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AQUATIC EFFECTS TECHNOLOGY EVALUATION PROGRAM

Notice to Readers

Aquatic Effects Monitoring
1996 Preliminary Field Surveys

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

The program has the mandate to do a field evaluation of water, sediment and biological monitoring
technologies to be used by the mining industry and regulatory agencies in assessing the impacts
of mine effluents on the aquatic environment; and to provide guidance and to recommend specific
methods or groups of methods that will permit accurate charucterization of environmental impacts
in the receiving waters in as cost-effective a manner as possible. A pilot field study was conducted
in 1995 to fine-tune the study design.

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

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

Phase II: 1997-Detailed field and laboratory studies at selected sites

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

Phase I is the focus of this report. The overall objective of this project is to conduct a

preliminary fÏeld/laboratory sampling to identify a short-list of mines suitable for further
detailed monitoring, and recommend study designs. The objective is NOT to determine thr
detailed environmental effects of a particular contaminant or extent and magnitude of effectl
of mining at the sites.



In Phase I, the AETE Technical Committee has selected seven candidates mine sites for the 1996
field surveys:

1) Myra Falls, 'Westmin 
Resources (British Columbia)

2) Sullivan, Cominco (British Columbia)
3) Lupin, Contwoyto Lake, Echo Bay (Northwest Territories)
4) Levacklonaping, Inco and Falconbridge (Ontario)
5) Dome, Placer Dome Canada (Ontario)
6) Gaspé Division, Noranda Mining and Exploration Inc. (Québec)

7) 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. Mauabi Mine,
(Ontario) was selected as a substitute site to complete the L997 field surveys.

For more information on the monitoring techniques, the results from their field application and the
final recommendations from the program, please consult the AETE Synthesis Report to be
published in September 1998.

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

Diane E. Campbell
Manager, Metals and the Environment Program

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

Tel.: (613) 947-4807 Fax: (613) 992-5172
E-mail : dicampbe@nrcan. gc. ca
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PROGRAMME D'EVALUATION DES TECHNIQTIES DE MESIJRE
D'IMPACTS EN MILIEU AQUATIQUE

Avis aux lecteurs

Surveillance des effets sur le milieu aquatique
Études préliminaires de terrain - L996

Le Programme d'évaluation des techniques de mesure d'impacts en milieu aquatique (ETIMA) 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 aiguë et sublétale, surveillance des effets biologiques des
effluents miniers en eaux réceptrices, et surveillance de la qualité de I'eau et des sédiments. Le
prograÍrme prévoit également la réalisation d'une série d'évaluations techniques fondées sur la
littérature et d'évaluation globale sur le terrain.

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

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

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

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

évaluations sur le terrain.

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 I. L'objectif du projet consiste à réaliser
des échantillonnages préliminaires sur le terrain et en laboratoire afin d'identifier les sites
présentant les caractéristiques nécessaires pour mener les évaluations globales des méthodes
de surveillance en 1997 et de développer des plans d'études. Son objectif N'EST PAS de
déterminer de façon détaillée les effets d'un contaminant particulier, ni l'étendue ou
I'ampleur des effets des effluents miniers dans les sites.

À l'étape I, le comité technique ÉfruA a sélectionné sept sites miniers candidats aux fins des
évaluations sur le terrain:

1) Myra Falls, Westmin Resources (Colombie-Britannique)
2) Sullivan, Cominco (Colombie-Britannique)
3) Lupin, lac Contwoyto, Echo Bay (Territoires du Nord-Ouest)
4) LevacklOnaping, Inco et Falconbridge (Ontario)
5) Dome, Placer Dome Mine (Ontario)
6) Division Gaspé, Noranda Mining and Exploration Inc.(Québec)
7) 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 révélé que ce site ne présentait pas les meilleures
possibilités. Le site minier de Mattabi (Ontario) a été choisi coûrme site substitut pour compléter
les évaluations de terrain en 1997.

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 nftM,q qui sera publié en septembre 1998.

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

communiquer avec M'" Diane E. Campbell à I'adresse suivante :

Diane E. Campbell
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) 947-4807 I Fax: (613) 992-5172
Courriel : dicampbe@mcan.gc.ca
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EXECUTTVE SUMMARY

The Aquatic Effects Technology Evaluation (AETE) Program was established to conduct field and laboratory

evaluation and comparison of selected environmental effects monitoring technologies for assessing impacts

of mine efluents on the aquatic environment. Field evaluations were conducted at seven mine sites in 1996

to determine which sites were suitable for further evaluation in 1997 . This final field survey report provides

detailed information on work conducted at the Gaspé Mine site in Murdochville, Quebec.

The 1996 field survey at Gaspé Mine involved the following study/field components:

historical data review;

sublethal toxicity testing;

habitat char acterizati on and cl as sif icati on ;

water chemistry sampling;

benthic invertebrate sampling;

fish population sampling; and

fish tissue collection.

A summary of the results of the 1996 survey at the Gaspé Mine are presented in the following executive

summary table. The 1996 field survey results indicated thæ the Gaspé Mine site meets some of the suitability

criteria for hypothesis testing in 1997 . The evaluation of the suitability of this site is presented in a separate

report.

An extensive historical database exists for the site with respect to effluent and water chemistry data, benthic

invertebrate community data and fisheries population data. This data was valuable for selection of sampling

stations and comparison of results with those from the 1996 study. The Gaspé Mine site was easily accessible

and multiple reference and exposure areas \ryere available of uniform habitat type and substrate composition.

The municipal sewage treatment plant discharges into the reclaim basin upstream of the exposure area.

However this discharge is not considered to be a major confounding factor relative to the discharge of the

mine efluent and water chemistry analyses in the exposure area and ofthe efiluent did not illustrate a nutrient

enrichment effect. Effluent is discharged continuously at the site. Sublethal toxicity testing was conducted

on the efluent but testing did not clearly illustrate toxicity except to Ceriodaphnia dubia reproduction and

Lemna minor growth. However, sublethal toxicþ testing of the effluent in future studies should not be ruled

out based upon the results of the 1996 survey due to several confounding factors including toxicity of the

Miller River receiving water and invalid test results. It is recommended for future studies involving sublethal

toxicity testing, that receiving (dilution) water be collected in the North Branch of the York River, all

sublethal tests be performed on efluent collected on the same day, and sublethal tests be conducted on more

than one occasion to obtain as estimate of testing variability.

T

T

I
t
I
I
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Suitable, representative depositional areas did not exist for sediment sampling. As a result, the water column

represents the main source of exposure of aquatic biota to metals discharged from the mine site. A significant

difference in general water chemistry and total and dissolved metals existed between the reference and

exposure areas.

Results from the benthic invertebrate sampling program showed significant differences in total specres

richness and richness of sensitive species between areas. Total species abundance did not differ between

areas.

Juvenile Atlantic salmon and brook trout were the dominant species in both areas and were abundant. Future

population studies should focus on juvenile Atlantic salmon as this species was more abundant and has been

sampled historically. Differences in CPIJE, growth and condition of sentinel species could be evaluated at

the Gaspé Mine site based upon the results of the 1996 fteld surveys. However, comparative studies of
growth of juvenile salmon populations would be restricted by the limited age classes present at the site.

Metallothionein (MT) was a good indicator of exposure at the Gaspé Mine site with concentrations in whole

fìsh from the exposure area being significantly higher than those sampled from the reference area. Metal

concentrations (Zn * Cu * Cd) were related to the MT results. Future studies on fish tissue are possible at

this site with two restrictions. Firstly, a barrier does not exist at the site to eliminate the possibility of fìsh

migration between the reference and exposure areas. Thus, caged fish would be a suitable alternative for

evaluating effluent exposure at this site. Secondly, as only small fish are available in the North and South

Branches of the York River, comparisons of different tissue burdens could not be evaluated as the fish are

too small for dissection.

:$*rr'.4:
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Executive Summary Table: Summary Information for the 1996 Specific Study Elements for the Gaspé Mine Site.

Extensive historical data exists.

Extensive historical data (25 years) exists for both reference and

exposure areas.

a

Sediments collected historically show lack of depositional areas

Extensive historical data exists (500 ¡rm mesÐa

Much of the historical data focuses on juvenile Atlantic salmon

populations.

Some studies on Cu concentrations in livers ofjuvenile Atlantic

salmon.

MT data from one, and only study, inconclusive.

Site is easily accessible by road.

Reference areas available but should be located above Little York
Lake.

Exposure area consists entirely of effluent from the reclaim basin.

a

Reach B in the reference area differs from Reach A in some

general chemistry parameters.

Discharge of municipal sewage into the reclaim basin. Volume of
discharge low in comparison to mine effluent discharge.

a

a

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

1 .0 Historical DataReview
l. I Effluent Charactenzation

1.2 Water Chemistry

1.3 Sediment Chemistry

1.4 Benthos

1.5 Fisheries

1.5.1 Population

1.5.2 Tissue

2.0 Study Area

2.1 Site Access

2.2 Avatlability of Multiple Reference

and Exposure Areas

2.3 Confounding Discharges
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Executive Summary Table (continued)

Efiluent is discharged continuouslya

Some toxicity with IC25 @ 79.4 Yo vlv of effluent.a

No toxicitya

No toxicitya

Toxicity (IC25 @ 31.8 Yo vlv;Ics} @ 66.9 Yo vlv)a

Test invalid due to toxicity of receiving watera

Habitats of uniform substrate composition.

No significant differences in depth and velocity between reference

and exposure areas.

a

a

Significant differences in nutrients, chloride, sulphate,

conductivity, hardness, TDS and DIC between reference and

exposure areas.

Highly significant differences in total and dissolved Ca, Cu, Mg,
Mn, Mo, K, Si, Na and Sr between reference and exposure areas.

Gradient in alkalinity, sulphate, conductivity, hardness, K and Na
in the exposure area.

a

a

!

Suitable (>1.0 m2), representative depositional areas not

available.

a

N/A

Yes

Yes

Yes

Yes

Yes

Yes

No

3.0 Effluent/Sublethal Toxicþ
3.1 Frequency ofEffluent Discharge

3.2 Sublethal Toxicity
3.2.1 Ceriodaphnia dubia

3.2.2 Fathead minnow

3 .2.3 Selenastrum capricornatum

3.2.4 Lemna minor

3.2.5 Trout embryo

Yes4.0 Habitats

5.0 Water Chemistry

6.0 Sediments

JILrEL Project No. 8128 . Gaspé Mine . December 20, I996 Pøge xi



Executive Summary Table (continued)

Significant differences in total species richness and richness of
sensitive species between reference and exposure areas.

Differences in total abundance between the reference and

exposure area were not significant.

Juvenile Atlantic salmon and brook trout were present in both
reference and exposure areas.

Both sentinel species were available in both areas although

salmon appeared to be more abundant.

Differences in lengths, weights and condition ofjuvenile Atlantic
salmon were apparent between reference and exposure areas.

CPLIE was slightly higher for salmon in the reference area.

a

a

a

. MT was significantþ higher injuvenile Atlantic salmon and brook
trout from the exposuÍe anea.

. Metal concentrations were higher in fish tissues from the

exposure area.

. Metal concentrations and MT were related.

. No barrier exists and there is the potential for migration of
species between reference and exposure areas.

Yes

Yes

Yes

7.0 Benthic Invertebrates

8.0 Fisheries

8.1 Communities

8.2 Fish Tissue
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SOMMAIRE

Iæ Programme d'évaluation des techniques de mesure d'impacts en milieu aquatique @fnøn¡ a

été cré,é dans le but d'évaluer et de comparer sur le terrain et en laboratoire certaines techniques
de surveillance des effets environnementaux permettant de mesurer l'impact des effluents miniers
sur le milieu aquatique. En 1996, on a procédé à des évaluations sur le terrain dans sept sites

miniers afin de déterminer quels sites conviendraient à une évaluation ultérieure en 1997. I-Ê,

présent rapport final d'étude sur le terrain fournit des renseignements détaillés sur les recherches
effectuées à la mine de cuivre Gaspé de Murdochville (Québec).

L'étude sur le terrain conduite en 1996 à la mine Gaspé portait sur les éléments de l'étude de

terrain énumérés ci-dessous.

o Revue des données historiques
o Tests de toxicité sublétale
o Caractérisation et classification des habitats
. Échantillonnage pour l'analyse chimique de I'eau
. Échantillonnage des invertébrés benthiques
. Échantillonnage des populations de poissons
o Prélèvement de tissus de poissons

Un sommaire des résultats de l'étude menée en L996 à la mine Gaspé est présenté dans le tableau
récapitulatif ci-dessous. Selon ces résultats, le site de la mine Gaspé satisfait à certains critères de

pertinence aux fins de la vérification des hypothèses prévue pour 1997. L'évaluation du caractère
approprié du site est présentée dans un document distinct.

Il existe une base de données historiques détaillées sur le site minier concernant I'effluent, la
chimie de I'eau et la structure des communautés d'invertébrés benthiques ainsi que les

populations de poissons. Ces données ont servi à la sélection de postes d'échantillonnage et à la
comparaison des résultats avec ceux de l'étude de 1996. Le site de la mine Gaspé était facilement
accessible et l'on a répertorié de nombreuses zones de référence et d'exposition présentant un
habitat uniforme et une composition similaire du substrat. L'usine municipale de traitement des

eaux usées rejette son effluent dans le bassin de décantation en amont de la zone d'exposition.
Toutefois, ces rejets ne constitueraient pas un facteur d'erreur important en ce qui concerne le
rejet de I'effluent minier, et d'après les analyses de détermination de la chimie de I'eau dans la
zone d'exposition ainsi que de I'effluent, il n'y aurait pas d'effet d'enrichissement en matières
nutritives (eutrophisation). L'effluent se déverse de façon continue à cet endroit. Des tests de

toxicité sublétale ont été réalisés sur I'effluent, mais les résultats ne démontrent pas clairement la
toxicité, sauf pour la reproduction chez Ceriodaphnia dubia et la croissance chez Lemna minor.
Cependant, on ne devrait pas mettre de côté les tests de toxicité sublétale de l'effluent dans le
cadre d'études ultérieures à cause des résultats de 1996 étant donné qu'il y avait plusieurs facteurs
d'erreur, dont la toxicité de I'eau du milieu récepteur, la rivière Miller, et la non-validité des

résultats des essais. Pour les recherches futures comportant des tests de toxicité sublétale, on
recommande donc que I'eau du milieu récepteur (eau de dilution) soit prélevée dans le bras nord
de la rivière York, tous les tests de toxicité sublétale étant effectués sur I'effluent prélevé le même
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Tableau ES-1. Suite.

jour, et qu'il y ait des tests de toxicité sublétale effectués à plusieurs reprises afin de pouvoir
évaluer la variabilité des essais.

On n'a pas répertorié de zones de dépôt représentatives aux fins de l'échantillonnage des

sédiments. La colonne d'eau représente donc la principale source d'exposition du biote aquatique
aux métaux rejetés à partir de la mine. On a observé une différence importante dans la chimie
générale de I'eau et les concentrations totales de métaux et des concentrations de métaux sous

forme dissoute entre les zones de référence et d'exposition.

I-es résultats du programme d'échantillonnage des invertébrés benthiques ont montré de grandes
différences entre les zones relativement à la diversité des espèces en général, et à la diversité des

espèces vulnérables, mais l'abondance totale des espèces est à peu près semblable d'une zone à

I'autre.

L'omble de fontaine et le saumon atlantique au stade juvénile ont été les espèces dominantes dans
les deux zones, leur nombre étant élevé. On devrait axer les futures études de populations sur les
juvéniles du saumon atlantique étant donné que cette espèce était plus abondante et a fait I'objet
d'échantillonnages par le passé. Il conviendrait d'évaluer les différences dans le taux de prises par
unité d'effort (PPUE), la croissance et la condition des espèces indicatrices au site de la mine
Gaspé en fonction des résultats de l'étude sur le terrain menée en 1996. Cependant, les études

comparatives de la croissance des populations de saumons juvéniles seraient limitées par le petit
nombre de classes d'âge présentes à ce site. La métallothionéine (MT) représentait un bon
indicateur d'exposition au site de la mine Gaspé, les teneurs en MT chez les poissons entiers
prélevés dans la zone d'exposition étant de beaucoup supérieures à celles des échantillons de la
zone de référence. On a établi un lien entre les concentrations de métaux (Zn, Cu et Cd) et de MT.
Des études ultérieures sur les tissus des poissons seraient possibles à cet endroit, moyennant les

deux restrictions suivantes. D'abord, il n'y a pas d'obstacle sur le site permettant d'éliminer la
possibilité d'une migration des poissons entre la zone de référence et la zone d'exposition. C'est
pourquoi I'usage de cages à poissons serait une solution appropriée pour l'évaluation de
l'exposition à I'effluent à cet endroit. F.nsuite, comme il n'y a que des poissons de petite taille
dans les bras nord et sud de la rivière York, il sera peut-être impossible de faire des comparaisons
entre les effets sur les différents tissus étant donné que les poissons sont trop petits pour être
disséqués.
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Sommaire/remarques

On dispose de données historiques détailléesa

On dispose de données historiques détaillées (sur 25 ans)
concernant la zone de référence et la zone d'exposition.

a

r D'après les échantillonnages de sédiments effectués
auparavant, il n'y aurait pas de secteur de dépôt.

On dispose de données historiques détaillées (maille de
500 pm).

a

Une grande partie des données historiques sont axées sur les
populations de saumons atlantiques iuvéniles.

a

¡ Existence de certaines études sur les concentrations de Cu
dans le foie des saumons atlantiques juvéniles.

o Données sur la MT provenant d'une seule étude, non
concluante.

Site facilement accessible par la route.a

o Des zones de référence sont disponibles, mais elles
devraient être situées en amont du lac Little York.

. Lazorrc d'exposition est formée en entier de I'effluent
provenant du bassin de décantation.

Le tronçon B de la zone de référence diffère du tronçon A
relativement à certains paramètres de la chimie de I'eau en
général.

Rejets d'égouts municipaux dans le bassin de décantation.
Le volume des rejets est faible en comparaison du rejet de
I'effluent de la mine.

a

et continu de l'effluent.a

Un certain niveau de toxicité observé : CI25 à environ
79,4 7o vol./vol. de I'effluent.

a

o Aucune toxicité.
o Aucune toxicité..

Toxicité : CI 25 à env. 3 I ,8 7o vol.lvol; CI 50 à environ
9 7o vol.lvol.

Echantillons prélevés en 1996

s.o

s.o

s.o

s.o

s.o.

s.o.

s.o.

s.o.

s.o.

s.o.

