.3

nd

nd

0.107

0.02

nd

nd

0.ll t

nd

nd

nd

nd

nd

nd

6.9
nd

nd

nd

0.5

nd

nd

nd

nd

nd

0.01

nd

0.8

5.7

9.71

10.2

nd

nd

1.5

0.015

8

nd

nd

nd

nd

nd

t.6
0.014

nd

nd

nd

28

nd

nd

nd

29

nd

nd

nd

29

nd

nd

0.113

nd

nd

0.r09
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Analysis of Water, Heath Steele, August 1997

Parameter LOQ Units

HE3A-W.
Toral

97108120

HE3A-W
Dissolved

97/08t20

HE3B-W.
Total

97t08/20

HE3B-W
Dissolved
9'7/O8t20

HE4A-W-
Total

HE4A-W
Dissolved

97108/20

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 20PC

Langelier Index at 4PC

l,ead

Magnesium

Manganese

Mercury (dissolved)

Mercury (totâl)

Molybdenum

Nickel
Nitrate(as N)
Nitrite(as N)
Orthophosphate(as P)

pH

Phosphorus

Potassium

Reactive Silica(SiO2)
Saturation pHat20ØC
Saturation pH at 4øC

Selenium

Silver
Sodium

Strontium

Sulphate

Thallium
Tin
Titanium
Total Dissolved Solids(Catculated)

Total Kieldahl 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

t
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

0.000 r

0.0005

0.0001

0.00r

0.05

0.0r
0.01

0.1

0.1

0.5

0.5

na

na

0.002

0.00005

0.t
0.005

2

0.0001

0.002

0.002
I

0.05

I

0.1

0.0001

0.002

0.001

0.02

melL
mglL
mglL
mClL

meqlf-

mg[,
mC/L

mglL
mglL
mClL
mglL
mglL
mClL
m9lL
mglL

meq/L

mglL
mC/L

mClL
TCU
us/cm

mClL
mglL
mgtL
mdL

Vo

mClL
na

na

mg/L
mglL
mglL
mClL
mC/L

mglL
mdL
mdL
me/L
mgL
Units

mglL
melL
mClL

units

units
mglL
melL
mC/L

mglL
mC/L

mC/L

mdL
mglL
mClL
nglL
rng/L
NTU
mC/L

mg/L
mg/L
ms/L

6

l3
0.15

nd

0.387

nd

nd

nd

nd
13

nd

nd

0.00016

4.9
.nd

0.396

nd

nd

0.0013
)9

46

0.0098

15.7

l.1l
0.36

-2.4

-2.8

0.0022

0.9

0.0795

nd

nd

nd

nd

nd

0.01
'1 )
nd

nd

5.8

9.62

l0
nd

nd

t.5
0.016

5

nd

nd

0.002

0.06s

nd

nd

0.0001I

4.8

0.0004

0.9

0.0164

nd

nd

0.6

nd

nd

1.5

0.014

nd

nd

nd

21

4

l5
0.082

nd

0.426

nd

nd

nd

nd

l5
nd

nd

0.00011

5.2

nd

0.421

nd

nd

0.0002

27

4'7

0.0075

i.ø
0.64

0.24

-2.36
-2;16

0.0009

0.9

0.0179

nd

nd

nd

nd

nd

nd
'1 )

nd

0.9

5.8

9.53

9.93
nd

nd

1.5

0.017

5

nd

nd

nd

nd

nd

0.7

nd

nd

0.066
nd

0.06

nd

nd

0.00012

5.1

0.007

2.2
3_3

0. l6

0.0004

0.9

0.0127
nd

nd

0.9

nd

nd

1.5

0.015

nd

nd

nd

29

4

l5
0.074

nd

0.429

nd

nd

nd

nd

l5
nd

nd

0.0001

5.3

nd

0.42

nd

nd

nd
)1

49

0.0073

t7
r.08

0.23
-2.33

-2.73

0.0008

0.9

0.0146

nd

nd

nd

nd

nd

nd
'7)

nd

1.2

5.7

9.52

9.92
nd

nd

1.5

0.017
5

nd

nd

nd

0.27

nd

0.7

nd

nd

0.062
nd

0.058

nd

nd

0.00011

5.3

0.007
2.1

3.3

0.16

0.0004

0.9

0.0106
nd

nd

nd

1.5

0.016

nd

nd

nd

29

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

0.0002

o.oot r

2

3.2

o. rs

nd

nd

"O
0.5

nd

nd

nd

nd

nd

nd

0.28

3

nd

nd

0.08-5

nd

nd

nd

0.064

nd

nd

0.066

nd

nd

0.074

0.9
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Analysis of Water, Heath Steele, August 1997

Parameter

Date Samoled >
LOQ Units

HE4B.W.
Total

97108/20

HE4B-W
Dissolved

97t08/20

HE5A-W-
Total

97/08t20

HE5A.W
Dissolved
97tÙ8t20

HE5B-W-
Total

97/08/20

TIE5B-W
Dissolved

97t08t20

Acidity(as CaCO3)

Alkalinity(as CaCO3)

Aluminum
Ammonia(as N)
Anion Sum

Antimony
Arsenic
Ba¡ium

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 4PC

l,ead

Magnesium

Manganese

Mercury (dissolved)

Mercury (total)
Molybdenum

Nickel
Nitrate(as N)
Nitrite(as N)
Orthophosphate(as P)

pH

Phosphorus

Potassium

Reactive Silica(SiO2)
Saturation pH at2OøC

Saturation pH at 4gC

Selenium
Silver
Sodium

Strontium
Sulphate

Thallium
Tin
Titanium
Total Dissolved Solids(Calculated)
Torâl Kjeldahl Nitrogen(as N)
Total Suspended Solids

Turbidity
Uraniurn
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

0.000s

0.0001

0.0005

0.0001

0.001

0.05

0.0r

0.01

0.1

0.1

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

mglL
mglL
mgtL
mClL

meq/L
mglL
me/L
mglL
mglL
mClL
mClL
mClL
mgil'
mglL
mglL

meq/L
mglL
mgL
mgL
TCU
us/cm

mglL
mgtL
mglL
mglL

Vo

mglL
na

na

mC/L

mClL
mClL
rîdL
mglL
mC/L

mglL
mClL
mg/L
mClL
Units

mClL
mgll-
mC/L

units

units
mgß'
m9lL
mçlL
mglL
mC/L

mglL
mC/L

mg/L

mg/L
mC/L
rîglL
NTU
ng/L
mglL
mgL
ms.lL

2

T6

0.07

nd

0.45

nd

nd

nd

nd

t6
nd

nd

0.0001

5.6

nd

0.439

I
nd

nd

29

49

0.0071

0.056

nd

nd

0.00011

5.5

0. l6

0.0004

0.0093

nd

nd

1.5

0.016

nd

nd

0.071

4

20

0.0s9
nd

0.523

nd

nd

nd

nd

20

nd

nd

0.00008

6.4

nd

nd

nd

nd
)1

53

0.0062

0.046

0. l4

0.0002

I

0.0071

nd

nd

0.7

nd

nd

1.5

0.017

nd

nd

0.061

4

20

0.055

nd

0.52

nd

nd

nd

nd

20

nd

nd

0.00007

6.9

nd

0.496
nd

nd

nd

32

56

0.0057

20.8

2.33

0.17

-2.04

-2.44

0.0004

I

0.0126

nd

nd

nd

nd

nd

nd

7.3

nd

nd

5.4

9.29

9.69
nd

nd

1.4

0.018

4

nd

nd

nd

0.24

nd

0.5

nd

nd

0.061

nd

0.042

nd

nd

nd

nd

nd

nd

0.00008

6.7

0.0057

2.9

3.6

0.t3

0.0002
t

0.0061

nd

nd

0.7

nd

nd

1.5

nd

nd

nd

nd

nd
nd

nd

nd

nd

nd

ó.3

";
nd

0.00009

nd

nd

nd

nd

0.4'76

0.00590.0068

2.5

3.5

2.5

3.3

t7.7

1.28

0.22
-2-29

-2.69

0.0007

I

0.0128

19.7

4.69

0.18

-2.09
-2.49

0.000s
I

0.0133

nd

nd

nd

nd

nd

nd

7.2

nd

0.8

5.7

9.48

9.88

nd

nd

1.5

0.0r7
5

nd

nd

nd

nd

nd

nd

nd

nd

nd

7.2

nd

1.2

5.6

9.32

9.72
nd

nd

1.5

0.019
4

nd

nd

nd

nd

nd

nd

nd

nd

nd

0.8

nd

nd

nd

nd

nd

33

nd

nd

nd

30

nd

nd

0.062

0.2
nd

0.5

nd

nd

0.0s8
nd

0.23

nd

0.6

nd

nd

0.068

nd

nd

nd

nd

1-t
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Analysis of Water, Heath Steele, August 1997

Parameter

Date Samnled >
LOQ Units

HRIA-W-
Total

97t08t20

HR6A
HRIA-W-

Total

field dup

HRIA-W
Dissolved

97t08/20

HR6A
HRIA-W
Dissolved

field dup

HRIB.W
Total

97t08t20

HRIB-W-
Total

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 Ca¡bon(DOC)
Hardness(as CaCO3)

Ion Balance
Iron

Langelier Index at 20øC

Langelier Index at 49C

Iæad

Magnesium

Manganese

Mercury (dissolved)

Mercury (total)
Molybdenum

Nickel
Nitrate(as N)
Nitrite(as N)
Orthophosphate(as P)

pH

Phosphorus

Potassium

Reactive Silica(SiO2)
Saturation pH at 20ØC

Saturation pHat46C
Selenium

Silver
Sodium

Strontium

Sulphate
Thallium
Tin
Titanium
Total Dissolved Solids(Calculated)
Total Kjeldahl Nitrogen(as N)
Total Suspended Solids
Turbidity
Uranium
Vanadium

Zinc
Fluoridc

1

I
0.005

0.05

nâ

0.000s

0.002

0.005

0.005
I

0.002

0.005

0.00005

0.1

1

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

0.0005

0.0001

0.001

0.05

0.01

0.0t
0.1

0.t
0.5

0.5

na

na

0.002

0.00005

0.1

0.005
.,

0.0001

0.002

0.002
I

0.05

t

0.1

0.0001

0.002

0.00 r

0.02

mgtL
mgtL
mC/L

mglL
meq/L
mClL
mClL
mglL
mglL
mglL
mglL
mglL
mglL
mglL
mglL

meq/L
mClL
mClL
mglL
TCU
us/cm

mglL
mgll
mgr-
mglL

Vo

mglL
na

na

mClL
mglL
mglL
mglL
mglL
mgll-
mgtL
mgtL
mglL
mClL
lJnits

mClL
mglL
mgñ-
units
units

mçlL
mglL
mgñ'
mglL
mglL
mClL
mgr-
mg[-
mglL
ng/L
mC/L

NTU
mg/L
nglL
mg/L
lms./L

l0
9

0.03 t

nd

0.27

nd

nd

nd

nd

9

nd

nd

nd

2.5

nd

0.267

nd

nd

nd

32

32

nd

9.8

0.61

0.09

-3.27

-3.6'7

nd

0.9

0.0163

nd

nd

nd

0.07

nd

0.02

6.8

nd

0.9

7.5

10. I

10.5

nd

nd

t.4
0.01

3

nd

nd

nd

l0
9

0.03

nd

0.266

nd

nd

nd

nd

9

nd

nd

nd

2.5

nd

0.276
nd

nd

nd

33

32

nd

10. I

1.86

0.08

-3.09

-3.49

nd

0.9

0.0149

nd

nd

nd

0.08

nd

0.05

7

nd

0.7

7.4

l0
10.4

nd

nd

1.3

0.01l
3

nd

nd

nd

0.26
2

45

nd

nd

0.006
nd

nd

1.9

2;7

nd

0.9

0.0031

nd

nd

nd

1.4

0.009

nd

nd

0.003

nd

1.5

2.8

nd

0.9

0.003

nd

nd

nd

t.4
0.009

nd

nd

nd

22

nd

nd

0.003

l0
9

0.047

nd

0.27
nd

nd

nd

nd

9

nd

nd

nd

2.5

nd

0.27

nd

nd

nd

3l
31

nd

9.8

0.08

0.08
-3.2',1

-3.67

nd

0.9

0.0145

nd

nd

nd

0.09

nd

0.02

6.8

nd

0.8

7.4

10. I

10.5

nd

nd

1.3

0.01I
3

nd

nd

nd

0.019 0.0t9

nd

nd

nd

nd

nd

nd

nd

2.6

nd

nd

nd

nd

nd

nd

nd

nd

nd

";nd

nd

2.5

0.9

nd

0.7

1.3

0.05 0.05

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

22
0.26

I

0.-5

nd

nd

0.008

nd

o.27

2

0.5

nd

nd

0.009
nd
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Analysis of Water, Heath Steele, August 1997

Parameter LOQ
f)ate Samnled >

Units

HRIB.W
Dissolved

97108120

HR2A.W-
Total

97/08120

HR2A.W
Dissolved

97/08t20

HR2B-W.
Total

97108/20

HR2B.W
Dissolved

97/08t20

HR3A.W.
Total

9'1/08t20

HR3A.W
Total

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 at 20PC

Langelier Index at 46C

Iæad

Magnesium

Manganese

Mercury (dissolved)

Mercury (total)

Molybdenum
Nickel
Nitrate(as N)
Nitrite(as N)
Orthophosphate(as P)

pH

Phosphorus

Potassium

Reactive Silica(Si02)
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.t
0.01

0.02

nâ

na

0.0001

0.1

0.0005

0.0001

0.0005

0.0001

0.001

0.05

0.01

0.01

0.t
0.1

0.5

0.5

na

na

0.002
0.00005

0.1

0.005
1

0.0001

0.002

0.002

I

0.05

I

0.t
0.0001

0.002
0.00 t

0.o2

mg/L
mgll-
mglL
mC/L

meq/L
mClL
mgll-
mClL
mClL
mClL
mglL
mglL
mgL
mC/L

mglL
meq/L
mglL
mglL
mglL
TCU
us/cm

mClL
mC/L

mgL
mglL

7o

mglL
na

na

mglL
mg/L
m9lL
me/L
mglL
mglL
mC/L

mg/L
mg/L
mglL
Units

mglL
mC/L

mglL
units

units

mElL
mglL
mClL
mglL
mglL
mglL
mg/L
rn9/L

mçlL
mg/L
rûE/L

NTU
mg/L
mg/L
mglL

'r's/L

0.018

";
nd

nd

nd

nd

nd

nd

2.4

"O
nd

nd

1.4

0.05

nd

0.9

0.0025

nd

nd

1.4

0.009

nd

nd

nd

22

4

l5
0.049

nd

0.362

nd

nd

nd

nd

15

nd

nd

nd

4

nd

0.352

nd

nd

nd

5Z

38

0.0003

13.6

1.3

0.1

-2.56

-2.96

nd

0.9

0.0072

nd

nd

nd

nd

nd

nd

7.1

nd

0.5

6.2

9.65

l0
nd

nd

1.4

0.015
nd

nd

nd

nd

0.o2t

nd

nd

nd

39

0.0003

1.9

3.2

0.07

nd

0.9

0.0037

nd

nd

nd

1.5

0.014

nd

nd

0.012

4

15

0.046

nd

0.362

nd

nd

nd

nd

l5
nd

nd

nd

4.1

nd

0.359

nd

nd

nd

30

39

0.0004

13.7

0.4-5

0. r3

-2.47

-2.87
0.0003

no

0.0238

nd

nd

nd

nd

nd

nd

7.2
nd

0.5

6.2

9.64

l0
nd

nd

t.-5

0.016

nd

nd

nd

nd

0.021

0.0004
)'\
5.4

nd

0.9

0.0034

nd

nd

nd

nd

nd

1.5

0.014

nd

nd

0.018

4

32

0.033

nd

0.719

nd

nd

0.006

nd

32

nd

nd

nd

10.9

nd

0.654

nd

nd

nd

t7
71

nd

29.8

4.72

0. l4
-1.64

-2.04

nd

0.7

0.0128

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

4

nd

nd

nd

nd

0.07

nd

0.8

nd

nd

nd

0.6

nd

nd

nd

nd

0.6

nd

nd

nd

nd

nd

nd

t.-t

nd

0.7

4.8

8.89

9.29

nd

nd

I

0.024

3

nd

nd

nd

o.2

I

0.4
nd

nd

0.003
nd

4.8

nd

nd

nd

25

nd

nd

nd

25

0.5

nd

nd

0.003

o.24
nd

0.5

nd

nd

0.016
nd

0.26
nd

nd

nd

0.017
nd
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Analysis of Water, Heath Steele, August 1997

Parameter LOQ Units
HR3A.W
Dissolved

97108/20

HR3B.W
Totâl

97t08/20

HR3B.W-
Total

Replicate

HR3B.W
Dissolved

HR3B-W
Dissolved

Reolicatel)¡te Samnled

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 Ca¡bon(DOC)
Hardness(as CaCO3)
Ion Balance
Iron
Langelier Index at 206C
Langelier Index at 46C
Lead

Magnesium

Manganese

Mercury (dissolved)

Mercury (total)

Molybdenum

Nickel
Nitrate(as N)
Nitrite(as N)
Orthophosphate(as P)

pH
Phosphorus

Potassium

Reactive Silica(Si02)
Saturation pH at20øC
Saturation pH 

^t 
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

0.0000s

0.1

I
na

I

0.0005

0.0002

5

I

0.0003

0.2

0.5

0.1

0.01
ñ (\)

na

na

0.0001

0.1

0.000s

0.0001

0.0005

0.0001

0.001

0.05

0.01

0.01

0.1

0.1

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

0.000 r

0.002

0.00 t

0.02

mC/L

mglL
mg/L

mC/L

meq/L

mglL
mgtL
mgll-
mglL
mglL
m9lL
mg/L
mgß'
mg[L
mgr-
meqlL
mgll
mgß-
mglL
TCU

us/cm

mgll-
mglL
mglL
mg/L

%

mglL

mg/L

mC/L
mC/L

mg/L

mC/L

mglL
mglL
mg/L
nglL
mglL
Units
mg/L
mgll
mçlL
units

units

mglL
mgtL
mglL
mglL
mglL
mg/L
mglL
mglL
mg/L

mg/L
mglL
NTU
mg/l-
mg/L
mglL
mE/L

0.013

nd
nd

nd

nd

nd

nd

nd

10.7

nd

nd

nd

5.4

2.7

)
32

0.059
nd

0.722
nd

nd

0.006

nd

nd

nd

nd

10.9

nd

0.68
nd

nd

nd

20
1)

nd

nd

nd

nd

I 1.3

nd

nd

l.l
0.022

nd

nd

nd

2

3l

nd

nd

nd

nd

nd

Ú.4

nd

5

2.7

0.013 0.014

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd
nd

nd

4.9

na

0.08

nd

0.8

nd

nd

nd

nd

nd

l9
73

0.09

nd

0.8

0.0078

nd

nd

nd

nd

0.-5

na

nâ

31.5

3

0. l8
-1.55

- 1.95

nd

0.7
0.0165

nd

nd

nd

nd

nd

nd

7.3

nd

0.8

4.8

8.86

9.26
nd

nd

t

0.024
3

nd

nd

nd

0.23

2

45

nd

nd

0.004
nd

0.09

nd

0.8

0.0069

nd

nd

nd

0.0069

nd

nd

nd

nd

7.4

nd

nd

"O
nd

I

0.022

nd

nd

l.l
0.02

nd

nd

nd

4t

3

nd

nd

nd

4l

nd

nd

nd

nd

nd

nd

nd

nd

nd

na

44

nd
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QUALITY ASSURANCE INFORMATION Ceríodaphnia Survival and Reproduction Test

14 Abacus Road
Brampton,Ontar¡o
Canada L6T 587

Tel (905\ 794-2325
Fax (905) 794-2338
1-800-361-BEAK (2325)

Test Conditons

Test Type:

Test Temperature:
Lighting:
Dilution Water:

Test Volume:

Test Vessels:

Test Organism:

Organism Age:

Organism Health:

Static renewal

25Ll"C
16 hours lighVS hours dark, < 600 lux
3/4 Reconstituted Water + 1/4 Dechlorinated Tap

1 5ml per replicate, I 0 replicates per concentration

25 ml disposable plastic containers

Ceriodaphnia dubîa

< 24 hours, within 8 hours ofeach other

no ephippia detected in culture,

mortality in culture <20olo

Protocol

Environment Canada. 1992. Biological Test Method:

Test ofReproduction and Survival Using the

Cladoceran Ceriodaphnia dubia . EPS 1 lRNf/2 l.

Reference Toxicant Test # 9700562-0:

Chemical Used:

Date of Test:

7-Day LC50:

Historical Warning Limits (LC50)

Historical Control Limits (LC50):

7-Day IC50:

Historical Warning Limits (tC50):

Historical Control Limits (IC50):

Sodium Cliloride
2L-Jun-97

2630 mglL
I 180 - 2530

844 - 2870

1700 mg/L
1170 - 1980

963 - 2180

Reference tests assess, under standardized conditions,

the relative sensitivity ofthe culture and the precision

and reliability ofthe data produced by the laboratory f-or

tlrat reference toxicant (Environment Canada, 1992).

BEAK conducts a reference test using sodium cl-rloride

at least once per month and assesses the acceptability of
the test results based on historical data, which are

regularly updated on control charts.

Reference Test Commments:

The IC50, wtrich estirnates survival and reproduction eflects, is within the established historical limits; however, the LC50 value,

which measures survival alone, is above the historical warning limit. This may occur due to chance alone, once every 20 tests

or may indicate a problem with the test system. An investigation revealed no anornalies in test system, cultures or technical

performance and limits were recalculated using the latest data.

All reported data were cross-checked for errors and omissions.

Instruments used to monitor chemical and physical parameters were calibrated daily.

Acronynrs

LC5O

NOEC
LODC

rcz5
IC5O

na

MST)

median lethal concentration (concentration that causes mortality in 500% ofthe test organisms)

no observable eflèct concentration (lrighest concentration testecl that exhibits no observable eflèct)

lorvest observablc cflèct concentration (lowest ooncentration at which thcrc is an observablc clìèct)

inlribiton concentration (concentration at which resporrse is impaired by 25% )
inhitriton conce¡rtration (concentration at rvhich rcsponse is impaired by 50% )
not applicable (when applied to the LOEC, means that no concentration tcsted exhibitcd an obserratrle efìèct).

rninimum sigrificant clifìèrcncc (clillèrcncc bctwccn groups that is neccssary to concludc that
(hat they are sigrilìcantly difìèrent).
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Ceriodaphnía dubia Survival and Reproduction Test

Biological Test Method EPS 1/RM/21

Client: Heath Steele

Newcastle, New Brunswick

Sample: HS-R-S (H-E-l)

'TEST DATA Total Number of Neonates Produced
per Adult After 6 Days of Testing

concentratio n ("/" v I v)

replicateSample Type:

Test No.:
,Date Sampled:

effluent
9700609-3

24-hn-97

0 6.25 t2.5 25 50 100

J-t

26

2t
20

27

18

28

30

t3
26

l4
18

2T

19

24

Date Initiated:
Time Initiated:
Initiated by:

cloudy, yellow colour

25-Iun-97

17:15

E. Jonczyk

I
2

3

4

5

6

7

8

9

10

27

31

28

23

29

24

13

31

23

24

32

22

25

22

24

26

27

32

22

27

32

30

20

t9
2t
l6
24

24

28

28

8

15

0

3

11

0

0

0

0

0

25

24

25

22

25

mean /
conc.

24.2 24.2 25.9 25.3 2r.1 3.1

mortality /

l0 adults

000006

Sample Appearancc:
Initial Paramctcrs:

t20

100

80

60

40

20

0

1000 20 40 60 80

Reproduction per Concentration
as a Percent of Control

DO 8.1

(mg/L)
Conductivity 52.4

(pmhos/cm)

Temperature 25.6

("c)
pH 1.61 Hardness

(mùL)
Alkalinity
(mgil-)

20 30

Samplc trcatments:

TEST RESULTS

IC25
IC5O

Santple was preaeratecl 20 on Days U and L prror to

o/ovlv

58.4

75.',1

95o/o Cf

48."t-63.7

69.1-82.3

Notes

QUALITY ASSURANCE INFORMATION & COMMENTS
Associated QfuQC test: 9'700562-0

Method of Calculation

Linear Interpolation,

(Norberg-King, 1993)

Reported bv:ft-.q-!. - ----.- S -:*+-- Date: J"-u-- ts f ea

ß ".,"r,00**r,r.,roro.rn
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QUALITY ASSURANCE INFORMATION: 7-Day Fathead Minnow Survival and Growth Test

14 Abacus Road
Brampton,Ontario
Canada L6T 587

Tel (905) 794-2325
Fax (905) 794-2338
1-800-361-BEAK (232s)

Test Conditons

Test Type:

Test Temperature:

Lighting:
Dilution Water:

Test Volume:

Test Vessels:

Test Organism:

Organism Source:

Organism A.ge:

Static renewal

25L1"C

1 6 hours lighl8 hours dark, < 500 lux
3/4 Reconstituted Water + l/4 Dechlorinated Tap

500 ml per replicate, 2000 ml per concentration

500 ml disposable plastic containers

Pimephales promelas,

Aquatic Research Organisms, New Hampshire

< 24 hours

Protocol

Environment Canada. 1992. Biological Test Method:

Test of Larval Growth and Survival Using

Fathead Minnows . Report EPS llRMLlzz.

Reference Toxicant Test # 9700599-0

Chemical Used:

Date of Test:

7-Day LC50:

Historical Warning Limits (LC50):

Historical Control Limits (LC50):

IC5O:

Historical Warning Limits (IC50):

Historical Control Limits (IC50):

Potassium Chloride

2 I -Jun-97

964 mglL

785 - 1050

720 - ttt3
l6l0 mglL

6'72 - 1600

440 - 1830

Reference tests assess, under standardized conditions,

the relative sensitivity of the culture and the precision

and reliability ofthe data produced by the laboratory for

that reference toxicant (Environment Canada, 7992).

BEAK conducts a reference test using potassium chloride

at least once per month and assesses the acceptability ol
the test results based on historical data, updated

regularly on control chafts.

Reference Test Comments:

The reference toxicant test results show that test reproducibility and sensitivity are within est¿blished control and warning limits (+ 1%).