Oui

Oui
Oui
Oui

Étément
1.0 Revue des données historiques

1.1 Caractérisation de I'effluent
1.2 Chimie de I'eau

1.3 Chimie des sédiments

1.4 Benthos

1.5 Pêches
l.5.l Population
1.5.2 Tissus

2.OZone d'étude
2.1 Accès au site

2.2 Disponibilité de plusieurs zones de référence et
d'exposition

2.3 Rejets au même endroit

3.0 Effluent et toxicité sublétale
3.1 Fréquence des rejets d'effluent
3.2 Toxicité sublétale

3.2.I Ceriodaphnia dubia

3.2.2Tète-de-boule
3.2.3 S elenast rum c ap ric o rn utum

3.2.4 Lemna minor

Tableau : Résumé de l'information concernant certains éléments de l'étude relative à la mine
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Tableau ES-l. Suite.

Sommaire/rernarques
a Essai non valide étant donné la toxicité du milieu récepteur
o Habitats avec substrat de composition uniforme.
o Aucune différence importante entre les zones de référence

et d'exposition quant à la profondeur et à la vélocité.
a Différences importantes entre les zones de référence et

d'exposition quant aux concentrations d'éléments nutritifs,
de chlorures et de sulfates, la conductivité, la dureté, les
matières totales dissoutes (MTD) et le carbone inorganique
dissous (CID).
Différences très importantes entre les zones de référence et
d'exposition en ce qui regarde les concentrations de Ca, Cu,
Mg, Mn, Mo, K, Si, Na et Sr totaux et dissous.
Gradient dans la zone d'exposition pour I'alcalinité, les
sulfates, la conductivité, la dureté et les concentrations de K
et de Na.

a

a

o Pas de secteurs de dépôt représentatifs et appropriés
disponibles (> 1,0 m2).

o Différences importantes entre la zone d'exposition et la
zone de référence relativement à I'abondance de toutes les
espèces et à I'abondance des espèces vulnérables.

. Les différences en ce qui a trait à I'abondance totale entre
les zones de référence et d'exposition étaient négligeables.

o Lazone de référence et la zone d'exposition renfermaient
toutes deux des ombles de fontaine et des saumons
atlantiques j uvéniles.

¡ Les deux espèces indicatrices étaient disponibles dans les
deux zones, mais il semblait y avoir davantage de saumons.

. Il y avait des différences apparentes de longueur, de poids
et de condition des saumons atlantiques juvéniles entre la
zone de référence et la zone d'exposition. Le taux de prises
par unité d'effort était légèrement supérieur pour le saumon
dans la zone de référence.

o Le taux de MT était beaucoup plus élevé chez les saumons
atlantiques juvéniles et chez I'omble de fontaine de la zone
d'exposition.

o Les concentrations de métaux étaientplus élevées dans les
tissus des poissons prélevés dans la zone d'exposition.

Echantillons prélevés en 1996
Oui

Oui

Oui

Non

Oui

Oui

Oui

Élément
3.2.5 Embryon de truite

4.0 Habitats

5.0 Chimie de I'eau

6.0 Sédiments

7.0 Invertébrés benthiques

8.0 Pêches

8.1 Communautés

8.2 Tissus de poissons

JWEL - Projet no 8128 .Mine Gaspé . 20 décembre 1996 Page vi



Tableau ES-I.. Suite.

Sommaire/reurârques
. Il y avait un lien entre les concentrations de métaux et de

MT.
o La migration de poissons entre la zone de référence et la

zone d'exposition est possible puisqu'il n'y aucun obstacle
pour I'empêcher.

Échantillons prélevés en 1996Étément
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1.0 INTRODUCTION

The Aquatic Effects Technology Evaluation (AETE) Program was established to conduct field and laboratory

evaluation and comparison of selected environmental effects monitoring technologies for assessing impacts

of mine effluents on the aquatic environment. The focus of the Program is on robustness, costs, and the

suitability of monitoring sites.

Building upon previous worþ which includes literature reviews, technical evaluations, and pilot field studies,

the AETE Program sponsored, in 1996, fïeld evaluations of aquatic effects monitoring at seven candidate

mine sites. Based on the results of these evaluations, some of these sites have been recommended for further

work in 1997.

This final field survey report provides detailed information on work conducted at one of these seven sites.

Separate reports are provided for each of the other six sites. Recommendations regarding selection of sites

for 1997 work are provided under separate cover together with a field study design for each of the

recommended sites.

t$#,.
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2.0 SITE SPECIFIC BACKGROUI{D INFORMATIOI{

2.1 Site Description

The Gaspé peninsula occupies an area of more than 23 ,000 km2. The peninsula consists largely of chains of
mountains cut by ravines and plateau areas. The Mont Notre-Dame chain occupies the north-central section

ofthe peninsula and is comprised of peaks varying from425 to 1000 m in elevation. The rocks of the Gaspé

are predominately sedimentary or volcanic in origin and date from the Cambrian-Pennsylvanian period.

Minor intrusions of rock ofvarying ages (lower Ordovician to the Carboniferous) and compositions (igneous

to granite) occur. Granitic intrusions, of which the most important is the complex of Mont McGerrigle, are

particularly abundant in the middle of the peninsula. The ore deposits for Gaspé Mine are found in the centre

of the Needle and Copper Mountains and are orientated along an east-west axis. These deposits occupy

fissures in calcareous rocks altered during the lower Devonian.

The upper reaches of the York River (Figure 2.L) are located in the high plateau region of central Gaspé, near

Murdochville. The source of the North Branch, York Lake, is located at an altitude of approximately 460

m. The York River runs a distance of about 100 km before discharging into the Gulf of St. Lawrence at the

town of Gaspé. Along this route, the river receives water from several important tributaries and drains a hilly

and heavily forested area of approximately 1300 km2 @rairie et al. 1989). The York River and its tributaries

have cut deeply into the plateau and have a relatively steep gradient. This has resulted in the stream bed

being composed primarily of large rock and rubble with the slower flowing sections consisting of finer gravel.

Few depositional areas exist. The diversþ ofthe habitat offered by the York River and its tributaries and the

generaþ good water quality, have combined to produce an abundant and diverse benthic fauna and salmonid

fishery. The two most abundant game fish are Atlantic salmon (Salmo salar) and brook trout (Salvelinus

fontinalis).

Gaspé Mine has been operating in Murdochville since 1953. Ores that are mined are composed largely of
sulphates (pyrrhotite, chalcopyrite and moþdenite), carbonates and silicates. Because of the large

proportion of carbonates, the ore is not a generator of acid. Prior to 1982, mining activities included two
mines (one open pit, one underground), two concentrators and one smelter with a sulphuric acid plant and

a leaching plant. Ore processing on site includes three stages of crushing followed by flotation, filtering and

drying. In the leaching plant, the ore is crushed and the oxidized copper dissolved in sulphuric acid to be

recovered by precipitation. Because of low copper prices in 1982, the open pit mine, one of the

concentrators and the leaching plant were shut down indefinitely. The operation of the leaching plant has

caused a number of environmental problems from the past resulting in the release of heavy metals and

colloidal iron into the York River. About l0 million metric tonnes of ore u'ere treated annually from 1976-

l98l while 800,000 tonnes were treated annually in the period from 1989-1994 (Schooner 1995).

tw
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a

Wastes are discharged internally to two decantation basins where the solids are retained. Waste waters,

including the municipal efluent and surface runofl are directed to a reclaim basin created between 1972 and

1973. Parl of the water from this basin is recycled to the mine while the overflow is discharged to the South

Branch of the York River. Except for surface runoffand potential seepage from the base of the reclaim basin,

the effluent represents the sole input into the South Branch of the York River. The effluent is diluted only

after the confluence of the South Branch with the Miller River (Figure 2.1). There is no chemical treatment

of the effluent.

A number of significant events have oecurred that have affected the water quality and benthic and fìsh

communities in the York River. These events included:

Input of solid mine wastes into the receiving waters (siltation) which resulted from sedimentation

problems in the decantation basins;

Release of heavy metals into the receiving environment from operation of the leaching plantin I975;

Release of iron hydroxide floc following operation of the leaching plant. This release lead to its closure

in T977; and

Release of acid into the reclamation basin in June 1982.

The effects of the latter incident were the most significant and resulted in intensive ongoing studies of salmon

and benthic populations over the entire York River. About 3600 metric tonnes of sulphuric acid was lost to

the decantation basins and significant decreases in pH of the two artificial reservoirs were recorded. Despite

the addition of lime as a mitigation measure, the temporary acidification of the second reservoir resulted in

the leaching of heavy metals from precipitates and sediments. Although the pH of the effluent remained

above 7.0, elevated concentrations of dissolved metals (especially copper in the effluent and subsequently in

the South Branch of the York River) created toxic conditions affecting many aquatic species.

A large number of historical stations have been sampled in the York River for water, sediment, benthos, fish

and zooplankton. These sampling stations are surnmarizedin Table 2.1, which also includes the types of
measurements taken at each station.

The effluent from the reclaim basin is characterized by high total dissolved solids and conductivity. The

principal cations are the alkali metals: calcium, magnesium, potassium and sodium. The principal aiions are

sulphate and to a lesser ertent, chloride. The concentrations of heavy metals are currently relatively low, with

the principal toxic species being copper. The annual average concentration of copper in the effluent has been

less than 100 ¡tg/L since 1983. Between 1976 and 1981 levels of copper fluctuated between 100 and

a

.¡-'.î"",
tAcfi:
'-,.f -,,
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Table 2.1: Historical Sampling Stations on the York River and its Tributaries

North Branch of York

Oatcake River

Miller River

Immediately downstream of reclamation basin

0.35 km downstream of the reclamation basin

Just downstream of the confluence with the Miller River

Downstream of the confluence with the Miller River

Downstream of confluence with the North Branch

Downstream of confluence with Yvon River

Upstream of confluence of Otter Home River

Just upstream ofbridge on the Chandler Road (#102)

Above confluence with Castor River

At Beaver Dam Bridge

At confluence with Riviére Grande Fourche

w/s/f/b/t

fb

w/slblt

blflt

wlslf/blt

blt

w/s/b/f/t

w/s/b/f/t

wlslblf/t

w/s/b

wlblflt

w/b/f/t

wls/b/f/t

w/b/f

w/b/f/t

t

NA

NA

NA

0

0.35

0.7

2.8

3.5

5.9

16

23

31.5

48

68

86

96

Reference

Reference

Reference

Affected

Affected

Affected

Affected

Affected

Affected

Affected

Affected

Affected

Affected

Affected

Affected

Affected

J

T2

15

4

5

t6

6

R-39

R-52

R-29

Y-20

Y-22

Y-24

Y-27

Y-30

Y-33

Y-36

Y-39

Y-43

Y-50

Y-60

Y-70

Y-80

w = water quality
s = sediment quality
b = benthos

f = fish
t = toxicity
NA: not applicable



I50 pglL. Levels were particularþ elevatedin 1977 during the operations of the leaching plant and in 1982

at the time ofthe agid spill. Monthly averages of copper in the efluent between 1980 and 1996 are presented

in Table 2.2. By 1994, monthly averages of dissolved copper in the effluent ranged between 14 and 34 þLglL.

Monthly concentrations of dissolved copper between August 1995 and July 1996 averaged 20 ¡tglL (L-P.

Gagne, pers. coûrm.). Concentrations of copper in the effluent are correlated with river flow and peaks in

copper concentration are observed during the spring thaw and autumn rains.

Annual bioassays on the effluent using rainbow trout Onchorynchus mykiss and Daphnia møgna failed to

demonstrate any acute toxicity between 1989 and 1994 with the exception of one unique observation of
toxicity to Daphnia in 1989. High levels of hardness in the effluent may reduce the toxicity of the heavy

metals. The results of in situ measurements of toxicity in the reclaim basin using caged salmon by Wood

(197 6) are summari zed in T able 2.3 .

2.2 Historical Data Review

Effects of Gaspé mining activities on the York River have been studied for almost 30 years. Studies have

been conducted on water qualþ, benthos, sediment chemistry, fish and zooplankton. These studies have

been summarizedinTable2.3. An excellent review of these monitoring studies can also be found in

Schooner (1995).

í Ì{-Jt'1

". l- ..
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Table 2.2: Monthly Averages of Total and Dissolved (bold) Copper in the EfTluent at Gaspé
Mine (after Schooner 1995)

Jan Feb Jun Nov

50

30
50
30

30
20

40
20

50

20
30
10

30
20

20
10

20
10

20

10

60

30

'70

40

45

30
35

26

39

28

110

34
72

25

43

24
31

23
23

14

22

18

4I
L5

45

19

43

l5

34
18

24
2T

36
29

76
23

47
20

27
12

24
48

27
t6

24
l7

31

18

79
37

25

44

59

30
58
30

55

30
113

50

90

30
4t
20

66

20
31

20
4I
20

78
20

53

20
36
20

J.' 30 28 68 l15 '75 68 28 74 108 87 65

56 60 5l 76 87 75 30 44 56 45 32 tt

80 80 74 165 144 36 43 40 40 34 86 70

5t 58 55 200 480

t02 63 24 80 4 30 27 63 lt

80 2

*
*t

L.-P. Gagne (personal communication)
Point estimates rather than averages
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Table 2.3: Summary of Studies on the Receiving Waters of Gaspé Mine

: (^¿. ',-

; =1.n_ì,.

Study of the York River in1966 and 1967. Recorded high
levels of copper in water and sediment in upper sections of the
river, impoverished benthic community in affected areas relative
to controls (Miller R.), and avoidance of North Branchby
salmon.

General biological study of the York River with reference
stations on the North Branch and Miller Rivers. High copper
levels in 1975 seriously affected the salmon in the upper 20
miles (no 0+ age group). Bentltos impoverished up to and
including the confluence with the North Branch. Increase in
benthic densities and proportion of polluton sensitive species
downstream. Effluent toxic to caged salmon tr.1975 but not in
previous years. Copper concentration in the water was ryclic
with peaks occurring in spring. High levels of metals in
sediments relative to control areas. Metals residues in fish did
not surpass regulatory limits for consumption.

Used artificial substrates to sample North @eference) and South
Branches of the York in1976. Conditions below the reclaim
basin have improved since 1974 with the degree of recovery
increasing downstream.

Study conducted in 1977 similar to that in 1976. Reservoir
populations of plankton lower in biomass and diversity than
reference (York Lake). Impaired benthic community in South
Branch of the York River. Community stabilized only at Y-39
below entrance of the Oatcake River. No improvement in
invertebrate community atY-22 and Y-20 since 1975. Very few
(3) salmon were observed in South Branch above confluence
with North Branch. Acute toxicity to salmon (0+) was observed
only in the reclaim basin. High soluble copper concentrations in
early spring (as before).

Benthic and salmonid study on the York River in Sept. 1978
using artificial substrates and electrofishing. Preliminary report
to BEAK (1980a) below. Found salmon and brook trout in
South Branch for the first time.

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

Grenier
(re7r)

Wood
(re16)

BEAK
(re17)

Hummel
and
Levaque-
Charron
(1e78)

BEAK
(1978a )



Table 2.3 (continued)

a {^)- t
; -i-n-> r
''. \-t ,-

Placed artificial substrates in York River September -November
1977 . The river was coincidentally affected by alarge release in
iron and sulphate which peaked at 10 mglL and750 mglL,
respectively in October. Marked reduction in benthic densities
and diversity downstream of reservoir (no survival at 5 km).
Effects observable at 50 km. No effect on control populations
(North Branch and Miller Rivers).

Impact study conducted May-September 1979 by Noranda.
Spring and October maxima in total copper atY-22 of 0.23mglL
and 0.19 mg/L . Maximumvalues in iron inMay and
September of 1.3 and 0.78 mglL. Peak copper concentrations of
0.08 mgll. occurred in Miller River (reference) in April-August.
Plankton in the reservoir was lower in dry weight and biomass
than controls (York Lake). Qualrty of benthic community
improved May -September downstream of mine discharge but
community structure altered from July and not comparable to
1978. Similarity indices between affected and reference
stations decreased coincident with an increase in dissolved
copper during this time. General condition of salmon
population was good despite decrease in numbers attributed to
high water levels in spring. Water was non toxic to salmon fiy
in 96 hour expostrres of caged fish in the York River and the
North Branch (reference).

Conducted in 1978; similar in scope to 76 and 77 studies.
Release ofiron floc in fall 1977 resulted in increase in turbidity
and precipitation of iron hydroxide. Benthos severely affected 5

km downstream with effects observable for 50 km. In 1978, the
benthos appeared to have recovered significantly with a larger
abundance of species of intermediate sensitivity at Y-22. No
salmon observed upstream of the North Branch. No mortality in
bioassays (caged salmon) except in reclaim basin itself. Water
quality improved over 1978 except during spring peaks ofFe,
Cu and TSS concentrations.

+

+

+

++

++

+

+

+

a

+

BEAK
(1e78b)

Prairie
and
Levaque
Charron
(1e81)

Levaque-
Charron
(1e80)
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Table 2.3 (continued)
'.1¡..'\','a (Þ>."

; -|tyì_è i
-i.\J.

Review ofbenthic data (densities and nurnber of taxa) from
1968-1979. Catalogues the deterioration ofthe benthic
community following the release of heavy metals in 1975, the
partial recovery of the community in1976, the deterioration of
the community following release of iron floc in 1977 andits
subsequent recovery h 1978. The recovery in benthic densities
and numbers oftaxa observed in 1978 continued in1979
however, benthic densities and diversity were still lower than
the reference stations (Miller River and North Branch)
downstream of the reclamation basin. Proportions of sensitive
(e.g. ephemeroptera) vs. tolerant species (e.g. chironomids)
increased downstream. Peaks in total copper and iron were
observed in periods of high run-off. Peak also observed in
reference station (lvliller River).

Report of L979 field inventory of potential habitats for salmon in
the tributaries in the upper York River with respect to their
ability to maintain a population of salmonid.

Summary report of all the ñeld studies conducted by BEAK in
1979. Information included in BEAK 1980a and 1980b.

Report on 1980 field work on bentlic study using artificial
substrates (See Prairie 1981). Improvement in benthic fauna
downstream of the reservoir to confluence with the North
Branch. Density of sensitive organisms increased in proportion
to the distance from the reservoir. Effects now limited to
stations 15 922) and 4 (27)

Impact study conducted by Noranda in the summer of 1980. As
before observed two peaks in copper and iron - during the spring
thaw and a period of high precipitation in July-August.
Plankton biomass higher in reservoir than 1979 but lower than
reference (York Lake). Quality of benthic populations similar to
1 979, although population reduced because ofhigh rainfall.

+

+

+

+

+

+

++

+

+

+

+

BEAK
(1980a)

BEAK
(1e80b)

BEAK
(1980c)

BEAK
(1e81)

Prairie
(1e81)



Table 2.3 (continued)
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Clear differentiation in population strucûrre between affected
and reference stations as determined by similarity indices.
Consistent recovery pattern downstream of reservoir witï most
significant recovery occurring between the North Branch and
the Oatcake tributary. Levels of metals in salmon tissue lower
than guidelines.

Similar to 1980 study. Effects on benthos again limited to the
South Branch (Stations 4 and 15). Impact was less than in 1980
in both significance and efent. Increase in proportion of
sensitive vs. tolerant organisms. Average monthly levels of Cu
and Fe were similar to 1980 although Mn levels were higher.
Fish conditions were judged as good with high abundances for
all age groups. Salmon pa:r found right below the falls at the
reservoir.

Biological studies of the York River over four years to evaluate
the effects of a sulphuric acid spill on the salmon population.
Following spill in 1982, juvenile salmon were scalce or absent
in the upper 167o ofthe river while no effect was observed on
reference tributaries. Densities ofjuveniles was estimated at20
individuals /100mr. Estimated smolt production for 1983 was
reduced by 197o. Benthic fauna densities and diversities were
significantly reduced in the upper York although improved
downstream. Copper levels in water, sediments and slime
coatings were elevated relative to tributaries. Deleterious
effects on invertebrate community due to metals release and
limestone siltation.
In 1983, improvements were observed in the salmon population
in all sections of the river including the upper York. Juveniles
were re-established in South Branch right to tlte reclain basin.
Salmon fry (0+), however, were not found in North Branch ,

South Branch and Upper York because of avoidance in the area
by spawners after the spill. Loss of potential smolt production
in 1984 was estimated, at 5o/o (2250) with the greatest impact
expected in 1986. Water quality conditions improved since
1982 and are suitable for salmon production.

+

+

+

+

+

+

+

+

Prairie
(1e81)
(conl')

Prairie
and
Trudel
(1e83)

BEAK
(1e82)
(1e84)
(1e85)
(1e86);
Prairie
(1986a)

(cont'd)



Table 2.3 (continued)
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By 1985, populations stable in mid to lower section of the river
with no úsible effects of the spill. In the upper river, the poor
spawning success in 1982 and low water conditions in 1984
resulted in weak and variable age classes. Low densities were
evident in the 1983 year class. The estimated smolt production
for 1986 was negligible in the upper reaches but was very strong
over the entire river because ofa very successful 1983 year class
and the larger quantity of habitat downstream. Smolt losses
were calcnlated as 11% in 1985 but were expected tobe 620/o

higher than objective in 1986.

Report by the Quebec Ministry of the Environment on the
chemical events that occurred after tlte 1982 spill. Spill resulted
in the avoidance of the upper sections of the river by spawning
adults and the mortality ofjuvenile salmon in effected areas. In
bioassays, acute toxicity to juvenile salmon, algae and Daphnia
was observed as far as 50 km downstream. Toxicity of the
effluent was attributed to the high concentrations of copper after
the spill.

Numbers of taxa and biomass of zooplankton in reclaim basin in
1983 similar to levels before acid spill, although average
densities lower. Results similar in 1984 to those in 1983.

General description ofthe biological, chemical and physical
characteristics of the York River. Proúdes an overview of the
status of the salmon population.

Reports offield studies in 1983, 1984 and 1985 on quality of
benthos dormstream of the reclaim basin. Chronicles the
progressive recolonization of the benthic community after the
acid release in 1982. By 1985, only the small section upstream
of the Miller river showed a decrease in diversity relative to the
reference station. In terms of diversity, densities and the
proportion of polluûon sensitive taxa, the benthic community
was of a higher quality than before the spill.

+

+

+

+

+

+

+

++

+

L

+

BEAK
(1e82)
(1e84)
(1e8s)
(1e86)
Prairie
1986 a)

Laliberte
(1e83)

Prairie
(1984
a,b)

Prairie
(1984c)

Prairie
(le84d)
(1984e)
(1e86b)



Table 2"3 (continued)
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Inventory of salmon habitat study using 7 habítattypes in order
to calculate the production capacity ofthe river. Found 28,000
units of 100 mr.

Inventory of the salmon population in the York river conducted
in 1986. Decrease in the population was noted (total 5S/100mJ)
compared with 70-100/100rn-r between 1983 and 1985. Drop in
density attributed to low densities of 0 + age group in lower
sectons of the river. Salmon production for 1987 estimated at
56,000, a drop in20o/o over 1986. Small increase in number of
spawners ascending the river.

Inventory ofsalmonpopulation conducted in 1987 and 1989
Total densities stabilized since I 986 (^.60 juvenile/ I 00m2)
compared vith22/I00Ã*'z in 1982. Estimated production of
salmon is 43,200 and 51,100 in 1988 and 1989, respectively

Inventory of salmon population and benthic survey conducted in
I99l. Total juvenile salmon densities (-84l100mr) increased
over those in 1987 and 1989. Smolt production estimated at
91,500, the highest value yet. Spawner escapement decreased
slightly compared to return records from 1987-1989. Benthic
study indicates a continuous improvement in river quality with
an increase in diversity at all stations except Y-27. Cluster
analysis identiñed two major groupings: upper and lower river.

Repeat of study of 1991 on salmon and benthos. Reduction in
juveniles salmon in the upper section of the river including the
reference stations. Densities more than doubled at downstream
stations. Densities and number of benthic taxa decreased at
most of the stations including the reference. Community
structure, based on cluster analysis, remained comparable to
1991

+

+

+

+

+

+

+

Prairie
(1986c )

Prairie
(1e87)

Prairie
(1ee0)

BEAK
(ree2)

BEAK
(1ee3)
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Repeat of 1992 and 1991 studies in 1993 on salmon and
benthos. Increase in density ofjuvenile salmon (98/100 m'?)

over preceding years. Benthic study confirmed that water
quahty remained high during 1992 and, 1993 . Cluster analysis
indicated two groupings: the upper sections ofthe river to 13

km and those stations in the middle and lower sections of the
river including the reference areas. The impact of mine
operations on the benthos was considered minor.

Results of1994 field studies onfish, benthos, zooplarkton,
sediments and water quality Densities ofjuvenile salmon
remained high in the upper and middle reaches of the York
River wilh estimated smolt production in the reach closest to
the mine discharge (1.5/100 m2¡ typical of values observed in
Gaspé rivers. The number ofspawners observedto ascendthe
river was deemed adequate for maintaining the population. The
benthic study revealed a healthy community with a high
diversity and presence of pollution sensitive species. Only the
station immediately below the mine discharge showed a
reduction in the number of taxa. Levels of metals especially
copper were elevated atY-22 below the discharge (0.02I mg/L)
but declined with distance downstream (reference levels <0.001
mg/L). High levels of copper in the sediments at Y-22 (1900

þ¿g/Ð dropping to near background in the South Branch above
confluence with North Branch. Sediment cores from the estuary
of the York failed to indicate copper contamination attributable
to the mine, although surface values were elevated relative to
typical values for the region. Cu concentrations were elevated
in zooplankton collected in the discharge from the reclaim basin
relative to reference samples (York Lake). Elevated
concentrations ofcopper were observed in liver tissue of
juvenile salmon (mean 1486 þglg) and brook trout (mean 608
p.g/g) rclaÎive to reference fish from the North Branch. No
harmftl effects of the copper were observed in the exposwe p
opulations.

+

+

+

+++I

BEAK
(Lee4
a, b)

BEAK
(lee5)



Table 2.3 (continued)
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Summary of 1995 field studies. Salmon inventory: Density of
juvenile salmon in the upper York (Y-22 to Y-33) was similar
to that observed in previous years . Estimated smolt production
at the most affected reach (-22, 4.7/I00ñ) was greater than
that tlpically observed in Gaspé rivers. The benthic surr,-ey
indicated that the benthic communi-f in the upper York
remained in good condition with a high diversity and abundance
of pollution sensitive organisms (e.g. ephemeroptera). Only Y-
22, closest to the discharge showed a reduction in the mrmber of
taxa. Elevated copper levels observed below the discharge
declining with distance (0.014 mgll- atY-22; 0.004 mg/L atY-
39; reference 0.002 mglL). Sediment cores in York and
Dartmouth (reference) estuaries indicated an enrichment of
copper in the surface layers of York River sediments attributed
to mining activities. Copper concentrations were elevated
relative to the references sites in zooplankton and fish liver
samples collected near the discharge and (to a lesser degree)
fufher downstream atY-39. Levels of metallothionein in the
salmon liver were lowest in exposure frsh and highest in fish
from the reference area. This unexpected response suggested
that the metallothionein in exposure fish was rapidly combined
with copper and transferred to the lysosomes from the q'tosol
(copper overload). This explanation was consistent with high
levels of particulate (lysosomal) coppff obtained. There was no
statistical difference in blood RNA between exposure and
reference fish suggesting the absence ofeffects on growth
related to mining activities.

+

BeüthoC.
..

+L++

Studl'

BEAK
(1ee6)



3.0 METHODS

3.1 Study Area

The objective of the 7996 field program was to determine if significant differences occurred in various

chemical and biological parameters between reference and exposure areas. As a result, sampling stations

were selected in locations that would maximize the probability of detecting differences if they existed.

Historical stations were used when feasible to provide additional data for comparison purposes. Sampling

stations were located in areas ofuniform habitat type to minimize other sources of variation. This increased

the probability of detecting biological and chemical differences that resulted ûom metal inputs into the aquatic

system. Sampling stations in the exposure arcawere selected over a spatial area which ensured a similar level

of contaminant exposure. Various biological and chemical parameters from the exposure and reference areas

were compared in a simple statistical test (i.e,. Student's t-test) to determine whether there was a significant

difference between reference and exposure areas.

The South Branch of the York River, between the reclaim reservoir and the confluence with the Miller River,

was chosen as the exposure area (Figure 2.1). Aside from surface run-offand possible seepage from the base

ofthe reclaim basin dam (both minor inputs based on historical data), this reach of the river consists entirely

of discharge water (efluent) from the reclaim basin. Two historical sampling stations are found on this reach

of river: Y-22wlttchis located 0.35 km downstream ofthe basin and is the location of numerous benthic, fish

and water quality studies over 25 years; and Y-20 located immediately below the discharge, the subject of
some earlier water quality studies. Y-22 was included as one of the benthic and water quality stations and

was the location ofthe quantitative fish study. Effiuent samples were collected at Y-20 for sublethal toxicity
testing.

The North Branch of the York River was chosen as the reference area (Figure 2.1). The North Branch has

been used in numerous studies and has consistentþ been shown to be contaminant-free. Six water chemistry

and benthic invertebrate sampling stations were established in the North Branch, four in Reach A between

York Lake and Highway 198, and two in Reach B between Little York Lake and the confluence with the

South Branch of the York River. The historical reference station R-39, located in Reach B, was included

as one of the water chemistry and benthic invertebrate sampling stations.

The quantitative fish study was conducted at a new reference station (JW-RI) close to the head waters of
the North Branch of the York River at York Lake. This station was chosen to be as far as possible from the

confluence of the North and South Branches of the York River in order to minimize the possibility of fish

migration between reference and exposure areas.

"'-'Ji",,
,$#;
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One possible disadvantage in using the North Branch of the York River as a reference area for the fish study

was the possibility (especially in the case of salmon) of fish migration between this area and the exposure area

in the South Branch. Such migration would render meaningless any comparisons between the two
populations. Migration between the exposure and reference areas may have been a reason for high

metallothionein levels measured in fish tissue from the North Branch in 1995 (BEAK 1996; See Table 2.3).

Our placement ofthe reference station, JW-RI, as far as possible from the confluence of the North and South

Branches of the river, did not completely eliminate the possibility of migration from one site to the other.

We therefore established a second reference site (JW-R2) on the Sirois River for fish tissue sampling (Figure

2.1). The Sirois River is tributary to the Saint Jean River which drains a watershed separate from the York
River and is unaffected by mine activities.

3.2 Effluent Characterizatton and Sublethal Toxicity

B.A.R Environmental Inc. in Guelph, Ontario coordinated all sublethal toxicity testing which was conducted

on the Gaspé Mine effluent and receiving water as specified in Project # 4.1.2a, Extrapoløtion Study

(September g, 1996). Sublethal toxicity tests performed by B.A.R. Environmental Inc. included: Lemna minor

growth inhibition, Ceriodaphnia dubia survival and reproduction, juvenile fathead minnow (Pimepholes

promelas) survival and growth, and salmonid embryo tests. Eco-CNFS Inc. in Pointe Claire, Quebec
conducted lhe Selenostrum capricornutum microplate growth inhibition test.

Receiving water samples were collected from the Miller River, upstream of the confluence with the South

Branch of the York River (F gore 2.1). Lreceiving water sample (40 litres) was collected by mine personnel

prior to coÍlmencement of the 1996 field program. This sample was necessary to determine if the receiving

waters resulted in toxicþ to Ceriodaphnia dubia or juvenile fathead minnow. If so, these organisms were

acclimated to the receiving water before toxicity evaluations. On September 16, 1996, 420litres (twenty-one

2}litre pails) of receiving water were collected and shipped to B.A.R. Environmental Inc, One small bottle
(200 ml) of receiving water was collected and shipped to Eco-CNFS.

Effluent samples were collected at the effluent discharge point below the reclaim basin on September 16,

1996. Seven20litre pails (l40litres) were shipped to B.A.R. Environmental Inc. and200 ml was shipped

to Eco-CNFS. All water and effluent samples were shipped via courier (Dicom Express) and arrived at their

respective destinations within 48 hours as required.

Effluent and receiving water samples were collected and analyzed for general chemistry (Total Suspended

Solids (TSS), cations and anions, Dissolved Organic Carbon (DOC), Dissolved Inorganic Carbon (DIC),
nutrients), dissolved metals and total metals.

-..-.i''...
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3.3 Habitat Characterization, Classification and Sample Station Selection

The objective ofthe habitat characlenzalion and classification was to describe existing habitats and substrate

types in both reference and exposure areas. This information was necessary to select sample stations of
uniform habitat type within each area and between areas.

Charactenzation of habitat and substrate was conducted on September 17, 1996 in the exposure area and on

September 18, 1996 in the reference area @.each A and B). Habitat in the reference and exposure areas was

characterized by visual assessment using the Department of Fisheries and Oceans (DFO) and the New

Brunswick Department ofNatural Resources and Energy (NBDNRE) Stream Survey and Habitat Assessment

Table as a guide (DFO and NBDNRE 1994). The habitat surveyed was divided into discrete habitat units

based on stream type (fall, ruq rifle, pool). For each unit the length, average width, average depth, current

velocity, substrate composition (percent bedrock, boulder, rock, rubble, gravel, sand and fines),

embeddedness, percentundercut banþ percent over hanging bank vegetation, percent shade, percent stream

bank vegetation and percent bank erosion were determined. Current velocity was measured in the middle of
the stream and at ll4 and 314 distances in the stream channel. Originally it was intended that a Geneq Inc.

Global Flow Probe Model FP I 0 I be used to measure current velocity at 0 .6 m water depth. However, as

this meter was not accurate under the lowest flow conditions, velocity was calculated as indicated in the

habitat assessment table using the float duration of a whiffle ball. Based on the substrate types identified in

the habitat characterization, the study area was classified into constituent habitats based on the habitat

classification scheme of Cowardin et al. (1979) developed for the U. S. Fish and Wildlife Service.

Habitat within the reference and exposure areas was photographed, mapped and GPS (Global Positioning

System) positions were recorded at the beginning and end of each habitat assessment, at significant reference

points (i.e.,bndges, large beaver dams) and at sampling stations. GPS data were collection using a Trimble

GeoExplorer IIrM Global Positioning System (GPS) Sample locations were recorded as point entities and

reduced to an average geographic coordinate per sample location using base station data and the Trimble

PFINDERTM software. This differential correction is a technique that uses an extra receiver, usually a base

station, and calculations to increase the accuracy of each position (Trimble 1996). The accuracy of the data

is on the order of three meters in the X and Y direction. The corrected sample location data points were

adjusted to the appropriate datum and projection using Datumx, NT2v, and GSRUG coordinate conversion

software. The converted points were entered onto the reference and base maps using a batch conversion

process and were introduced into AutoCad as point features.

Six sampling stations were selected in both the reference and exposure areas. Station selection was based

on habitat and substrate uniformity and correspondence of station locations with historical sampling locations.

Each station represented a discrete sample point with no statistical replication to maintain a consistent

statistical design with that proposed for the 1997 detatled field studies (Dr. Roger Green, pers. comm.). The

:acr:
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key to locating reference and exposure stations was to maximize the probability of detecting significant

differences in water chemistry parameters and benthic invertebrate community structure between the two

areas. The distance between sampling stations varied depending upon the habitat characlerization as well as

upon the size of the receiving environment and the influence of other effluent sources or tributaries.

3.4 \Mater Samples

Water chemistry samples were collected from the reference and exposure stations on September 19, 1996.

One replicate water sample was collected from each of 12 sampling stations. Six grab water samples were

collected at the surface from each ofthe six reference stations and six exposure stations with bottles prepared

by MDS Environmental Services Limited. The bottles used to collect samples, the sample preservatives and

sample analyses are summarizedin Table 3.1.

Clean sampling techniques were used at all times to minimize sources of contamination. Samples were

collected in triplicate rinsed bottles which were then submerged and capped below the surface to avoid any

surface contamination and minimize air space. Separate samples were collected for total and dissolved

metals. Samples for dissolved metals were field-filtered by syringe through acid-washed cellulose acetate

filters Q.a5 ¡m) mounted in Swinex filter holders according to standard methods (APHA 1995 -Section

30308). Prior to use, each filter and filter holder were washed with nitric acid (approximately 2%) and rinsed

with distilled water. Both metals samples were acidified with ultra pure nitric acid (provided by the

laboratory) to a pH <2. Nl samples were cooled and shipped to MDS Environmental Services Limited in

Mississauga, Ontario for analysis. Detailed anaþical methods are presented in Appendix C.

Field measurements oftemperature, conductivity, dissolved oxygen, and pH were also taken al each station

sampled using a Hydrolab FDO multiprobe. All field instruments were calibrated prior to use and values were

recorded manually in the field.