All reported data were cross-checked for errors and omissions.

lnstruments used to monitor chemical and physical parameters were calibrated daily.

Acronltns

LC5O

NOEC
LOEC
TC25

IC5O

na

MSI)

rnedian lethal concentration (concentration that causes morlality in 507o ofthe test organisms)

no observable effect concentration (highest concentration tested that exhibits no observable effect)

lowest observable eflèct concentration (lowest concentration at which there is an observabfe e{lèct)

inhitriton concentration (concentration al which response is impaired by 25o/o)

inhibiton concentration (concentration at which response is impaired try 50% )
not applicable (when applied to tlte LOEC, means that no conccntration tested exhibited an observablc eflèct).

minimum signifìcant dilìèrence (diflèrence belween groups tlìat is ncccssary to concludc tliat
that they are signilicantly dilìèrcnt.
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Fathead Minnow Survival and Growth Test

Biological Test Method EPS 1/RM/22

Heath Steete

Newcastle, New Brunswick

HS-R-S (H-E-l)
effluent
9700609-4

24-Iun-91

Mean Fish Weight pcr Replicate (mg)

concentratio n (o/o v I v)

...

26-Iun-97

14:00 :

E. Jonczyk

replicate 0 6.25 lZ.5 25 50 100

Test No.:

Date Sampled:

Date Initiated:
Time lnitiated:

Initiated by:

0.873

0.520

0.746

0.801

0.787

0.779

0.811

0.875

0.750

0.'734

0.598

0.807

0.729

0.888

0.69s

0.873

0.630

0.123

0.678

0.876

0.970

0.'t47

1.030

0.938

1

2

J

4

mem / conc. 0.735 0.196 t¿.'l'L'l 1J.9'¿ I 0.813 0.722

Survival per Replicate (total cxposed pcr concentration = 40)

concentratio n ('/o v I v)

replicatc
l0
10

8

9

0 6.2s 12.5 25 50 100

I
2

3

4

9

8

8

t0

9

8

9

6

4

4

6

9

9

6

8

7

8

10

5

5

total survival 35 30 23 28 32 37

proportion 0.88 0.7 s 0.58 0.70 0.80 0.93

Sample Appearance:
Initial Parameters:

clear, yellow colour

Mean Growth as a Percent of Control and

Proportion Suwiving per Concentration

120

100

BO

60

4
20

0

1.20

'1 .00

0.80

0.60

0.40

0.20

0.00

a growth

I survival

a

1004A 60 80U 20
concentration

DO 8.7

(me/I-)
Conductivity 78.4 Tetnperature 24.3

(pmhos/cm) ("C)

pH 7.28 Hardness

(tng/L)
20 30

(nig/L)

Samplc treatmcnts:

TEST RESULTS

Sample was preaerated for 20 minutes on DaY 0 prior to dilution.

o/o vlv 95Vo Cl, Mcthod of Calculation r\{sD (%) Notcs

IC25
IC5O

>100

>100

nana

na

na

Linear Interpolation, (Norberg-King, 1993)

fìa

G¡owth eflècts endpoint

surviving fish only.

QUALTTY ASSURANCE / COMMENTS
Associated QA/QC tcst. 9700599-0

Analysis by Dunnctt's'fest l-ouncl survival in 12.5%o to bc siglrificantly dilìèrent lrom the control

l)ata analysis perlormcd in accord:rnce rvi(h DPS I /lìM/22 autettclurcnLs Novcmllcr 1997.

¿t -){. -Rcporrcd Uv: :!,aøc, 
-_:_s2 <i-

Datc. /5 /q8

ß "^,*,,00*u,,r.,ro.nn,^



beak
international
incorporated

14 Abacus Road
Brampton,Ontario
Canada L6T 587

Tel (905) 794-2325
Fax (905) 794-2s38
1-800-361-BEAK (2325)

Algal Growth Inhibition Test
Biological Test Method EPS 1/RI\l/25

Sample: ZnSOa

Client: Beak

Sample No.:

Date Sampled:

Time Sampled:

TEST RESULTS

9700620-0

na

na

Date Initiated:
Time Initiated:
Initiated by:

21-ltn-91
14: l0
R. Dorosz

TEST DATA

Mcan Algal Ccll Count (cellsiml = cell count x 10,000)

concentratio n (o/" v I v)

replicatc 0 6.2s tT.s 2s 50 100

I
2

-)

4

5

116

t2l
136

t34
t2r

106

106

111

106

106

83

93

93

98

90

78

80

80

85

80

52

57

60

62

52

4

I
6

t1

1l
mean / conc- 125.6 107.0 9I.4 80.6 56.6 (¡.6

Mean Algal Cell Count per Concentration as a

Percentage of Control
100

80

60

40

20

0

100

I

I

40 60 800 20

o/o v lv 95o/" Cl Mcthod of Calculation

Dunnett's

7 .97 - 18.4 Linear Interpolation, Q.{orberg-King, 1993)

37 .6 - 51.3

N{sD (%)

6

Notcs

NOEC
LOEC

TEC

IC25
TC5O

0

6.25

<6.25

lla
na

na

I1.4
43.6

na

QUALITY ASSURANCE / COMMENTS
t-test showed that growth in controls was signihcantly higher (l l%) than in the QA/QC platc.

CV ofcontrol group : l5Yo

-\r\-j-lì), '-/rr-u. t S /¡¿;Rcpoúed by: -.-:, Datc
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Algal Growth Inhibition Test
Biological Test Mcthod EPS 1/RI/U25

Newcastle, New Brunswick

HS-R-B (H-E-l)

Sample No.:
Date Sampled:

TEST RESULTS

9700609-5

24-Jun-97

Date Initiated:
Timc Initiated:
Initiated by:

2'7-Jun-97

I 1:10

R. Dorosz

D

Mean Algal Cell Count Determined Via Absorbancc

(cells/ml: cell count x 10,000)

rcp

I
2

3

4

l4l
l4t
136

l3l

125

151

t43

118

136

t25

123

ll0

133

125

136

136

128

118

133

118

74

77

74

103

103

92

97

l3

t3

8

ll
mean/

conc. 137.0 134.4 123.6 132.5 124.2 98;7 75.7 11.3

Mean Algal Cell Count per Concentration

as a Percent of Control

100

80

60

40

20

0

10020 40 60 800

o/o vlv

23.0

55.6

9So/o CI Method of Calculation Notes

IC25
IC5O

17.9 - 26.0

52.3 - 57.7

Linear Interpolation, (Norberg-King, I 993)

QUALITY ASSUR-A.NCE / COMMENTS
Associated QA/QC test: 9700620-0

t-Test showed no significant difference between grorvth of controls and growth in the qalqc plate.

CV of vertical control group = l5%, CV of all controls: L7%o

.Jo-- t.r /ç e<-Reported by Datc:

I "","r,o0".r.r.,,0"o"r^
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international
incorporated

QUALITY ASSURANCE INFORMATION Ceriodaphnia Survival and Reproduction Test

14 Abacus Road
Brampton,Ontario
Canada L6T 587

Tel (9o5) 794-2325
Fax (905) 794-2338
1-800-361-BEAK (2325)

Test Conditons

Test Type:

Test Temperature
Lighting:

Dilution Water:

Test Volume:

Test Vessels:

Test Organism:

Organism Age:

Organism Health:

Static renewal

25+loc
l6 hours lighlS hours dark, < 600 lux

3/4 Reconstituted Water + 1/4 Dechlorinated Tap

l5ml per replicate, l0 replicates per concentration

25 ml disposable plastic containers

Ceriodaphnia dubia

< 24 hours, within 8 hours ofeach other

no ephippia detected in culture,

mortality in culture <207o

Protocol

Environment Canada. 1992. Biological Test Method

Test ofReproduction and Survival Using the

Cladoceran Ceriodaphnia dubia . EPS I /RM/21 .

Reference To Test # 9700810-0

Chemical Used:

Date of Test:

7-Day LC50:

Historical Warning Limits (LC50)

Historical Control Limits (LC50):

7-Day IC50:

Historical Warning Limits (IC50):

I{istorical Control Limits (IC50):

Sodium Chloride

8-Sep-97

1770 mg/L

1170 - 2540

825 - 2880

l2l0 mg/L

I 120 - 1960

906 - 2t70

Reference tests assess, under standardized conditions,

the relative sensitivity ofthe culture and the precision

and reliability of the data produced by the laboratory for

that reference toxicant (Environment Canad4 1992).

BEAK conducts a reference test using sodium chloridc

at least once per month and assesses the acceptability of

the test results based on historical data, which are

regularly updated on control charts.

Reference Test Commments

Tl-re reference toxiÇant test results show that test reproducibility and sensitivity are within established limits

All reported data were cross-checked for errors and omissions.

Instruments used to monitor chemical and physical parameters were calibrated daily.

Acronvms

LC5O

NOEC
LOEC
tc25
rc50
IìA

MSt)

mcdian lethal concentration (concentration that causes mortality in 507o ofthe test organisms)

no observable effcct conccntration (liighest conccntration tested that exhibits no observable effect)

lowcst observablc elfect conccntration (lorvest concentration at which tliere is an observable effect)
inhibiton conccntratiorì (concentration at rvhiclr rcsponsc is impaired by 25%)
inhibiton co¡rcentratio¡r (conccntration at rvhich response is irnpaircd by 50%)
not applicablc (rvhen applied to the LOEC, rncaus that no couccntration tcstcd cxlìibitcd an obscrvablc cffèct)

nrininrum significant diflcrcncc (diflcrence betrvecn groups that is nccessary to concludc that

tlìat thcy arc significantly diffcrcnt).
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Ceríodaphnia dubia Survival and Reproduction Test

Biologicat Test Mcthod EPS f/RM/21

Client: Heath Steele TEST DATA Total Numbcr of Neonates Produced

. Newcastle, New Brunswick per Adult After 8 Days of Tcsting

,Sample:

'.¡ 

'SamPle TYPe:

Test No.:
, Date Sampled:

HS-R-S (H-E-2)

effluent
9700822-3 Datelnitiated:
28-Aug-97 Timelnitiated:

Initiated by:

concentration (% v/r)
replicatc 0 6.25 12.5 25 50 100

29-Aug-97

14:45

E. Jonczyk

I
2

J

4

5

6

7

8

9

l0

l8
t9
20

24

l5
15

5J

2l
27

33

26

23

34

t4
18

28

33

32

38

3Z

2l
23

2',7

28

24

22

26

30

0

24

JJ

24

23

0

0

0

0
(,

0

0

0

0

0

0

0

0

1

0

0

0

0
o

0

l8
30

25

18

19

16

2l
mean /

conc_

22.s 21.8 23.4 21.8 0.1 0.0

mortality /

l0 adulls

0 I 2 l0 l0

Samplc Ap¡rcarancc:
Initial Paramcters:

clear, yellow

140

t20
100

80

60

40

20

0

-20 10040 60 8020

Reproduction per Concentration

as a Percent of Control

Conductivity 65.1 I

(prr-rhos/cm)

24.9 pH '/.I3 Hardness 20

Qng/L)

Alkalrnrty
(nigll)

25D() 9.2

Gng/L) fc)
Sample trcatmcnts:

TEST RESULTS
o/ovlv

Sâmple was preaerated tor 20 On dA\¡S 0 and I pnor to dllutlon.

Nots

IC25
ICsO

28.4

35.6

95ol. Cf

21.8-30.9

32.8-37.5

Mcthod of Calculation

Linear Interpolation,
(Norberg-King, 1993)

QUALTTY ASSURANCE INFORMATTON & COMMENTS

Associated QA/QC test: 9700810

Rcportcd by.'ì a-qe--Ç=, C-- Dalc: ,Jo-t. t5/çc

ß .r,"r,oo""r,r.,,oro",^
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QUALITY ASSURANCE INFORMATION: 7-Day Fathead Minnow Survival and Growth Test

14 Abacus Road
Brampton,Ontario
Canada L6T 587

Tel (905) 794-2325
Fax (905) 794-2338
1-800-361-BEAK (2325)

Test Conditons

Test Type:

Test Temperature:
Lighting:
Dilution Water:

Test Volume:

Test Vessels:

Test Organism:

Organism Source:

Organism Age:

Static renewal

25J,l"C
16 hours lighVS hours dark, < 500 lux

3/4 Reconstituted Water + 1/4 Dechlorinated Tap

500 ml per replicate, 2000 ml per concentration

500 ml disposable plastic containers

Pimephales promelas,

In House Culture

< 24 hours

Protocol

Environment Canada. 1992. Biological Test Method:

Test of Larval Growth and Survival Using

Fathead Minnows . Report EPS l/RN{/22.

Reference Toxicant Test # 9700740-0

Chemical Used:

Date of Test:

7-Day LC50:

Historical Warning Limits (LC50)

Historical Control Limits (LC50):

IC5O:

Historical Warning Limits (IC50):

Historical Control Limits (IC50):

Potassium Chloride

l1-Aug-97

868 mg/L

771 - 1030

707 - 1090

1100 mg/L

705 - 1490

510 - 1680

Reference tests assess, under standardized conditions,

the relative sensitivity of the culture and the precision

and reliability of the data produced by the laboratory for

tlrat reference toxicant (Environment Carada, 1992).

BEAK conducts a reference test using potassium chloride

at least once per month and assesses the acceptability of

the test results based on historical data, updated

regularly on control charts.

Reference Test Comments:

The reference toxicant test results show that test reproducibility and sensitivity are within established control and warning limits.

All reported da{,a were cross-checked for errors and omissions.

lnstruments used to monitor chemical and physical parameters were calibrated daily.

Acronlrns

LC5O

NOEC
LOEC
TCz5

IC5O

na

MST)

median lethal concentration (conæntration tl.rat causes mortality in 507o olthe test organisms)

no observable effect concentration (highest concentration tested that exhil¡its no observable eflèct)

lowest observable effect concentration (lowest concerrtration ¿t which there is an observable eflect)

inhibiton concentration (concentration at which response is impaired by 25% )
inhibiton concentration (concentralion at which response is impaired by 50% )
not applicablc (rvhen applied to ltre LOEC, mcans that no concentration tested exhibited an observatrlc elìèct).

minimum significant diflèrencc (dillèrence betwccn groups that is necessary to concludc that

that lhey are signifìcantly diflèrent.
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Fathead Minnow Survival and Growth Test

Biotogical Test Method EPS 1/Rl\f/22

Sample:

sample Type:
:Tcst No.:

Date Sampled:

Heath Steele

Newcastle, New Brunswick

HS-S-S (H-E-2)

effluent

9700822-6

28-Ãug-91

clear, yellow colour

TEST DATA
Mean Fish Weight per Replicatc (mg)

conccntration (%o v/v)

replicate

0.669

0.604

0.658

0.644

mean / conc. 0.644 0.666 0.601 0.41L lJ.L24 0.000

Survival per Rcplicate (totat exposed pcr concentration = 40)

concentratio n (o/o v I v)

rcplicatc
9

9

l0
10

0 6.25 12.5 25 50 100

Date Initiated:
Time Initiated:
Initiatcd by:

29-Aug-91

l4:00

P. Trainor
I
2

J

4

0.669

0.663

0.612

0.661

0.586

0.654

0.534

0.629

0.420

0.403

0.604

0.456

0.000

0.247

0.000

0.248

0.000

0.000

0.000

0 000

0 6.25 12.5 25 50 I00
0

0

0

0

0

-l

0

4

7

.J

5

1

5

1

5

l0

I
2

3

4

10

l0
10

10

tot¿l survival 40 38 2',7 22 7 0

proportron 1.00 0.95 0.68 0.55 0.18 0.00

Samplc Appearancc:

Initial Paramctcrs:

120

100

80

60

&
20

o

Mean Growth as a Percent of Control and

Proportion Surviving per Concentration

o grovvth

I surv¡val

1.20

l.o0

0.80

0.60

0.40

o.20

0.00

ll

a

80o 20 40 60
conæntratton

100 120

DO 9.2

Gng/L)

Conductivity 65.1

(¡rn-rhos/cm)

'l'smperature 24.9

cc)
pH 7.13 Hardness

(mgll-)
zt) z5

(mg1l)

Sâmple trcatmcnts:

TEST RESULTS

Sample was preaerated prror to on Day 0 ot testrng.

o/o vlv 95o/" Cl Mcthod of Calculation

Datc: J

Notes

effecls endpoint,

suwiving fìsh only

IC25
IC5O

23.0

41 0

16.3-34.4

35.7-45.0

Linear Interpolatioq (Norberg-King, 1993)

18.5-26.6 Probit

QUALITY ASSURANCE / COMMENTS
Associated QA/QC test. 9700740

Alt tàttrcacl mirurow tcsls initiated rvith rcceiving rvatcr fòr the dilution rvater rcsultcd in >507o control morfzlíty within 3 d:rys ol'cxposttrc.

[)ata analysis pcrlònnal in accort{ance rvith I]l'S l/Ílul22 amcnd¡ttcttLs Novcmtrcr 1997.

4,1_Rcportcd by. af\*e<- r-¡ ,--._---- t5 /e8

ß "*,*,roo"o,.r.,,o"or,^



beak
international
incorporated

14 Abacus Road
Brampton,Ontario
Canada L6T 587

Tel (9o5) 794-2325
Fax (905) 794-2338
1-800-361-BEAK (2325)

Algal Growth Inhibition Test
Biological Test Method EPS 1/RM/25

Client: Beak

Sample: ZnSOa

Sample No.: 9700809-0

Date Sampled: na

Time Sampled: na

Date Initiated:
Time Initiated:
Initiated by:

22-Aug-97

l6:00
R. Dorosz

Mean Algal Cell Count per Concentration
as a Percentage of Control Growth

120

100

80

60

40

20

0

a

a
a

a

0 20 40 60 80 100

TEST DATA

Mean Algal Cell Count (cells/ml: cell count x 10,000)

concentration (pgil)
replicate 0 3.13 6.25 12.5 2s 50 100

I

2

J

4

5

88

99

95

106

t17

59

59

74

66

102

99

u0

106

110

'74

8l

8l

88

8l

'70

74

84

95

95

8l

74

8t

88

88

t2

t2

t6

l9

t6

mean / conc. 101.0 83.7 62.1 82.2 105.3 80.8 15.0

TEST RESULTS

pg/L gso/o Cl Method of Calculation MSD (%) Notcs

NOEC

LOEC

TEC

lc25
IC5O

<3. l3
3.13

<3. l3

53.8

73.0

na

na

na

William's test na

naI I .8 - 6 1.8 Lincar Interpolation, (Norberg-King, 1993)

67.0 - 17.5

QUALTTY ASSURANCE / COMMENTS
Growth in the QA/QC plate was found to be significantly lower (9%) than in the control.

CV ofcontrol group : llY'

Date: 'J dt.,-LReported by: =\-r.--Q c_'
.,.) t5'f.lg
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Algal Growth Inhibition Test
Biological Test Method EPS 1/RM/25

.,, 
Samnte:

,:,:r,rsample No.:

"""P¡fe Sampled:

IC25
IC5O

2t.7
32.5

97008224
28-Aug-97

Date lnitiated:
Time Initiated:
Initiated by:

29-Aug-97

12:10

R. Dorosz

Newcastle, New Brunswick

HS-R-B GI-E-2)

Mean Atgal Cell Count Dctermined Via Absorbancc

, (cells/ml: ccll count x 10'000)

replicatc 0 1.56 3. 13 6.25 lZ.5 '¿5 50 t00

I
,)

3

4

136

148

160

t57

133

148

178

t72

136

148

163

t75

133

148

t5'7

r45

t2l
139

169

166

88

94

118

lt8

l0

l0

22

l3

3.9

3.9

3.9

3.9

mean/

conc- 150 t58 156 146 r49 104 13.7 3.9

TEST R.ESULTS

o/" vlv 95o^ Cí Mcthod of Calculatio¡r

t4.6-2',7.5

27.t-36.1

Linear Interpolalion, (.Iorberg-King, I 993)

QUALITY ASSURANCE / COMMENTS

QA/QC test = 9700809

CV of vertical control group = 7o/o

CV of all coutrol r'r,ells : 97u

<- _\ Jo.- t5 /çg

Mean Algal Cell Count per Concentration

as a Percent ofControl

140

t20
100

80

60

40

20

0

100

I

I

8040 600 z0

Rcpolcd by <_\ò Datc.

@,*,",,00"*,,r.,,0"o",*
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international
incorporated

QUALITY ASSURANCE INFORMATION Ceriodaphnia Survival and Reproduction Test

læ¡/r

-

14 Abacus Road
Brampton,Ontario
Canada L6T5B7

Tel (9os) 794-2325
Fax (905) 794-2338
1-800-361-BEAK (2325)

Test Conditons

Test Type:

Test Temperature:

Lighting:

Dilution Water:

Test Volume:

Test Vessels:

Test Organism:

Organism Age:

Organism Health:

Static renewal

25Ll"C
l6 hours lighlS hours dark, < 600 lux

3/4 Reconstituted Water + 1/4 Dechlorinated Tap

15ml per replicate, 10 replicates per concentration

25 ml disposable plastic containers

Ceriodaphnia dubia

< 24 hours, within 8 hours of each other

no ephippia detected in culture,

mortality in culture <20olo

Protocol

Environment Canada. 1992. Biological Test Method

Test ofReproduction and Survival Using the

Cladoceran Ceriodaphnia dubia. EPS l/RM/21.

Reference Toxica Test # 9701016-0

Chemical Used:

Date of Test:

7-Day LC50:

I{istorical Warning Limits (LC50):

I{istorical Control Limits (LC50):

8-Day IC50:

I{istorical Warning Limits (IC50):

Historical Control Limits (IC50):

Sodium Chloride

17-Oct-91

2360 mg/L

I 150 - 2590

192 - 2940

1390 mg/L
I 100 - 1940

896 - 2150

Reference tests assess, under standardized conditions,

the relative sensitivity ofthe culture and the precision

and reliability ofthe data produced by the laboratory for

that reference toxicant (Environment Canad4 1992).

BEAK conducts a reference test using sodiurn chloride

at least once per month and assesses the acceptability of
the test results based on historical data, which are

regularly updated on control charts.

Reference Test Com mments:

The reference toxicant test results show that test reproducibility and sensitivity are within established limits.

All reported data were cross-checked for errors and omissions.

Instruments used to monitor chemical and physical parameters were calibrated daily.

Acronvms

LC5O

NOEC
LOEC
IC25

IC5O

tìa

MSt)

median lethal concentration (conccntration that causes mortality in 50% olthe test organisms)

no observable effect concentration (highesf concentration tested that exhibits no obscrvable effect)

lowest observable effect concentration (lowest concentration at which there is an obscrvable effect)

inhibiton concentration (concentration at rvhich rosponsc is impaired by 25%)
inhibiton conccntration (concentration at which rcsponse is impaired by 50% )

not applicablc (ivhcn applicd to thc LOEC, nìeans that no concentration tcstcd cxhibited an obscrvablc cflèct).

¡nininrt¡m significantdiffercnce (differencc betrvcen groups that is ncccssary to conclude that

that thcy arc signilicantly diffèrcnt).
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Ceriodaphnía dubia Survival and Reproduction Test

Biotogical Test Method EPS 1/RM/2f

,Client: Heath Steele

Newcastle, New Brunswick

HS-R-S (H-E-3)

effluent
9'70t213-3

12-Nov-97

clear, yellow

TEST DATA Total Number of Neonatcs Producctl
pcr Adult Aftcr 7 Days of Testing

concentratio n (o/o v I v)

replicatcSample Type:

Test No.:

Date Sampled:

Samplé Appearancc:
Initial Parametcrs:

0 6.25 t2.5 25 50 100

Date Initiated:
Time Initiated:
Initiated by:

13-Nov-97

16:50

E. Jonc k
I
2

J

4

5

6

7

8

9

10

27

19

30

J-l

35

35

29

39

32

29

3t
36

31

26

22

l7
11

24

17

36

16

27

28

34

35

23

2l
I

21

0

22

24

24

0

0

0

0

0

0

0

0

0

0

J

5l
11

18

32

0

0

0

0

Ô

0

0

0

0

0

t4

mean /
conc.

30.8 25.7 22.2 14.1 0.3 0.0

molality /
l0 adults

o I 3 5 l0 l0

100

80

60

40

20

0

-20
1006020 40

Reproduction per Concentration
a-s a Percent of Control

DO 9.I
(mglI-)

Conductivity 75

(¡rmhos/cm)

Temperature 24

("c)
pH 7.38 Hardness 20

(nrglL)

20

(mgll-)

Samplc trcatmcnts:

TEST RESULTS
o/"vlv

Sample was preaeratecl lor 20 rninuf.es prror (o dtluf ton otì eacll day ol testing

TC25

IC5O

r0.9
23.O

95V. CL

4.82-18.5

t2.7 -31.3

l\{edrod of Calcr¡latio¡r

Linear Interpolation,
(Norberg-King, 1993)

t2.

QUALITY ASSURANCE INFORMATION & COMMENTS

Associated QA/QC tçst: 9701016

Rcported by: Da{c J.,'-*. l5 / ?8

@ 
o"'"ttoo""t""o'ott*



beak
international
incorporated

QUALITY ASSURANCE INFORMATION: 7-Day Fathead Minnow Survival and Growth Test

14 Abacus Road
Brampton,Ontario
Canada L6T 587

Tel (9o5) 794-2325
Fax (905) 794-2338
1-800-361-BEAK (2325)

Test Conditons

Test Type:

Test Temperature:
Lighting:
Dilution Water:

Test Volume:

Test Vessels:

Test Organism:

Organism Source:

Organism Age:

Static renewal

25f l"C
l6 hours lighl8 hours dark, < 500 lux

3/4 Reconstituted Water + l/4 Dechlorinated Tap

300 ml per replicate

420 ml disposable plastic containers

Pimephales promelas,

In House Culture

< 24 hours

Protocol

Environment Canada. 1992. Biological Test Method:

Test of Larval Growth and Survival Using

Fathead Minnows . Report EPS l/RM/22.

Reference Toxicant Test # 9701096-0

Chemical Used:

Date of Test:

7-Day LC50:

Historical Warning Limits (LC50):

Historical Control Limits (LC50):

IC5O:

Historical Warning Limits (IC50):

Historical Control Limits (IC50):

Potassium Chloride

6-Nov-97

884 mg/L

772 - 1020

7r0 - 1080

923 mglL

68t - 1480

48t - 1680

Reference tests assess, under standardized conditions,

the relative sensitivity ofthe culture and the precision

and reliability ofthe data produced by the laboratory for

that reference toxicant (Environment Canad4 1992).