Field Quality Assurance/Quality Control (QA/QC) protocols included collection and analysis of one transport

or trip blanlq one filter blank and one field replicate. These QA/QC samples were collected at the exposure

station closest to the effluent discharge (GE-l) The transport blank and filter blank water were provided

by the analytical laboratory. Laboratory QA/QC protocols included the use of laboratory replicates to
indicate precision, and certified reference materials and spiked samples to indicate analytical accuracy. A

Quality Management Plan (Ql\æ) for the 1996 Field Surveys is attached as Appendix A.

Receiving water chemistry was characterized to determine if there was a statistically significant difference

in chemistry between reference and exposure sampling areas. Means and standard errors of parameters were

calculated for reference and exposure areas. If the concentration of a particular parameter was below

detection limits, this concentration was taken as half the detection limit for mean calculation. Comparison

í Ìj.J^1 ':
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Table 3.1: Summary of Bottles and Preservatives Used and Analyses Conducted on \ilater
Chemistry Samples Collected at Each Sampling Station

I - 500 mL HDPE none Total Suspended Solids (TSS)

I - 500 mL HDPE none General Chemistry Cations and Anions
(Alkalinity as CaCOr, Chloride, Sulphate,
Anion Sum., Bicarbonate as CaCOr,
Carbonate as CaCO, Cation Sum., Colour,
Conductivity, Hardness as CaCOs, Ion
Bqlance, Langelier Index at 20 oC, Langelier
Index at 4 "C, pH, Saturation pH øt 20'C,
Saturøtion pH at 4 oC, Total Dissolved
Solids, Turbidity)

I - 100 mL glass none Dissolved Organic carbon (DOC)
Dissolved Inorganic Carbon (DIC)

I - 250 mL glass r{rson Nutrients

Qrlitrate, Nitrite, Ammonia, Total Kjeldnhl
Nitrogen, P hosphorus, Orthophosphate)

1 - 250 mL HDPE HNO3 Total Metals
(Aluminum, Antimony, Arsenic, Barium,
Beryllium, Bismuth, Boron, Cadmium,
Chromium, Cobqlt, Copper, Calcium, Iron,
Lead, Magnesium, Manganese,
Molybdenum, Nickel, Potassium, Reqctive
Selenium, Silica (SiO), Silver, Sodium,
Strontium, Thallium, Tin, Titanium,
Uranium, Vanadium, Zinc)

1 - 250 mL HDPE HNO3 Dissolved Metals (as for total metals)

@
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of water quality parameters between reference and exposure areas was completed using independent samples

t-tests with SPSS/PC+ version 5.0. Statistical analyses were performed on selected general chemistry, and

total and dissolved metals parameters. Homogeneity of variance was assessed using Levene's test. When

variances were equal, the pooled t-test results were used. When variances were unequal, the separate

estimates were used. The two-tailed probability determined significance between means at s:0.05.

3.5 Sediment Samples

Suitable representative depositional areas (greater than 1 0 rn') for sediment collection were not found in the

reference and exposure areas. The South Branch and North Branch ofthe York River are erosional with little

available unconsolidated fine sediment. As sediments were not collected, detailed notes on the site were

made and pictures were taken to provide evidence that the station was not suitable (refer to Appendix B).

3.6 Benthos Samples

3.6.1 SampleCollection

The benthic invertebrate community althe Gaspé Mine site was characterized to determine if a statistically

significant difference in species composition and abundance existed between reference and exposure areas.

One benthic sample was collected at each of the six sampling stations in both the reference and exposure

areas. Samples from each station were collected from similar habitat types using a quantitative Surber

sampler (0.093 m2¡ with a250 ¡zm mesh net. Large substrate within the sampler area was scrubbed clean

with a stiffbrush and the substrate was disturbed to a depth of 5 cm. Historically, benthic invertebrates at

the Gaspé Mine have been sampled with a 500 ¡zm mesh Surber. In order to compare the 1996 results with

historical dat4 each benthic sample was sieved in the laboratory with 250 ¡tm and 500 ¡:m sieves. Samples

were not sieved through larger sieve sizes (500 ¡zm) in the field, which is the desired practice, as sampling

had been completed prior to revision of the field sieving protocols. Samples were preserved in 10% buffered

formalin and shipped fo Zaranko Environmental Assessment Services in Guelph, Ontario for analyses.

3.6.2 Sorting and Taxonomy

In the laboratory, benthic samples were sieved through both a 500 ¡zm and 250 ¡zm sieve to allow for

comparison ofthis data set with historical, dataand future benthic studies, respectively. Invertebrates in each

sample were counted and identified to genus level. Details of the anaþical methods are presented in

Appendix D.

:A/r'1, ì--t-t :
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General QA/QC protocols for benthic invertebrate analyses included the following

all firms submitted benthic samples to Zaranko Environmental Assessment Services in Guelph,

Ontario for analyses;

a reference collection of identified organisms was created and maintained for both the receiving and

reference environments;

taxonom! was verified by an independent expert;

sorting efüciency was estimated by recounts of the sorted material on l0o/o of the samples. If
subsampling was deemed necessary, an estimate would have been made of the subsampling error;

all unsorted and sorted fractions of the samples were retained until taxonomy and sorting efüciency

are confirmed; and

all data transcriptions were checked for accuracy

QA/QC procedures are presented in the Quality Management Plan in Appendix A. The results of the benthic

QA/QC program are presented in Appendix D.

3.7 Fisheries

3.7,1 Collection

Fish were collected at one reference area and one exposure aÍeato determine whether a significant difference

in composition and/or abundance existed between these areas. Licenses to Fishfor Experimental, Scientific

or Educational Purpo,ses were obtained from regional Fisheries and Oceans in Quebec (Licence number

411SP). The reference site (JW-RI) was located on the North Branch York River upstream of previous

surveys and downstream of York Lake. The area sampled was 324 m2 . The exposure site (Y -22) was the

same location used in the previous studies on the South Branch York River (Figure 2.1). The area sampled

was 419 Ñ.

A second reference site (fW-R2) was chosen within a different watershed to assess availability of target

sentinel species and to serve as a second reference site for assessment of effluent exposure, It was necessary

to sample a second reference site (on the Sirois River) to eliminate the potential for migration of fish between

the two York River sampling sites. The Sirois River is a tributary to the Saint Jean River located south of

a

a

I

a
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the study area (Figure2.l). Only qualitative electrofishing was undertaken to assess availability of fish

comparable to populations at the York River sites and to collect a representative number of fìsh for metal

and metallothionein analyses (see Section3.T .2).

All fish populations were assessed using Smith-Root Models 12 and 7 electrofishers which is considered to

be the most effective means of capturing fish in shallow rivers. Quantitative methods were used to census

the fish populations and qualitative methods were used for additional collecti'ons. Fish were collected at a

time of day to ensure maximum abundance. All fish, not collected for tissue analysis, were returned

unharmed to the river after measurements were obtained.

To provide a quantitative census, barrier nets were erected to enclose an aÍeawhich contained a variety of
habitats such as pools, rifles and runs. The different habitat types are used by the target species during their

different life stages. A minimum of three sweeps were made to deplete the fish populations within the

enclosed reach in keeping with the methodology of Moran (1951) and Zippin (1956). The two most

abundant species were kept for morphological data recording and further chemical analyses. All fish captured

were weighed to the nearest + 0.01 g using a calibrated dgltal, electronic scale. Fork length, the length from

the tip ofthe snout to the depth of the fork in the tail, was measured to the nearest * 001 mm. All fish were

examined externally for any anomalies and these were recorded on field data sheets. Scale samples were

taken from a representative number of fish within obvious age groups. These samples were shipped to Mr.

Jon Tost ofNorth Shore Environmental Services in Thunder Bay, Ontario for age determinations.

Statistical analyses on fish measurements involved t-tests for comparison of means between reference and

exposure areas. Residual plots on raw and log,o transformed data were examined to assess assumptions of
homogeneity of variance. Probability plots were used to assess assumptions of data normality. Estimates

of variability in size-at-age (1og length vs age) and condition (body weight vs length) were completed by

Analysis of Covariance (ANCOVA). The first procedure required conducting a preliminary test of equality

of slopes incorporating an interaction term which represents the test for equality of slopes of the area

regression lines and the covariate. If the interaction term was not significant (i.e., the regression lines were

parallel) differences between intercepts were tested.

QA/QC protocols for aging of fish structures included all firms submitting samples to North Shore

Environmental Services for aging, and verification of 10% of the structures by independent sources. Details

of QA/QC protocols are attached in the QMP in Appendix A.

s-'"î",,
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3.7.2 Tissue Processing for Metals and Metallothionein Analyses

At each of the seven mine sites an evaluation was conducted to determine if fish tissue would be collected

for metals and metallothionein analyses. The evaluation was based upon the criteria listed in Table 3.2.

When applying the selection criteria to a site, Criterion #1 was of primary importance, especially regarding

sub-criteria "b" (i.e.,mobility) and"f'(1.e., fish abundance). If these two sub-criteria were not met, then fish

tissue was not collected. Of particular importance in Criterion #2, is sub-criterion"d' . Specifìcally, if a site

already had sufficient fish tissue datato provide enough information for planning the sampling element for

fish collection for 1997 at the site, then no further destructive sampling occurred.

At the Gaspé Mine site, juvenile Atlantic salmon and brook trout were selected as the sentinel species.

Tissues of both species were collected for metals and metallothionein analyses as these species were abundant

in both the reference and exposure areas during the sampling period and historical data on tissue analyses was

limited and inconclusive. Although abarrier was not present at the site to physically separate populations

in each aÍea, a second reference area was located in an alternate watershed for comparison purposes.

Details on sampling and processing methodologies are contained in the revised protocols outlined by

Dr. J .F. Klaverkamp (version August 29, 1996) (Appendix E). Samples were shipped on dry ice to the

Freshwater Institute, 501 University Crescent, Winnipeg, Manitoba, R3T 2N6.

@: AÊfl:
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Table 3.2: Criteria Used for Determination of Site Suitabitity for Collection of Fish Tissue for
Metals and Met¿llothionein Analyses

a) Are the fish species present benthic feeding? Benthic feeding fish are preferable as a
sentinel species due to their greater exposure to metals. If however, no benthic feeding
species are present at a site, then the other feeding guilds (e.g., insectivores) must be
considered.

b) Are the fish present relatively sedentary (i.e., are fish caught in reference and exposure
areas species likely to spend most of their time in these areas?) If the selected sentinel
species are not sedentary, then is there a barrier (e.g., waterfall, dam, long distance) that
physically isolates the reference population from the exposure area and vice versa?

c) Is the sampling period (September and October) suitable for the selected species?
Specifically, tlsh that are spawning, and therefore possibly moving in and out of reference
and exposure areas may not be appropriate sentinel species for the 1996 field surveys.
However, if the 1997 fïeld studies occur during a different time period, these fish may be
appropriate sentinel species.

d) Do the fish species at a site have an intermediate life span? Long lived fish may have
acclimated to metal exposure, and thus not be suitable for measuring metals in tissue.

e) Are the fish present large enough to supply the tissue for metals and MT?
The approximate size of fish that would have large enough organs to be split is 15-20 cm.
Fish larger than2} cm are preferred. Fish smaller than 10 cm should be frozen whole.

Ð Ar" species present abundant enough to collect the number of fish needed (8 fish of 2
species/preferably 4 males and 4 females of each species) within a reasonable time limit?

g) Are similar sentinel species found at the reference and exposure areas? If there is no
possibility of collecting similar species at the two locations, it is not worthwhile to
consider the site for sampling fish tissue in 1996.

1) Presence of Suitable Sentinel Species



Table 3.2 (continued)
¡

I

a

a) Have the data been published in peer-reviewed literature (1.e., scientific journal,
government publication, consultant report)? If a site has fish tissue datathat show a clear
difference in metal levels, then further collection of tissue for metals and metallothionein
analysis is not warranted.

b) Is it feasible to maintain fish frozen at a site for the required amount of time? It is
possible to maintain a 100 kg btock of dry ice for a week depending on outside
temperatures and how often the cooler is opened and closed?

2) QualitylQuantity of Historical Data
and Logistics



4.0 RESULTS

4.1 Date of Sample Collection and Analysis

The dates that samples were collected and analysed are presented in Table 4.1. Four benthic invertebrate

samples were damaged (stations GEl, GR2, GR5, & GE5) during shipment to the laboratory and as a result,

these stations were resampled on October 8, 1996. In addition, the Lemna minor sublethal toxicity test was

repeated on November 22,1996 due to complications with the test media in the laboratory.

4.2 Effluent Characterization and Sublethal Toxicity

4.2.1 Chemistry

The results of the metals and general water chemistry analyses on the efluent and on the receiving water from

the MillerRiver are summarized in Tables 4.2 and 4.3, respectively. As expected from previous monitoring

studies (see Section 2), alkah metals were higher in the efiluent compared to the Miller River samples (Table

4.2). Calciunq magnesium, potassium and strontium concentrations were between 2.5 to 5.0 fold higher in

the effluent. Sodium concentrations were 16 fold higher in the effluent. Differences in total and dissolved

arsenic, chromium, nickel, selenium, uranium and zinc, between the effluent and receiving water samples,

were marginal. Concentrations of total and dissolved copper, manganese and reactive silica were between

two to six fold higher in the efluent taking Miller River concentrations at the Level of Quantification (LOQ)

Total and dissolved molybdenum concentrations were approximately 75 fold higher in the effluent.

Anions (l.e.,sulphate, bicarbonates and to a lesser extent, chloride) were also elevated in the effluent

(Tatle 4.3). Given the high concentration of ions, it is not surprising that the conductivity, total dissolved

solids and hardness of the effluent were considerably greater than those parameters in the receiving water

from the Miller River (e.g. conductivity: 619 vs. 204 pslcm; Table a.3). Alkalinity and DOC were also high

with DOC being three fold higher in the effluent. The pH of both water samples was slightly greater than

neutral (alkaline) (7.8 vs. 7.9). The waters from both sources were low in colour, nutrients (nitrite,

ammonia, TKN, phosphorus and orthophosphate), carbonate, turbidity and suspended solids. Nitrate was

almost three fold higher in the Miller River samples as compared to the effluent samples.

4.2.2 Toxicity

The final results of the sublethal toxicity tests are presented in a separate report by B.A.R. Environmental

Inc. which documents the results of the testing for the seven mine sites evaluated in the 1996 field survey.

"o'ï".,:rtd::'.,4,.
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Table 4.1: Date of Sample Collection and Analysis for the Gaspé Mine Site

Effluent September 16 Toxicity test results submitted October 1 1.

Revised results received on November 7.

Final report pending. Screening of receiving
water and Lemna minor test conducted
twice. Results received December 3.

Receiving Water September 19 Analytical chemistry results and QA/QC
submitted in final form on November 1.

Sediment nla No sediment sampling was conducted

Benthos September 17 and 18 Results submitted by Zaranko Environmental
Assessment Serviqes on November 18.

QA/QC results submitted November 25

Tissue analysis MT results received November 8.

Metal results received on December 16

Fish

Aging

September 17 - 19

Received from North Shore Environmental
Services onNovember 19

't*: @



Table 4.22

LOQ = Limit of Quantification
nd = Parameter not detected at LOQ
na = Not available

Dissolved and Total Metals (mg/L) in the EfïIuent and in Samples Collected from
the Miller River for Sublethal Toxicity Testing, September 19r 1996, Gaspé Mine

Aluminum
Antimony
Arsenic
Barium
Beryllium
Bismuth
Boron
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese

Molybdenum
Nickel
Potassium
Reactive Silica
Selenium
Silver
Sodium
Strontium
Thallium
Tin
Titanium
Uranium
Vanadium
Znc

0.01

0.002
0.002
0.005

0.005

0.002
0.005

0.0005
0.1

0.002
0.001

0.002
0.02

0.0001

0.1

0.002
0.002
0.002

0.5

0.5

0.002
0.0003

0.1

0.005

0.0001

0.002
0.002

0.0001

0.002
0.002

nd
nd

0.007
0.045

nd
nd

0.007
nd

IT2
0.006

nd
0.010

nd
nd

9.9
0.008
0.r57
0.004

2.9
8.1

0.006
nd

18.4

0.250
0.0001

nd
nd

0.0006
nd

0.003

nd

nd
0.005

0.039
nd
nd
nd
nd

99.7

0.008

nd
0.011

0.02
nd

10.4

0.015

0.146
0.002

2.5

na
nd

nd
16.7

0.256
nd
nd
nd

0.0005

nd
nd

nd
nd
nd

.055
nd
nd
nd
nd

36.6
nd
nd
nd
nd

nd
4.1

nd

nd
nd
nd

3.8

nd

nd
1.1

.099

nd
nd
nd
nd
nd
nd

0

0

nd

nd

nd

0.050
nd
nd

0.006
nd

33.0

nd

nd

nd

nd
nd

4.4
nd

nd

nd
nd

na

nd

nd

1.1

0.098

nd
nd
nd

nd

nd
nd

i ¡|13:
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Table 4.3: 'Water Chemistry Analyses of Eflluent and Samples Collected From the Miller River
for Sublethal Toxicity Testing, September 19,1996, Gaspé Mine
(all units in mglL unless otherwise indicated).

LOq: Limit of Quantification
nd: Parameter not detected at LOQ
na = Not applicable/available
TKN = Total Kjeldahl Nitrogen
DIC: Dissolved Inorganic Carbon
DOC : Dissolved Organic Carbon
TDS : Total Dissolved Solids
TSS = Total Suspended Solids

@

Nitrate
Nitrite
Ammonia
TKN
Phosphorus
Orthophosphate

0.05

0.01
0.05

0.05

0.1

0.01

0.t4
nd
nd

0.48
nd
nd

0.40
nd
nd

0.35

nd
nd

Alkalinity
Chloride
Sulphate
Bicarbonate
Carbonate
Colour (TCU)
Conductivity (p.sfum)

Hardness
Turbidity
Anion Sum (meq/L)

Cation Sum (meq/L)
Ion Balance
pH (units)
DIC
DOC
TDS
TSS

na

na

0.01

0.1

0.5

0.5

1

5

I
I
2

1

I
5

I
0.1
0.1

107

25

196
106

nd
5

619
324
0.2

6.94
7.35
2.92

7.8

22.8
2.r
438
nd

93

nd
10

92

nd
nd

204
111

nd
2.r3
2.28

3.51

7.9
2t.0

0.7

115

nd

.s-'åi"".r.$f.;



A summary ofthese results is presented below for the Gaspé Mine based upon prelirninary results submitted

by B.A.R. on October 11, November 7 andDecember 3,1996.

Receiving water was collected from the Miller River and used as dilution and control water in all sublethal

toxicity tests. Samples of the receiving water were collected by the mine before the effluent was collected

so that the receiving water could be screened for its toxicity to fathead minnow and Ceriodnphnia dubia.

Ceriodaphnids and fathead minnows were exposed to the full strength sample (100% v/v receiving water)

and to laboratory water over a seven day period without prior acclimation. Receiving water was judged to

be toxic if survival was less than 80% (Ceriodnphnia, fathead minnow) andlor if mean reproduction was less

than 15 young per female (Ceriodnphniø). Three of ten Ceriodaphnids died in the Gaspé receiving water

exposures and only 12.6 young were produced per female. Thus, the receiving water was determined to be

toxic to Ceriodaphnids. Only fathead minnow and Ceriodaphnia were selected for the screening tests as

these test methods allow an acclimation period before definitive efiluent tests are conducted.

As the receiving water was toxic to Ceriodaphnids, these organisms were acclimated by transferring neonates

from the laboratory dilution water to "adjusted" laboratory dilution water for 6 to 8 days. The pH and

hardness of the laboratory dilution water was "adjusted" to levels measured in the receiving water. Third

brood neonates were then gradually acclimated to the full strength receiving water over a 6 to 8 day period.

These third brood neonates which were acclimated to the fuIl strength receiving water were then used for
testing. After acclimation, Ceriodaphnids in the Gaspé receiving water more than doubled their production

ofyoung (from 12.6 young per female during the screening test to 26 young per female after acclimation).

Results ofthe Ceriodaphnia dubia test conducted on September 18, 1996 indicated a25 percent inhibition

ofreproductionatT9.4 percent effluent but no inhibition at higher effluent concentrations (IC50 of > 100%

v/v) (Table 4.4).

The fathead minnow (Pimephales promelas) survival and growth inhibition test was conducted on September

18, 1996 and indicated no affect ofthe Gaspé efiluent on survival (IC25 :>100o/o v/v) or growth (IC25 and

IC50: > T00oÁ v/v) (Table 4.4).

The results of the freshwater alga Selenastrum capricornatum growth inhibition test conducted on

September 19, L996 were modified from those originally reported in the Preliminary Survey Report. There

was no sublethal effect on growth at > 100 percent effluent concentration (IC25 and IC50 of > 100% v/v)
(Table 4.4).

For most of the sublethal tests on the duckweed, Lemna minor, the plants in the control exposures did not

produce enough fronds to satisfy validity criteria established by the Saskatchewan Research Council . The

plants begin the assay with three leaves per replicate and there must be an average of thirty by the end of the

irlc3,z )--4-( -.
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Table 4.4:

'approximate value since confidence limits could not be calculated
b results for test conducted on Novemb er 22, 1996
" test invalid due to toxicity of receiving water (see text)

Summary of Results of Bioassays Conducted with Gaspé Mine EfÏluent.
Toxicity Test Results are Expressed as o/o vlv of Efïluent.

>100"66.9ù31.8b
(8.5 - 4e.4)

>100>100>100>100>100>10079.4'

@



test (seven dayÐ. None ofthe controls produced this ten fold increase (Robert Roy, B.A.R., pers. comm.).

For the Gaspé Mine, growth in the test media was poor and it was discovered that the distilled water used

to prepare the test media was contaminated resulting in toxicity and poor growth, especially evident in the

test media controls. As a result, this test was repeated on November 22, 1,996. The results indicate toxicity
(IC25 of 31.8%o vlv and IC50 of 66 .9o/o vlv) (Table a.a).

The rainbow trout (Onchorynchus mykiss) embryo test conducted on September 18, 1996 with the Gaspé

effluent was invalid as only 67.5 percent of the eggs in the receiving water control were viable. The draft

embryo test protocol states that the test is invalid when egg viability in the controls is less than 70Yo.

Although a test may be considered invalid due to the toxicity of the receiving water, if egg viability in the

laboratory w¿ter is acceptable, this data canbe used to qualitatively estimate the toxicity of the effluent. In

the preliminary sublethal toxicity report, B.A.R. reported that eggviabilities in each of the receiving water

control replicates was <70Yo. In one ofthe replicates, only 14 of 40 eggs were viable at the end of the assay

(day seven). All of the eggs were viable on day four but there were severe mortalities on day five. On day

five, it was observed that the eggs in one of the replicate chambers were exposed to the air due to a leak in

the chamber. This may have resulted in the severe egg losses on day five (32.5o/o non viable eggs). This

replicate was removed from the test. However, even with these results excluded, egg viability in the

remaining replicates was only 67 5% suggesting toxicity of the receiving water. Egg viability in the

laboratory dilution water control was 89.2 9/o water and egg viability in the 100% v/v effluent exposure was

71.7 % similar to the receiving water control, These results suggest that the EC50 is > 100% v/v (Table a.a).

F{owever, it is important to note that the results of this test may have been invalid due to poor quality of the

eggs and milt used irrespective of receiving water toxicity. Five of the six trout embryo tests performed on

different mining effluents were invalid due to poor egg viability.

4.3 Habitat Characterization and Classification

A habitat assessment of the reference areawas conducted on September 18, 1996. The assessment was

conducted in two separate reaches ofthe North Branch of the York River Q{orth York River), Reach A was

located from the outlet of York Lake and extended downstream ending just north of Highway 198

(Figure 4.1). Reach B was located at historical site R-39 and extended downstream to the confluence of the

North York River with the Miller River (Figure 4.2). Reach A and B were divided into thirty one and seven

habitat units, respectively. These are described in detail in Appendix A of the Preliminary Survey Report

dated October 25, 1996 and are summarized in Sections 4.3.1 and 4.3.2 below. Selected site photographs

are provided in Appendix B.

A habitat assessment of the exposure area was conducted on September 17, 1996. Afull assessment of the

atea was conducted commencing at the falls and ending where the South Branch of the York River (efiluent

stream) converges with the Miller River (Figure 4.3). The exposure area was divided into twenty three

is#;it-.
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habttalunits as described in detail in Appendix A of the Preliminary Survey Report dated October 25, 1996

and are summarized in Section 4.3.3 below. Selected site photographs are provided in Appendix B.

4.3.L Reference Area - North Branch York River Reach A

In general, the 1299 m of the North Branch York River surveyed in Reach A consisted of 3 percent beaver

(inactive) habital,9 percent pool habitat, 42 percent riffle habitat and 46 percent run habitat (Figure 4.1).

Substrate was composed of 4 percent boulder, 2l percenl rock, 56 percent rubble, and 17 percent gravel.

Of this, 25 percent rock or larger, and73 percent was smaller than rock. Gravel occurred along the margins

of the river, or in small patches behind large rocks and boulders. The remaining 2 percent of the substrate was

contained within beaver habitat and much ofthe substrate was covered with leaf litter and detritus. Less than

30 percent of the substrate was vegetative covered by persistent emergents, trees, shrubs, or emergent

mosses. The area was not under tidal influence and \ryas a freshwater river system. In accordance with

Cowardin et al. (1979), the area of the North Branch York River surveyed is a riverine system, in the upper

perennial subsystem. The substrate had less than 30 percent vegetative cover, and at least 25 percent of the

substrate was smaller than rock placing the area in the class unconsolidated bottom, and subclass cobble

(rubble).

4.3.2 Reference Area - North Branch York River Reach B

The 288 m section of river surveyed consisted of 7 percent pool habitat, 34 percent riffle habitat, and 59

percent run habitat (Figure 4.2). Substrate was composed of 0.4 percent bedrock, 3.1 percent boulder,24.5

percent rock, 55.8 percent rubble, and 16.2 percent gravel. Of this, 28 percent was rock or larger, and72
percent was smaller than rock. Gravel occurred along the margins of the river, or in small patches behind

large rocks and boulders. Less than 30 pelcent of the substrate was covered by persistent emergents, trees,

shrubs, or emergent mosses. The area was not under tidal influence and was a freshwater river system. In

accordance with Cowardnet al. (1979), this section of the North Branch York River surveyed is a riverine

system, in the upper perennial subsystem. The substrate had less than 30 percent vegetative cover, and at

least25 percent ofthe substrate was smaller than rock, placing the area in the class unconsolidated bottom,

and subclass cobble (rubble).

4.3.3 Exposure Area - South Branch of York River

The 1025 m section of the South Branch of the York River that was surveyed was 6 percent pool habitat,

l0 percent fall habitat, 71.5 percent riffle habitat and 13.5 percent run habitat (Figure 4.3). Substrate was

composed of 11 percent bedrock, 5.6 percent boulder, 32 percent rock, 47 percent rubble, 4 percent gravel,

and 0.4 percent fine material. Of this, 48.6 percent was rock or larger, and 51.4 percent was smaller than

rock. Gravel occurred along the margins of the river, or in small patches (< 1.0 m2¡ behind large rocks and

;aq?;i4,-
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boulders. Less than 30 percent of the substrate was covered by persistent emergents, trees, shrubs, or

emergent mosses. The area was not under tidal influence and was a freshwater river system. According to

the classification system of Cowardin et al. (1919), the section of the South Branch surveyed is a riverine

system, in the upper perennial subsystem. The substrate had less than 30 percent vegetative cover, and at

least25 percent of the substrate was smaller than rock, placing the area in the class unconsolidated bottom,

and cobble (rubble ) subclass.

4.3.4 Summary

Overall, habitat in all three reaches was similar, with minor variation in the percentage of beaver habitat,

cascades orbedrock. Although all reaches contained varied habitat (1.e., runs, riffles, pools), suitable areas

of uniform habitat and substrate type existed for selection of multiple reference and exposure sampling

stations.

No major point or non-point source discharges, other than that related to the Gaspé Mine in the exposure

area, were present in the reference or exposure areas. The Murdochville municipal sewage treatment plant

discharges into the reclaim basin and may affect aquatic communities in the exposure area. Periphyton

biomass was greater in the exposure area compared to the reference area. However, chemical analyses of
water in the effluent and of the exposure area were conflicting and the abundance of periphyton cannot be

easily explained as a simple response to nutrient addition (Section 4.5.2).

4.4 Sample Stafion Selection

Six sampling stations were selected in both the reference (GR - 1,2,3,4,5 and 6) and exposure (GE - 1,2,3,4,5

and 6) areas as indicated in Figure 2.1. Sample station GR-5 in Reach B of the North Branch of the York
River corresponded with historical sampling station R-39. Sample station GE-4 on the South Branch of the

YorkRiver corresponded with historical sampling station Y-22. Sampling stations for water chemistry and

benthos were selected in uniform habitat types based upon study design recommendations provided by Dr.

Roger Green (pers. comm.). The map and GPS units for each sampling station and corresponding habitat

unit are illustrated in Table 4.5.

4.5 Water

4.s.1 QA/QC

The results from the field quality control samples are presented in Appendix C. The field replicate and the

field blank suggest that contamination in the field was not significant and that sample heterogeneity was

t\tCr:1.. Lt¿J -'
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Table 4.5: Location of Reference and Exposure Stations, Gaspé Mine

Reference
Area

(Figures
4.1,4.2)

GRl
GR2
GR3
GR4
GR5
GR6

5.42e+41 3.2e+35 49"
48'
49"
49"
49"
49"

56'25.8"
56',30.z',
56'34.9"
56',42.1"
53'49.6',
53'42,9u

65" 25'06.7u
65" 25',09.6',
650 25'09.1"
65' 25',09.6"
65" 24',09.6u
65" 24',0g z',

Unir 30
Untt25
Unfi 14

Unit 9

Uîtt 2

Unit 6

Exposure
Area

(Figure 4.3)

GEl
GEz
GE3
GF4
GE5
GE6

5.{)s+41 3.2e+35 48'
48'
4g'
48'
4g'
49"

54', 47.o',
54'44.1*
54'42.6"
54'38.8"
54'36.6',
54'35.1"

65"
65'
65"
65'
65'
65'

25',58.7u
25', 57.6',
25' 55.3"
25' 5t.4u
25'48.3',
25'41.8',

Unit 6

Unit 6
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insignificant and/or precision was adequate. The slightly higher value of TKN in the field blank is probably

the result of contamination by ammonia from the air. The apparently low ion balance (84.8 %) results

primarily from rounding errors on measurements of the low level concentrations of the contributing ions in

distilled water. The results ofthe laboratory QC are present in Appendix C. The laboratory replicate on one

of the samples from the exposure area (GE-l) suggests thal analytical precision was maintained in the

laboratory.

4.5.2 Chemistry

Results ofthe water chemistry analyses on samples from the exposure (South Branch) and reference areas

(North Branch) are sumlnarizedin Tables 4.6-4.9. Detailed results from each station are presented in

Appendix C. Table 4.5 summarizes the physio-chemical measurements collected at each station in the field

with the Hydrolab. It is evident from comparing Tables 4.6 and 4.2 that the water in the exposure area is

essentially pure effluent with a mean conductivity of 624.83 pslcm, very similar to that measured in the

effluent itself (619 ¡tslcm). Differences in conductivity between the reference and exposure area were

statistically significant (p<0.001). Significant differences in temperature and dissolved oxygen were also

apparent. There was not a difference in pH, depth or flow between the reference and exposure areas.

A Students t-test was used to compare selected chemical parameters between the reference and exposure

areas (Tables 4.7-4.8). Tests revealed that the water samples from the exposure area were significantly

greater in nutrients (nitrate and TKN), in concentrations of anions (chloride and sulphate), conductivity,

hardness, TDS, DIC and in almost all the alkali and trace metals (both dissolved and total). Total and

dissolved calcium, copper, magnesium, manganese, potassium, silica, sodium and strontium showed highly

significant differences. Dissolved molybdenum was also significantly higher in the exposure area.

It is tempting to relate the significant increase in nitrate either to the presence of municipal wastes in the

effluent or to mining activities (e.g., use of nitrate explosives). However, it should be noted that nitrate levels

were higher in the Miller River than in the effluent samples analysed as part of the sublethal toxicity testing

(Table 4.3). The difference in TKN between the reference and exposure area, although statistically

significant, cannot be considered biologically meaningful. Because of these conflicting findings, the presence

of periphyton in the South Branch cannot be easily explained as a simple effect of nutrient addition. The

input of phytoplankton from the reclaim basiq its subsequent breakdown and the recycling of the breakdown

products may be an important factor in maintaining this community.

Differences between sampling stations within the exposure areawere not apparent (Appendix C). However,

there was a difference in water quality between reference stations in Reach A (GR-l, GR-2, GR-3 and GR-4)

compared to reference stations in Reach B (GR-5 and GR-6). These two stations were greater in

conductivity, the alkali metals (calcium, magnesium, potassium, sodium, strontium), levels of the

..-'iJ",
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Table 4.6 Summary of Field Data (x + I SE) at Reference and Exposure Stations,
Gaspé Mine

* Statistically significant difference between exposure and reference stations (p<0.05)
rstudents t-statistic
** Denotes data were log,n transformed
2Probability value

1l pt

pH (units) 't .'7 4.35 E-8 6 7.67 0.06 6 -0.60 0.563

conductivity (¡;S/cm) 191.33 8.27 6 624.83 3.05 6 -4.87** 0.001*

temperature ("C) 9.82 1.59 6 t3.93 0.r7 6 -8.66 0.001*

dissolved o\Tgen (mglL) 9.6t 0.11 6 8.97 0.14 6 3.56 0.006*

depth (cm) 18.5 . 0.96 6 20.t7 r.49 6 -0.94 0.369

flow (m3/S) 0.23 0.02 6 0.2'7 0.02 6 -1.39 0.195

tsrd&i,.,if."



Table 4.7: Summary of General Chemistry Data (x + 1 SE) at Reference and Exposure
Stations, Gaspé Mine

Nitrate (mell) 0.03 0.008 0.20 0.026 6 -6.t4 <0.001*

TKN (melI,) 0.45 0,018 0.49 0.007 6 -2.36 0.037x

Chloride (^e/L) 1.75 0.716 24.33 0.2t1 6 -7.39** <0,001*

Sulphate (melI,) 8.00 0.816 190.83 1.537 6 -105.07 <0.001x

Conductivity
(¡;S/cm)

198.70 8.593 62t.17 3.673 6 -27.03** <0.001x

Hardness (^e/L) 105.75 4.096 313.33 5.238 6 -26.37*x <0.001x

pH (units) 7.9 0.017 7.98 0.040 6 -1.53 0.156

DIC (mgll) 21.10 0.766 24.43 0.372 6 -3.82 0.007*

DOC (mell.) 2.03 0.1 58 1.65 0.081 6 2.16 0.058

TDS (melI.) 109.83 6.139 430.50 3,222 6 -25.28 <0.001*

* Statistically significant difference between refernce and exposure and reference stations (p<0.05)
rstudents t-statistic
** Denotes dat¿ were log,o transformed
2Probability value

-s'l¡-"",
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A¡senic nd na 0.004 0.000 6 îa na

Barium 0.048 0.009 0.048 0.001 6 -0.08 0 94r

Boron 0.004 0.000 0.008 0.001 6 -2.38 0.039*

Calcium 37.53 3.044 109.17 2.007 6 -t9.65 <0.001*

Chromium 0.002 0.000 0.006 0.001 6 -11 18 <0.001*

Copper nd na 0.009 0.001 6 na na

Magnesium 4.98 0.168 9.833 0.088 6 -25.54 <0.001*

Manganese nd na 0.018 0.004 6 na na

Nickel nd na 0.004 0.000 6 na na

Potassium 0 383 0.085 3.7 o 241 6 -11.10xx <0.001*

Silica 3.3 83 0.r17 8.033 0.056 6 -25.28xx <0.001*

Sodium 2.03 0.441 18.22 0.16 -1 1.58**6 <0,001*

0.079 0.016Strontium 0 245 0.002 6 -10.06 <0.001*

Table 4.8:

* Statistically significant difference between reference and exposure stations (p<0.05)
t Students t-statistic
** Denotes data were log,o transformed
2 Probability value

Summary of Dissolved Metals Data (x t I SE) at Reference and Exposure Stations,
Gaspé Mine

@írtt:.a ,1t --



Table 4.9:

* Statistically significant difference between exposure and reference stations (p<0.05)
rStudents t-statistic
** Denotes data were log,o transformed
2Probability value

Summary of Total Metals Data (x + I SE) at Reference and Exposure
Stations, Gaspé Mine

Arsenic nd na" 0.004 0.000 6 îa îa

Barium 0.05 0.003 0.041 0.000 6 3.39*x 0.018*

Boron nd na 0 007 0.002 6 na na

Calcium 30.5 491.1 100.483 0.779 6 -50.41 <0.001*

Chromium 0.003 0.000 0.006 0.000 6 -3.99*x 0.001*

Copper nd îa 0.011 0.001 6 îa na

Magnesium 5.233 0.t64 10.433 0.072 6 -21.95*x 0.001*

Manganese 0.003 0.000 0.026 0.004 6 -5.36 0.001x

Molybdenum 0.001 0.000 0.144 0.001 6 .25-111 0,001x

Nickel nd na 0.001 0.000 6 na na

Potassium 0.342 0.092 3.1 0.068 6 -24.03** 0.001*

Sodium 1.917 0.392 16.53 0.138 6 -12.03 xx 0.001*

Strontium 0.093 0.006 0.258 0.002 6 -15.39* * 0.001*

r¡"'^'"""
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corresponding anions (sulphate, bicarbonate and chloride), hardness, TDS and alkalinity. There was not

however, a difference in trace metals between reference Reach A and Reach B. Stations GR-5 and GR-6

were located downstream of Little York Lake along the North Branch, while the others were located

upstream of this lake. The reasons for the differences upstream and downstream of Little Yorþ Lake are not

immediately obvious. The presence of the lake and a golf course located upstream from GR5 and GR6 are

possible sources of variation between Reach A and B. Reach B has been used as the reference area in

historical surveys.