BEAK conducts a reference test using potassium chloride

at least once per month and assesses the acceptability of
the test results based on historical dat4 updated

regularly on control charts.

Reference Test Comments:

The reference toxicant test results show that test reproducibitity and sensitivity are within established control and warning limits.

All reported data were cross-checked for errors and omissions.

Instruments used to monitor chemical and physical parameters were calibrated daily.

Acronyms

LC5O

NOEC

LOEC

lc25
lcs0
na

MSD

nredian lethal concentration (concentration that causes mortality in 50% ofthe test organisms)

no obscrvable cffect concentration (highest concentration tcstcd that exhibits no observable effect)
lowcst observable eflcct conccntration (lowest conccntration at which there is an observable effect)

inlribiton concentratiorì (concentration at which responsc is inrpaired by 25%\
inhibiton concentration (conccntration at which rcsponsc is impaircd by 50% )

not applicablc
minirnum signifìcant diflcrencc (diflèrcncc bctwecn groups that is ncccssary to concludc that

tlìat thcy arc significantly diffcrcnt.



Itool(
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Fathead Minnow Survival and Growth Test
Biological Test Mcthod EPS 1/RM/22

,Client: Heatli Steele TEST DATA

,':::.'::.
Sample:

Newcastle, New Brunswick

HS-S-S G-e-:)
effluent
9701213-4

12-Nov-97

clear, yellow colour

Mean Fish Weight per Replicate (mg)

concentration (%" vlv)
Sample Type:
Test No.:

Date Sampled:

Sample A¡rpearancc:
Initial Parameters:

replicate 0 Iz.s 2s 50

Date Initiated:
Time Initiated:
Initiated by:

15-Nov-97

17:00

P. Trainor
I
2

-t

0.639

0.620

0.577

0.619

0.646

0.529

0.691

0.69i
0.753

0.367

0.480

0.480

mean / conc- 0.ó 12 0.'t I¿ u.59ð 0.442

Survival per Replicate (total exposed per concentration = 30)

concentratio n (o/o v I v)

replicate 0 12.5 2s 50

6

5

5

8

8

7

I
2

1

l0
10

10

l0
10

t0

tot¿l survival 30 30 23 t6
proportion 1.00 1.00 0.17 0.53

120

't00

80

60

40

20

U

Mean Growth as a Percent of Control
and Proportion Surviving per Concentration

a growth

E surv¡val

1.20

L00

0.80

0.60

0.40

0.20

0.00

600 20 40
concenlral rolr

DO IO.2

(ng/L)
Conductrvrty '/0

(pmhos/cm)

pH 7.32 Hardness

(me/L)
Alkallnlty
(mg/L)

'I emperature 2).1

cc)
20 ')o

Sample treatments:

TEST RESULTS

Sample was preaerated pnor to clllutlon on each clay oI

Y" vlv 95o CI Method of Calculation Notes

Growth effects endpoint

surviving fish only.

IC25
TCsO

not calculable

na

41.3

>50
Linear Interpolatiorl (Norberg-King, 1993)

36.9-51.4 MovingAverage

QUALTTY ASSURANCE / COMMENTS
Associated QA/QC test: 9701096

All lathead mirmow tesls initiated with receiving water fbr the dilution watcr resulted in >50%o conlrol mortality within 3 days of exposure.

The above test rvas conducted using etìlucnt anil laboratory reoonstituted water, adjusted to match the hardness, pI{ and alkalinity ofthe I'l-D water

f)ata analysis perl'onnecl in accordance with EPS l/RM/22 amel.tdtnents Novembcr 1997.

Reported by S-=*t- Date: J"-* . ls /rg

ß ..,"*oo*",,r.,roror,,



beak
international
incorporated

25+l"C

40001=10%

Filtered algal medium

220 ¡tL
Selenas trum capricornutum

In House Culture

4-7 days (in exponential growth)

10 000 cells/ml

Environment Canada. 1992. Biological Test Method

Growth Inhibition Test Using the Freshwater Alga

Selenastrum capricornutum. EPS 1/RM/21

BEAK Reference: SOP SE - 2

14 Abacus Road
Brampton,Ontar¡o
Canada L6T 587

Tel (905) 794-2325
Fax (905) 794-2338
1-800-361-BEAK (2325)

QUALITY ASSURANCE INFORMATION: 72hr. Algal Growth Inhibition Test

Test Conditons Protocol

Test Temperature:

Lighting (lux intensity):

Dilution Water:

Test Volume:

Test Organism:

Organism Source:

Organism Age:

Initial,4,lgal Innoculum

Reference Toxicant Test # 9701248-0

Chemical Used:

Date of Test:

tc25:
Historical Warning Limits (IC25):

Historical Control Limits (IC25):

IC5O:

Historical Warning Limits (IC50):

Ilistorical Control Limits (IC50):

Zinc Sulfate

14-Nov-97

221 ¡LlL
4.9 - 53.8

-7.4 - 66.1

63.0 ¡tLlL
24.0 - 77.8

r0.5 - 91.3

Reference tests assess, under standardized conditions,

the relative sensitivity ofthe culture and the precision

and retiability ofthe data produced by the laboratory for

that reference toxicant (Environment Canad4 1992).

BEAK conducts a reference test using zinc sulfate

at least once per month and assesses the acceptability of
the test results based on historical dat4 updated

regularly on control charts.

Reference Test Comments:

The reference toxicant test results show that test reproducibility and sensitivity are within established control and warning limits.

All leportcd data welc closs-chcckcd for crrors and omissions.

Instruments used to monitor chemical and physical parameters were calibrated daily.

Acronyms

LC5O

NOEC

t,OEC

lc25
tc50
MSI)

median lethal concentration (concentration tlrat causes mortality in 50yo ofthc test organisn.rs)

no obscrvable effect concentrâtion (highest conccntration tcsted that cxhibits no observable effect)

lowcst observablc cffcct concentration (lowest concentration at rvhich there is an observablc cffcct)

inhibiton conccntratiorì (conccntration at whiclr responsc is impaired by 25%\
inhibiton conccntration (conccntration at whicli responsc is impaircd by 50% )

¡ninimunt signifìcant differencc (differcnce betwcen groups that is ncccssary to concludc that

tlìat thcy arc signilìcantly diffcrent.
not applicablcnâ
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Algal Growth Inhibition Test
Biological Test Method EPS 1/RM/25

,,,....... ', .

Client: Heath Steel

Newcastle, New Brunswick

HS-R-B (H-E-3)Sample:

Date Sampled:

TEST RESULTS

970t213-s
12-Nov-97

Date Initiated:
Time Initiated:
Initiated by:

14-Nov-97

13:00

P. Trainor

Mean Algal Cell Count per Concentration

as a Percentof Control
t20

100

80

60

40

20

0

0 20 40 60 80 100

TEST DATA
Mean Algal Cell Count (Manual Counts)
(cells/ml : cell count x 10,000)

replicatc 0 1.56 3.13 6.25 12.5 25 50 100

5

4

3

I
2

3

4

165

l6l
159

130

t42

t73

t52

128

151

t7l
t44

138

146

103

103

99

1r4

100

62

70

57

97

'73

76

li
9

11

l9

mean/conc. 154 149 151 113 86.5 75.8 12.5 3.3

V"'tlv 95o Cl Method of Calculation Notcs

IC25
IC5O

6.03

23.1

Linear Interpolatioq (Norberg-King, 1993)

QUALITY ASSURANCE / COMMENTS
Associated QA/QC test: 9701248-0

CV of vertical control group : 10%; CV of all controls: I2Yo

4.tt - rt.2
3.88 - 31.8

Reportedby: ?fl--;i\ ,-\ Sr.*F' Date: Ju' ,9d lgA

I *",*,,r0" 
",.r.,,0 "or,*



CANMET
Eftluent Toxicity Testi ng

Using Lemna minor

Test identification
Date of test
Technologist
File

Eff I uent identif ication
SRC #

Sample identity

Location

Date of collection

Receiving water identification
SRC #

Location

Date of collection

Lemna minor QA/QC results
mean controlgrowth rate in synthetic medium
95% confidence limits*
Reference toxicant
mean % inhibition of biomass by reference toxicant
95% confidence limits.
Mean increase in control leaves (>8 for a valid test)

t in synthetic medium (x)

I in receiving water (x)

Le m n a mlnor test results**
Test diluent
lC"u f/"v/v)
95% confidence limits

lC* (%v/v)
95% confidence limits

June 26, 1997

Mary Moody

MM456

E44
HS-3

Heath Steel Mine
Newcastle, N.B.

June 24, 1997

RW44
Little South Tomogonops
River, N.B.

June 12,1997

0.387
0.37s-0.399
Cr 1 mg/L
81

79-83

15.3

15.4

receiving water (RW44)

30
17.2-52.5

91.1
56.7-93.1

* calculated by Sigmaplot v 4.0** calculated according to Nyholm et al., 1992 and Andersen et al. 1995 (referenced in L.
minor method)

Test validity criteria with regard to test environment, control growth rate and leaf increase,
absence of algae and Lemna culture are met.

SRC PublÍcation No. R-l 640-20-C-97



CANMET
EÍfl uent Toxicity Testi ng

Usinq Lemna minor

Test identification
Date of test Nov 14,1997
Technologist Mary Moody

File MM456

Eff I uent identif ication
SRC # E51

Sample identity Heath Steel

Location Little South Tomogonops R.

Date of collection Nov 12/97

Receiving water identification
SRC # RW51

Location Heath Steel

Date of collection unknown, forwarded from Beak

Lemna minor QA/OC results
mean controlgrowth rate in synthetic medium 0.383
95% confidence limits* 0.378-0.390
Reference toxicant: Cr 1 mg/L

mean % inhibition of biomass by reference 75
toxicant
95% confidence limits* 71-80
Mean increase in control leaves (8 for a valid test)

t in synthetic medium (x) 14.7

I in receiving water (x) 11.6

Le m n a mínor test results**
Test diluent receiving water (RW 51)

lCru f/"v/v) 59.3
95% confidence limits 52.5-66.9

lCro (%v/v) >93.1
95% confidence limits

* calculated by Sigmaplot v 4.0
*" calculated according to Nyholm et al., 1992 and Andersen et a\.1995 (referenced in L. minor
method)

Test validity criteria with regard to test environment, control growth rate and leaf increase,
absence of algae and Lemna culture are met.

Summary of CANMET Test Results - Lemna minor Growth lnhibition Test

SRC Publication No. R-l 640-20-C-97



APPENDIX 5

Detailed Benthic Data and Chironomid Deformity Data



Table 45.1: Benthic invertebrates collected from Heath Steele.- l997(densities expressed per 0.5m2)

Statior IIEIA IIEIB m2A I{B2B I{B3A I{E3B IIE4A m4B HE5A

P. Nematoda
P- Plaþhelminthes

Cl. Turbellaria
O. Neorhabùocoela

P. Amrelida

Cl, Oligochaeta

Ê. Encliylraeidae

F. N¡ídidae
Naß sinplex
Nais variahílis

Pristinellajenkinae

Slavina appendiculata

E. Lumbriculidae
S tylo ù ilus h er ing! anus

Cl. Hirudlnae
F. Glossiphoniidae

G I o;*s þho ní ø c o ttlp I an dt a
'Helohdëlla 

stagnalís

F. Erpobdellidae

Nephelopsß obscura

P. Arthropoda
Cl. ArachnoÍdea

'Hydrøcørina

Cl. Oskaoodâ

Cl. Insecta

O. Collembola

O. Ephemeroptera

F. Baetidae

Acentrella

Accrpenna

Baetis

Baetis.flavistriga

F. Ephemeridae

indête¡dnate

F. Ephemerellidae

indote¡rnin¿te

Eurylophella

Serratella

F. Heptageniidae

indêterdn¿te

þeorus
Heptøgenia

Stenacron

Stenonemø

R Leptophlebiidae

Paraleptophlebia

F. Siplrlonuridae
Isonychia

0. Odonats
F, Aeshnidae

Boyeria

F. Cordulegastridae

Cordulega^stcr

F. Gomphidae
indèterminate

8 37 32 2

24 68

82

688 214

24

104

32

11

32

8

40

8

8

184

8

8

5

17

4

24

469

)1
48

101 80 360 256 128

8

464 928 1168 432

68 21 224

8

4

JO

94

248

440

136

640

56

'176

480

64

2'.7'.|

88

72

l6

8

4

28

8

2

I

5 16 l6 I

page I o18



Table 45.1: Benthic invertebrates collected from Heath Steele.- l997(densities expressed per 0.5m2)

Statior HEIA HEIB m2A m2B HE3A m3B m4A IIE4B m5A

O. Plecoptera

indêtennin¿te

R Capniídae
'Pøracapnia

F. Chloroperlídae

i.ndetennin¿te

Swelßa

F. Leuctridae
'Lbuclrø

F. Perlidae
i¡dêtelmi¡at€
Acroneuria

Agnetina
'Pøragnetina

E. P.erlodid¡e

indbtetrlinato

0, Megaloptera

F. Sialidae

Síalis

F, Corydalidae

Nigronía

O. TrÍclroptera
indbtennin¿te

Trichoptora pupae

F. Apataniidae

þatania
R Brachycentridae

Brachycentrus

Míòrasema

F. Glossosomatidae

Glossosoma

F, Hydropsychidae

indete¡minate

Arctopsyche

Cheumatopsyche

Dþlectrona modàrta

Hyùropsyche

Hydropsyche sparna

R Hydroptilidae
Hydroptilø

F. Lepidostomatidae

Lepîdi¡stoma

F. Leptoceridae

indêter¡inate
Ceraclea

F. Limnephilidae
Frenesia

Neophylax

F, Odontoceridae

Psilotretd

F. Plrilopotamidae

Dolophilodes

F, Phryganeidae

Oligo.rtomís

248 28 t7r 400 248 552 32

26

1.10

4

784

t6
168

40

32

184

48

80

'72

5

85

t6

t656

8

8

8

8

152

32

tt2

32

85

2'.1

8

8

8 2

2

l9
;
3

268 24 16 I

24

32

20

I

45

5t6

16

152

32

42

32

4 16

32

8

12

r6

4

T2

io
I

37

2T

7

80

5

t2

2

104

t:

104

8

325

107

80

5

2t
5

t44
73

85

Il

I5

5 l1 l6 40 48 120

8

8

2

6

8 8 896 40

page 2 of 8



Table 45.1: Benthic invertebrates collected from Heath Steele.- l997(densities expressed per 0.5m2)

Statior HEIA IIEIB IIß21^ HE2B HB3A HE3B I{E4A m4B I{E5A

IL Poþcentropodìdae

indetenni¡ate

Neureclþsis
Polycentropus

F. Rhyacophilidae
RhyacophÍla

O. Lepidoptera

F. Pyralidae

O. Coleopfera
Í'- \tiscidae

indeterninafe

R Elmidae

Apfiasenus

Optiascrvts amplíatus

Apfiasenus.fa$iditus
Oulímnius laliusculus

Promoresia

Promoresia tardella

O. Diptera
F. Ceratopogonidae

Bezzia
'Prohezia

F. Chiroromidae
Chironomidpupae

S.F. Cl¡ironomlnae
Cryptochironomus

Demicryptochironomus

Míòropsectra

Mícrotendipes

NiloÍhauma
Polypedilum

Rheotanytdrsus

Stenpellina

Stempellínella

Stenochironomus

S.F. Diamesin¡e
'Diømesa

Pagasfia
Potthøstia

Sympottqstia

S.F. Orthocladiinae
Brillia
Chøetocladius

Corynoneura

Cricotopus

C r í c o topus /O r tho cl adius

Dþlocladins
Eukietferiella

HeterolanytdrstLs

H et e r o t r i,¡ s o c I adiu,t

Nanocladius

0rthoclaùiu,s

Parametriocnemus

Psectrocladius

RheocricotoptLt

40 16

24 16 2l 80 96

592

96

JJO

96

40

8

11

2t

4 6

t2
7

l8

8

144

2l
200

64

24

64

64

24

48

1)

24

16

84 5 4J

11

t6 96 280 96

40

I

5

2l 96

t6
z4

2

2

2416

2t 2',7

5

8

10

8

38

8

8

I 8

17

400

16

168

560

1ó

216

16232

2-l

1040

40

200

48

120

4

r52 16 48

1l

5

827

5

22144

280
1')

6;

tt6
l0

;
8

5

8

2

2

5

248

20

100

936

840

l6

;
296

8

64

488

188

88

32

123

331

56

40

t6

16

t6

l2

80

8

88 t6

I

1;
t6

488

8

8

16

8

i
t92

56

4

56

36

2

ll 40

48

8

80

80

5t)

48

197

page 3 of8

t6
tl7 80 6



Table 45.1: Benthic invertebrates collected from Heath Steele.- l997(densities expressed per 0.5m2)

Statior HEIA HEIB HEZA IIE2B HE3A m3B IIE4A I{E4B IIE5A

Synorthocladius

Thíenemønniellø

Tvetenía

S,E, Trnypodinae
indetonni¡ato

Ablahesmyia

Helopelopia

Natarsia

Nilotanypus
Rheopelopia

Thìenem annfunyia co mplex

Tríssopelopia

Zavrelimyia

F. Dixidae
'Dixa

F. Empididae

Cheliftra
Hemerodromia

F. Nymphomyiídae

Nymphomyia

E. Simuliidae

indeleminate

E. Tipulidae
Antocha

Atherix

Dicranota

Hexatomq

P. Mollusca

Cl. Gastropoda
F. Ancylidae

FerrÌssia

E. P.lrysidae

Physella

Cl. Pelecypoda

F. Margaritiferidae
Mà rgar i t ife r a ma r gar i t iþ r a

R. Sphaerüdae
Pisidium

496 744 133

32

149

48

264

48

32

8

5ó32

8

24

242056

5

54

32

5

5

I 4

4

2

22t

2l

8

32

8

8

8

48

t44

8

80

44

1ó

75 I l65

52215

5

)J

5

5

5

I
4

24l6

16

16

8

TOTAT NI]MBER OF ORGA¡{ISMS

TOTAL NT]MBER OF TAXA

EP]T.INDEX

4272

34

11

2148 2534 3359 5912 5976 3277 3896 t497

32 38 46 43

'17 19

38 36 51

13 24

47

't'f 12 18 17

pago 4 of 8



Table 45.1: Benthic invertebrates collected from Heath Steele.- l997(densities expressed per 0.5m2)

Statior HE5B

Rofçrenoe Reference Refe¡ence ReÏerence Refsrence Rofe¡enoe

HRIA IIRIB IIR2A HRzB HR3A HR3B

P. Nematods

P. Platyhelminthes

Cl. Turbellaria
O. Neorhahdt¡coela

P- Arnelida
Cl. Olígochaeta

E. Encliytrøeídøe

f,'- Naídidae

Nais sittplex
Nais variabilß
PrßtÍnella jenkinae

Slavina a¡pendiculata

F. Lumbriculidae
S tylo di ilw her ing! anus

Cl. Hirudinae
E. Glossiphoniidae

Glo.ss þho ni ø c omplønat a

Helohdella stagnali.s

F. Erpobdellídae

Ne¡thelopsis obscura

P, Arthropoda
Cl. Arachnoídea

Hydracarína

Cl. Ost¡acod¿

Cl. Insecta

O. Collembola

O. Ephemeroptera
F. Baetidae

Acenlrella

Acerpenna

Baetis

Baetis .flavírtrig4
F. Ephemeridae

indète¡mi¡atç

F. Eplremerellidae

indbtormin¿tç

Eurylophella

Serratella
F- Heptagenüdae

indbto¡:rinate

þeorus
Heptagenia

Stenacron

Stenonetna

F. Leptoplrlebiidae

Paraleptophlehîa

F, Siphlonuridae
Isonychîa

O. Odon¡ta
F. Äesl¡nídae

'BoyerÌa

F. Cordulegastridae

Cordulega^rter

F. Gomphidae
i¡dêterminate

I 64 328

384

48 40 16

tt2

9'.16

I

r28
8

16

8

8

8

8288

8

40

104

424 144

32

t20

832

56

I

184

32

256

480 336 3'.76

488 264

1'.76

8

l12
I

320

656
1)

8

JJö

104

16

64

sso

t:

48

824

oi

54

8

48

48

8

472

tt2
496

t6

1t

32

104

80

208

l6

I

u:

104

336

8

32

r28

'T

120

128

t6

tó8

152

8 8

717 248

8

f2 24 8

page 5 of8



Table 45.1: Benthic invertebrates collected from Heath Steele.- l997(densities expressed per 0.5m2)

Statior msB
Refe¡enco Refe¡enco .Rcfercnco Rcferencç

HR1A HRIB HR2A HR2B

Refe¡ence Renerence

HR3A HR3B

O. Plecoptera
indetemri¡¿te

F. Capniidae

Paracqtnía

F- Chloroperlídae

indbten¡inate

Swel^ta

F- Leuctridae
'Leuctra

R Perlidae

indête¡ninate

Acroneuria

Agnetind
'Paragnetinø

E. Perlodidae
indbternin¿te

O. Megaloptera

E. Sialidae

Sialis
F. Corydalidae

Nígronia
O. Trichoptera

i¡dete¡d¡atç
Trichoptora pupae

E. ApataniÍdae

þatønía
F.. Brachycentridae

Brachycentrus

Míòrø,sema

F. Glossosomatidae

Glo,,srsosoma

F, Hydropsychidae

indêtermin¿te

Arctopsyche

Cheumatopsyche
'Dþlectrona 

modesla

Hydropsyche
'Hydropsyche sparna

F. Hydroptilidae
Hydroptila

F. tepidostomatidae
'Lepidostoma

F. Leptocerídae

indêterrni¡ate
Ceracl¿a

E. LimnephilÍdae
Frenesía

Neophylax

F. Odontoceridae
Psilotreta

F. PÌilopotamidae
Dolophilodës

F. Phryganeidac

Oligosfomis

8

80

40

224

24

I

16

240 920

216 504

32

96

1

16

L

24 8

l6

t7 23

40 n t6

49 3l

144 l'l

136 58 8l

104 t28

40

t6

104

8

48

104

64

48

16

8

40

32

8

8

4l

24

35

40

JO

I

8I 8

tt

48

8

8

584

l6

336

32 8

t6

o

I

143

t6

8

II

24

408

I
8

160

56

56

32

48

24

8

32

32

l6

t12
9

104

3;
16

16

24

8

8 32

48 8R

286t 4

I

9 I

8

56 I

88

8

l6 128
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Tabte 45.1: Benthic invertebrates collected from Heath Steele.- l997(densities expressed per 0.5m2)

Reference Refe¡ence Reference Reference Rcîo¡ence Reference

Statior HE5B HRIA HRIB HR2A HR2B HR3A HR3B

F. Polycentropodidne
indêtermi¡¿te

Neureclípsis

Polycentropus

E, Rhyacophilidae

Rhyacophila

0. LepÍdoptera

F. þralidae
O. Coleoptera

E, Dytiscidae
i¡dêtemin¿te

F, Elmidae

Apüoservus

OpIios ervts ampliatu,s

Op t ía s e ntus far t i di tus

Oulilnníus latiusculus

Promoresia
Promor¿gia tarùella

O. Diptera
F. Ceratopogonidae

Bezzia

Prohezzia

F. Chironomidae
Chironomidpupao

S.F. Chironomin.ae

Cryptochironomus

Demicryptochironomus

Mícropsectra

Míirotendþus
Nilothauma
Polypedilum

Rheolanytarsur

Stempellina

Stempellinella

Stenochironomuç

S,F. Diamesinae
Diamesa
'Pagastia

Potthastia

Sympottdstia

S.F. Orthocladiinae
Brillìa
Chaetocladius

Corynoneura

Cricotopus

C r i c olopu s /O r t ho c I a ti us
'Dþloclødius

Eukiefferiella

Heterotdnytarsu,s

HelerolrLssocladius

Nanocladius

Orfhocladius

Parametriocnemus

Psectrocladius

Rheocrícotopus

l6 8

8I
I

40

48

I

1360

32

48

16

t:

32

32

56

32

9t2

120

240

t6

7264

t52 232 248

392

I

240

tiz

88

352

80

t20
216

96

224

144

24

56

288

1064

88

I

8

,:

64

I
448

24

360

40

88

24

168

8 24

96

536

t6

80

1ó0

24

16

8

48

80

t6
32

328

96

88

56

40

24

8

8

84816

8

1720

6;
11

304

168

224

440

96

56

16

l6

8

48

40

40

I

160

8

24

80

32

32

24

88

4;
l6

384

8

488

48

24

328

zia
64

40

3'.76

64

l6
z4

l6
3;
32

\2
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Tabte 45.1: Benthic invertebrates collected from Heath Steele.- l997(densities expressed per 0.5m2)

Statior HE5B

Reference Refo¡once Refaronce

TIRIA HRIB HR2A
Roferonce

HR2B
Refercncç

HR3A

Reference

HR3B

Synonhocladius

Thienemanniella

Tvetenid

S.E. Tanypodinae

indbtenninate

Ablahesmyia

Helopelopia

Natarsia

Nílotanyp*s
Rheopelopiø

Thienztnannimyía co mplex

Trirsopelopia

Zavrelimyia

f,', Díxid¡e
Díxa

F. Empídidae

Cheliftra
'Hemerodromia

F. Nymphomyiidae

NymphomYia

F. Símulíidae
ínùbterminate

F. Tipulidae
Anfocha

Atherix

Dicranota

Hexdtoma

P, Mollusca

Cl. Gastropoda
F. Ancylídae

Ferrissia

F. Plysidae
Physellø

Cl. Pelecypoda

F. Margaritiferidae
M a rga r itífe r a mø rga r i I ife r a

F. Splr.aeriidae

Pitidiun

248

16

360

184 24 80

8 8

120

24

40

8

6440

8

16

136

360

40

1496

t6
32

48

I

3;
l6 24

I
t6
64

I
24

t20
32

8

l6
8

40

32

72

64

8

t6

56

8 40 48

336

I

16 8

8

8

24

zt6

ló
8

2

I2432

8

I
8

8

8

32

72

TOTAI; NUMBER OF ORGANISMS

TOTAI, NI]MBEROF'TAXA

EP-TINDEX

4229

45

21

6360

52

20

t4t59

60

2'l

3976

48

23

5764

59

22

5232 4091

53 63

21 27
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Table 45.2: Summary of Chirunomid Anomalies, Heath Steete, August 1997

No. Chironomids Number %o Showing Genus

Station ner samole Examined Anomalies Showing Anomalies Noted Anomalies

-

18 18 11 Micropsectra missing lst left lateral tooth
Stempellinella centre teeth chipped.