4.6 Sediment

Sediments were not collected at the Gaspé Mine site in either the reference or exposure areas. This is

because theNorth and South Branches of the York River are erosional with little to no fine, unconsolidated

sediments. In the three areas examined during the habitat surveys, the two reference areas did not contain

fine material, and the exposure area contained only trace amounts (0.4%). Photographs in Appendix B
illustrate substrate commonly found during the habitat surveys. Pools in rivers typically contain fine

sediments, but the pools in all the habitat surveys contained cobble or other course material unsuitable for

sediment chemistry analysis. Substrate in all areas was dominated by material larger than gravel, with no

areas of deposition large enough to provide sediment samples.

4.7 Benthic Invertebrate Communify Structure

4.7.1 QA/QC

The results of the benthic QA/QC are presented in Appendix D (Table Dl) QA/QC included calculation of
subsampling error and percent recovery (sorting efficiency) of benthic invertebrate from samples.

Coefficients of variation were calculated to determine subsampling error. For both samples tested,

coefücients were <70/o. Sorting efficiency was greater than95Yo.

4.7.2 Community Structure

Tables in Appendix D present the abundance of each taxon identified in the benthic samples al the two mesh

sizes (500 ¡tm and250 ¡tm, respectively). Abundance is expressed per area of an individual Surber sample

representing 0 09 m2. Table 4.10 summarizes the mean abundance and richness (number of taxa) at the

reference and exposure areas. Although there was no significant difference between the reference and

exposure populations in overall abundance of benthic organisms, the reference aÍea had a significantly greater

number of taxa (43.2 vs. 18.3 in the 250pm sieve). Figures 4.4 and 4.5 illustrate the relationship between

;s#;
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Table 4.10 : Abundance and Richness of Benthic Communities in Reference and
Exposure Areas Sampled At Two Sieve Sizes

* Statistically significant difference between the reference and exposure stations (p< 0.05)
t Students t-statistic
x* Students t calculated on log transformed data
2 Probability value

Abundance
(500 ¡zm)

807 + 196 603 + 108 0.91 0.384

Richness
(500 ¡zm)

27.2t 1.9 lz.Q + 0.7 9.02** 0.000-

Abundance
(2s0 ¡m)

2T34 t360 1808 * 395 061 0.556

Richness
(2s0 ¡m)

43.2 r 1.8 18.3 + 0.8 14.l** 0.000-

i$#' E
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abundance and richness for both mesh sizes and sampling areas. At both sieve sizes, samples from the

reference area and the exposure area fall into two very distinct sample assemblages.

The distribution of species between the reference and exposure areas was also distinctly different. Table 4.1 1

compares the relative abundance of important taxa (Ephemeroptera, Plecoptera, Trichoptera, Chironomids)

and the indices EPT and EPT/C in the reference and exposure areas. There was a statistically significant

difference between the reference and exposure areas for all parameters. The reference samples were

dominated by pollution intolerant taxa. The mean EPT index (Plafkin et al. 1989), summari zing the faxa

richness within the insect groups that are considered pollution sensitive (Ephemeroptera, Plecoptera and

Trichoptera), was 23.0 in the reference area compared \løth6.7 in the exposure aÍea (250 ¡,m). The reference

fauna was dominated by Ephemeroptera, representing > 40 yo of total abundance. The Ephemeroptera

included strong representation from the families Baetis, Heptageniidae, Ephemerellidae and Paraleptophlebia.

Ephemeroptera were followed in numerical importance by chironomids (24.7%), Trichoptera (I3 9 %) and

Plecoptera (4 I %) The gastropod Graulus and the pelecypod Pisidium were present in moderate numbers.

In contrast, Ephemeroptera representêd only 0 .2 % and 0.8 5 o/o of total abundance in the samples from the

exposure area. These were represented essentially by only one genus, Epeorus. Plecoptera represented only

0.06 and 0.I7 % of the total abundance. Trichoptera, normally considered pollution intolerant, were

suqprisingly well represented in the exposure area (29 Yo of total abundance al25o ¡tm and 51.9 % at 500

¡zm). This order was represented almost entirely by two species (Hydropsyche slossonae and Hydroptilø).

The presence of large numbers of Hydropsyche inthe exposure area at Station Y-22has been noted in

previous studies and was attributed to the their ability to utilize the large amounts of plankton coming from

the reclaim basin (BEAK 1996). Chironomids (in particular, Orthocladius) were significantly greater in

number in the exposure areaand dominated the benthic fauna (56.3 % at 250 um). No gastropods or

pelecypods were found in the exposure area. The significantly lower mean EPT/C ratio in the exposure area

also suggests that relative to the reference area, Ihe benthic population in the exposure area consists of a
significantly greater proportion of pollution tolerant species. The increase in pollution tolerant forms in the

exposure area may be related, not only to the tolerance of these species to heavy metals, but also to organic

enrichment from the periphyton that grows abundantþ in the exposed area. This enrichment may explain the

observations that, despite the changes in the community to pollution tolerant forms, abundances were not

significantly different between the exposure and reference areas.

Sieve size had a substantial effect on abundance and species richness in both the exposure and reference

areas. Within the referençe aÍea, for example, the 250 ¡tm sieve caught 2.6 times the number of organisms

and 1.6 times the number of distinct taxa compared to the 500 um sieve (Table 4.10). The two mesh sizes

also had an effect on the species distribution in the two areas (Table 4. 1 l). A much larger proportion of the

chironomid taxa present were caught on the fìner screen. This resulted in much larger relative proportion

of chironomids in the 250 pm sieve fraction and a substantial reduction in the EPT/C ratio, especially in the

t\tC}:'.4:
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Table 4.11: Relative Abundance of Selected Taxonomic Groups in Reference and Exposure
Areas Sampled At Two Sieve Sizes

x Statistically significant difference between the reference and exposure stations (p<0.05)
I Students t-statistic
**Students t calculated on log transformed data
2 Probability value

Sieve Size: 500 ¡um

oá Ephemeroptera 43.2* 5 3 0.22 r 0.22 9.1 ** 0.000*

YoPlecoptera 7.0 + 7.7 0.06 + 0.06 10.0** 0.000*

YoTrichoptera 19.7 t2.3 51.9 + 3.0 -8.58 0.000*

% Chironomids 10.6 + 4.0 41.5 + 3.0 -6.2 0.000*

EPT 18.7 + 0.8 4.0 + 0.3 17.39 0 000*

EPT/C 19.6 + I1.8 1.31* 0.15 3.53 ** 0.005x

Sieve Size: 250 ¡zm

YoEphemeroptera 40.4 +3.7 0.84 + 0.36 15.46** 0.000*

YoPlecoptera 4.1 + 0.7 0.17 + 0.06 11.04** 0.000*

YoTrichoptera T3.9 t 2.6 29.0 + 5.8 2.34** 0.041*

%o Chironomids 24.7 t2.7 56.3 +7.4 4.56*x 0.001*

EPT 23.0 + 0.7 6.7 t0.3 20.35 0.000*

EPT/C 2.62 + 0.51 0.65 + 0.19 3.60 0.005*

tS#' B



Table 4,L2: Summary of Lengths and Weights of Sentinel Fish Species from the
Reference and Exposure Stations, Gaspé Mine

** Statistically significant difference between reference and exposure stations (p<0.05).
t Students t-statistic
** Denotes data was log,o transformed
2 Probability value

length (mm)

x+sE I

rOe.70+3.37 
I

47 99.61+2.16 6t -2.38*x 0.019*juvenile
salmon

weight (g) 19.38+1.92 47 12.30+]0.',72 6l -2.92*x 0.005*

length (mm) 97.11+14.56 9 138.95+9.83 2t 2.35 0.026*brook trout

weieht (e) t6.94+6.97 9 38.35+10,63 2l 2.53 ** 0.017*

t#. ts



reference area (19.6 vs. 2.62). It must be noted however, that mesh size had no effect on the general

conclusions that the reference area is substantially different from the exposure area both in richness and

species composition.

4.8 Fisheries

4.8.1 Communities

Three species of fish were found in the North Branch York River including Atlantic salmon (Salmo salar),

brook trovt(Salvelinusfontinnlß) and American eel (Angutllørostrata). The two most abundant fish species

were brook trout and juvenile Atlantic salmon as found with previous surveys (BEAK L982,1994, 1995).

Summary data on the size and weight of fish captured are presentedinTable 4.12. Electrofishing field

records are listed in Appendix E.

At the reference station on the North York River (IW-R1), 47 juvenile Atlantic salmon were captured

compared to 61 in the exposure area thus the abundance of salmon was relatively similar in both areas (Table

4.12). Density of salmon at both sites was identical at I4.5 fish/100 m'. With the exception of one salmon

parr (183 mm), sizes ranged between 61 mm to 145 mm. All salmon parr caught at the exposure station were

less than 150 mÍ¡ with lengths ranging between 72 mmto I27 mm. Statistical t-tests conducted on salmon

measurements between reference and exposure areas showed a statistically significant difference between

lengths and weights (p<0.05). In general, juvenile salmon were larger and heavier in the reference area.

Salmon were more abundant than brook trout at both stations with ratios of 5:1 at the reference area and 3: I
at the exposure area.

Fewer brook trout were captured at the reference station (9) compared with the exposure station (21) despite

abundant fish habitat at the reference station (Table 4.12). Of the trout caught at the reference station, fork

length ranged from 60 mm to 176 mm. Fork lengths of trout from the exposure station ranged betweenTT

mm to 268 mm. T-tests showed a statistically significant diff[erence in brook trout fork length and weight

(p<0.05) between the reference and exposure stations, with brook trout being larger and heavier in the

exposure area. However, these results are inconclusive for brook trout as sample sizes were small.

Histograms of the salmon fish lengths showed two different frequency patterns between the two areas

(Fþre 4.6). The reference station had a single dominant peak at 105 mm whereas the exposure station had

two peaks, one at 82.5 mm and the other at I23 mm. Histograms ofweight of salmon between the two areas

show similar peaks at 7 .0 g and 7 .7 gbut overall, fish from the reference station were heavier. During the

field processing, salmon from the reference station appeared to have larger girths. These fatter fish may have

been precocious males, however, they did not produce milt when stroked. Frequency histograms of brook

S-'.n, "",
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Figure 4.6: Frequency Histograms of Atlantic Salmon Lengths and Weights

for the Reference and Exposure Sites - Gaspe Mine
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trout lengths and weights are shown in Figure 4.7 . Both areas had two size peaks in fork length in the 70 -

90 nun range and the 150-170 range. Histograms of weights illustrated most trout were in the lower weight

class.

Data on catch per unit effort (CPUE) on salmon and brook trout at both study areas are presented in

Table 4.13. CP{JE was higher in the reference area compared to the exposure areas for salmon. For brook

trout, CPUE was higher in the exposure area.

Fish populations from the second reference site (JW-RZ) on the Sirois River were similar to the other stations

in species presence, being dominated by brook trout and salmon. At this site, trout outnumbered salmon 2:1.

Based on electrofìshing time, relative catch per unit effort was 1.74 trout/min and 0.96 salmor/min. Both

trout and salmon parr were more abundant in this river compared with the York River areas.

Estimates ofvariability in condition (1og body weight vs log length) for salmon revealed the regression line

slopes were different (p<0.05) and that the relationship between the reference and exposure areas were

different (Figure 4.8). Table 4.14 presents the ANCOVA results. Estimates of variability in size-at-age

(age vs log length) showed that there was also a difference for salmon between the two areas (Figure 4.9).

ANCOVA results of condition for brook trout show that the regression line slopes and intercepts were not

different (Table 4,I4). There was a relationship between weight and length, but it was not dictated by the

area (Figure 4.10). For size-at-age variability, the regression line slopes were not significantly different but

the intercepts were significantly different (Figure 4.lI).

4.8,2 Tissue Analysis

Eight brook trout and eight Atlantic salmon were collected for metals and metallothionein analysis at the

exposure sile (Y-22) (F gore 2.1). Only seven brook trout were captured and of these, five were suitable in

size for analysis at the reference site (JW-Rl). Eight Atlantic salmon were also collected for metallothionein

analysis from the second reference site at the Sirois River (JW-R2). At the lab, three fish of the eight salmon

caught at JW-R2 were composited for metallothionein analysis to provide sufücient sample volumes. Results

of metallothionein levels are provided in Table 4.15. Metallothionein levels in salmon from the exposure area

were considerably higher compared with the reference areas. The Sirois River reference site, located in

another watershed, showed the lowest concentration of MT in salmon. This may have been a result of the

Sirois River samples thawing on-route to the anaþical laboratory. This factor must be considered in

evaluating the MT results and the differences between reference sites. MT levels in brook trout were twice

as high in the exposure area compared with the reference area.

-o"'J-",,
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Figure 4.7: Frequency Histograms of Brook Trout Lengths and Weights

for the Reference and Exposure Sites - Noranda Gaspe Mine
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Table 4.13: Catch Per Unit Effort (CPUE) of Sentinel Fish Species From the
Reference and Exposure Stations, Gaspé Mine

juvenile salmon 1.26 fish/min 0.84 fìsh/min

brook trout 0.18 fish/min 0,42 fish/min

lacs;1,, t--4 .-



Table 4.142 Estimates of Variability in Condition and Size-at-Age Using Analysis of
Covariance, Gaspé Mine

Regression Line y:-5.26+3.18x Ref.
y:-4.33+2.69x Exp

y:-6.01+3.88x Ref.
y:-9.67+5.66x Exp.

t-value -3.863 2.630

juvenile Atlantic
salmon

p-value 0.0002 0.0098

Regression Line y:-4.76+2.91x y:-7.00+4.38x Ref.
y:-7.49+438x Exp

t-value 31.152 -4 570

brook trout

p-value 0.0001 0 0001
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Table 4.15:

na: not available
ns: not sampled

Metals and Metallothionein Levels (x + lSD) in Juvenile Atlantic Salmon and Brook Trout
Collected from Reference and Exposure Areas, Gaspè Mine.

I

8

8

8

8

8

8

8

117.7 ! 13.3

4.6 L 0.3

11.8 + 0.3

t7.6 +2.1

383.1 +72.3

2.2 + 0.2

15.2 L t.2

35.6 +7.9

8

8

8

I

5

5

5

5

73.0 r 13.8

3.6 t 0.4

14.5 L 1.6

36.5 + 13.8

183.7 +37.9

t.l + 0.1

12.9 +3.8

25.4 * 2t.3

6

na

6

6

ns

na

ns

ns

33.9 +7.5

Í].4

8.9 + 1.9

8.7 +3.6

ns

îa

ns

NS

MT
(pg Mr/g)

(Zn +Cu +Cd)
(pn/g)

Length (cm)

Weight
(e)

MT
(¡rg MT/g)

(Zn +Cu +Cd)
(ptn/g)

Length (cm)

Weight
(e)

Brook trout

Juvenile Atlantic
salmon



Analysis of Variarice (ANOVA) ofMT levels in salmon (log transformed data) between survey sites showed

a significant difference (P:0.0002) and a Duncan's Multiple Range Test for this variable showed that each

site was significantly different, (i.e. the two reference areas differed between each other as well as with the

exposure area). ANOVA results for MT levels (log transformed) in brook trout viscera also showed a

significant difference between the reference and exposure areas (P:0.0167).

The results of the metals analyses were provided on December 16, l996just prior to submission of this

report. As a result, data analyses and interpretation are limited. The results of the metals analyses indicate

thatmetaJ, concentrations Øry Cu, and Cd) were higher in tissues of both juvenile Atlantic salmon and brook
trout taken from the exposure area compared to the reference area (Table 4.15). Results were not available

for tissues collected from the Sirois River. Based upon analyses provided by Dr. Klaverkamp, MT results

for both sentinel species were related to metal concentrations. Raw data and analyses are provided in
Appendix E.

4.9 Estimated Level of Effort

One important criterion when considering the suitability of a mine site for evaluation of hypothesis in 1997,

was the level of effort which was required at that site. The estimated level of effort for conducting each

program element in the 1996 field survey is presented in Table 4. I 6 Level of effort was allocated by Tasks

which were predetermined by the consortium upon commencement of this project.

The level of effort allocated to sampling sublethal toxicity samples, water chemistry and benthic invertebrate

community structure was determined by sample collection time per reference and exposuÍe area and other

site specific logistics (e.g., access to collection sites). The level of effort allocated to characterizing fish

abundance, sex distributio4 and community structure was determined by catch per unit effort and other site-

specific logistics. Overall, the Gaspé Mine site required a reasonable level of effort to complete each program

element. Both the reference and exposure areas were accessible by road which minimized travel and fìeld

reconnaissance time. Some delays in data analyses and interpretation occurred because of the consortiurn's

decision to submit samples to the same laboratory (i.e., chemical analyses to MDS, benthos to Zarenko

Environmental). flowever, the benefits of improved analyses consistency and QA/QC out-weighed the

disadvantages of the delays. The levels of effort summarized in Table 4.16 do not include time spent

reviewing the suitability ofthe Gaspé site for testing hypotheses in 1997 or ranking the site against selection

criteria.

Excessive costs were incurred for shipping of efiluent samples for sublethal toxicþ testing. Large effluent

volumes were required for the embryo trout test. Considering the low success rate for this test, the costs and

benefits of this test should be re-evaluated.

Expenses and disbursements for the field survey at Gaspè Mine are presented in Table 4.17

.ACt r1,4--
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Table 4.16: Estimated Level of Effort for Each Program Element at the Gaspé Mine Site

Project Initiation Meeting 9

Literature Review and 1996 Study Design 50

Planning and Prep. of Field Logistics 86

Site Reconnaissance, Habitat
Characterization and Station Selection 45

Sublethal Toxicity Sample Collection 11

Water Chemistry 22

Sediment Chemistry Samples not
collected

Benthos (two trips)
34.5

Population 44.6

Field Surveys

Fish

Tissue Processing
(trip to Sirois River) 14.5

Data Analysis and Interpretation 83

Preliminary Surveys and Recommendations Report 97

Final Survey Report 77

Progress Reports 11

Conference Calls I4

¡-'"n '".
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Table 4.172 Expenses and Disbursements for the Preliminary Field Surryey at the Gaspé Mine Site

na: not applicable
ns: not sampled

Travel $1882.00

Accommodations $1348.00

Meals $808.00

Miscellaneous
Supplies

$1740.00

Shipping $1690.00

Analyses $2400.00 $120.00$3 133.00na NS
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5.0 DISCUSSION

5.1 Comparison of Results with Historical Data

Water Chemistrv

Vy'ater quality parameters in the effluent and South Branch of the York River have fluctuated over the years

in response to changes in mine processes and mine related events. As a result, meaningful comparisons can

only be made with recent monitoring data, Table 5.1 compares some of the water quality parameters with
those obtained in July of 1995 (BEAK 1996). The table indicates that the concentrations of the parameters

in this study were very similar to those obtained in the BEAK 1995 study at both the reference and exposure

areas. There was a difference in hardness levels recorded in the reference areas in which BEAK's value at

siteR-39 Qa5 mglL) was greater than the value obtained in this study (107.6 mglL). This difference may

haveresultedfromthefa.ctthatR-39liesdownstreamoftheLittleYorkLake. AsindicatedinSection4.5,

levels of cations and anions in the North Branch are significantly greater downstream of the Little York Lake.

Benthic Invertebrates

Benthic invertebrate abundance (total number of organisms) and richness (total number of taxa) in the

samples from this study were compared to the results obtained in studies from the previous ten years

(Table 5.2). Historic data for the reference and exposure areas were taken from Stations R-39 andY-22,

respectively. Station R-39 corresponds with 1996 station GR-5. Station Y-22 corresponds with 1996

station GE-4. Species richness in the 500 ¡zm sieve was consistent with and within the range of the historic

data. Both the historic data and the results of this study indicate consistently greater species richness in the

reference area compared to the exposure area. ,\s was also found in this study, the benthic community in the

reference area has been historically dominated by pollution intolerant forms such as Ephemeroptera, while

pollution tolerant forms such as chironomids have predominated in the exposure area (BEAK 1995, 1996).

Substantial differences in abundance were evident, however, between this study and previous studies

(Table 5.2). The mearr densities of 6,700htf and 8,9671m2 (500¡zm'sieve) in the exposure and reference

areas, respectively were considerably greater than the densities of organisms found at Stations Y-22 and R-

39 in all previous studies. The discrepancies in abundance are likely due to heterogeneity within each area.

For example, samples GR-5 and GR-6 in the reference area were taken in the North Branch of the York
River downstream of Little York Lake. The mean density of organisms in these samples was 3,9271m2, a

value consistent with the historic data collected at R-39, a station also found in this reach. The mean density

of invertebrates in the four stations above Little York Lake was considerably higher at ll,480lm2 which

resulted in a high average. It is interesting to note that, for unknown reasons, the water in the reach below

;447:
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Table 5.1:

I AII metals are total values (unfiltered). All values nmglL
2 Average of all the stations
nd: not detected

Comparison of Water Quality Parameters Sampled in the Exposure Area
(Y-22') and the North Branch Reference Area (R-39 and JW-RI) in
1995 and 1996

Cu 0.014 0.011 0 004 0.001

Fe 0.03 0.015 nd nd

Pb 0.0007 nd 0.0r2 0.002

Mri 0.044 0.026 0.003 0 003

Zn 0.005 0.002 0.005 nd

Cr 0.017 0.006 0.005 0.001

Hardness 320 318 145 107.6

TSS nd 2.5 J 2.5
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1996 (This study) T2 6700 27 8967

1995 2T 4679 49 3022

1994 20 2731 36 1486

1993 t4 2720 30 682

1992 t2 618 25 606

1991 20 1706 JZ 905

1990 20 3478 44 2345

1989 16 7tt 2T 1280

1986 11 I 32 I 22 623

1985 10 541 18 2r8

Table 5.2:

'Data from Beak (1996) and Beak (1995)
2 Historic data based on samples from Stations R-39 andY-22

Comparison of Abundance and Richness of Benthic fnvertebrates
to Historic l)atal (500 ¡zm sieve)
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Litt\e York Lake was higher in conductivity, alkali metals, hardness and alkalinity. The differences in

abundance of the benthic fauna may be related to the different chemical environments. The use of R-39,

located in this reach, as a benthic reference station should be re-evaluated.

Fisheries

Previous fisheries studies at Gaspé Mine have focussed primarily on Atlantic salmon populations. Other

species captured have only been listed with numbers caught during electrofishing surveys. Table 5.3 presents

population estimates ofjuvenile salmon over several years at reference and exposure stations.

\Mith the exception of 1984 and 1995 the population of salmon on the reference river was higher compared

with the exposure site between 1982 and 1996. Salmon were affected by a sulphuric acid release into the

South Branch York River n 1982. Subsequent studies showed a gradual recovery of the population (BEAK
1986; 1994; 1995). Data from lhe T994 and 1995 studies show that very few fish, usually less than 6,

exceeded a fork length of 90 mm. The 1996 study observed more fish larger than 90 mm, but only one

exceeded 150 mm.

There appears to be a paucrty ofyoung of the year (YOY) salmon represented in the population, none were

apparent during the 1996 survey. The majority of salmon at the exposure site were of the 2+ age class which

does not reflect the age structure for the previous year when YOY were abundant. As the reference site for
1996 is in a different location, comparison befween years would be inappropriate. The density of fish per age

class generally appears higher at the reference stations compared with exposure station.

Brook trout age classes have not been identified by previous surveys therefore comparison of brook trout
populations between years of available data are based upon total numbers captured in three electrofishing

sweeps (Moran andZippinmethods). Table 5.4 presents three consecutive years of data, including 1994 and

1995 studies (BEAK 1995; T996) and the curent 1996 study.

The sampling stations for the 1994 and 1995 studies were located near the confluence of the North Branch

and the South Branch of the York River. The population of brook trout at the exposure station appeared

to incre¿se steadily from 1994 to 1996. Population estimates fluctuate for the North Branch York River and

densities of fish from the 1996 survey are less than the estimate for 1995 and similar to the estimate in 1994.

In 1995, metallothionein was measured in the livers of Atlantic salmon (BEAK 1995). The results of that

survey showed MT to be elevated in the reference area compared to that in the exposuÍe area. In
comparisoq the 1996 survey showed the opposite result where MT values were higher in the exposure area.

, rt#.'.4,-
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'Í9.94'l Iggst 'lS94¡!:l 1995t Í,99'6

Y22
(Exposure)

0+ 0 0 55.8 0 0 19.5 0

1+ 0 t2.8 0.7 2.6 0 3.8 7.7

2+ 0 0 0 1.7 2.3 4.7 6.1

3+ 0 0 0 0 J 0 0

Total 0 12.8 56.5 4.3 5.2 25 13.8

JWI
(Reference)

0+ 35 0 6.3 0 34.4 357 0

1+ 5.4 45.4 I 3.6 10.5 20.1 90

2+ 4.6 7.1 13.5 3.6 3.7 J 12.3

3+ 3.5 2.2 0 2.5 5.7 0 1.1

Total 485 547 20.8 9.7 55. I 48.6 22.4

Table 5.3 Comparison of Juvenile Atlantic Salmon Density Estimates (per 100 m2) (Moran
and Zippin method) and Age Structure between Exposure (Y22') and Reference
Stations (R39 and J\ry-Rl) from 1982 to 1996, Gaspé Mine

'Data from BEAK (1995; 1996)
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Table 5.4: Comparison Of Juvenile Brook Trout Population Estimates (Zippin Method)
Between Exposure F-22) and Reference Stations (R-39 and JW-RI) from
1994 to L996, Gaspé Mine

Data from BEAK (1995; 1996)

Year lgg4r 19951 1996 rgg4l
(R3e)

l9g5r
(R3e)

t996
(Jwl)

Area (m2) 135 t27.9 419 87 77 324

Population
estimate

7.38 14.63 69.49 5.03 37.39 37l1

Density/l0O m2 5.46 .441l 16.58 5.78 48.56 3.51

J"',i',,
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5.2 Comparison of Reference Versus Exposure Areas

Habitat

Habitat between the reference and exposure areas was similar with minor variations in percentage of beaver

habitat, cascades or bedrock. Although all reaches contained varied habitat (i.e., runs, rifiles, pools), suitable

areas of uniform habitat was available for selection of multiple reference and exposure stations.

Water Chemistry

Significant differences in water chemistry existed between the reference and exposure areas for nutrients,

chloride, sulphate, conductivity, hardness, DIC, TDS and for almost all of the alkali and trace metals. Of
these metals, differences were higttly signifïcant for Ca, Cu, Mg, Mq K, Si, Na and Sr. The South Branch

ofthe YorkRiver is composed entirely of effluent from the Gaspé Mine reclaim basin with little observable

dilution from surface run-offor other tributaries. 'Water 
chemistry was similar at all six sampling stations

along the length of South Branch. Water chemistry differed between reference stations located in Reach A
compared to reference stations located in Reach B. Stations in Reach B had higher conductivþ, alkali

metals, levels of corresponding anions, hardness, TDS and alkalinity. While differences in water chemistry

between reference stations were observed, these differences are not considered significant relative to the

differences in chemistry between the exposure and reference areas.

Benthic Invertebrates

There were no significant differences in the overall abundance of benthic invertebrates between the reference

and exposure areas. Howeveq species richness between these areas was significantly different as a result of
greater number of taxa present in the reference area. In addition, the distribution of pollution tolerant and

intolerant species differed significantly between areas. For example, the reference area was dominated by
>40yo Ephemeroptera comparedto <Iyo in the exposure area. To compare with historical data sets EPT and

EPT/C (Ephemeroptera, Plecoptera, Trichoptera/Chironomids) indices were calculated. Significant

differences between reference and exposure areas occurred for all calculated indices.

Fisheries

Juvenile Atlantic salmon and adult and juvenile brook trout were the dominant species in the reference and

exposure areas and were abundant in both areas. Lengths and weights ofjuvenile Atlantic salmon were

significantly greater in the reference area compared to the exposure area. Size differences also existed for
brook trout between the two study areas although larger fish occurred in the exposure area compared to the

reference uea. Catchper unit effort for juvenile Atlantic salmon was higher for salmon in the reference area

,S'W",.,ffi
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compared to the exposure area. Catch per unit effort for brook trout was slightly higher in the exposure area

compared to the reference area. Estimates of variability in condition and size-at-age for salmon showed a

difference between the reference and exposure areas. Differences in condition and size-at-age for brook trout

between the reference and exposure areas were not evident.

Metallothionein levels were significantly higher in juvenile salmon and brook trout sampled from the exposure

area compared to the reference area. Metallothionein levels were related to high metal concentrations

measured in tissue of the same fish sampled from the exposure area.

tsffij
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6.0 CONCLUSIONSANDRECOMMENDATIONS
FOR FUTURE SAMPLING

An evaluation of the suitability of the Gaspé Mine site for testing hypotheses in 1997 has been presented in

a separate document. In that document, the site specific characteristics of the Gaspé Mine site are

summarized and the site is evaluated against specifïc selection criteria relative to the other six mine sites

surveyed in the 1996 field program.

The 1996 fìeld survey results indicated that the Gaspé Mine site meets some of the suitability criteria for
hypothesis testing in 1997 . An extensive historical database of effluent and water chemistry data, benthic

invertebrate community data and fisheries population data exists for sampling stations located in both the

reference and exposure areas. Less extensive historical data exists on sediment and fish tissue chemistry. The

results of the 1996 field program were compared to historical data sets to confirm the presence or absence

ofwell defined differences between reference and exposure areas. Historical sediment chemistry data were

valuable to confirm the limitation of suitable, representative depositional areas.

Samples of receiving \ryater and efluent were collected for sublethal toxicity testing and for chemical analyses.

Effluent is discharged continuousþ at this mine site and sampling locations for collecting receiving water and

efluent for sublethal toxicity testing are easily accessible by road. Effluent was collected at the outlet of the

mine's reclaim basin and receiving water was collected from the Miller River. Chemical analyses showed that

some concentrations oftrace and alkali metals, some anions, conductivity, total dissolved solids and hardness

levels were higher in the effluent compared to the receiving water. Results of the sublethal toxicity testing

in 1996 do not clearly illustrate effluent toxicity except for Ceriodnphnia dubiø reproduction and Lemna

minor growth. However, suitability ofthe Gaspé site for sublethal toxicity testing can not be ruled out based

upon the results of the 1996 field survey due to several confounding factors including receiving water

toxicity, potential variabiliry in efluent samples collected on diferent days, and invalid tests results. Although

chemical analyses of the Miller River receiving water did not indicate a contaminant source, these samples

were toxic to Ceriodaphniø dubia in the screening trials. Thus, for future testing, receiving water samples

should be collected in another reference location, such as the North Branch of the York River downstream

of Lake York. The results of the ftrst Lemna minor bioassays reported by B.A.R. Environmental Inc.

indicated that the effluent was toxic (IC25 of 45.8, IC50 of >93.1). However, this test was repeated when

it was discovered that the test medium was contaminated. The results of the second trial with effluent

collected on another day indicated increased toxicity. Although, the overall result was the same, sampling

the efluent on a different day may introduce variability in efiluent composition as a confounding factor when

interpreting the test results. The trout embryo test was invalid due to the toxicity of the receiving water

._.",ì,.,,"
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andlor poor egg or milt quality. Although the effluent did show some toxicity compared to laboratory

controls, the results are only qualitative due to concerns with the viability of the eggs and milt used.

Historical toxicþ data for lethality end-points is extensive for the Gaspè Mine. However, sublethal toxicity
tests have not been performed at the mine prior t"o 1996 so there are no historical results for comparison.

Acute lethality bioassays on rainbow trout and Ceriodøphniq are performed twice per year; autumn and

spring. The effluent was not acutely lethal to C. dubia in the 1980's and 1990's with the exception of one

sample in 1989 and one in 1996 (L-P Gagne, pers. comm.).

Based upon the 1996 results, it is recommended that for future sublethal toxicity testing, receiving water be

collected in the North Branch of the York River downstream of Lake York in Reach A, water and effluent

chemistry analyses be performed on receiving water and efluent samples, all tests be performed using effluent

sampled on the same day, and testing be conducted on more than one occasion. It is also recommended that

C. dubiø (and fathead minnow) be acclimated to the receiving water prior to effluent testing.

The Gaspé Mine site and the reference and exposure areas were easily accessible by road from the town of
Murdochville. The habitat charactenzation and classification determinedthx multiple reference and exposure

stations of uniform habitat type were available in each area. The exposure area consists almost entirely of
efluent and there are no known confounding point or non-point source discharges in either the reference or

exposure area. The habitat survey also confirmed that fine-grained sediments within the reference and

exposure areas were limited. Although some sediments have been collected and analyzed historically for
metal content, these sediments are limited to small areas (< I m2) along stream margins and behind large

boulders. Based on these observations sediment quantity is not sufficient for extensive testing of sediment

chemistry and toxicity. More importantly, these sediments are not representative of the sediments in the

reference and exposure area and do not represent the main pathway of metal exposure to aquatic biota in the

exposure area. Thus, sediments should not be sampled in future field programs. In this system, water

chemistry sampling is more appropriate to determine exposure. Periphyton growth was extensive in the

exposure areaand may also represent a mechanism of exposure to benthic invertebrates which graze on the

algal mat . Thus, periphyton tissue could also be considered for sampling and analyses of metal concentrations

in future fïeld programs.

Observations from the water chemistry survey indicated fhat a significant difference in general water

chemistry and metals existed between reference and exposure areas which is consistent with histori cal data.

Some differences in general water chemistry existed between the reference area denoted as Reach B, located

downstream oflittle York Lake, and the reference area denoted as Reach Au located downstream of York
Lake. As a result, all reference stations should be located upstream of little York Lake in future studies.

Chemical parameters which are recommended for future monitoring programs are presented in Table 6. l.
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Table 6.1: Water (and Eflluent) Chemistry Parameters Recommended for
Future Studies at the Gaspé Mine Site

Aluminum2 Alkalinityl

Arsenicl Anion Suml

Boronl Bicarbonatel

Calciuml Carbonate2

Chromiuml Cation Suml

Copperl Chloridet

Iron2 Conductivityt

IMagnesium Dissolved Organic Carbon2

Manganesel Dissolved Inorganic Carbonl

1Molybdenum Hardnessl

Nickell Kjeldahl Nitrogenr

Potassiuml Nitratel

Reactive Silicat pH2

Selenium2 Sulphatet

Sodiuml Temperaturer

Strontiuml Tot¿l Dissolved Solidsr

Uranium3 Thrbidity2

Zincz

I Parameter significantly higher in exposure areain 1996 field survey
2 Parameter \ryas detectable in the 1996 field survey but
not statistically different between reference and exposure areas.
3 Parameter only detected in effluent. Not significantþ different
between areas in 1996.
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These are parameters which were significantly higher in the exposure area, were not significantly differént

but were detectable, andlor were measured in the effluent.

Observations from the 1996 field program show that habitat is uniform in the reference and exposure areas

and multiple stations are available for sampling benthos in future studies. The substrate in the North Branch

and South Branch ofthe York River is suitable for sampling benthos with a Surber sampler. Results from the

benthic invertebrate sampling program showed significant differences in total species richness and richness

of sensitive species (i.e., mayflies) between the reference and exposure areas. These results are consistent

with previous benthic studies when the results of the 500 pm sieved fractions are compared. Densities

measured in the 1996 study were higher compared to historical results. Densities measured at refèrence

stations GR-5 and GR-6 were consistent with historical data but were lower than densities measured at the

reference stations in Reach A (GR-l, GR-z, GR-3 and GR-4). These difilerences may be attributable to the

measured differences in general water chemistry which were found at Stations GR-5 and GR-6. It is

recommended that sampling of benthos be conducted in Reach A of the reference area located downstream

of Lake York and upstream of Little Lake York.