HRIB

HR2A

HR2B

HR3A

HR3B

TIElA

HElB

T{E2A

T{E2B

TIE3A

HE3B

HE4A

HBfB

I{E5A

146

160

119

57

43

33

31

59

63

30

19

37

58

9 Cricotopus
Cricotopus
Eukieferiella
Synorthocladius

Rheocricotopus
Rheocricotopus
Eukieferíella

Rheocricotopus
Polypedilum
Microtendipes

no deþrmities no deformities

Parametriocnemus
Sympotthostia
Synorthocladius
Cricotopus

Rheocricotopus
Cric/Orthocladius
Rheocricotopus
Cricotopus

chipped middle tooth.
missing lst left lateral and centre teeth chipped.
left lst lateral filed do\ilrl
short centre teeth

chipped right centre tooth
missing lst right lateral tooth.
chipped centre tooth

centre teethworndown.
chipped left centre tooth.
chipped right centre toottl

78

129

7

9

4499

56

44

27

4l

33

42

0

7

-l

6

0 no deþrmities no deformities

1l

centre teeth filed down.
left side of mentum missing several teeth
short centre teeth.

lst right lateral missing.

one median tooth filed down.
middle toofh filed down
one median tooth filed down.
middle toothmissing.

centre teethbroken.
chipped median tooth.

centre teeth broken

broken lst lateral tooth.
2nd lateral tooth broken.

filed down centre teetll
lst lateral tooth missing.

broken middle tooth and lst lateral.

chipped lst lateral.
chipped lst lateral.

chipped centre teeth
chipped centre teeth
one centre tooth filed down.

centre teeth broken.
centre teeth broken.

81

32

93

93 7

Diamesa
Tvetenia

Diamesa

Tvetenia
Polypedilum
EuHeferiella
Parametriocnemus

787

,,

7

678

82

Polypedilum

Polypedilum
Polypedilum

Parametriocnemus
Parametriocnemus
Rheocricotopus

EuHelþriella
Eukielþriello

centre teeth broken.
rieht side of mentum broken

HE5B 5 Eukielþriella
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Table ,4.6.1: Results of Metâllothionein an(l Metals Analyses conalucted on Fish Sañples collected at Heâth Steel€ Mine Site

NA

0.31

0.44
0.4

NA
NA
NA
NA

0.55

0.51

0.23
0.55

¡rls

NA

0.51

0.62
0.64

0.43

0.42
0.40
0.31
0.64

NA

0.47
0.52
0.49
0.53

0.55

0.54
0.48
0.38

0.58
0.59
0.61

0.56

0.53
0.89
¡y's

¡-ls

NA
NA
NA
NA

0.35

0.59
0.52
¡/s

0.44
0.49
0.49

NA

0.21

0.11
0.18

NA
NA
NA
NA

0.49
0.19

0.15

0.23

n/s

NA

0.5

0.3
0.2

0.26

0.14
0.24
0.77
0.20

NA

0.07
0.23
0.2
0.07

0.32
0.26
0.16
0.30

0.16
0.13
0.32
0.13

0.20
0.19
ry's

NA
NA
NA
NA

0.11

0.17
0.12
¡tls

0.t7
0.47
0.41

NA

< 0.5

< 0.5
< 0.5

r.63
1.01

0.82
0.91

0.5
< 0.5

3.Ì5
3.Ì3

<0.50

< 0.5
0.5
0.5
0.5

3.11

3.27
r.97
3.17

0.60

< 0.5
<UJ
< 0.5
< 0.5

2.19
3.64
2.17
2.91

< 0.5
0.5
0.5
0-5

2.00
2.03
4.13
4.16

2.02
2.02
1.05

2.64

< 0.5
< 0.5
< 0.5
< 0.5

2-69
2.39
t.60
3.63

NA

0.24

0.31

8.33

0.78
0.45

0.49
0.32

0.66
0.41

0.58
0.79
0.81

4.20

9.92
6.4

0.49
0.29

0.53

1.06

0.44
0.75

0.44

0.24
0.19
0.15

0.15

0.50
0_84

0.57
1.93

0.16
0.45
0.21

0.42
0.66
t.t4
2.92

0.64
1.05

0.38
0.5t

0.14
0.49
0.25
0.32

1.08
17.4

11.3

8.2'l

NA

t02

79

212

89

87

35

49

74

115

90

141

94

J5

80
95

t28
t23

r23
2t5
88
64

53

97
96
57

139

102
123
346

94
r21
168

126

96
106

85

199

110

t08
60

34

84

105

68
64

t32
943
668
550

NA

0.22

3.18
3.37

0.47
0.47
0.25
0.29

1.63
0.55

1.95

1.45

3.14

0.31

I.43
0.1 I
0.95

2.r3

1.98

1-25

0.44
0.49

0.48

0.61

0.39
0.17
0.25

1.43

0.98
4.39
14.25

0.41
0.35

0.48
0.72

0.52
0.35

0.61

1.14

0.84
0.80
0.42
0.26

0.19
0.45

0.23

0.19

0.53

3.91

1.79

1.57

NA

71.1

5.5
43.5

35

35

6.9
l4

76.7
19.7

13

42
30

5.9

63.1

70.4
1e1

66.2

36
133

33

l4

2t

t2.a
14.1

3.3

43
20
33

t50

15.4

56.5
27.3

20
19

l5
92

30
43

l9
10

5.3

43.4

3

4.5

42
383
302
229

NA

5.91

t.26

6.35

1.85

t.57
la2

4.3r
3.6

1.64

3.41
3.00

1.11

1ç1
3.4

3.77
6.74

2.90
3.50
2.93

r.75

2.6r
3.03
1.36

2.r9

0.83

4.53

1.04

1.99

1.95

1.55

1.96

2.89

3.13

0.77
1.43

1.73

0.71

1.61

0.90

0.59

0.61
4.03

1.68

t.26
I t<
0.69

NA

3.13

4.64
39.89

0.64
0.30
0.13

0.16

1.09

1.1 1

2.80
t.71

0.17

25.31

9.14
2.46

2.rt
3.75
0.50
0.46

0.25

2.95
1.85

4.42
5.07

0.43

0.31

1.54

7.72

7.63
7.03
5.29

0.93

0.22
t.44
8.57

0.85
0.69
0.48
0.24

8.93
r3.66
11 At
7.58

2.89
97

27

NA

2.41

3.28
31.41

0.50
0.43
0.25
0.23

1.34

0.64
l.l I
0.94

<0.50

5.52
28.r7
3.08
1.99

0.93
3.21

0.46
0.21

0.29

t.43
0.59
0.55
0.59

0.13
0.27
l.14
6.95

r.01
0.49
to
L73

0.93
0.23
l.l5
7.06

0.67
0.89
0.39
0.20

0.58
2.97
t.23
0.52

3.61
'1r.4

40.5
26.9

NA

80

109

96

92
104

45

65

t22
t23

261
275
325

5l

107

144
144
il8

203
336
236
274

a2

ll9

109

r44

321
366

172
85

t02
85

298
26a
273
258

i59
66

56

39

19

u0
67

119

187

318
306

NA

0.75

0.11

0.32

0.13

1.21

0.24
0.36

0.14
0.52

0.61

0.47

0.19

0.2t
<0.05
0.55

1.41

0.76
0.97
0.53
0.53

0.54

0.16
0.24
0.09
0.u

0.88
0.61

0.71

1.68

0.21

0.35

0.46
0.46

0.53
0.66
0.59
t.43

0.40
0.24
0.29
0.13

0.16

0.38
0.12
0.t2

0.43
0.78

NA

25.9

19.9

1t^
17.8

8.6
11.3

42.8

24.9

94.9
58.0
39.7

7.6

40.9

22.4

29.2
34.5
23.3
22.4

12.0

24.7
13.1

r4.3

24.8
31.8
20.2
29.9

18.7

t5.2

16.2

16.4

2r.5
,A 1

10.4

10.7

4.2

ll.6
13.6
raa
11.7

13.0

97.9
108

ll4

NA

0.6

0.56
0.67

0.86
0.87
0.48
0.66

1.08

r.62

0.95

1.53

1.50

0.88

t.08
t.l8
t.81
t.04

t.r7
t.57
1.08

1.40

1.81

r.23
0.84
r_44

1.23

1.55

2.26

1.49

1.04

1.54

0.98
1.38

1.39

t.22

1.05

T.T2

1.07

1.19

0.69

0.82

1.36

1.3

1.2

0.94
1.67

1.66

1.01.

NA

0.04

0.041

0.061

0.018
0.016
0.016
0.018

0.lll
0.099

0.030
0.037

0.021

0.013

0.07
0.087
0.09

0_061

0.043

0.046
0.028
0.038

0.018

0.067
0.06

0.066
0.052

0.041

0.041
0.056
0.036

0.055

0.042
0.055

0.011

0.037
0.049
0.043

0.043

0.060
0.033
0.027
0.015

0.047
0.053

0.043

0.047

0.044
0.043

0.044
0.058

605.0

215.8

2't6.7
177.4

504.7

657.4
437.9
598.1

329.9
497.4

125.9

161.7

345.1

38J.2

260.1

384.9
4t7.1
2t0.7

2r7.7
2r4.2
234.5

285.2

735.2

497.7

2r8.4
285.0
4A5.7

198.3

406.9
216.7
146.3

319.0
339.8
380.0

154.4

308.4
281.8
121.6

241.9
199.5

246.2
240.9

206.3
295.7
233.2
2r2.4

154.0

244.0
249.4
¡38.1

Blâcknose Dâce

B¡ook T¡oùt

Brook Trout
B¡ook T¡out

Blæklose Dace
Blaclnose Dace
Blælnose Dace
Blælnose Dace

Brook Trout
Brook T¡out

Atlmtic Sâlmon
Atletic Sålñon
Atldtic Sâlño1

BlæLnose Dace

B¡ook T¡out
Brook Trout
Brook T¡out
Brook T¡out

Atlætic Salmon
Atlmtic Salmon
Atletic Salmon
Atlmtic Sslmon

Blæknose Dace

Brook T¡out
Blook T¡out
Brook Tþut
Brook Trout

Atletic Sslñon
Atlmtic Salmon
Atlmtic Salmon
Atlmtic Sâlmon

Broot Troul
B¡ook T¡out
B¡ook Troùt
Broôk Trout

Atlatic Salñon
Atldtic Sâlñon
Atldtic Srlmotr
Atlmtic Salmon

Blæknose Dace
Blælnose Dace
Blælnose Dâce
Blælnose Dace

B¡ook Trout
B¡ook Trout
B¡ook T¡oùt
Brôok Troùt

Atlmtic Salmon
Atlatic Sâlmon
Atlætic Salmor
Atlatic Solnon

HEIBBDI.F

HE1BBTl.F

HE2ABTl.F
HE2AB13.F

E2B-l (onposite of 3 smple)
E2B-2 (@mposite of 3 smplq)
E2B-3 (onposite of 4 smple)
E2B-4 (omposite of 4 smpls)

HE2BBTl.F
HE2BBT2.F

HE3AASI.F
HE3AAS2-F
HE3AAS3-F

834.1 (composite of 5 sæples)

HE3ABTI.F
HE3ABTz.F
HE3ABT4.F
HE3ABT5-F

HE3BASI"F
HE3BAS2-F
HE3BAS4-F
HE3BAS5"F

E3B-l (æhposite of 6 smpls)

HE3BBTI-F
HE3BBT2.F
IIE3BBT4.F
HE3BBT5.F

HE4AASI-F
HE4AAS2-F
HE4AAS3.F
HE4AAS4.F

HE4ABTI-F
HE4ABT2.F
HE4AAß.F
HE4ABT4.F

HE4BAS3.F
HE4BAS4.F
HE4BAST-F
HÉ4BAS2.F

HE4BBDI.F
E4B-2 (conposite of 3 smpl6)
E4B-3 (composite of 3 smple)
E4B-4 (ænposite of 6 smple)

HE4BBTT.F
HE4BBT2.F
HE4BBT3.F
HE4BBT4.F

HE5AASl-F
HE5AAS2.F
HE5AAS3-F
HE5AAS4.F

Visceh
HElB

HETA

HE2B

Hm¡.

HE3B

HE4A

HE4B

H85,4,
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Table 46.1: Results of MetÀllothionein ând Metals Analyses conducte¡t on F¡sh Samples collected Àt Heâth Steele Mine Site

sc uds
NA
NA
NA
NA
NA

0.41
0.39
0.53

0.4

0.56
0.54
0.53

0.44

NA
NA
NA
NA
NA
NA

0.6
1.48

NA
NA
NA
NA

0.45
0.44

1.04

NA
NA
NA
NA

0.34
0.36
0.44
0.31

NA
NA
NA
NA
NA
NA

0.94
r.21

¡y's

NA
NA
NA
NA

0.68
0.83

0.62
0.45

As uele
N.A'

NA
NA
NA
NA

0.09
0.11
0.18
0.1

l.l0
0.25

0.19
0.30

NA
NA
NA
NA
NA
NA

<0.20

0.12

NA
NA
NA
NA

<0.10
<0.10
<0. l0
0.11

NA
NA
NA
NA

<0.20
<0.10
<o.20
0.17

NA
NA
NA
NA
NA
NA

0.6
0.25

n/s

NA
NA
NA
NA

0.33
<0.20

0.26
<0.20

V tplp
t,70
t.11
1.88

1.30

1.32

< 0.5
< 0.5

< 0.5
< 0.5

l4.t

3.26
3.95

L.77

1.28

4.49
2.17
T.T2

0.92

< 0.5
< 0.5

1.04

1.52
0.54

< 0.5
0.5
0.5
0.5

1.66

3.15
0.86
2.00

< 0.5

< 0.5
< 0.5
< 0.5

3.39
0.88
t.30
t.47
0.86
0.93

0.58
< 0.5

4.03

1.61

t.97
1.05

0.59

< 0.5

< 0.5
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t1 a

28.8
r23.1
138.7

110.3

88.9
59.8
75.6
46.4

65.5
44.4

39.0
20.5
30.3
32.9
39.9

15.1

25.0
17.0

15.8
31.8

11.4

l2.l
18.4

ú.r
12.0

12.3

65.7

57.4

30.1

18.1
17.2

Atlatic Salmon
Aûatc Sâlmon
Atlætic Salmon
Atlutic Sâlmon

Blaclnose Dace
Blælaose Dace
BlæÌrose Dâce

Atlutic Sâlñon
Atlatic Sálñon
Atldtic Salmon
Atlætic Salmon

BlæÌnose Dace
Blaclnose D¿ce

B¡ook T¡out
B¡ook lrorrt

Atletic Salmon
Atlatic Salmon
A{atic Sâlñon
Atlmtic Srlñon
Atldtic Sâlñon
Atldtic S ãlmon
Atldtic Salmotr
Atldtic Sâlnon
Atlatic Sâlñon
Atlatic Salmon
Atletic Sâlsor
Atldtic Sâlñon
Atlætic Salmon
Atlætic Salmon
Atlmtic Sålmon

Atlatic S¿lmon
Atletic Salmon
Atlatic Salmon
Aüatic Salmon
Atletic Salmotr
Atldûc S âlñon
Aüatic S¿lño1
Al¡dtic Salñon
Ailstiê Salmon
Atlatic Salmon
Admtic Sâlñon
Ailetic Salmol
Atlutic Sâlñon
Aûetic Sâlñon
Atlmtic Salmon
Atlmtic S almon
Atlmtiê Sclñôñ

Atlatic Salmon
Atletic Sâlnoq
Atlmtic Salmon
Allatic Salmon
Atldtic Salmotr
Allatic Salmon

Atlmlic Salmon
Atlmtic S almon
Atlelic Srlmon
Atlalic Salmor
Atlatic Salmon
Atlatic Salmon
Atlmtic Salmon
Atlatic Salmon
Auatic sâlmon

HR3AAS1.F
HR3AAS2.F
HR3AAS4.F
HR3AAS5.F

HR3ABDI.F
R34"2 (coaposite of 2 smlles)
R3A-3 (conposite of 4 sÐples)

HR3BASI.F
HR3BAS2.F
HR3BAS3.F'
HR3BAS4-F

R3B-l (composite of 3 smples)
R3B-2 (cônposite of 6 smples)

HR3BBTI.F
HR'ìERT2.F

HRIAASIC"F
HRIAAS2C.F
HRÌBASIC-F
HRIBAS2C"F
HR2AASlC.F
HR2AAS2C.F
HR2BASIC-F
HR2BAS2C.F
HR3AASIC.F
HR3AAS2C.F
HR3BASlC-F
HR3BAS2C-F
HEIAASlC.F
HEIA¡.S2C.F
HEIBASIC.F
HEIBAS2C.F
HE2AASIC.F
HEzAAS2C.F
HE2BASIC.F
HE2BAS2C.F
HE3AASIC.F
HE3AAS2C.F
HE3BASlC-F
HE3BAS2C.F
HE4AASIC.F
HE4AAS2C.F
HE4BASlC.F
HE4BAS2C-F
HE5AASIC-F

HESBASIC-F
f{E5BAS2C-F

RIA (conposite of2 Âsh)
RIB (conposite of2 frsh)
RzA (composite of2 ÂsÐ
R2B (comlosite of2 6sh)
R3A (conposite of2 ñsh)
R3B (composite of2 fish)

EIA (conpositê of2 fsh)
EIB (ænposite of2 6sh)
EzA (conposite of2 fsh)
E2B (conposite of2 6sh)
E3A (conposite of 2 fsh)
E3B (ñnposite of2 ñsh)
E4A (conposite of2 ñsh)
E4B (ænposite of 2 fish)
E5A (conposite of2 ñsh)
F.5B lcomoosìt¿ of? 6sùl

TIR3A

HR3B

CAGES

Giil
Reference

Erposure

pâge 3 of3



Table 46.2a: Summary of Mean Fish Sizes of Wild Juvenile Salmon Captured at Heath Steele, August 1997
Includes all fÏsh captured and aged by otolith and by length-frequency distribution.

Age Class

Atlantic Salmon
Number of Mean Mean Mean

Station Fish ForkIængth (cm) Total Length (cm) Whole Weieht (e)

0+

1+

2+

3+

HEl
T1E2

HE3
HE4
HE5
HRl
HR2
HR3

HEl
HEz
HE3
HFA
HE5
HRl
HR2
HR3

HE1

HEz
HE3
HE4
HE5
HRl
HR2
HR3

HEl
HEz
HE3
HE4
HE5
HRI
HR2
HR3

5.8

4.7

10.3

9.7
9.3

ll.6

15.0

5.1

12.7

16.2

1.3

30.7
27.7
22.0

18.1

42.9

2.66.3

0
0
0
0

25

0
0

138

0
0
5

l6
79
0
I

62

0
0
9

30
53

0
0
15

11.0
10.5

10.1

13.8

10.s
9.4

10.4

9.4
lt.2
10.3

t4.4
10.5

13.6
13.1,

12.3

r4.8
14.2
13.5

0
0
l
I
0
0
0
1

16.5

15.5

17.8

16.6

54.7
39.9



Table 46.2b: Summary of Mean Fish Sizes of Wild Blacknose Dace Captured at Heath Steele, August 1997.
Includes all fish captured and aged by scale and by length-frequency distribution.

Age Class

Blacknose Dace
Number of Mean Mean

Station Fish Fork Length (cm) Total Length (cm)
Mean

Whole Weisht (e)

0+

1+

2+

3+

4+

HEl
HEz
HE3
HEA
HE5
HRl
HR2
HR3

HE1

HEz
HE3
HE4
HE5
HRl
HR2
HR3

HEI
HEz
HE3
HE4
HE5
HRl
HR2
HR3

HE1
HEz
HE3
HE4
HE5
HRl
HR2
HR3

HE1
HEz
HE3
HE4
HE5
HRl
HR2
HR3

HEI
HEz
HE3
HE4
HE5
HRI
HR2
HR3

1

l2
7

J

35

t3
25
11

4.2
4.5
4.2
5.2
4.9
5.2
4.8
4.1

6.4

7.1

4.5
4.9
4.5
5.6
5.3

5.6
5.1

5.0

<0.1

0.8
1.0

0.9
1.7

1.4

1.5

1.2

1.2

3.1

3.2
3.5
3.4
3.7
3.0

4.0

0
0
J

1

8

0
5

0
2.0

i.u
2.2
2.4

1.9

2.8

2.3

2.5

0.3
0.1

0.2

0
t6
I
J

24
8

23

I

0
9

0

t2
9
10

4

0
1

0
1

10

7

4
I

0
0
0
0
4
0
0
0

5.3
5.5
5.3
6.1

5.9
6.1

5.5

6.5

6.3

6.5

5.8

1.7

2.1

1.7

2.6
))
2.6
1.9

5.6
6.0
5.1

6.4
6.7
6.7
6.8
6.7

6.8
7.2
7.r
7.4
7.1

6.9

t.3
7.2
7.2
7.4
7.7

7.8
7.8
1.7
7.9
8.2

5.0
4.3
4.3
4.6
5.1

8.3

5+

7.7 5.5



Tabte 46.2: Raw Biological Data on All Wild Fish Sampled at Heath Steele, August 1997.

Station Species Fish Number Sample Number
ß'ork

Length
(cnr)

'I ofât
Length

(cm)

Whole
Weight

(g)
Aget
tu)

HEIB

HEIB
HAIB

Bfook Tror¡t I HBIBBTT.F 12.0 t2.5 2t.L nd

Blackn6e Dace 2 HEIBBDI.F 4.2 4.5 0.8 l+
Lake Club 3 nâ 6.0 6.6 2.6 nd

HE2A

HB2A

HE2A

HE2A

Brook Trorf
B¡ook T¡or¡t

B¡ook T¡otf
Brook Troìf

I
2

3

4

HE2ABTI.F

HE2A¡T2.F

HE2ABT3.F

na

t3.2

15.2

t3.5

20.1

14.0

ló.0

t4.2

20.9

26.5

40.7

25.8

91.5

nd

nd

nd

nd

HE2B

HE2B

HE2B

HE2B

HE2B

HE2B

HE2B

HE2B

HWB
HE2B

HE2B

HEzB

HE2B

HE2B

HE2B

HE2B

HE2B

HE2B

HE2B

HE2B

HE2B

HE2B

HE2B

HE2B

HE2B

HE2B

HE2B

HE2B

HE2B

HE2B

HE2B

HE2B

HE2B

HWB
HE2B

HE2B

HE2B

HE2B

HE2B

HE2B

HE2B

HE2B

HE2B

HE2B

HE2B

Blacknæe Dace

Blaokn6e Dace

Blacknce Daæ

Blacknæe Daos

Blacknæe Daoe

Blacknæe Daoe

Blacknæe Dace

Blackn6e Daæ

Blaokn6e Dace

Blacknøe Daæ

Blacknøe Daæ

Blaoknøe Dace

Blacknoe Dace

Blacknæe Daæ

Blacknæe Daoe

Blacknæe Daoe

Blacknæe Daæ

Blacknøe Dace

Blaclm6e Dace

Blacknoe Daoe

Blacknæe Dace

Blacknqe Dace

Blacknæe Daoe

Blacknæe Daoe

Blacknøe Dace

Blacknøe Dace

Blackn6e Dace

Blackn6e Dace

Blackn6e Dace

Blackr6e Dace

Blaoknæe Dace

Blacknse Dace

Blacknøe Daoe

Blacknøe Daoe

Blackn6e Dace

Blackn6e Dace

Blackn6e Dace

Blâckrce Dâce

I

3

4

5

6

7

8

9

t0
ll
I'l*
20*

21*

22*

23*
24*

25*

26t
2't*

28i
29*

30*

3l*
32*

33*

34*

35*

36*

3't*

38*

39*

40*

4l*
42*

43*

44i

45*

HE2BBDI-F

HE2BBD2-F

HE2BBD3-F

HE2BBD4-F

HE2BBD5.F

HE2BBD6-F

HE2BBDT-F

HE2BBDS-F

HE2BBD9-F

HE2BBDIO.F

HE2BBDI I.F
HE2BBDI2.F

HE2BBDI3.F

HE2BBDI4-F

HE2BBDI5-F

HE2BBDI6.F
HE2BBDIT-F

HE2BBDIS.F

HE2BBDI9.F

HE2BBD2O-F

HE2BBD2T.F

HE2BBD22.F

HE2BBD23-F

HE2BBD24-F

HE2BBDz5.F

HE2BBD26-F

HE2BBD2?-F

HE2BBD28-F

HE2BBD29-F

HE2BBD3O-F

HE2BBD3I.F

HE2BBD32.F

HE2BBD33-F

HE2BBD34-F

HÊ2BBD35.F

HE2BBD36-F

HE2BBD37-F

HE2BBD38.F

4.9

6.1

'1.5

6.7

4.5

6.6

6.2

4.2

5.8

6.8

4.8

1l

4.6

5.5

4.3

5.6

4.4

4.9

4.8

5.5

4.9

6.0

6.4

5.0

5.t

6.3

5.0

4.9

4.9

5.3

4.3

5.2

5.0

4.3

5_3

4.9

4.3

5.2

5.3

6;1

8.1

4.8

1.0

6.7

4.4

6.3

'1.2

5.1
'1.3

4.9

5.5

4.6

6.0

4;l
5.2

5.2

6.1

6.4

6.9

5.5

5.4

6.9

5.4

5.3

5.3

5.5

4.1

5.6

5.3

4.6

5.'l

5.2

4.7

5.6

t.2

2.6

5.1

3.1

0.9

3.2

2.6

0.8

2.4

3.3

1.0

4.0

1.0

t;1

0.9

1.0

1.3

t.4

2.8

3.2

t.4

1.5

3.3

1.4

1.4

1.3

1.3

t.0

1.7

1.4

1.0

t.7

1.2

0.9

1.8

l+
3+

3+

3+

l+
3+

3+

l+
3+

2+

l+
4+

l+
2+

l+
2+

1+

l+
2+

2+

2+

3+

3+

2+

2+

3+

2+

2+

2+

2+

l+
2+

2+

l+
2+

l+
l+
2+

Brook Trout

Brook T¡out

Brook Troú
Brook Troú
Brook Trout

B¡ook Trout

Brook Troú

l2
t3
l4
l5
l6
l8*
l9*

na

na

na

na

na

HEzBBTI-F
HE2RRT2.F

21.3

1.A

1.1

5.8

6.1

12.8

t t.7

22.5

a.2

1.5

6.2

6.3

13.5

t2.4

94.9

4.4

3.6

2.t

25.6

l8.l

nd

nd

nd

nd

nd

nd

nd

HE3A

HE3A
HE3A

HE3¡.

HE3A

HE3A
HE3A

HE3A

HE3A

HE3A.

HE3A

HE3A

HE3A

HE3A

HE3A

HE3A

IIE3A

HE3A

HE3A

HE3A

HE3A

HE3A

HESA

Atlmtio Salmon

Atlmtio Salmol

Atlmtio salaon

Atlmtic Salmon

Atlmtio Salmon

-Atldtic Salmon

Atlmtio Salmon

Atlmtio Sal¡no¡t

Atlartio Sa!¡non

I
2

47

48

49

50

5l
52

51*

HE3AASI-F

HE3AAS2-F

na

na

na

na

na

na

HF-]ìAAS3-F

12.4

12.8

15.0

t5;l
t7.t
10.7

16.5

t'l.o
to.1

13.5

11.1

16.3

t1.2

18.3

I 1.3

18.0

18.3

1l '1

2t.l
22.9

40.2

46.0

6t.4

t6.2

52.6

60_4

165

2+

2+

2+

2+

3+

l+
3+

3f
1+

Blacknæe Daæ

Blacknose f)ace

Blaokn6e Dace

Blach6e Dace

Blackn6e Dace

5

6

7

8

9

HE3ABDI-F

HE3ABD2-F

HETABD3.F

HE3ABD4-F

HE3ABD5-F

4.2

4.'t

3.8

3.8

2.3

4.5

5.0

4.t

4.2

2.5

0.8

l.l
0.5

o.'t

0.2

l+
l+
l+
l+
Cr

Brook Trout

Brook Trout

Brook T¡out

Brook T¡out

B¡ook Trorl
Brook Tror¡t

B¡ook T¡or¡t

B¡ook Trout

B¡ook T¡out

3

4

l0
ll
t2
l3
l4
l5
l6

HE3ABTI.F

HE3ABT2.F

na

na

na

¡lâ

na

na

ln

14.0

14.1

6.6

19.4

5.9

6.2

t7.l
I t.0
'1.5

l4;t
14.8
'7.0

20.2

6.2

6.5

|1.'I

I 1.5

8.0

30.0

27.4

3.2

85.7

2.1

2.8

52.1

I 5.5

5.0

nd

nd

¡rd

nd

nd

nd

¡rd

¡rd

nd



Table 46.2: Raw Biological Data on All Witd Fish Sampled at Heath Steele, August 1997.

Sfation Species Fish Nurnber Sample Number
¡'oil(

Length
(cnr)

'l'otål
Length

(cnr)

\,Vlrole
\ileiglrt

(e)
Ag"'
(v)

HE3A

HE3A

HE3,A

HE3A

HE3A

HE3A

HE3A

HE3A

HE3A

HE3A

HE3A

HE3A
HE3A

HE3A

HE3A

HE3A

HE3A

HE3A

HE3A

HE3A
HE3A

HE3A

HE3A

HE3A

HE3A

HE3A

HE3A

HESA

HE3A

HE3A

HE3-A

HE3A

HE3Â

HE3A

Brook Tror¡t

Brook Trout

B¡ook Trout

Brook Trout

Brook T¡out
Broôk Trorú

R¡ook Trorf
B¡ook Trorf
Brook Trout

Brook Tror¡t

B¡ook Trout

Bræk T¡otf
Brook T¡or¡t

Brook TroÌú

Brook Trout

Brook Trotf
Brook T¡out

Brook Troú
Brook Trout

Brook Trout

Brook T¡or¡t

Brook Tror¡t

B¡ook T¡or¡t

B¡ook T¡otf
Brook Tfout

Brook Tror¡t

Brcok TroÌt
Brook Troú
Brook Tror¡t

Brook Tror¡t

B¡ook T¡out

B¡ook Troú
B¡ook Trout

Brook Trout

l'1

l8
l9
20

2t
22

23

24

26

27

28

29

30

3t
32

34

35

36

38

39

40

4t
42

43

44

45

46

53*

54*

55*

56*

na

m
na

na

na

na

na

na

na

m
na

na

na

na

na

na

na

na

na

na

na

na

m
na

na

na

re
na

na

na

HE3ABT3-F

HE3ABT4.F

HE3ABT5.F

HE3ABTGF

I 1.5

5.6

6.9

16.2

6.8

7.0

7.2

l4.l
7.1

14.3

6.1

6.2

6.6

15.9

r5.2

5.2

6.4

14.8

'7.8

5.5

't.l
6.3

6.4

I 1.8

10.6

12.3

6.2

6.0

5.6

8.0

I 1.5

12.6

12.0

Lt.2

t2.l
5.9

7.3

16.8

a1

7.4

7;l
14.9
'1.5

15.2

6.4

6.5

6.9

t6.2

15.2

5.5

6.7

15.6

8.0

5.8

7-5

6;1

6.8

t2.3

tt.2
l3.l
6.6

6.3

5.8

8.3

t2.2

t3.2

t2;l
I 1.9

t7.o

3.1

43.8

3.2

4.2

4.4

28.5

3.5

29.9

2.3

2.2

3.0

42.5

35.8

1.8

2.7

27.7

4;l
1.9

4.2

3.2

2.8

l6.l
t2.9

t9-5

2.9

2.2

1.8

5.0

18.4

21.5

2 l.l
16.1

nd

nd

nd
nd

nd
nd

nd

nd

nd

nd

nd

nd

nd
nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

¡rd

nd

nd

nd

nd

nd

nd

HE3B

HE3B

HE3B

HE3B

HE3B

HE3B

HE3B

HE3B

HE3B

HE3B

HE3B

HE3B

HE3B

HE3B

HE3B

HE3B

HE3B

HE3B

HE3B

HE3B

HE3B

HE3B

HË38

HE3B

HE3B

HE3B

HE3B

HE3B

HE3B

HE3B

HE3B

HE3B

HE3B

HE3B

HE3B

HE3B

HE3B

HE]B

HE3B

HE3B

HE3B

Âtlmtic saltno¡r

,A.tlmtic Salmon

Atlmtio Salmon

Atlmtic Salmon

Atlmtic Salmon

-A.tlartic Salmon

Atlartic Salmon

Atlmtio Salmon

Atlutio Sal¡no¡r

Atlmtic Salmon

Atldtic Salmon

Atlmtic Salmon

I
2

34

35

36

3',1

38

39*

40*

4t*
42*

HE3BAST-F

HE3BA52-F

HE3BAS3-F

na

na

na

na

na

HE3BAS4.F

HE3BAS5-F

HE3BASó.F

HE3BAST-F

13.2

12.8

16.0

10.0

16.5

16.6

t5.7

13.9

10.0

l0.l
13.9

t2.6

14.3

r4.l
t'7.2

10.8

I't.9

18.0

t't.t
l5.l
10.5

10.9

15.2

13.7

25.9

24.2

5 1.5

11.4

51.9

53.8

51.4

12.2

I 1.8

l3.t
35.5

746

2+

2+

3+

l+
3+

3+

3+

2+

1+

1+

2+

Blacknose Dace

Blacknme Daoe

Blacknme Daoe

Blacknæe Dace

Blacknøe Dace

Blacknose Dace

5

6

1

8

9

l0

HE3BBDI.F
HE3BBD2.F

HE3BBD3.F

HE3BBD4-F

HE3BBD5.F

HË3BBD6-F

2.8

5.5

4.4

4.7

3.8

3.0

3.0

6.0

4.6

5.1

4.0

0.3

0.3

2.t

1.0

t.2

0.7

0+

ttr
2+

1+

l+
l+

Brook Troú
Brook T¡orrt

B¡ook T¡or¡t

B¡ook T¡out

Brook T¡orú

Brook Trout

Brook T¡ot¡t

Brook T¡or¡t

Brook Trout

Brook T¡ot¡t

Brook T¡out

B¡ook T¡out

B¡ook Trout

Brook Trout

Brook Trout

Brook Trout

Brook Trout

Brook Trout
Brook Trout

Brook Trout

Brook Trout

Brook Trout

Brook Troùt

3

4

ll
t2

l3
l4
t6

l1
l8
20

22

23

24

25

21

2B

29

30

3t
12

43*

HE3BBTI-F
HE3BBT2.F

na

na

na

na

na

na

TA

na

na

¡n
na

na

DA

HE3BBT3-F

na

Ia
na

na

¡u
HE3BBT4-F

14.6

12.o

16.3

7.1

20.4

6.5

16.8

5.6

11

6.6

6.2

I t.4

12.3

5.9

6.5

6.3

1.6

ó.9

6.8

1.2

5.9

I t.6

15.5

12.8

t7.2

7.5

2t.3

6.9

17.8

5.9

'l;t
6.9

6.5

t2.0

13.2

6.2

6.8

6.6

8.0
'1.2

1.1

ó.5

7.6

6.2

12.2

3?.1

2 t.0

52.8

4.5

95.2

1.3

56.0

2.2

4.5

3.4

2.5

t1.2

2t.1
2.7

3.1

3.0

4.8

3.ó

3.4

2.1

4.t

2.3

18.8

nd

nd

nd

nd

¡rd

nd

nd

nd

¡rd

nd

nd

nd

nd

nd

¡rd

nd

nd

¡rd

nd

ld
nd

nd

nd



Table 46.2: Raw Biological Data on All Wild Fish Sampled at Heath Steele, August 1997.

Species X'ish Nr¡mber Sample Nunrber
¡ ortr

Lengúh
(cnù

'Iotat
Length

(cm)

wlrole
Weiglrt

(e)
Age'
(v)

Sfation

44r HË3BBT5.F 13.9 t4.7 29.5 ndB¡ook T¡orú
t8 5 706White Sucker t5 89.8 nd

HE3B

HE3B

HE3B C¡eek Chub 19 m 6.0 6.4 t1 nd

t2.2

12.4

13.0

13.5

12.8

9.3

t4.9

13.8

15.2

14.9

11.4

13.2

13.6

t4.2

14.5

l4.l
10.0

16.2

15.0

t6.5

16.0

146

Atlmtio Salmon

Atlmtio Sal¡non

Atlmtio Salmon

Atlmtic Salmon

Atlmtio Salmon

Atlmtic Salmon

Atlutic Salmon

Addtic Salmon

Aüutic Salmon

Aümtic Sal$on

Atlmtic Sal$on

I
2

3

4

9

l0
l'7

l9
20

t1

23

HE4AASI-F

HE4AAS2.F

HMAASS-F

HE4AAS4.F

HE4AAS5-F

na

na

m
na

M

na

21.8

26.3

29.2

30.3

28.2

10.6

4t.2

33.2

45.5

44;7

33.2

2+

2+

2+

2+

2+

t+
2+

2+

2+

2+

2+

HE4ABTI.F

HE4ABT2.F

HE4ABT3.F

HE4ABT4.F

na

na

na

na

na

na

na

na

na

na

na

14.3

13.5

t2.4

14.9

6.2

5.5

t9.7

t9;t
t6;l
6.0

14.9

15.8

5.8

6.8

5.6

15.2

14.2

l3.l
t5;l
6.5

5.8

20.1

2 1.0

t't.2

6.3

15.6

t6;l
6.0

1.0

J.8

32.7

2't.2

21.8

34.8

2.t

2.0

93.7

89.3

54.2

2.6

40.8

52.2

2.2

3.2

1.8

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

HE4A

HE4A

HE4A

HE4A

HE4A

HE4A

HE4A

HE4A

HMA
HE4A

HE4A

HE4A

HE4A

HE4A

HE4A
HE4A

HE4A

HE4A

HE4A

HE4A.

HE4A

HB/.A

HE4A

HE4A

HE4A

HE4A

Brook Trorf
Brook Trorf
Brook Trout

Brook Trout

Brook Trout

Brook Trorf
Brook Trorf
Brook Tror¡t

Brook Tror¡t

Brook Trout
Brook Trorú

B¡ook T¡out

Brook Trorú

Brook T¡or¡t

B¡ook Trout

5

6

't

8

ll
t2

l3
l4
l5
l6
l8
2l
24

26

10.5

9.9

12.8

t2.3

9.9

9.2

12.t

10.3

10.0

14.3

15.0

13.3

4.2

9.0

13.8

I 1.5

t4.6

12.8

12.s

t5.5

I 1.8

9.1

I 1.6

10.2

I 1.9

12.3

10.2

[.7
13.3

13.4

9.8

t2.2

9;l
9.1

13.0

t00

Atlmtic Salmon

Atlmtic Salmon

Atliltic Salmon

Atlutic salmon

Atlmtio Salmon

Atlortio Salnon

Atlmtio Salmon

Atlmtic Salmon

Atlmtic Salmon

A.tlmtio Salmon

Atlmtio Salmon

Atlmtio Sallnon

Atlmtic Salmon

Atlmtic Salmon

Atlmtic Salmon

Atlmtio Salmon

Âtlmtic Salmon

Atlmtic Salmon

Âtlmtic Salmon

Atlutio Salmon

Atlmtic Salmon

Atlmtic Salmon

Atlmtio Salmon

Atlmtio Salmon

Atla¡tio Salmon

Atlmtio Salmon

Atlmtio Salmon

Atlmtio Salmon

Atlmtic Salmon

Atlmtio Salmo¡r

Admtio SaLnon

Atldrtic Salmon

Atldrtic Salmon

Atlðrtic saltnon

Atlmtio Sâ.hnon

Admtio Salmon

I
a

3

4

5

6

'7

I
9

l0
ll
l3
l4
t5

l6
I'l
l8
l9
2t
22

24

25

26

2a

30

3l
32

33

35

36

37

38

39

40

62*

63*

HE4BASI.F

HE4BAS2.F

HE4BAS3.F

HE4BAS4.F

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

na

na

na

nâ

na

HE4BAS5.F

HE4BASó-F

I 1.1

LO;t

t4.l
13.4

t0;t
10.0

13.5

tt.2
lo.'l
15.6

16.3

t4.4

9.1

9.9

t5.2

12.5

l6.l
13.9

13.5

16.6

12.7

9.9

12.6

l1;t
13.0

13.3

I 1.6

t2.'t

14.6

14.5

r0.6

l3.r
10.4

9.8

14.2

10.6

I 1.0

10.5

23.3

24.8

I l.l
1.5

19.3

t2.t
I 1.5

16.7

38.4

25.9

6.1

1.5

30.8

l9.l
471

22.6

2'1.1

39.9

18.5

9.5

17.0

t4.7

23.1

20.'I

t3.2

I't.l
28.1

24.4

ll.3
19.3

l0-4

9.3

22.1

I r.5

1+

1+

t+

l+
l+
2+

i+
l+
2+

2+

2+

l+
l+
2+

2+

2+

2+

2+

3+

2+

l+
2+

l+
2+

2+

l+
2+

2+

2+

l+
2+

l+
1+

l+

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

Blaoknæe Dace

Blacknse Dace

Blacknæe Dace

Black¡rose Dace

Blacknæe Dace

Black¡ræe Dace

Blackn6e Dace

Blacknøe Daoe

Black¡ræe Daæ

Blâcknce ì.jace

45

48*

49*

50*

5t*
52*

53*

54*

55*

56*

na

HE4BBDI.F

HE4BBD2.F

HE4BBD3.F

HE4BBD4-F

HE4BBD5.F

HE4BBD6-F

HE4BBD7.F

HE4BBD8.F

HE4BBD9.F

2.2

5.3

6.5

1.3

5.3

5.2

6.2

6.2

5.1

6.3

5.',|

6.1

1.A

5.8

5.6

6.7

6.6

5.'t

6.9

0.1

1.6

1.2

5.0

1.8

1.8

t.1

3.2

0+

2+

J+

4+

2+

1+

3+

3+

2+

3+



Table 46.2: Raw Biological Data on All Wild Fish Sampled at Heath Steele, August 1997

Station Species Fish Number Sample Nuinber
¡'oll(

Length
(cnr)

'I otâl
Length

(cnr)

wlrole
Weight

(e)
Aget
(v)

HMB
HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

HBIB

HBIB

HMB
HMB
HE4B

HE4B

HE4B

HE4B

HE4B

HE4B

Blacknce Daoe

Blacknwe Daæ

Blacknæe Dace

Blacknøe Daoe

Blacknæe Dace

5'14

58*

59*

60*

6l*

HE4BBDIO-F

HE4BBDII.F

HE4BBÞI2-F

HE4BBDT},F

HE4BBDt,l-F

6.4

5.5

6.5

6.4

4.9

't.o

ó.0

7.0

'1.0

5.3

3.4

2.0

3.6

3.0

r.2

3+

1+

3+

3+

l+
Brook Troú
B¡ook T¡or¡t

B¡ook T¡or¡t

B¡ook T¡out

B¡ook T¡ot¡t

Brook Troú
Brook T¡or¡t

Brook T¡or¡t

B¡ook Tlor¡t

Brook Troú
Brook Troú
Brook Troú
Brook T¡out

Brook Troìf
B¡ook Troìf

t2

20

23

2'l

29

34

4l
42

43

46

4'l

64*

65*

66*

6'1*

na

na

na

na

na

m
na

na

m
na

m
HE4BBTI-F

HBIBBT2-F

HE4BBT3-F

HE¿BBT¿.F

16.4

6.6

6.9

6.1

6.8

t7-'t

6.8

12.8

l0.l
6.4

5.9

14.0

ll.9
I 1.0

107

17.9

'1.0

7.t

6.4

'7.1

18.4

7.2

13.5

10.6

6.7

6.1

t4.9

t2;7

tt;7
I 1.3

52.3

3.0

3.6

2.5

3.0

60.8

3.3

22.1

10.7

12.8

2.0

28.7

19.0

t4.2

12.5

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd
nd

nd

nd

nd

nd

l-ake Chub 44 na 6;7 1n 3.3 nd

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5Â

HE5A

HE5A

HE5A

HE5A

HE5A

HB5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5¡.

HE5¡.

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5¡.

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

Á.tlmtic Salmon

Atlmtic Salmon

Atliltio Salmon

Atlmtio Salmon

Atlmtio Salmon

Atlmtio Salmon

Atlmtic Salmon

Atlmtio Salmon

Atlmtio Salmon

Atlmtio Saünon

Atlutic Salmon

Atlutio Salmon

Atlmtic Salnon

Atlufio Salmon

Atlutio Salmon

Atlmtio Saünon

Atlmtic Salmon

Atldtic Salmon

Atldtic Sâlmon

Atlmtic Salmon

Admtic Salmon

Atlmtio Salmon

Atlmtic Salmon

Atlmtic Salmon

Atlmtic Salmon

Atlmtio Salmon

Atlmtic Salmon

Atlmtic Salmon

Atlmtio Salmon

Atlmtic Salmon

Atlmtio Salmon

Atlmtic Salmon

Âtlmtic Salmon

Atlmtio Salmon

Admtio Sal¡non

Atlmtic Salmon

Atlmtic Salmon

Atlmtio Salmon

Atlarfio Saùnon

Atlartio Saftnon

Atlmtic Salmon

Atlmtic Salmon

Atlðrtic Salmon

Atlartic Salmon

Atlartic Salnon

Atlartic Salnon

Atlartìc Salmon

Atlartic Sahnon

At-lartio Saftno¡r

Atlartic Sal¡non

Atloìtic Sal¡non

Atlartio Saûno¡r

Atlortic Salmon

Atlartio Sal¡non

I
2

3

4

5

6

7

8

9

l5
t'l
l8
l9
20

2T

11

24

25

26

2'l

28

29

30

3l
32

33

34

35

36

3'1

38

39

40

4t
42

43

44

45

46

4't

48

49

50

5l

52

53

54

55

56

57

58

59

60

HE5AASI.F

HE5AAS2.F

HE5AAS3.F

HE5AAS4.F

HE5AAS5-F

HE5AAS6-F

HE5A¡.S7.F

HE5AAS8.F

HE5A.A.S9.F

na

na

na

na

na

na

na

na

na

na

tra

na

ila

na

na

na

na

tra

TA

tra

na

ta
na

na

m
na

m
na

na

¡E

na

na

na

na

na

tu
na

ru
ila

na

¡la

na

¡la

na

tu

12.8

l3.l
10.9

10.6

Û.7
8.8

10.2

7.A

13.8

12.5

o,
12.5

tt.2
I l.l
13.5

10.0

10.5

8.9

9.9

I 1.0

8.8

12.9

13.8

t2;1

10.0

8.5

9.0

8.0

6.4

6.1

10.3

8.9

8.0

8.9

4.2

8.1

5.8

a,
8.4

4.2

12.3

6.0

8.3

8.2

tt.2
9.3

10.3

9.2

9.2

8.0

8.9

9.3

8.7

10.0

14.3

r4.3

11.8

I i.3

9.6

i 1.3

8.5

t5.2

t3;l
10.2

13.9

12.3

I 1.8

14.8

10.8

I 1.4

9.1

10.6

12.2

9.6

14.2

t4.9

t3.2

I 1.0

9.3

9.'l

8.1

'7.0

6.6

tl;7
9;7

a;1

9;t
8.9

9.4

6.3

l0.t
9.t

8.9

13.2

6.4

9.2

8.8

12.2

10.2

I 1.3

l0.l
10.0

8.1

9.'1

l0.l
9.4

10.8

tro
30.0

15.9

l5.l
16.8

t2.3

5.1

27.6

24.8

8.3

25.0

15.3

14.0

28.9

I 1.0

12;1

8.6

9.3

l'1.3

'1.4

22.9

33.3

22;t

10.7

't.2

6.1

3.4

2;l
12;l

8_2

6.4

7.6

5.0

1-0

2.4

8.7

6.4

6.6

23.2

2.0

6.2

6.5

14.3

8.9

10.2

8.5

8.6

5.3

6.9

7.9

7.2

I 1.0

2+

2+

l+
1+

2+

l+
1+

1+

2+

Ir
2+

l+
l+
2+

l+
It
l+
l+
2+

lf

2+

2+

2+

l+
l+
l+
l+
0+

0+

l+
l+
l+
l+
l+
l+
0+

l+
l+
l+
2+

0+

l+
l+
l+
l+
l+
l+
l+
l+
l+
1+

l+
l+



Table 46.2: Raw Biological Data on All Wild X'ish Sampled at lleath Steele' August 1997

Station Species Fish Nurnber Sample Number
¡'oll(

Length
(cnr)

'l'otal
Length

(cnr)

Wlrole
Weight

(e)
Ag"'
(v)

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5Á,

HE5A

HE5A

HE5A

HE5.A.

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HESA

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5Á.

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HESA

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5Â

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HÊ5A

Atlmtic Salmon

Aümtio Salmn
Atlmtio Salmon

Atlmtio Salmon

Admtio Salmon

A.tlmtic SalÌnon

Atlmtic Salmon

Atlartic Salrun
Atlmtio Salmon

Âtlmtic Salmon

Atlmtic Salmon

Atlmtic Saùrcn

Atlmtic Salmon

Atlmtic Salmon

Atlutio Salmon

Á.tlmtio Salmon

Atlutic Salmon

Atlmtic Salmon

Atlmtio Salmon

Atlmtio Salmon

Atlmtio Salmon

Atlmtio Sa¡mon

Atlmtio Salmon

Atlmtic Salmon

Atlmtic Salmon

Atlmtio Salmon

Atlmtio salmon

Atlntic Salmon

6l
62

63

64

65

66

6't

68

69

70

7t
11

't3

14

16

17

18

'19

80

8l
83

84

85

86

81

88

89

M

m
na

m
na

na

lta

\
na

na

na

na

na

na

na

na

na

na

na

na

na

m
na

na

na

na

na

na

t2.5
't.5

t2-l
l1.5

9.2

8.1

10.2

9.2

9.0

12.l

10.5

13.2

t2.3

I 1.6

12.2

tt.1
12.3

9.3

t2;l
t2;l
tt;l
I t.8

9.9

5;l
a;l
9.4

a.1

t3.7

8.2

t3.2

t2.5

10.2

8.8

ILl
l0.l
9;t
13.2

t1;1

t4.4

13.4

t2.6

13.3

t2.6

13.4

t0.2

13.7

13.8

12.6

12.9

10.8

6.2

9.3

10.3

9.2

8.3

t9;l
4.5

t6.4

a-2

6.2

13.2

8.6

21.6

13.5

26.9

19.7

16.4

t9.4

t7.5

23.t

9.5

24.2

11 5

15.4

19.5

10.8

aa

6.5

9.8

7.1

5.6

2+

l+
2+

2+

It
l+
l+
l+
l+
2+

l+
2+

2+

2+

2+

2+

l+
2+

2+

2+

2+

l+
0+

l+
l+
l+
l+

Blaoknæe Dace

Blackn6e Daoe

Blacknæe Daæ

Blacknæe Dace

Blacknæe Dace

Blacknøe Dace

Blacknæe Dace

Blacknæe Dace

Blacknoe Daoe

Blacknme Dace

Blacknoe Dace

Blacknæe Daoe

Blacknæe Daoe

Blacknæe Dace

Blacknøe Dace

Blaoknæe Dace

Blaokn6e Dace

Blaclnse Dace

Blackn6e Dace

Blackn6e Dace

Blacknæe Dace

Blacknæe Dace

Blacknøe Dace

Blacknße Dace

Blackn6e Dace

Blacknæe Dace

Blackn6e Daoe

Blaclqræe Daoe

Blacknæe Daoe

Blacknqe Daæ

Blacknøe Daoe

Blaoknæe Dace

Blacle6e Dace

Blacknce Daoe

Blacknæe Dace

Blacknæe Dace

Blaoloræe Dace

BlaokrÌ6e Dace

Blacknme Dace

Rlacknose I)ace

Black¡¡ose Dace

Blac¡qr6e Dace

BlacknGe Daoe

Blacknæe Dace

Blaoknæe Dace

Blackn6e Dace

Black¡me f)ace

il8
t19

t20

t2l
t22

123

t24

r25

t26

t21

t28
Ito

130

l3t
132

133

134

135

136

t3'7

t38

139

t40

t4l
142

r43

t44
t45

t46
141

l¿8

t49

t50

t5l
t52

153

154

155

r56

r57

158

159

160

l6t
r62

163

164

HE5ABDT.F

HE5ABD2-F

HEs,ABD3.F

HE5ABD4.F

HE5ABD5-F

HE5ABD6-F

HE5ABDT-F

HE5ABD8-F

HE5ABD9-F

HE5ABDIO.F

HE5ABDI I-F

HE5ABDl2-F

HE5ABDI3.F

HE5ABDI4.F

HE5ABDI5.F

HE5ABDI6-F

HE5ABDIT.F
HE5ABDI8.F

HE5ABDI9.F
HB5ABD2O-F

HE5ABD2I.F

HE5ABD22.F

HE5ABD23.F

HE5ABD24.F

HE5ABD25-F

HE5ABD26-F

HE5ABD27.F

HE5ABD28.F

HE5ABD29.F

HESABD3O-F

HE5ABD3I.F

HE5ABD32.F

HE5ABD33.F

HE5ABD34.F

HE5ABD35.F

HE5ABD36.F

HE5ABD37.F

HE5ABD¡8.F
HE5ABTJ19.F

HE5ABD4O.F

HE5ABD4I-F

I]E5ABD42.F
na

¡!a

na

na

nâ

4.9

5.8

7.4

6.2

6.5

6.8

5.2

6.3

6.3

't.t

6.9

1.3

'1.4

'1.4

8.2

6.6

5.8

5.0

5.8

5.2

6.7

7.t

6.3

5.0

6.6

6.8

5.8

4.7

5.1

5.0

6.2

5.0

5.7

5.6

4.1

5.0

5.0

5.0

4.4

4.5

4.0

2.2

aa

2.4

2.6

2.1

6.2

7.9

6.5

't.6

7.9

'1.3

5.4

6.6

6.1

1.3

8.2

7.9

7.9

8.9

6.9

6.2

5.4

6.t

5.5

7.6

6.8

5.4

'1.1

't-3

6.1

5.0

5.5

5.3

6.6

5.3

6.2

ó.0

5.0

5.4

5.3

5.3

4.8

4.8

4.2

2.4

2.4

t.4
11

4.1

2.9

3.7

1.6

2.6

2.4

4.1

3.4

4_5

4.4

4;l
5.8

2.8

2.3

t.4

1.8

1.6

3.2

3.9

2.6

1.4

3.0

3.1

2.2

1.3

1.6

t.l
2.7

1.3

2.2

1.8

1.5

1.2

1.2

0.9

1.0

o.'7

0.2

0.1

0.1

0.1

0.1

l+

4+

2+

4+

2+

3+

2+

2+

2+

4+

3+

4+

4+

4+

-5+

2+

2+

1+

2+

l+
2+

4+

2+

l+
3+

3+

l+
l+
l+
2+

l+
2+

2+

l+
l+
l+
l+
l+
!+
1+

0+

0+

0+

0+

0+



Table 46.2: Raw Biological Data on All Wild Fish Sampled at Heath Steele, August 1997

Station Species Fish Number Sample Number
¡od(

Length
(cnù

'I otal
Length

(cnù

ì/Vhole
\ileiglrt

(e)
Ag"t
(v)

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HESA

HE5A

HE5A

HE5A

HE5A

HE5A

HESli
HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A

HE5A
HE5A

HE5A

HE5A

HB5A
HE5A

HE5A

HE5A

Brook T¡out

Brook Troìf
Brook Trout

B¡ook T¡oú
Brook Trorf
Brook T¡oú
Brook T¡out

B¡ook T¡out

B¡ook T¡out

B¡ook Ttorú

Bfook T¡ol¡t

Brook Trout

Brook T¡orú

B¡ook Troìf

l0
ll
t2
l3
l4
l6
a2

90

9l
92

93

94

95

96

na

HEsABTI-F

HE5ABT2-F

HE5ABT3-F

HE5ABT4-F

na

na

na

m
na

m
na

na

m

19.9

14.7

t3.2

13.0

t2.2

t't.2

10.7

5.0

10.4

4.6

6.t

5.8

4.2

6.1

20.7

15.5

14.0

13.6

12.'l

18.0

I 1.3

5_3

10.9

4.8

6.5

6.2

4.4

6.4

97.4

34;l

2't.t

23.0

20.9

61.0

13.5

1.6

I 1.4

t.2

3.0

2.6

0;7

2.4

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd
nd

Lake chub

Lake chub

Lake chub

Lake Chub

Lake Chub

I¿ke Chub

Lake Chub

Lake Chub

Lake Chub

Lake Chub

Lake Chub

Lake Chub

9'l
98

99

100

l0l
102

103

104

105

106

l0?
108

HE5ALCI-F

HE5ALC2-F

HE5ALC3-F

HE5ALC4-F

HEsALC5.F

HE5AI,C6.F

HEsALCT-F

HE5ALC8-F

HE5ALC9-F

HEsAlCIO-F

HE5ALCII.F
HÊsALCI2.F

ll.3
I1.8

I 1.0

I l.l
ll.0
10.4

t2.t
10.2

6.8

7.0

5.8

6.8

12.4

12.2

I 1.8

12.0

t 1.8

tt.2
13.0

r l.l
'1.3

'1.6

6.2

1.3

1.0.9

22.0

20.9

18.4

19.8

129.0

tr1
15.0

3.6

3.9

11

3.6

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd
nd

nd

Creek Chub

creek Chub

creek Chub

ll0
llt
tt2

na

na

na

5.4

5.0

4.2

5.'t

5.3

4.6

1.6

t.4

0.9

nd

nd

nd
g-Spine Stioklebaok 109 na na 5;t 1.4 nd

Slimy Sculpin

slimy Sculpin

slimy Sculpin

slimy Sculpin

slimy Sculpin

It3
ll4
ll5
n6
t11

na

na

na

na

na

na

na

na

na

na

'1.9

1.3

3.0

3.5

3.5

5.3

4.4

0.3

0.4

0.4

nd

nd

nd

nd

nd

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HEsB

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

Atlmtio Salmon

Atlmtio Salmon

Atlmtio Salmon

Atlmtic Saftnon

Atlmtio Salmon

Atlartio Salmon

Atlmtio Salmon

Admtic salson

Atlmtic Salmon

Atlmtio Salmon

Atlmtic Salmon

Aûmtic Salmon

.A.tlmtic Salmo¡l

Atlmtic sdson
Atlmtio Salmon

Atlmtio salson

Atlmtio Salmon

Atlmtio Salmon

Atlmtio satmon

Âtlmtio Salmon

Atlutio Salmon

Atlutio Sal¡non

Atlmtio Saùnon

Atlmtio Sal¡non

Atlartio Sal¡non

Atlmtic Salmon

-Atlmtic Salmon

Atlmtio Salmon

Atldrtic Salmon

Atlmtic Salmon

Atldrtic Sahnon

Atlmtic Sal¡non

Atlmtic Sah¡on

Adartio Sahno¡r

Adartic Salmon

Âtlmtic Sal¡no¡r

Atlartic Sal¡non

Atlmtic Sal¡non

Atlartio Salmon

Atlartic SaLnoIr

I
2

3

4

5

9

l0
ll
l2
l3
t4
l5
ló
l'1

l8
l9
23

15

26

28

29

30

3l
12

33

34

35

36

3'1

38

39

45

46

4'1

48

49

50

5l
52

HE5BAST.F

HE5BAS2.F

HE5BA53-F

HE5BAS4-F

HE5BA55.F

na

na

na

na

na

na

na

na

na

na

na

na

na

na

HE5BASó-F

na

na

na

na

IE

na

na

na

na

na

na

na

na

na

na

na

na

na

na

lm

12.0

12.0

10.5

10.8

10.8

t2.9

13.6

t3.2

t2.5

13.1

t2.3

13.7

12.5

12.4

t2.5

t3.2

12.6

t2.9

t2.t
12.0

12.4

I 1.6

t l.ó

12.0

lt.8
10.7

I 1.4

12.0

I 1.0

I 1.4

a.'t

10.0

t0.'l

9.9

9.7

to.2

10.2

10.2

9.0

10.8

13.0

t3.2

I 1.4

I t.6

tt;7
14.0

15.0

14.2

13.7

14.3

13.6

15.0

13.6

t3.'t

l3.l
14.5

14.0

l4.l
13.3

13. I
13.6

t2.7

12.8

13.0

12.6

I 1.6

t2.4

l3.l
12.r

t2.3

9.4

10.8

I t.6

10.7

10.5

I l.t
tr.2
I 1.0

9.9

I t.8

2t.3

20.3

t3;l
13.8

14.1

23.0

29.2

25.9

24;7

25.8

19.4

28.8

22.4

23.5

22..0

25.4

21.0

20.3

19.8

18.9

l8.l
tr1
18.7

I'1.4

19.0

18.5

t5.4

t7.9

6;1

I 1.8

13.3

10.8

9.7

I 1.6

12.0

12.9

9.5

14.0

2+

2+

1+

1+

1+

2+

2+

2+

2+

2+

2+

2+

2+

2+

2+

2+

2+

2+

2+

2+

2+

2+

2+

2+

l+
2+

2+

2+

2+

l+
l+
l+
l+
l+
l+
l+
1+

l+
l+



Table 46.2: Raw Biological Data on Atl Wild Fish Sampled at Heath Steele, August 1997.

Sfation Species Fish Nr¡¡nber Sample Number
¡ort{

Length
lqn)

'l'otâl
Length

lcnr)

Whole
Weiglrt

(s)
Ag"'
tu)

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HB5B

HEsB

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HEJB

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HESB

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

Atlmtic Salmon

Atlmtic Salmon

,A.tlmtio Salmon

Atlmtic Salmon

Atlmtio Salmon

Atliltio Salmon

Atlmtic Salmon

Atlmtic Salmon

Atlmtic Salmon

Atlmtic Salmon

Atlmtic Salmon

Atlmtic Salmon

Atlmtic Salmon

Atlmtic Salmon

Atlmtic Salmon

Atlmtio Sal$on

Atlmtio Salmon

Atlmtio Salmon

Atdtic Salnon

Atætio Salmon

Atlmtio Sa.lson

Atlutio salmon

Atlmtio salaon

Atlmtio Salmon

Atlmtio Salmon

Atlmtic Salmon

Atlmtic Sahnon

Aumtic Salmon

Atlmtic Sal¡non

Atlmtic Salmon

Atlmtia salmon

Atlmtio Salmon

Atlmtic Salmon

Atletic Salmon

Atldtic Sâlmon

53

54

55

56

5'l

58

59

60

6l
62

63

64

65

66

61

68

69

10

7t
72

74

75

'16

't'l
't8
'19

80

8l

83

84

85

86

8'7

na

na

na

m
na

m
na

m
na

na

na

m
na

na

m
na

na

na

na

na

na

na

M

na

na

na

na

na

na

m
na

na

na

na

na

10.3

9.I

8;l
9.5

9.3

8.6

9.0

8.5

8.5

10.8

9.0

8.4

8.4

9.0

'1.5

5.6

6.0

6.1

5.5

5.3

5;1

5.9

6.4

5.4

6.1

5.0

ó.0

5.1

6.0

5.1

5;l
6.1

6.0

6.1

5.6

I 1.3

10.0

9.3

10.4

10.3

9.4

9.7

9.3

9.3

I 1.9

9;l
9.2

9.1

9.9

8.2

6.2

ó.5

6.6

6.0

5.6

6.1

6.3

7.0

5.8

6.4

5.5

6.4

6.1

6.4

5.5

6.1

6.5

6.5

6.5

6.1

l4.l
10.0

6.8

I l.l
10. I

8.4

'1.9

6.6

'1.4

14.0

8;l
'1.1

6.2

8.6

4.8

11

?a

3.1

2.4

2.0

2.7

2.t
2.7

1.9

2.9

2;l
1.6

3.1

2.8

3.1

2.2

l+
l+
l+
l+
l+
l+
l+
l+
l+
2+

l+
lf

l+
l+
l+
0+

0+

0+

0+

0+

0+

0+

0+

0+

0+

0r
0+

0+

0+

0+

0+

0+

0+

0+

0+

Blackn6e Daoe

Blacknose Daoe

Blacknøe Daoe

Black¡G€ Dace

Blackn6e Dace

Blacknæe Dace

Blacknæe Dace

Blackn6e Dace

Blacknme Dace

Blacknæe Dace

Blacknæe Dace

Blackn6e Dace

RlâcknGe Daæ

Blacknøe Dace

Blacknæe Dace

Blackn6e Dace

Blackn6e Dace

Blackn6e Dace

Blaclar6e Dace

Blaolqr$e Dace

Blackn6e Dace

Blaokn6e Dace

Blacknse Dace

Blackn6e Dace

Blackn6e Daoe

Blacknæe Dace

Blackn$e Dace

Black¡rGe Dace

Blacknose Dace

Black¡ræe Daoe

Blacknæe Dace

Blaolq6e Dace

Blaclqìce Dace

Blacknose Dace

Blacknose Daoe

Blacknæe Dace

Blacknøe Dace

Blacknse Dace

Blacknose Dace

Blaclqræe Dace

6

7

90

9l
92

93

94

95

96

9',7

98

99

100

l0l
102

103

104

105

106

tÛ'l

108

109

ll0
lll
tt2
lt3
l14

l15
ll6
tt1
ll8
n9
120

t2l
122

123

t24

t25
t26

r21

HE5BBDI-F

HE5BBD2-F

HE5BBD3.F

HE5BBD4-F

HE5BBD5-F

HE5BBD6.F

HE5BBDT-F

HE5BBDs-F

HE5RBD9-F

HE5BBDIO.F

HE5BBDlI.F

HE5BBDI2.F

HE5BBDI3-F

HE5BBDI4.F

HE5BBDI5.F

HE5BBDI6.F
HE5BBDIT-F

HE5BBDl8.F
HE5BBDI9-F

HE5BBD2O-F

HE5BBD2I-F

HE5BBD22.F

HE5BBD23.F

HE5BBD24-F

HE5BBD25.F

HE5BBD26-F

HE5BBD27-F

HE5BBD28.F

HE5BBD29-F

HE5BBD3O-F

HE5BBD3I-F

HE5BBD32-F

HE5BBD33-F

HE5BBD34-F

HE5BBD35-F

HE5BBD36.F

HE5BBD37.F

HE5BBD38.F

HE5BBD39.F

HE5BBD4O.F

8.0

6.5

6.5

1.0

'1.5

6.5

6.3

6.9

6_l

6.9

6.5

5.1

6.0

6.5

4.9

5.0

5.5

5.0

4.9

6.9

6.4

5.5

5.3

7.3

6.9

4.9

6.3

6.1

6.2

4.6

5.3

5.2

5.3

4.1

5.2

5.0

4.'l

4.9

5.2

8.6

't.o

6.9

'7.5

8.0

'7.0

6.6

7.6

'1.3

6.5

1.4

6.9

5.5

6.3

6.9

5.2

5.3

5.8

5.3

5.2

'7.4

6.9

5.9

5.6

1.9

'1.4

5.2

6.7

6.6

6.6

4.9

5.6

5.6

5.6

5.0

5.6

5.5

5.0

5.2

56

6.3

3.4

2.9

4.4

5.3

3.5

2.9

4.6

3.9

3.1

4.9

3.2

1.6

2.9

3.3

1.5

1.5

2.2

1.5

1.4

3.8

1.9

1.9

4.4

3.6

1.6

3.4

2.6

r.2

1.8

2.t

1.8

t.2

1.6

t.'7

1.3

t.2
l7

5+

3r
2+

4+

5+

3+

2+

5+

3+

2+

4+

3+

l+
2+

2+

l+
It
2+

l+
1+

3t
3r
l+
l+
4+

3+

l+
2+

2+

2+

1+

l+
l+
l+
l+
l+
l+
l+
It
l+



Tabte 46.2: Raw Biological Data on All Wild Fish Sampled at Heath Steele, August 1997

Station Specles Fish Number Sample Number
I'oll(

Length
(cnù

'I'otâl
Length

(cnr)

\ryhole
lileight

(e)
Ag"t
(v)

HE5B

HÊ58

HE5B

HE5B

HE58

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HE5B

HESB

HE5B

HE5B

HE5B

Blacln6e Dace

Blaclnøe Daæ

Blacknæe Daæ

Blacknøe Dace

Black¡ræe Daoe

Blackræe Daoe

128

t29

130

l3l
132

134

HEsBBD4I.F

HB5BBD42.F

HE5BBD43.F

HE5BBD44-F

na

na

4.5

6.7

5.2

3.0

2.t
,a

4.9
1a

5.5

3.2

2.3

2.3

l.l
3.6

1.6

0.4

0.1

0.1

l+
3+

l+
0+

0+

0+

Brook Troìf
Brook Troli
Brook Troú
Brook Trorf

Brook Trorf
Brook Troú

20

2l
22

24

88

89

HE5BBTI.F

HE5BBT2.F

HE5BBT3.F

na

na

na

l3.t
14.2

15.3

16.4

6.3

'7.3

t3.7

15.0

t6.2

18.5

6.5

24.5

31.6

40.3

55.7

2.3

4.2

nd

nd

nd

nd

nd

nd

Lake Chub

Lake Chub

Lake Chub

I¿ke Chub

Lake Chub

Lake Chub

Lake Chub

I¿ke Chub

40

4t
42

43

44

135

136

t3'l

HE5BLCI-F

HE5BLC2.F

HE5BLC3-F

HE5BLC4-F

HE5BLC5.F

na

na

m

ll.8
tt.2
10.3

lt.7
I l.l
'1.5

't.t

6.8

t2;1

12.2

t 1.2

t2.6

12.l

8.3

7.8

7.5

22.0

t9.l
15.0

19.0

t'!.2

4.5

4.7

3.4

nd

nd
nd

nd

nd

nd

nd
nd

\tîite Suoker 8 m 15.0 l6.r 44.2 nd

C¡eek Chub 133 na '1.0 7.6 4-0 nd

HRIA
HRIA
HRIA
HRIA
HRIÂ
HRIÂ
HRIA
HRIA
HRIA
HRIA
HRIA
HRIA
HRIA
HRIA
HRIA
HRIA
HRIA
HRIA
HRIA
HRIA
HRIA
HRIA
HRIA
HRI,A.

HRIA
HRIA
HRIA
HRIA
HRIA
HRIA
HRIA
HRIA
HRTA,

HRIÂ
HRIA
HRIA
HRIA
HRIA
HRIA
HRIA
HRIA
HRIA
HRIA
HRTA.

HRIA
HRIA.

HRIA
HRIA
HRIA
HRIA
HRIA
HRIA
HRIA

Blacknme Dace

Blacknæe Dace

Blacknme Dace

Blacknæe Dace

Blacknæe Daoe

Blackn6e Daoe

BlacknGe Dace

Blaoknæe Dace

Blaoknme Dace

Blaoln6e Dace

Blacknæe Dace

Blacknæe Dace

204

205

206

207

208

209

210

2D
2t2
213

2t4
715

HRIABDI.F
HRIABD2-F

HRIABD3-F

HRIABD4-F

HRIABD5.F

HRIABD6-F

HRIABDT.F

HRTABDs.F

HRIABD9.P
HRIABDIO.F

HRIABDII.F
HRIABDI2-F

5.8

't.r

4.6

6.9

6;l
6.8

6.6

6.6

6.0

5.3

5.7

6.3

7.8

7.6

5.0

7.4
'1.2

1.3

7.1

t.L

6.5
<1

6.1

1.9

4;t
4.3

l.l
4.0

3.1

3.6

3.2

t.7

2.1

l+
4+

4+

l+
3+

3+

3+

3+

l+
2+

Brook T¡otf
B¡ook T¡ot¡t

B¡ook Tlout

Brook Trout

B¡ook T¡orf

B¡ook Trout

B¡ook Trord

Brook T¡oú
Brook Trout

Brook T¡out

Brook Trorf

B¡ook Trout

B¡ook Trout

Brook Troú
Brook Tlout

B¡ook Trorf
Brook Troú
B¡ook T¡orf

B¡ook TrorÍ

Brook Troìf
Brook Troú
Brook Trout

Brook Troú
Brook Tror¡t

Brook Trout

Brook T¡or¡t

Blook T¡or.t

B¡ook T¡otf
B¡ook T¡out

Brook Trorl
B¡ook T¡ot¡t

B¡ook Trout

Brook Trout

B¡ook T¡out

B¡ook Trout

Brook Tror¡t

Brook T{out

Brook Tror¡t

Brook Trout

B¡ook T¡out

B¡ook Trout

I

2

3

4

5

6

1

8

9

l0
ll
12

ll
t4
l5
l6
t'7

l8
t9
20

2l
22

23

24

25

26

27

28

29

30

3l
32

34

35

36

3'7

l8
39

40

4L

HRIASTI-F

HRIABT2-F

HRIABT3.F

HRIABT4-F

HRIABT5-F

HRIABT6.F

na

na

na

na

na

na

na

na

na

na

na

m
na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

nâ

13.6

13.9

t4.2

13.0

12.8

I1.8

18.0

16.8

t5.4

I t.8

10.9

t2.L

I.l

6.1

10.0

6;7

7.1

ll.3
6.9

10.7

6.9

11

6.2

6.1

6;7

6.5

6.5

'1.1

'L6

6.3

7.t

7.4

'1.9

6.3

t0.2
't.'t

't.o

'1.1

10.3

10.9

6.8

t4.2

14.6

14.8

13.1

13.6

t2.3

18.6

t't.5

l6.l
12.3

I 1.5

t2.8

7.5

6.4

10.5

'1.5

t2.0
1.3

I l.l
'1.3

'1.6

6.5

'1 -0

6.9

6.8

7.4

8.1

6.6

'1.5

1.'t

8.3

6.6

10.7

8.0
'1.4

1.6

to;1

I t.5

7.1.

26.0

29.9

12.5

25.9

22.4

19.6

75.0

55.2

40.4

18.9

I 1.9

20.0

4.5

2.6

t0.8

3.5

4.0

15.5

4.2

t4.5

4.2

4.6

3.1

4.2

4.t

3.5

2.4

4.'l

4.8

3.1

4.0

4.6

5.'7

3.1

I 1.5

6.1

4.0

4.8

I 1.5

lr.4
3.3

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd
nd

nd

nd

nd

nd

nd

nd

nd

nd

nd
nd

nd

nd

nd

nd

nd

nd

¡rd

nd

nd

nd

nd

nd

nd

nd
nd

nd

nd

nd

nd

nd



Table 46.2: Raw Biological Data on AII Wild Fish Sampled at Heath Steele, August 1997.

Station Species Fish Nru¡rber Sample Number
ttott(

Length
(cnù

'l otal
Length

lcnr)

Wlrol€
Weight

ls)
Age'
(v)

HRIA
HRIA
HRlA
HRIA
HRIA
HRTA

HRIA
HRIA
HRIA
HRtA
HRIA
HRIA
HRIA
HRTA

HRIA
HRIA
HRIA
HRlA
HRIA
HRlA
HRIA
HRIA
HRIA
HRIA
HRIA
HRIA
HRIA
HRIA.

HRIA
HRIA.

HRIA
HRIA
HRIA
HRIA
HRIA
HRIA
HRIA
HRIA
HRlA
HRIA
HRlA
HRlA
HRI.{
HRIA
HRIA
HRIA
HRIÂ
HRIA
HRIA
HRIA.

HRIA
HRIA
HRIA
HRI,ê.

HRIA
HRIA
HRIA,

HRlA
HRIA.

HRIA
HRIA
HRIA
HRIA
HRIA
HRIA
HRIA
HRIA
HRIA
HRIA
HRIA
HRIA
HRIA
HRIA
HRlA
HRIA

B¡ook Troú
Brook Trorú

Brook T¡orü

B¡ook T¡or¡t

Brook Trotd

Brook Trorf

Brook Trorf

B¡ook Trorf

B¡ook T¡out

Brook Trout

Brook T¡out

B¡ook Trorú

Brook Troli
Brook Trorú

Brook Trorf

Brook T¡orf

Brook T¡oú
Brook Tront

Brook T¡oú
Brook Troú
B¡ook T¡orf

B¡ook Trout

B¡ook Trout

Brook Troìf
B¡ook Trout

B¡ook Trout

Brook Trout

B¡ook T¡or¡t

B¡ook T¡out

Blook Troú
Brook Tror¡t

B¡ook Trout

Brook T¡out

Rrook Troú
B¡ook Trout

Brook Trout

Brook T¡or¡t

B¡ook T¡or¡t

Brook Troú
Brook Tror¡t

B¡ook Troìf
R¡ook Trout

Brook Trout

Brook T¡otú

Brook Tror¡t

B¡ook T¡otú

B¡ook Trout

B¡ook Troú
Brook Trout

Brook Trout

Brook Troú
Brook Trout

B¡ook Tror¡t

B¡ook T¡out

Brook Troú
Brook Tror¡t

Brook Tror¡t

B¡ook Troú
Brook Trout

Brook TroÌ¡t

Brook Trout

Brook Tror¡t

Brook Trout

B¡ook T¡ot¡t

B¡ook T¡otf
Brook Trout

Brook Troú
Brook T¡oú
Brook Tror¡t

Brook Troú
Brook Trout

Brook T¡out

Brook T¡out

Brook T¡out

Brook Tror¡t

42

43

44

45

46

47

48

49

50

5l
55

56

57

58

59

60

6l
62

63

64

65

66

6't

68

69

70

'n
'72

74

75

16

7'l
78

't9

80

8l
9a

83

84

85

86

8'l
88

89

90

9l
92

93

94

95

96

97

98

99

100

l0l
102

109

ll0
llt
Lt2
ll3
ll4
ll5
lt6
ll7
118

ll9
120

t2t
t22

l2l
t24
t25

na

na

na

na

na

na

na

na

na

m
m
m
ro
na

m
na

m
na

m
m
na

na

na

na

na

na

tra

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

na

na

na

na

na

na

na

na

\a
na

na

na

na

na

¡ta

¡E

na

na

na

na

na

na

ila

6.4

6.7

6.0

6.3

6.ó

19.9

13.6

6.2

l5.t
12.0

12.t

I 1.0

12.1

ILl
10.0

14.8

I 1.8

'1.5

1.6

8.5

6.1

6.7

6.6

1.0

6.0

'1.2

6.3

i 1.0

6.6

'1.2

6.6

7.3

6.3

5.9

5.1

7.4

5.6

6.1

6.3

6.4

6.1

5.9

ó.9

1.4

6.7

6.2

1.4

6.8

6.5

7.0

6.2

6.2

11.0

t4;t
10.9

13.0

12.5

10.0

l0.l
6.3

6.8

6_9

7.0

6.1

6.9

5;t
6.8

5.9

6.4

5.5

7.0

6.3

6;7
't.4

6.8

6.9

6.3

6.6

6.9

20.9

14.2

6;7

15.7

12.6

12.8

Lt.7

13.3

I t.8

10.6

15.6

t2.5

8.0

7.9

I 1.0

7.0

7.0

7-0
't.3

6.4
'1.6

tt.7
'1.0

7.'I

7.1

7.6

6.6

6.3

5.5

8.1

ó.0

6.3

6.7

6.7

6.4

6.3

't.3

'1.A

'1.'I

't.l

6.6

7.8

'1.1

6.'t
'1.4

6.6

6.6

t'¡.6
t5.3

l 1.5

L1;t

13.0

10.6

10.6

6.'l
't.l
'1.2

6.3

7.2

6.0

't.t

6.2

6.1

5.'t

7.3

't.r

7.8

2.4

3.4

2.5

2.6

3.1

109.8

25.8

2.6

43.5

2t.6

18.8

15.0

26.2

t3.1

10.3

32.1

18.5

5.6

5.3

tt.1
3.4

3;l
,o
4.3

3.2

4.3

l4.t
3.8

3.9

3.1

4.1

2.8

1.6

5.1

2.2

2.4

2.4

3.0

2;l
2.6

3.5

4.5

3.9

3.8

2.9

5.5

3.5

2.3

3.6

3.0

2.4

52.8

30.4

15.0

19.8

19.9

10.9

13.0

1.2

3.6

2.4

¿.1

3.5

2.0

3.t

1.2

2.0

3.8

1.2

2.9

4.6

nd

nd

nd

nd
nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

Id
nd

nd

nd

nd

nd

rÌd

nd

¡rd

nd

¡td

¡rd

nd
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Table 46.2: Raw Biological Data on All Wild Fish Sampled at Heath Steele' August 1997.

Sfation Species Fish Number Sample Number
li otl(

Length
(cnr)

'I otål
Length

(cm)

wlrole
\ileight

(e)
Agu'
(v)

HRllt
HRllt
HRllt
HRI¡.
HRIA
HRIÂ
HRIA
HRIÂ
HRIA
HRIA
HRlA
HRIA.

Lake Chub

Lake Chub

Lake Chub

Lake Chub

200

201

202

203

tra

na

na

na

6.4

6;l
4.7

5.3

'1.0

't.3

4.9

5.7

2.9

3.ó

0.9

1.6

nd

nd

nd

nd
!flhit€ Suoker

White Sucker
'White Sucker

white Sucker

Wlúùe Sucker

rühióe Sucker

White Sucker

Whiþ Suoker

103

104

105

106

t0'l
108

t70
184

na

na

na

na

na

na

na

na

t5.2

12,8

13.4

12.3

13.5

I l.r
't.6

l6.l
13.5

t4.2

13.2

t4.2

I 1.9

7.9
'1.9

40.8

26.6

31.9

23.8

30.4

t7.t
4.6

5.3

nd

nd

nd

nd

nd

nd

nd
nd

HRIB

HRIB

HRIB
HRIB

HRIB

HRIB
HRIB

HRlB
HRIB

HRIB

HRIB

HRIB

HRIB

HRIB
HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB
HRIB

HRIB

HRIB

HRIB

HRlB

HRIB

HRIB

HRIB
HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRlB

HRIB

HRIB
HRIB

HRIB

HRIB
HRIB

HRIB

HRIB

HRIB

HRIB
HRIB

HRIB

HRIB

HRIB

HRIB
HRIB

HRIB

HRIB
HRIB

HRIB

HRIB

HRIB
HRIB

HRIB
HRIB

Blacknse Daoe

Blaoknæe Dace

Blaoknce Dace

Blaoknce Dace

Blaoknme Daæ

Blacknqe Dace

Blacknqe Dace

Blaoknce Dace

Blaokn6e Daæ

Blaoknæe Daæ

Blackn6e Dâce

Blacknæe Daæ

Blacknæe Dace

Blacknæe Dace

Blacknæe Dace

Blaoknoe Dace

Blacknce Þace

Blacknøe Daæ

Blacknøe Dace

Blacknøe Dace

Blacknce Dace

Blackn6e Daæ

Blacknæe Dace

Blacknøe Dace

Blaoknçe Dace

34

I38

139

140

l4r
t42
t43

IM
145

146

t4't
l,a
149

150

l5l
t52
153

t54
155

l5ó

l5'7

158

159

160

l6l

HRIBBDl.F

HRIBBD2-F

HRIBBD3-F

HRIBBD4F

HRIBBD5.F

HRTBBD6.F

HRIBBDT.F

HR¡BBD8.F

HRIBBD9.F

HRIBBDIO.F
HRIBBDII.F
HRIBBÐI2.F

HRIBBDI3.F

HRIBBDI4.F

HRlBBDT5-F

HRIBBDT6.F

HRIBBDl?.F

HRIBBDIs.F

HRIBBDI9.F

HRIBBD2O.F

HRIBBD2T.F

HRIBBD22.F

HRIBBD23-F

HRIBBD24.F

HRlBBD25.F

7.0

'7.3

6.9

6.0

6.5

5.1

5.1

5.4
a1

6;1
'1.4

5.3

5.4

5.4

5.6

6.7

4.8

5.8

5.1

'1.3

5;l
5;l

't.5

7;I
7.2

6.3

't.l
6.9

5.4

5.4

5;t
1.5

'7.2

1.4

5.',l

5.'7

5.7

6.0

'1.0

5.0

6.t

5.3

6.0

'1.7

6.0

6.0

5.5

4.0

4.6

3.6

1.8

3.1

3.3

1.6

1.8

1.9

3.9

4.5

1.5

1.3

1.4

1.8

3.2

1.0
al

1.4

1.8

4.0

2-0

1.8

1.6

4+

4+

3+

2+

3+

3+

l+
l+
1+

4+

3+

4+

l+
l+
l+
2+

3+

l+
2+

l+
l+
4+

2+

2+

l+

Brook T¡out

Brook T¡or¡t

R¡ook T¡otf
Brook Trout

Brook Troìf
Brook Trcut

B¡ook Troú
Brook Troú
Brook Trout

Brcok T¡oì¡t

Brook Troìlt

B¡ook Trout

B¡ook Trout

B¡ook T¡or¡t

Brook TrorÍ
Brook Troif
Brook TroÌd

Brook Troú
B¡ook Tior¡t

B¡ook T¡out

Brook Troú
Brook T¡out

Brook T¡out

B¡ook T¡or¡t

Brook Trotf
Brook Tlout

Brook Trout

Brook TroÙt

Brook Trotf
Brook T¡ot¡t

B¡ook T¡out

Brook Trout

Brook Trout

Brook Trout

Brook T¡or¡t

Brook Tror¡t

Brook Trotl
Brook Trout

I
2

3

4

5

ó

'l
8

9

IO

1l

l3
t4
l5
l6
t'7

l8
l9
20

2l
22

23

24

25

26

2a

29

30

35

36

3't

38

39

40

4t
42

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

m
na

na

na

na

m
na

na

na

na

na

na

na

na

HRIBBTI-F

HRIBBT2.F

HRIBBT3-F

HRIBBT4.F

na

na

na

na

6.3

5.8

6.5

5.2

6.0

6.1

5.6

'1.0

6.2

6.4

ó.5

6.7

6.3

5.3

5.6

6.5

6.3

6.1

'7.3

5.1

6.8

4.8

5.5

6.3

7.6

6.4

6.1

6.2

1.8

t2.5

12.3

t2.3

12.5

t2.4

t5.2

l3.l
12.4

6.6

6.0

6.8

5.4

6.3

6.4

5.9

1.3

ó.5

6.9

6.9

'7.0

ó.6

5.5

5.8

6.9

6;l
6.4

1;t
6.0

7.2

5.0

6.0

5.7

6.6

1.9

6;1

6.4

6.5

8.5

lr_ I
12.8

t2.9

t1.2

l3.t
l6.l
13.8

13.0

2.3

2.4

l.'l
2.5

2.4

2.1

4.4

2.9

3.0

3.8

2.8

1.9

3.3

3.t

2.3

4.5

1.3

2.4

1.8

2.4

3.1

2.8

2.6

2_4

5.ó

21.2

21.5

22.3

21.9

19.6

18.7

24.0

26.5

nd

nd

nd
nd

nd

nd

nd

nd

nd

nd

nd

nd

nd
nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

¡rd

nd

nd

¡rd

nd

nd

nd

nd

nd

nd

¡rd



Tabte 46.2: Raw Biological Data on All Wild Fish Sampled at Heath Steele, August 1997.

Station Species Fish Number Sample Nunrber
¡ol'(

Lengfh
(cnr)

'l otâl
Length

(cm)

Wlrole
Weight

(e)
agut
(y)

HRlB
HRIB

HRIB

HRIB

HRtB

HRTB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB
HRIB

HRIB

HRIB

HRIB
HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB
HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB
HRIB

HRIB

HRIB

HRIB
HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB
HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB
HRIB

HRIB

HRIB
HRIB

HRIB

HRlB
HRIB
HRIB

B¡ook Troú
Brook Troú
Brook Trorf

Brook Trorú

Brook Troìú

Blook Trout

Brook Troìû

B¡ook Trout

Brook Trout

Brook Troú
Brook Troú
B¡ook Trout

B¡ook Trorú

B¡ook Trorf

B¡ook Tror¡t

B¡ook Troìf
Brook Troì¡t

Brook Troìf
B¡ook Tror¡t

Brook Trorf

Brook Trorf
Brook Troú
Brook Trout

Brook T¡orf

Brook T¡o¡f

Brook Trout

Brook Troú
Brook Tror¡t

Brook Troú
B¡ook Troú
B¡ook Trout

Brook T¡oú
B¡ook T¡orú

Brook Trorú

Brook T¡out

Brook Trout

Brook Tror¡t

Brook Tror¡t

Brook T¡ot¡t

B¡ook Trout

B¡ook Troú
Brook T¡out

B¡ook Trout

Brook Trout

B¡ook T¡out

B¡ook Trout

Brook Trout

Brook Trout

Brook Trcut

Brook Troì¡t

Brook Troú
Brook Troú
B¡ook Trout

Brook Troú
B¡ook T¡or¡t

Brook Troú
Brook T¡olf
B¡ook T¡or¡t

Brook Trout

Brook Tror¡t

Brook Trout

B¡ook Trout

Brook T¡oú
B¡ook Trout

B¡ook T¡out

Brook T¡out

B¡ook Trout

B¡ook Trout

B¡ook T¡out

Brook Trout

Brook Trout

Brook Troût

Brook Trout

B¡ook T¡out

B¡ook Trout

43

44

45

46

4'7

48

49

50

5t

53

54

55

56

51

58

59

60

6l
62

63

64

65

66

6'l

ó8

69

'10

7t
72

't3
'14

'15

'16

't'l
't8

't9

80

8l
a2

83

84

85

86

a7

88

89

90

9l
92

93

94

95

96

9'l
98

99

100

l0r
t02

103

104

105

106

r07

108

t09

ll0
lll
tt2
l13
114

ll5
l16
t11

na

na

m
m
m
na

na

na

na

na

na

na

na

na

n¿

m
na

na

m
na

m
na

na

na

na

na

\a
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

na

na

na

na

na

na

m
na

na

na

na

na

na

na

na

na

na

na

lâ

TA

la

t2.6

10.7

ll.5
tt.7
10.8

10.8

9.8

8.1

8.5

5.9

7.0

7.7

6.3

6.t

6.6

6.3

4.9

5.6

5.2

7.5

6.1

7.3
'7;t

6.4

6.5

6.5

6.7

6.6

6.0
'1.3

7.6

6.9

5.3

6.3
'1.0

'1.9

6.1

6.1

't.8

5;7

6.6

6.4

6.3

7.5
't.t

6.2

6.4

6.9

7.1

6.3

ó.1

5.7

6.5

6.8

5.8

7.0

ó.5

6.1

1.4

6.3

7.2

6.5

6.5

7.2

5.1

'1.5

5.9

6.9

5.9

1.2

1.4

6.0

12.2

13.2

tt.2
12.2

t2.4

I 1.4

I 1.5

10.3

8.6

8.9

6.2

8.3

7.8

6.6

6.3

6.9

6.6

5.2

6.0

5.5

'1.9

6.4

7.8

8.1

6.7

6.8

6.8

7.2

6.9

6.2

't;1

'1.9

1.3

5.5

'1.4

8.2

8.'l

6.4

8.2

6.1

6.9

6.8

6.1

8.0

7.5

6.5

6.6

'1.2

1.4

6.5

6.4

6.0

ó.8

't.l
6.1

1.4

6.8

6.4

8.2

6.5
'1.6

'7.4

6.8

't.5

5.3

1.4

6.2

't.l

6.1

'1.5

8.1

6.3

t'|.4

21.1

t4.6

18.4

t'7.9

13.3

13.2

9.4

5.6

't.4

2.5

3.8

5.4

4.1

2.6

3.4

3.0

1.6

1.4

3-8

a,

4.0

5.4

3.5

2.7

3.0

4.0

2.8

2.5

4.8

5.2

3.6

1.8

3.1

3.7

5.5

4.0

2.6

5.1

2.3

3.1

2.7

2.8

5.1

4.0

2.6

2.9

3.9

3.5

2.4

2.2

3.4

1.2

2.0

4.1

2.4

2.4

5.t
2.'l

4-5

4.'t

2.7

3.0

3.8

1.3

4.3

2.0

3.9

2.3

4.'7

5.3

26

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd
nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

¡rd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd
nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

¡rd

nd

nd

nd

nd

nd

nd

nd

¡rd

nd



Table 46.2: Raw Biological Data on All Wild Fish Sampled at Heath Steele, August 1997.

Station Species fish Number Sample Number
llorl(

Length
lcnr)

I otâl
Length

lcnr)

wlrole
\ileiglrt

ls)
Ag"t
lv)

HRIB

HRlB

HRIB

HRIB

HRIB

HRIB

HRIB

HRTB

HRIB

HRIB

HRIB

HRIB

HRIB

HRlB

HRIB
HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB
HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB
HRTB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

HRIB

Brook Trout

B¡ook T¡oú
B¡ook T¡otf
Brook Tror¡t

Brook Trout

Brook Troú
Brook Trorú

Blook T¡out

B¡ook T¡out

Brook T¡out

Brook Troú
B¡ook Trotf
Brook Troú
Brook Trout

B¡ook Ttotf
B¡ook T¡otú

B¡ook T¡otf
Brook T¡oú
B¡ook T¡oú

ll8
It9
120

t2l
t22
t23
t24
t25

t26

t2'7

128

t29

130

l3l
132

133

134

135

l3ó

na

na

n¿

na

na

na

na

na

na

na

na

na

na

na

m
tn
na

m
na

7.5

5.7

6.3

6.4

5.4

6.4

6.6

5.9

't.2

6.0

6.9

4.9

5.5

5.2

6.4

6.2

a1

5.5

5.2

7.9

5.9

6.5

6;l
5.6

6;t
6.8

6.1

7.5

6.3

1a

5.1

5..1

5.5

6.6

6.4

1.6

5.7

5.5

4.6

2.0

2.6

2.4

L'l
2.8

3.1

aa

3.6

11

3.6

t.2

1.7

1.5

2.6

2.6

4.5

l;7
1.5

Lake Chub

L¿ke Chub

Lake Chub

Lake Chub

Lake chub

Lake Chub

I¿ke Chub

Lake Chub

Lake Chub

Lake Chub

Lake Chub

Lake Chub

Lake Chub

Lake Chub

Lake Chub

Lake Club

Lake Chub

Lake Chub

Lake Chub

Lake Chub

Lake Club

Lake Chub

Lake Chul¡

Lake Club

Lake Chub

Lake Chub

Lake Chub

Lake Chul¡

Lake Chub

3l
32

33

t65

166

t67

168

169

t70

t'n
I'12

I'11

r'14

t15
116

t17

t78

t19

180

l8l
182

t83

184

185

186

187

188

189

t90

HRIBLCI-F

HRIBLC2-F

HRIBLC3-F

I]RIBLC4-F

HRIBLC5.F

HRIBLC6.F

HRIBLCT.F

HRIBLCS.F

HRIBLC9-F

HRIBLCIO-F

HRIBLCII-F
HRIBLCT2.F

na

na

na

na

na

na

na

tra

na

na

na

na

na

na

na

na

na

8.7
'1.A

1.8

9.0

8.4

8.5

8.1

'1.6

'1.3

't.0

6.3

5.1

4.9

5.0

4.9

4.9

6.0

6.5

6.6

6.6

6.8

5.7

4.9

4.7

4;7

9.2

8.4

8.4

9.6

8.9

9.2

8.6

8.9

8.1

't.9

't.9

1.5

5.4

5.2

5.3

5.2

5.9

5.3

6.6

6.9
't.l

1.1

7.2

6.0

5.1

5.0

5.0

7.0

6.0

6.0

10.0

7.8

'1.6

5.9

6.5

5.8

4.8

4.5

5.3

4.5

a1

t.4

1.2

1.2

l.'I
t.2
11

2.4

3.1

2.9

3.2

1.9

1.2

t.l
1.0

nd

nd

nd

nd

nd

nd
nd

nd

nd

nd

nd
nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd
nd

nd

nd

nd

nd

nd

W¡ite suoker
'Wlúte Suoke¡

t37

164

na

nâ

6.1

6.2

'l.l
6.5

2.9

2.7

nd

nd

Creek chub

Crcek chub

r62

163

na

na

5.2

5.1

5.5

5.4

1.3

l.l
nd

nd

HR2A

HR?A

HR2A

HR2A

HR2Â

HR2A

HR2A

HR2A

HR2A

HR2A

HR'A
HR2A

HR2,A.

HR2A

HR2A

HR2A

HR2A

HR2A

HR2A

HR2A

HR2A

HR2A

HR2A

Blacknæe Dace

Blacknæe Dace

Blacknæe Daoe

Blacknæe Dace

Blaoknæe Dace

Blacknæe Dace

Blacknæe Daoe

Blacknce Dace

Blacknæe Daoe

Blacknce Dace

Blacknæe Daoe

Blackn6e Dace

Blaclqrøe Dace

Blacknøe Dace

Blackn6e Dace

Blaoknæe Dace

Blackn6e Dace

Blacknæe Daoe

Black¡røe Daoe

Black¡rose Dace

Blacknæe Dace

Blaolsrøe Dace

Blaoknæe Dace

63

64

65

66

61

68

69

'10

7l
'12

73

'14

75

't6

11

7a

'79

80

8l

83

84

85

na

HR2ABDI.F

HR2ABD2.F

HR2ABD3.F

HR2ABD4.F

HR2ABD5-F

HR2ABD6-F

HR2ABDT-F

HR2,ABD8-F

HR2A¡D9-F

HR2ABDIO-F

HR2ABDIl-F

HR2ABDI2-F

HR2ABDI3.F

HR2ABDI4.F

HR2ABDI5.F

HR2ABDI6-F

HR2ABDIT.F

HR2ABDIS.F

HR2ABDI9.F

HR2ABD2O-F

HRzABD2I.F
HR2ABD22.F

6.3

5.9

7.1

't.3

6.9
't.o

't _0

4.2

6.6

6.4

6.2

6.0

1.t

5.4

5.5

5.4

6.3

6.0

6.2

6.2

6.9

6.0
't.2

6.8

6.3

7.1

't.9

'7.4

'1.6

1.5

4.5

7.2

6.9

6.5

6.5
'1.1

5.'1

5.9

5.8

6.'t

6.3

6.1

ó.6

7.5

6.4
'1.'t

3.2

2.'l

4.r

5.0

3;l
3.4

4.2

0.9

1.6

2;1

2.1

2.1

4.0

t.'1

2.0

2.1

2.8

11

2.1

2.1

3.6

2.1

4.3

3+

2+

4+

4+

3+

3+

3+

l+
3+

2+

2+

2+

3+

1+

l+
l+
2+

2+

2+

2+

3+

2+

3+



Tabte 46.2: Raw Biological Data on All Wild Fish Sampled at Heath Steele, August 1997.

Station Species Fish Nrunber Sample Nruirber
11'o¡ft

Lengûr
(cm)

'lotât
Length

(cnr)

Whole
Weight

(e)
Ag"'
(v)

HR2A

HRzA

HR2A

HR2A

HR2A

HR2A

HR2Á

HR2A

HR2A

HR2A

HR2A

HR2A

HR2A

HR2A

HR2A

HR2A

HR2A

HR2A

HR2A

HR2A

HR2A
HR2A

HR2A

HR2A

HR2A

HR2A

HR2A

HR2A

HR2A

HR2A

HR2A

HR2A

HR2A
HR2A

HR2A

HR2A

HR2A

HRzA
HR2A

HR2A

HR2A

HR2A

HR2A

HR2A

HR2A

HR2A

HR2A

HR2A

HR2A

HR2A

HR2A.

HR2A

HR2A

HR2A

HR2A

HR2A

HR2A

HR2A

HR2A
HR2A

HR2A

HR2A

HR2A
HR2A

HR2A

HR2A

HR2A

HR2A.

HR2A

HR2A

HR2A

HR2A

HR2A

HR2A

HR2A

Blaoknse Dace

Blackn6e Dace

Blaoknæe Dace

Blacknæe Dace

Blaoknme Dace

Blaoknæe Dace

Blaoknæe Dace

Blacknqe Dace

Blacknce Dace

Blacknøe Dace

Blacknqe Dace

Blacknøe Dace

Blacknæe Daoe

86

87

88

89

90

9l
ot

93

94

95

96

9'l
98

HR2ABD23.F

HR2ÁBD24.F

HR2ABD2'F

HR2ABD26.F

HR2ABD27-F

HR2ABD28.F

HR2ABD29.F

HR2ABD3O.F

m
na

m
na

na

6.0

6.0

5.0

6.1

6.4

5.8

6.0

4.3

2.1

2.0

t;l
1.8

1.9

6.5

6.6

5.3

6.5

6.9

6.2

6.5

4.6

,,
2.1

t;1

1.9

2.0

2.3

2.7

1.2

2.5

3.0

2.0
aa

0.8

<0,1

<0.1

<0.1

<0.1

<0.1

2+

l+
2+

l+
0+

0+

0+

0+

0+

Brook Trorf

Brook Trorf

Brook Troìl
Brook Trorf

B¡ook Trout

Brook TrolÍ
B¡ook T¡ot¡t

Brook Troût

Brook Troú
B¡ook T¡out

Brook Trout

Brook Trout

Brook Trorf

B¡ook T¡orf

Brook Tror¡t

Brook Trorf

Brook T¡orÍ

Brook Trout

Brook Troìf
Brook Troú

I
2

3

4

5

6

7

8

9

t0
ll
t2
l3
t4
l5
l6
t7
l8
l9
70

HR2ABTI.F

HR'ABT2.F

na

na

na

na

na

m
na

na

na

na

m
m
m
na

m
na

na

na

I5.l
13.5

t2.4

13.6

l2.l
t2.7

10.5

12.3

16.0

5.9

5.9

6.8

5.6

4.5

7.0

6.1

5.9

4.3

5.9

6.9

t5;l
14.5

13.0

14.0

t2.1

13.3

I 1.0

13.5

16.9

6.3

6.2

1a

5.9

4.8

'1.3

6.3

6.2

4.5

6.3

't.3

35.1

28.9

20.3

25.8

t'l.5

19.9

11.6

2L;l
46.8

2.3

2.3

4.0

2.0

0.9

3.7

1.8

2.2

L0

2.1

3.6

nd

nd

nd
nd

nd

nd

nd

nd
nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

C¡eek Chub

Creek Chub

Crcek Chub

Creek Chub

C¡eek Chub

58

59

60

6l
62

na

TA

na

na

na

9.',l

9.9

6.6

6.9

6.3

r0.2

10.5

7.0

1.3

6.1

t 1.4

I 1.8

'U
3.6

2;t

nd

nd

nd

nd

nd

Slimy Srulpin

Slirny Sculpin

Slimy Sculpin

Slimy Soulpin

Slimy Soulpin

slimy Soulpin

Slimy Sculpin

Slimy Soulpin

Slimy Soulpin

Slimy Scnlpin

Slimy Sculpin

Slimy Soulpin

Slimy Sculpin

slimy sculpin

slimy Sculpin

Slimy Scì¡lpin

Slimy Sculpin

Slimy Sculpin

Slimy Sculpin

Slimy Scuþn
Slûny Soulpirt

slimy Sculpin

Slimy Sculpin

slimy Sculpin

sli¡ny sculpin

Slimy Sculpin

slimy Sculpin

Slimy Sculpi¡r

Sliny Soulpin

Slirny Soulpin

Slirny Soulpin

Slirny Scuþin

Slirny Sculpirr

Slirny Solpin
Slimy Sculpin

Slimy Soulpin

Sli¡ny Sculpin

2l
22

23

24

25

26

2'l

29

30

3l
32

33

34

35

36

37

38

39

40

4t
42

43

44

45

46

4'l

48

49

50

5l
52

53

54

55

56

57

na

na

na

na

na

na

na

na

na

na

na

m
na

na

na

na

na

na

na

na

na

na

na

m
na

na

ta

na

na

na

¡la

na

na

¡la

na

nâ

tu

na

na

na

na

na

m
na

na

na

na

na

na

na

m
na

na

na

tra

na

na

na

na

na

na

na

na

na

¡b
na

na

na

na

na

na

¡la

¡ta

na

8.8

9.2

10.2

8.8

8.3

8.8

't.6

't.l

8.3

8.2

'1.'l

7.5

6.0

1.3

't.9

1.2

'7.1

6.9

6.1

7.7

5.8

6.2

3.2

to
3.3

2.'t

3.0

3.1

1.2

3.1

3.1

2.8

2.7

30

4.2

9.5

l0_0

8.1

'1.0

5.3

4.0

1-0

6.'I

1.5

6.4

5.3

2.3

5.0

6.0

4.5

4.0

4.1

2.6

4.1

3.8

2.6

3.0

0.3

0.3

0.3

0.4

0.3

0.3

0.3

0.4

0.1

0.3

0.3

0.3

0.3

nd

nd

nd

¡rd

nd

nd

nd

nd

nd

nd
nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd
nd

nd

nd

nd

nd

¡rd

nd

nd

nd

nd

nd

¡rd

nd



Table 46.2: Raw Biological Data on All Wild X'ish Sampled at Heath Steele' August 1997.

Station Species Fish Nrutrber Sample Nunrber
!oll{

Length
(cnr)

'I otât
Length

(cnù

wlrole
\ileight

ls)
Ag"t
(v)

HR2B

HR2B

HR2B

HR2B

HR2B

ËR2B

HR2B

HR2B

HR2B

HR2B

HRzB

HR'B
HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR'B
HR'B
HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR'B
HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

HR2B

Salmon HR2BASI.F 10.4 tt.2 14.4 1+

Blackn6e Dace

Blacknæe Dace

Blacknæe Dace

Blacknce Dace

Blacknce Dace

Blacknæe Dace

Blackn6e Daæ

Blaclm6e Dace

Blaoknæe Dace

Blacknæe Dace

Blacknæe Dace

Blaoknæe Daoe

Blactnæe Daoe

Blacknæe Daoe

Blacknce Dace

Blaoknæe Dace

Blacknæe Daoe

Blackn6e Dace

Blackn6e Dace

Blacknæe Dace

Blacknse Dace

Blacknæe Dace

Blâckn6e Dace

Blackn6e Dace

Blacknæe Dace

Blacknøe Dace

Blacknæe Dace

Blacknoe Dace

Blacknøe Dace

Blacknøe Dace

Blackn6e Dace

'73

74

75

76

77
'18

'19

80

8l
82

83

84

85

86

8'1

88

89

90

9t
92

93

94

95

96

9't

98

99

100

l0l
102

103

HR2BBDI-F

HR2BBD2.F

HR2BBD3.F

HR2BBD+F

HR2BBD5.F

HR2BBD6-F

HR2BBDT-F

HR2BBDS-F

HR2BBD9.F

HR2BBDIO.F

HR2BBDII.F

HR2BBDI2.F

HR2BBDI3-F

HR2BBDI4.F

HR2BBDI5-F

HR2BBDI6.F

HR2BBDl7.F

HR2BBDl8-F

HR2BBDI9-F

HR2BBD2O-F

HR2BBD2I-F

HR2BBD22-F

HR2BBD23.F

HR2BBD24.F

HR2BBD25-F

HR2BBD26-F

HR2BBD27-F

HR2BBD28.F

HR2BBD29.F

HR2BBD3O-F

HR2BBD3I.F

6.3

6.4

4.7

4.2

4.5

5.9

4.9

6.2

4.4

6.0

6.7

1.6
't.4

6;l
6.1

4.7

6.1

5.4

5.0

5.1

4.5

4.6

4.9

5.0

5.0

4.2

4.6

4.4

4.5

4.9

6.9

6;7

4.9

4.5

4.9

6.3

5.2

6.6

4.'l

6.4

7.t

8.1
'1.9

'1.0

6.5

5.0

6.5

5.7

5.3

6.0

4.8

4.8

5.3

5.4

5.3

4.4

5;t
4.9

4.6

4.'l

5.2

3.0

3.0

l.l
0.8

0.9

2.0

1.1

2.8

l.l
2.4

3.4

4.4

4.7

3.4

3.8

t.2

2.4

1.4

1.3

2.2

1.0

0.9

t.2

t.2

1.4

0.8

1.7

1.0

0.9

0.8

t.2

2+

l+
l+
l+
2+

l+
2+

l+
2+

3+

4+

4+

3+

2+

l+
2+

l+
l+
2+

l+
l+
l+
l+
l+
1+

l+
l+
1+

l+
l+

Brook T¡or¡t

B¡ook Troú
Brook Troú
Brook T¡out

Brook Trord

Brook Tror¡t

Brook Trout

B¡ook Trout

Brook Trout

B¡ook T¡or¡t

Brook Trcut

Brook Troú
Brook Tror¡t

Brook Trout

Brook Trout

Brook Trout

Brook Trorf

Brook Tror¡t

Brook Troú
B¡ook Trout

B¡ook T¡or¡t

Brook Trori
Brook T¡oì¡t

Brook Troú
Brook Troú
Brook Troú
Brook Trorf

Brook Trout

Brook Troú
Brook Trout

B¡ook T¡out

Brook T¡out

Brook T¡out

Brook Trout

B¡ook T¡out

Brook Trout

Brook T¡oú
Brook T¡out

Brook Troú
Brook T¡out

Brook Trout

Brook Trout

Brook T¡ot¡t

I
2

3

4

5

6

'1

8

9

l0
ll
t2
l3
t4

l5
l6

l8
l9
20

2l

23

24

25

26

27

2a

29

30

3t
32

33

34

35

36

3't

38

39

40

4l
42

43

na

HR2BBTI.F

HR2BBT2-F

na

na

na

na

na

na

na

tra

rla

na

na

na

HR2BBT3-F

HBJBBT4.F

na

na

na

na

na

na

na

na

IE

na

na

na

na

na

na

na

na

tra

na

na

na

Ia
na

ta
na

na

r7.3

t2.4

13.0

15.6

15.8

t7.5

12.5

12.2

16.'t

14.3

14.3

13.5

13.3

t'7.4

13.7

13.2

I 1.3

13.4

n.'1
r4.4

r5.4

12.0

t2;l
t2.2

I 1.9

I 1.3

10.3

6.4

5.9

6.0

7.1

6.3

5.5

5.9

'1.2

6.6

6.3

6,0

5.2

5.5

6.6

5.3

6.3

18.4

13.0

13.7

16.3

16.5

18.0

13.3

13.0

l',7.9

l5.l
15.0

t4.r
14.2

I't.9

14.3

13.9

12.0

14.2

t2.2

15.0

t6.t

13.2

t2.7

12.6

I 1.8

10.8

6.6

6.2

6.2

'7.5

ó.6

5.8

6.2

1.5

't.o

ó.6

6.2

5.6

5.8

'1.0

5.6

6.'t

69.2

29.9

39.1

49.5

51. I

20.3

I6.9

54.4

25.6

30.8

25.3

25.4

60.9

31.4

21.1

l5.l
25.6

16.8

33.0

16.7

t7;7

22;7

18.6

11.2

t4.4

l 1.4

2.7

2.4

3.4

2.6

11

3.8

3.3

to
aa

l.ó

1.8

t.6

3.4

nd

trd

nd

nd

nd

nd

nd

¡rd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd
nd

nd

nd

nd
nd

nd

nd

nd

nd

nd

nd

nd

¡rd

¡rd

nd

nd

nd

nd

nd

nd

¡rd

nd

nd

nd
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Tabte 46.2: Raw Biotogical Data on All Witd Fish Sampled at Heath Steele, August 1997.

St¿fion Species Fish Number Sample Number
¡ ort{

Length
lcm)

I o¡ål
Length

lcnr)

wnote
Weiglrt

ls)
Ag"'
lv)

HR3A

HR3A

HR3A

HR3A

HR3A.

HR3A

HR3A

HR3A

Slimy Sculpin

SlimySolpin
Slimv Soulpin

ll5
ll6
tt'l

na

na

ta

na

na

na

a.1

5.6

5.8

1.8

1.2

2.2

nd

nd

nd

Sea Lmprey
Sea Lmprey
Sea Lmprey
sea Lmprey
sea LmDrev

ll8
l19

t20

l2l
112

na

na

na

na

na

na

tra

na

na

na

13.3

15.2

9.5

I 1.8

8.1

3.6

5.2

l.l
3.0

0.9

nd

nd

nd

nd

nd

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HRSB

HR3B

HR3B

HR]B
HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR.3B

HR.lB

HR3B

HR3B

HR.3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR.lB

HR3B

HR3B

HLlB
HR.1B

HR3B

HR3B

HR.lB

HR3B

HR3B

HR.3B

HR.3B

HR3B

HR3B

HR3B

HR3B

HRSB

HR3B

HRSB

HR3B

HR3B

HR.JB

HR3B

HR*38

HR.3B

HR*JB

HR3B

HR.3B

HR.1B

HR^18

HR3B

HR.JB

HR3B

HR38

Atlmtic Salmon

Atlmtio Salmon

Atlmtio salmon

Atlutio Salmon

Atlmtic Salñon

Atlmtic Salmon

Atlmtio Salmon

Atlmtio Salmon

Atlmtio Salmon

Admtic Salmon

Atlmtio Salmon

¡.tlmtio Salmon

Atlmtio Salmon

Aümtic salmon

Atlutio Salmon

AtLmtic Salmon

,{tliltic Salmon

Atlmtic Salmon

Atlmtic S¿lmon

Atlmtio Salmon

Atldtic Salmon

Atlmtic Salmon

Atlmtic Sal¡non

Atlutio Salmon

Atlmtio Salmon

Atlmtic Salmon

,{tlmtic Salmon

,A.tlmtic Salmon

Atlmtic Salmon

Atlmtio Salmon

Atlmtic Salmon

Atlmtio Salmon

Atldtic Salmon

Atlmtic Sâlmon

Âtlmtic Sallnon

Atlmtio Sal¡non

Atlmtio salmon

Atlmtic Salrnon

Atlmtic Salmon

Atlmtic Salnon

Atlmtio Salnon

Atlætio Salmon

Atlmtic Salmon

Atlmtio Salmon

Atlmtio Salmon

Atartio Salmon

AtlMtio Salmon

Atlmtio Salmon

Atlartio Salmon

Atlðrtic Salmon

.A.tlmtic Salmon

Atlmtio Salmon

Atlùrtic Salmon

Atlmtic salmon

Atlmtic Salmon

Atlmtic Salmon

Atlmtic Salmon

Atlmtic Salmon

Atldrtic Salrnon

Atlðrtic Salno¡r

Atlðrtic Sal¡non

Atlartio Salmon

Atlartc Salmon

Atlmtic Salmon

Atlmtio Salmon

Atlùúic Sal¡no¡r

Atlmtic Salmon

4

'l
8

9

l0
ll
t2

l3
t4
l5
l6
t7
l8
l9
1n

23

24

25

26

27

28

29

30

3l

33

34

35

36

38

39

40

4t
42

43

44

45

46

4',1

48

49

50

5l
52

53

54

55

56

5't

58

59

60

6t
62

63

64

65

66

61

68

69

't0

'tl
72

na

HR3BASI.F
HR3BAS2.F

HR3BA53.F

HR3BAS4F

HR3BAS5-F

HR3BA56.F

na

na

na

na

na

na

na

na

na

m
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

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

ta
na

na

na

IE

na

15.0

12.8

13.0

l0.l
9.5

8.1

t2.3

tt.2
10.5

8.8

10.8

10.5

I l.l
10.0

8.5

I l.l
9.0

9;l
10.7

t0.2

10.1

10.8

10.9

10.4

8.8

8.9

9.4

9.7

l0.l
9.5

8.9

10.3

9.0

r0.2

9.4

10.3

10.3

l0.l
I 1.2

1.'l

9.8

9.8

10.3

8.0

9.4

8.8

9.9

4.'7

4.5

5.0

4.9

4.9

4.9

4.3

4.2

4_'7

5.2

4.5

5.3

4.9

5.0

4.8

5.4

5.0

4.8

4.9

t6.2

13.8

14.2

I t.l
10.5

8.8

13.4

t2.3

ll.5
9.6

I r.5

I 1.5

12.3

ll.0
ot
t2.2

9.1

10.5

ll.8
9.5

tt.2
I l.l
It.8
12.0

l t.4

9.5

9.7

10.4

10.6

I l.l
10.4

9.8

I I.3

9.7

tl.2
10.3

I t.3

I t.3

I 1.1

12.3

8.4

10.8

10.8

I 1.3

8.8

10.2

9.6

10.9

5.1

4.8

5.3

5.3

5.3

5.3

4.6

4.5

5.1

5.6

4.8

5;7

5.4

5.4

5.2

5.8

5.4

5.2

5.3

42.9

23.1

23.8

11.3

ll.3
'1.2

19.0

17.1

t2.9

9.9

13.8

15.6

17.0

12.9

7.8

16.0

9.8

10.3

l'1.0

8.4

tt.7
tt;l
l5.r
17.3

13.0

8.9

7.9

10.8

ll.t
12.2

10.0

9.5

I 1.8

'1.5

13.9

t0.4

r3.9

13.6

I 1.5

t4.5

5.1

I 1.0

10.8

13.3

6;l
8.7

9.1

t3.7

1.3

l.l
t.2

1.4

1.6

1.6

1.0

1.0

t.3

1.8

1.9

1.3

1.5

1.5

2.0

1.6

1.5

1.5

3+

z+

2+

l+
1+

1+

2+

2+

l+
l+
l+
1+

2+

l+
l+

l+
l+
l+
l+
l+
l+
l+
2+

l+
l+
l+
l+
l+
l+
l+
l+
l+
l+
I+
l+
l+
l+
l+
2+

l+
l+
l+
l+
l+
It
l+
l+
0+

0+

0+

0+

0f
0+

0+

0+

0+

0+

0+

0+

0+

0+

0+

0+

0+

0+

0+



Table 46.2: Raw Biological Data on All \ilild X'ish Sampled at lleath Steele' August 1997.

Station Species X'ish Nurrrber Sample Number
¡ ork

Length
(cnr)

'I otâl
Length

(cm)

Wlrole
\ileight

(s)
Ag"t
(v)

HR3B

HR3B

HR3B

HR3B

HRsB

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR*38

HR3B

HR3B

HR3B

HR3B

HR3B

HL3B

HRsB

HR3B

HR3B

HR3B

HR3B

HR3B

HR.3B

HR3B

HR3B

HR3B

HR.1B

HR3B

HR3B

HR.lB

HR.JB

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR*18

HR.JB

HR.1B

HRSB

HR,lB

HR.3B

HR.JB

HR*38

HR3B

HR*IB

HR3B

Atlmtic Salmon

Atlmtio Salmon

Atlmtio Salmon

Atlmtic Salmon

Atlmtic Salmon

Atlmtic Salmon

Atlmtic salmon

Atlutic Salmon

Atlmtic Salmon

Atlmtio Salmon

Aûmtio Salmon

Atlmtic salmon

Atlmtic Salmon

Atlmtio SaLrcn

Atlmtio Salmon

Atlmtic Salrnon

Atlmtic Sa!¡non

Atlmtio S¿lmon

Atlmtio Salmon

Atlmtio Salmon

Atlmtic Salmon

Atlmtio Salmn
Atlmtio Salmon

Atlmtio salmon

Atlætio Salnon

Atlmtic Salmon

.Atlmtic Salmon

Atlmtic Salmon

Atlmtic Salmon

Admtic Salmon

Atlmtic Salmon

Atlmtio Salmon

Atætio Salmon

Atlmtio Salmon

Atlmtic Salmon

Atlmtio Sahnon

Atlmtic Salmon

Atlmtic Salnon

Atlmtic Salmon

Atlmtic Salmo¡r

Atlortio Salmon

Atlmtio Salaon

Atlætio Salmon

Atlmtic Salmon

Atlmtic Salnon

-Atlmtic Salmon

Atlmtic Salmon

Atlætio Salmon

Atlmtio Salmon

Atlmtic Salmon

Atlmtio Salmon

Atlmtio Sa1mon

Atlmtio Salmon

Âtlmtic Salmon

Atlmtic Salmon

Atlmtic Salmon

Atlmtic Salmo¡r

Atlmtic Salmon

Atlmlio Salmon

Atlmtio sa¡mon

Atlmtic Salmon

,q.tlmtic Salmon

Admtio Salmon

Atlmtio Saftnon

Atlmtio Salmon

Atlartic Salmon

A.tlmtic Salmon

73

74

75

'1'1

7A

'19

80

8l
82

83

84

85

86

8'7

88

89

90

91

92

93

94

95

96

97

98

99

t00

t0l
102

t03

104

t05

106

t0'1

108

109

ll0
lll
tt2
ll3
ll4
ll5
ll6
tt't
ll8
ll9
120

t2t
122

t23

124

t25

t26

t21

t28

129

t30

l3l
t32
133

134

135

136

131

138

139

na

na

na

na

na

na

na

na

na

na

na

m
na

na

na

na

na

m
na

na

na

m
na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

ûa

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

4.5

4.7

4.8

4.1

5.2

4.4

4.6

4.6

5.0

4.9

4.8

4.4

4.3

4.8

4.2

5.0

4.2

4.2

5.2

4.9

4.9

4.4

4.8

4.2

5.3

5.0

4.1

5.1

4.4

4.4

5.1

4.9

4.5

4.8

4.5

4.5

4.1

4.6

4.4

4.8

4;7

4.5

4.9

4;7

4.9

5.2

4.8

5.0

3.9

4.5

4.6

4.3

5.4

4.8

3.9

4.8

4.6

3.5

5;t
4.6

4.4

4.4

4.0

5.1

4.6

4.5

4'1

4.8

5.1

5.1

4.4

5.6

4;l
5.0

5.0

5.4

5.4

5.2

4.6

4.6

5.2

4.5

5.4

4.5

4.s

5.6

5.2

5.3

4.7

5.1

4.6

5.3

5.0

5.5

4.7

4;t
5.6

5.3

4.8

5.1

4.8

4.8

4.4

4.9

4;1

5.2

5.t

4.8

5.3

5.0

5.3

5.6

5.1

5.4

4.1

4.8

4.8

4;t
5.8

5.1

4.2

4.9

3.'I

5.9

4.9

4.6

4.6

4.3

5.5

4.9

4.8

50

t.2

t.4

1.3

0.9

1.9

1.2

l.t
1.8

t;t
t.4

0.9

0.8

1.5

1.1

t.4
0.7

0.8

2.0

1.4

1.3

l.t
l.l
1.0

I.9

1.4

t.2
1.5

0.8

0.8

1.5

t.4
1.0

t.l
t.2

t.2

1.0

1.3

1.0

t.4

1.3

l.l
1.5

1.5

1.3

1.6

l.t
1.5

0;7

1.2

1.3

l.l
t;1

t.2
0.8

1.3

1.3

0.8

l.l
1.0

0.8

0.7

0.7

1.5

1.3

l.l
1.4

0r
0+

0+

0+

0+

0+

0+

0+

0+

0+

0+

0+

0+

0+

0+

0+

0+

0+

0+

0+

0+

0+

0+

0+

0+

0t
0+

0+

0+

0+

0+

0+

0+

0+

0+

0+

0+

0+

0+

0+

0+

0+

0+

0+

0+

0+

0+

0+

0+

0r
0+

0+

0+

0+

0+

0+

0+

0t
0+

0+

0+

0+

0+

0+

0+

0+

0+

Blackn6e Dace

Blacknøe Dace

Blacknøe Dace

Blackn$e Dace

Blackrce Ðace

Blacknse Dace

Blaclcrose l)ace

Blaclnce Dace

160

l6l
r62

163

t64
165

t66

t6'l

HR3BBDI-F

HR*1BBD2.F

HR3BBD3-F

HR*¡BBD4.F

HL3BBD5-F

HR3BBD6-F

HR3BBD7.F

HRSBBDS-F

4.9

5.2

6.6

5.2

5.2

5.5

5.0

4.9

5.3

5.5

't.0

5.5

5.5

5.8

5.4

5.2

1.3

L'l

1.5

1.8

1.9

1.4

t.2

l+
l+
l+
l+
l+
2+

l+
l+



Station Species Fisl¡ Nrunber Sample Numbcr
ttorl(

Length
(cnr)

'l ofål
Length

(cnù

wnole
\ilcight

(s)
Ag"'
(v)

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HRsB

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

HR3B

Blacknce Dace t68 HR]BBD9-F 3.5 3.8 0.6 1+

Brook Trout

Brook Troú
B¡ook Trout

B¡ook T¡out

Brook Troú
Brook Trout

I

2

3

5

6

140

na

na

na

HR3BBTI-F

HR3BBT2-F

na

21.2

19.9

15.8

13.9

13.8

4;t

22.5

20.6

16.3

14.8

14.5

5.0

t24.0

97.1

41.9

33.1

26.1

1.3

nd

nd

nd

nd

nd

nd

Slimy Sculpin

Slimy Soulpin

Slûny Sculpin

Slimy Sculpin

Sfrny Sculpin

Slirny Soulpin

Slimy Sct¡lpin

Slimy Soulpin

SlimyScuþn
Slimy Soulpin

Slimy Soulpin

Slimy Scutpin

Slimy Sculpin

Slimy Sculpin

Slimy Sculpin

slimy sculDin

l4l
t42
143

t44

145

t46

t41

l,a
t49

r50

r5l
152

153

154

155

156

na

na

na

na

na

na

na

na

na

na

na

tra

na

na

na

na

'1.1

8.8

6.3

8.0

62
5.8

6.2

7.1

6.2

6.0

'1.6

6.2

't;1

6.8

5.9

3.8

6.9

2.8

3.2

5.8

2:7

2.1

4.4

2;l
11

5.2

2.7

5.3

2;l
2.4

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd
nd

nd

sea Lmp¡ey
Sea Lmprey
Sea Lmprey

151

158

159

m
na

na

na

m
na

12.5

tt.7
t2.l

3.4

3.0

nd

nd

nd

Table 46.2: Raw Biological Data on All Wild Fish Sampled at Heath Steele, August 1997.

' , Fish agos determined by otilith or scale aging are designated BOLD, others determined by lenglh-frequency dislribution

na - not applicable nd - not determined * - collected during supplemental electrofishing
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Table 46.3: Summary of Fish Sizes by Age for Atlantic Salmon and Blacknose Dace, Heath Steele, August 1997.
Data shown for specimens aged by otolith (Salmon) and scale (dace).

Atlantic Salmon

Blacknose Dace

Note: 0+ salmon and dace aged by field inspection - 0+ fish are readily aged with certainty without
reading ofotoliths, scales or other structures.

Parameter

Age Class

0+ l+ 2+ 3+

Minimum Fork Length

Maximum Fork Length

Mean Fork Length

Minimum Total Length

Maximum Total Length

Mean Total Length

Minimum Weight

Maximum Weight

Mean Weight

Number of Points

3.s

6.4

4.9

7.8

10.9

9.80

tt.7
13.9

12.68

16.0

16.0

16.00

J.t

7.0

5.3

8.5

I 1.8

10.60

12.8

ts.2

13.84

17.2

t7.2

r7.20

0.6

3.4

1.5

5.0

16.5

11.45

16.8

35.5

24.23

51.5

51.5

51.50

163 )') 26

Parameter

Age Class

0+ 1+ 2+ 3+ 4+ 5+

Minimum Fork Length

Maximum Fork Length

Mean Fork Length

Minimum Total Length

Maximum Total Length

Mean Total Length

Minimum Weight

Maximum Weight

Mean Weight

Number of Points

2.3

2.8

2.55

3.5

5.8

4.63

4.9

6.8

5.88

b./

7.5

7.05

7.3

L-t

7.30

7.2

8.2

7.73

2.5

3

2.75

3.8

6.3

4.95

5.2

t --t

6.25

7.2

8.1

7.57

7;l
7.7

7.70

7.6

8.9

8.28

0.2

0.3

0.25

0.6

2

l.l9

1.2

3.8

2.40

3.1

5.1

4.10

4

4

4.6

6.3

5.504.00

2 l6 20 6 I 4



Tabte 46.4: Biologicat Measurements collected on Caged Atlantic Salmon at Heath Steele' August 1997.

Note - all fish were from artificially-fed yearlings from McCormack Reservoir rearing facility.

Station Fish ID Date/Time In Date/Time Out

Fork
Length

(cm)

Total
Length

(cm)

\ilhole
Weight

(s)

HRIA

HRlB

HR2A

HR2B

HR3A

HR3B

H81,4.

HElB

HE2A

HE2B

HE3A

HE3B

HE4A

HE4B

HE5A

HE5B

TIR1AASIC-F
HRlAAS2C-F

HRlBASIC-F
}IR1BAS2C-F

HR2AASlC-F
HR2AAS2C-F

HR2BASlC-F
HR2BAS2C-F

HR3AASiC-F
HR3AAS2C-F

HR3BASlC-F
HR3BASzC-F

HElAASlC-F
T{ElAAS2C-F

HBlBASlC.F
HElBASzC-F

HE2AASlC-F
HE2AAS2C-F

}IE2BASlC-F
TIE2BAS2C-F

HE3AASlC-F
HE3AAS2C-F

I{E3BASlC.F
}IE3BAS2C-F

HE4AASlC-F
HE4AAS2C-F

HE4BASlC.F
HE4BAS2C.F

FIE5AASlC-F
HEsAAS2C-F

HEsBASlC-F
HE5BAS2C-F

8/12/97 lI:30

8/12/97 12:00

8/12/97 13:30

8/12197 13:50

8/12/97 19:50

8/12/97 20:10

8/12/97 13:15

8112197 14:15

8ll2/97 t4:45

8/12/97 14:30

8/12/97 14:45

8/12/97 16:45

8/12/97 17:45

8l|2l97 16:05

8ll2/97 t8:05

8ll2/97 t9:00

8l2l/97 9:30

8l2l/97 9:30

8/21/97 10:15

8/21/97 t0:20

8/21/97 16:15

8/21/97 16:15

8/21/97 ll:30

8/21/97 ll:35

8/21197 ll:40

8l2l/97 12:10

8l2Il9'7 12:10

8/21/97 12:40

8/21/97 12:45

8/21/97 13:35

8/21/9'7 14:40

8/21/97 14:45

t2.5
13.8

13.1

13.5

13.7

13.5

13.3

13.5

13.:l
13.6

13.8

t2.5

14,2

13.8

13.9

13.4

13.7

rl.2

13.9

t4.r

14.2

13.7

13.3

t2.4

13.0

12.7

t3.6
14.3

t3.2
13.6

13.8

12.4

t3.6
t4.9

14.2
t4.3

14.9
t4.6

14.4
14.4

14.7
t4.7

15.0
13.6

15.4
14,6

15.0
r4.3

r4.9
LT,7

15.1

15.2

15.3

r4.6

t4.5
13.3

t4.r
13.6

t4.7
15.4

r4.4
r4.7

14.9

13.3

23.2
30.7

25.9
29.7

29.r
28.1

25.7
28.0

30.0
27.6

30.4
23.1

34.3
28,9

30.8
28.5

28.'.7

15.2

32.5
3r.3

33,6
26.8

26.0
21.0

26.9
22.4
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