Juvenile Atlantic salmon and brook trout, adult and juvenile, were the dominant species in the reference and

exposure areas and were abundant in both areas. As a result, these species were selected as the sentinel

species in the 1996 field surveys. However, in future studies, time should be allocated on studying salmon

populations as these species are more abundant and have been studied historically As species diversity in

both the reference and exposureareawas low, assessments of differences in community structure are not

feasible at the Gaspé site. Differences in fish size between areas could be studied at this site for juvenile

Atlantic salmon, as differences between areas existed showing greater lengths and weights in the reference

area compare to the exposure area.

Catch per unit effort for salmon was higher in the reference area compared to the exposure area for juvenile

Atlantic salmon. Thus, this variable would appear to be suitable for testing differences between reference

and exposure areas in future sampling. Estimates of variability in condition and size-at-age for salmon

showed a difference between the reference and exposure areas, therefore further studies on growth and

condition may be suitable for this species in the future. However, because there are only juveniles in these

areas, size-al-age determinations would be limited due to the limited age classes present.

At the Gaspé Mine site, metallothionein appeared to be a good indicator of exposure with concentrations

significantly higher in fìsh sampled from the exposure area compared to reference samples. Metal

concentrations in tissues supported the MT results. There are two limitations to studying exposure indicators

at the Gaspé Mine site. Firstly, as only juvenile species are available, the fish are too small for organ

dissection. As a result studies can be conducted using whole fish or viscera rather than on specific fish tissues

(r.e., gills, liver). Also, due to the absence of a barrier (e.g., waterfall, dam, long distance) and lack of data
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on the movement of the study populations in the York River watershed, it can not be determined if the

reference populations are physically isolated from the exposure area and vice versa. Thus, an alternale

reference area should be sampled in future sampling programs. Alternatively, caged fish could be used to
assess metal and metallothionein exposure.
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¡NTRODUCTION

Appropriate quality assurance and quality control (QA/QC) protocols are essential to ensure that
environmental data achieve a high level of quality commensurate with the intended use of the data.

This quality management plan (aÀ/P) served as a general set of protocols covering both laboratory
and field operations to be used by all members of the EVS-ESP-JWEL consortium. Use of this QMP
ensured both a high qualþ of data as well as uniformity and comparabllity in the data generated at
each study site.

DATA QUALITY OBJECTIVES

For all field and laboratory measurements, data, quality objectives (DQOÐ have been set where
applicable. Data qualþ objectives are defined by the US EPA as "qualitative and quantitative
statements ofthe level ofuncertainty that a decision maker is willing to accept in decisions made with
environmental datt' (QUAMS; 1986, 1990). The DQOs define the degree to which the total eror
in the results derived from the data must be controlled to achieve an acceptable confidence in a
decision that will be made with the data. In terms of this project, the AETE committee has already
stipulated that anaþical measurements will achieve a detection limit of 1/10 that of the CCME
guidelines for protection of the aquatic environment, The quality control ofücer ensured that the
required detection limits were made known to the analytical laboratory well in advance. In this way,
the correct methodology, volume of samples and methods of preservation were established before
the field work was underway. Detection limits for field instruments (Hydrolab, YSI etc.) and the
gravimetric measurements for biological analyses (e.g. fish organ weights ) were also sent to each
team.

QUALITY CONTROL OFFICER

The quality control officer (QCO) for the project (Ms. Monique Dubé) has the following
responsibilities:

to ensure thal all data quality objectives are known to both field personnel and the chosen

anaþical laboratory
to ensure that standard operating procedures (SOPÐ are followed for each field component at
each study site

to ensure that both the toxicity and analytical laboratories follow established SOPs for each

analysis

to ensure the all analyses were under statistical control during each analytical run. This requires
that the quality control data for each analysis be reviewed and compared with historic control
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limits to be requested from the analytical and toxicity laboratories. The QC data will include
percent recoveries of spiked samples, and results for blanks, replicates and certified reference

materials. Logical checks of the data will also be conducted, especially for toxicity.

The quality control officer (QCO) has authority for requiring corrective actions (e.g., repetition of
the analysis ) if the SOPs were not followed or the analytical systems were not under control. The

QCO will also be made aware of all outliers.

FIELD PROTOCOLS FOR WATER, SEDIMENT AND BENTHIC
SAMPLING

ResporvstBtltlES AND TRRINTNG

For each field team, aleam leader was chosen with authority to make decisions in the field related
to implementation of the study plan. The team leader was responsible for ensuring that all fïeld
personnel were trained and competent in use of each field instrument, that all SOPs were followed
and that adequate heath and safety measures were followed.

SrnruonnD OPERATTNG PRocEDURES

Whenever feasible, wateq sediment and benthic samples were taken at the same sampling stations.
The location of each station was recorded either as a GPS reading or with reference to a large scale
map and known landmarks. The location of each station was known to the nearest 20 m. At each

station the field information to be reported included:

station location
date and time
fïeld crew members

habitat descriptions

sampling methods

depth

wind and climatic conditions

water temperature

sub strate type (sand/graveVcobble/silt/clay)

water velocity (rivers)

This information was recorded on field data sheets.

a

a

a

a

a

a

a

a

a

BerurHrc Snupulrlc



Benthic collections were made by Eckman, standard (or petite) ponar grab, Hess sampleq Surber
sampler or hand-inserted core tubes depending on substrate type. The Eckman is used primarily on
soft sediments in deep water ?2 m), although a pole mounted version can be used in harder
substrates and shallower waters. The ponar grab is used for substrates consisting of hard and soft
sediments such as clay, hard pan, sand, gravel and mud where penetration of the substrate by the
sampler is possible. The standard ponar is set with a spring loaded pin, lowered to the bottom and

allowed to penetrate the substrate. When the ponar penetrates the sediment, the pin is released and
the jaws are allowed to close on the sediment sample when the sampler is withdrawn. The ponar (plus
sampie) is then pulled through the water column and placed in a plastic basin on the bottom of the
boat. Because of the weight of the standard ponar a frame and electrically driven winch should be

used to raise and lower the grab. After the sample has been removed and whenever the ponar is not
being used, the safety pin must be inserted into the lever bar to prevent the bar from closing on the
operator. Care must also be taken when using the winch to avoid catching hands and clothes. The
petit ponar is considerably lighter, safer and easier to use. A winch may not be necessary under most
conditions.

Both the Eckman and ponar samplers were made of stainless steel rather than brass. The choice of
using an Eckman or ponar sampler depends on the nature of the sediment and the depth of the water
column. In hard sediments, use of the Eckman sampler is limited as penetration is poor. The pole
mounted Eckman is able to penetrate some hard substrate, but its use is limited to shallow depths.

If sediments are very sofl the Eckman may be preferable to the ponar because the latter tends to fill
entirelywith sediments, thereby obliterating the sediment-water interface. At depths greater than2O
m the ponar may be more successful because of its greater weight and stability in the water column.
If both samplers are available, a certain amount of trial and error may be required to determine the
most appropriate sampler.

The Surber sampler was used in shallow (<32 cm), flowing waters on rocþ substrates where a grab
sample cannot be taken. The Surber sampler consists of two square frames hinged together; one
frame rests on the surface while the other remains upright and holds a nylon collecting net and bucket.
A base eKension is used when sampling areas of fine, loose sediments or rubble. The base frame fits
into the base extension which is pushed into the sediments to decrease the lateral movement of
invertebrates out of the area to be sampled. The sampler is positioned with its net mouth open facing
upstream. When in use, the two frames are locked atnght angles, the base frame (and base extension)
marking offthe area of substrate to be sampled and the other frame supporting a net to strain out
organisms washed into it from the sample area.

The Hess sampler is especially useful for sampling gravel and cobble bottoms in streams. The Hess
sampler consists of a stainless steel cylinder with two large windows and a pair of handles for pushing
the cylinder while rotating it into the gravel or cobble. Penetration depths of 75 or 150 mm can be
varied by attaching the handles to either end of the sampler. Water flows in through the upstream
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window of the Hess sampler and out through the downstream window and into the collecting net and
bucket

General operating procedures for the Surber and Hess samplers were as follows:

Position the sampler securely to the bottom substrate, parallel to the water flow with the net
pointing downstream.

The sampler is brought down quickly to reduce the escape of rapidly-moving organisms

There should be no gaps under the edges of the frame that would allow for washing of water
under the net and loss ofbenthic organisms. Eliminate gaps that may occur along the edge of the
Hess/Surber sampler frame by shifting of rocks and gravel along the outside edge of the sampler.

To avoid excessive drift into the sampler from outside the sample area, the substrate upstream
from the sampler should not be disturbed.

Once the sampler is positioned on the stream bottom, it should be maintained in position during
sampling so that the area delineated remains constant.

Hold the sampler with one hand or brace with the knees from behind.

Heavy gloves should be required when handling, dangerous debris; for example, glass or other
sharp objects present in the sediment.

Turn over and examine carefully all rocks and large stones and rub carefully in front of the net
with the hands or a soft brush to dislodge the organisms and pupal cases, etc., clinging to them
before discarding.

Wash larger components of the substrate within the enclosure with stream water; water flowing
through the sampler should carry dislodgerd organisms into the net.

Stir the remaining gravel and sand vigorously with the hands to a depth of 5-10 cm where
applicable, depending upon the substrate, to dislodge bottom-dwelling organisms.

It may be necessary to hand pick some of the heavier mussels and snails that are not carried into
the net by the current.

Remove the sample by washing out the sample bucket, if applicable, into the sample container
(wide-mouthed jar) with l\Yo buffered formalin fixative.
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a Examine the net carefully for small organisms clinging to the mesh, and remove them (preferably
with forceps to avoid damage) for inclusion in the sample.

Rinse the sampler net after each use

In the case of soft sediments at shallow depths, plastic core tubes (2.5 . ID) can be inserted by hand
into the sediments. Stoppers are placed at each end as the tube is withdrawn.

Sieving of Benthic Samp/es

Samples were sieved in the field using a mesh size of 250 pm, and preserved with sufficient buffered
formalin to produce a l0 o/o concentration. If further sieving was required (e.g., 500 ¡rm sieve) to
allow for data collected to be comparable across studies, then this additional step was done in the
fìeld, and both sized fractions were preserved and identified.

Quality Control Protocols for Benthic ldentification

Invertebrate samples were sorted on a low power microscope and keyed to the generic level. A
reference collection of identified organisms will be maintained for both the receiving and reference
environments. Taxonomy will be verified by an independent expert. Sorting efüciency will be

estimated by recounts of the sorted material on I\Yo of the samples. If subsampling is deemed
necessary, an estimate will be made ofthe subsampling error. All unsorted and sorted fractions of the
samples will be retained until taxonomy and sorting efüciency are confirmed. Atl data transcriptions
will be checked for accuracy.

Wnren CHem¡srny

As indicated in the study plan, water qualrty samples were taken as grab samples at 12 sampling

stations plus the effluent. In shallow receiving environments (<2m) I grab sample was collected at
the surface from each station with clean bottles prepared by the analytical laboratory. Samples were
collected by removing the cap below the surface (approximately 15 cm depth) to avoid any surface
contamination. Latex (or nitryl) gloves were used during this procedure to avoid all contamination.
In deeper receiving environments (> 2 m), one sub-surface grab were collected af each station using
a Van Dorn-type sampler. Separate samples will be collected for total and dissolved metals. The
dissolved sample will be field filtered according to standard methods (APHA 1995 -Section 30308).
Both metals samples (total and dissolved) were acidifïed with ultrapure HNO3 (provided by the
analytical laboratory) to a pH <2. Samples were also taken in separate bottles for analysis of other
water quality parameters.

Field measurements of temperature, conductivity, dissolved oxygen and pH were also taken at each
station using a Hydrolab I!0 or YSI meters. The analytical methods for calibration and use of each

a



field instrument were those outlined in each respective instruction manual. A log was kept of each

field instrument indicating its usage and any problems encountered. In using an oxygen electrode, care
was taken to change the membrane on a regular basis, or if it became dried out, torn or damaged in
any way. Certain chemicals found in effluent discharge can interfere with oxygen measurements.
Conductivity was used where appropriate to characterize mixing zones and exposure zones. All
values including calibration readings were recorded on the field sheets.

Quality Control Protocols for Water Chemistry

At each mine site quality control samples for water chemistry included collection and analysis of one
transport or trip blank, one filter blank and one field replicate (collected atthe exposure station). If
subsurface samples were collected using a Van Dorn-type sampler, then a sampler blank were also

collected. The transport blank and filter blank water were provided by the analytical laboratory. The
transport blank consisted of a sample bottle filled with distilled deionized water in the laboratory. The
transport blank was brought to the field, opened, then shut immediately. A filter blank consisted of
a field-filtered sample of distilled, deionized water provided by the analytical laboratory. When a van
Dorn type bottle was used to collect samples, a sampler blank was also taken in which distilled,
deionized water was poured into the sampler and then taken as a normal sample. One field replicate
from a station in the affected area was taken using a separate bottle and separate filtration. These field

QC samples were excusive ofthose analysed routinely in the laboratory as part of normal laboratory

QC

QC Requirements for Choice of an Analytical Laboratory

A common analytical laboratory was selected for all three regions (West, Ontario, East). The
laboratory was certified by CAEAL and the project QCO ensured that the laboratory followed these
quality control practices :

Written (or referenced) SOPs for each anaþical system

Instrument calibration and maintenance records
Clearþ enunciated responsibilities of Q/A ofücer
Adequate and training of personnel

Good Laboratory Practices (GLPÐ
Sample preservation and storage protocols
Sample tracking system (e.g., LIMS system)

Use of QC samples to ensure control of precision and accuracy (Blanks, replicates, spikes,
certifïed reference materials (minimum effort should be 15-20%)
Maintenance of control charts and control limits on each QC sample
Data handling and reporting (blanks, replicates, spike recovery signifïcant figures)
Policy for reporting low level data (e.g., ASTM L,W)
Participation in external audits and round robbins.
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The QCO requested thar all QC data (including control limits) be contained in the analytical reports
and ensured that all analTrtical runs were under statistical control at the time of analysis. The QCO
also ensured that the anaþical laboratory attained the required detection limits or had a valid
technical reason when these limits were not attained. These values were flagged in the analyical
report. The QCO examined all outliers and can request repeat analysis if the data are questionable.

SeormeruT SAMPLTNG

Sediment samples were collected only if a station had an area) 1 m2 of depositional habitat. If not,
detailed notes on the site were made and pictures taken to provide evidence that the station was not
suitable for sediment collection (This information is important to indicate the occurrence or the non-
occuffence of depositional sediments for the sediment toúcþ testing in the 1997 field program). The
sampling device to be used (Eckman or ponar samplers) depended on the nature of the substrate and

depth ofwater (see benthic sampling). Agaiq all sampling devices were of stainless steel construction.
Only the upper two cm of the sediment column were used and the sampler penetration was a

minimum of 4-5 cm depth to ensure the upper two cm was not disturbed. One composite sediment
sample, consisting of five grab samples was collected per station. The upper two cm of substrate from
each of the 5 grabs were placed in a glass or plastic mixing bowl. The composite sample was then
homogenized in the bowl with a plastic spoon. Sample jars provided by the laboratory (i.e., pre-
cleaned glass with teflonJined lids) were filled to the top to minimize air space. Duplicate jars were
collected at all stations in case of breakage and suspected contamination.



Quality Control Protocols for Sediment Sampling

The following guidelines were used to determine the acceptability of a grab sample: a) the sampler
is not over-filled, b) overlying water is present indicating minimal leakage, c) overlying water is not
excessively turbid indicating minimal disturbance, d) the desired penetration depth is achieved (i.e.,
4-5 cmfor a2 cm deep surficial sample). If any of the above criteriawere not met, the sample was
rejected. The samples were placed in sample jars provided by the analytical laboratory (precleaned
glass, teflon lined lids). The grab samplers were cleaned between stations using a phosphate-free
detergent wash and a rinse with deionized water. The plastic utensils and bowls were cleaned between
sampling stations using the following protocol: 1) a water rinse, 2) a phosphate-free soap wash, 3)
a deionized water rinse, 4) a 5% HNO, rinse and 5) a final rinse in deionized water. Three swipe
blanks were collected, each in the reference and affected areas, to determine the effectiveness of field
decontamination procedures. The swipes consisted of acid-wetted, ashless filter paper wiped along
the inside of the sampler and mixing bowl/spoon surfaces that are likely to contact sample media.
These samples were placed in whirl-pack bags and sent to the analytical laboratory for extraction and
metals analysis. One of the duplicate samples taken at each station was analyzed as a field replicate.

All samples were cooled and shipped to the designated laboratory for analysis. Each sample was
analyzed for site specific metals, total organic carbon (TOC), particle size and loss on ignition. The
quality control procedures to be followed by the analytical laboratory and the review of the quality
of the data were the same as outlined above for the water quality parameters.

Toxrcrrv Snmp¡-es

The laboratory @.4.R.) has already been chosen for the sublethal toxicity analyses. The samples were
taken with sample pails provided by the laboratory. The procedures for effluent sampling followed
those outlined in the document Aquatic Effects Technologl,t Evaluation Program Project #4.1.2a
Extrapolation Study. B.A.R. is expected to comply with the following QA/QC protocols:

. Written or referenced SOPs for each test

. Adequate training of personnel

. Appropriate instrument calibration and maintenance

. GLPs

. Dilution water controls

. Test record sheets

. Dose selection

. Reference toxicants

. Control charts

. Adequate datahandling and reporting procedures.



The QCO will review all the reports and determine whether the reference toxicants fall within control
limits, control mortality is limited etc.

Frsn SnUPLES

Metallothionein and metals analysis were, where possible and appropriate, conducted on a minimum
of 8 fish of 2 species at both the reference and exposure areas (total of 32 fish for each mine site).
Where possible, 4 females and 4 males of each species were collected. Only fish collected for
metallothionein and metals analysis were sacrificed in the study and all measurements were conducted
on these fish. No field splitting of organs for metallothionein and metals analysis (kidney, gill, liver)
was done with whole tissue samples forwarded to Dr. Klaverkamp's laboratory for processing and

handling. Where fish larger than20 cm were not available, whole fish (i.e., 10-15 cm length) were
used for analyses with no dissection of fish attempted. Fish smaller than 10 cm were not targetted for
metallothionein and metals analysis. Tissue and whole fish samples were frozen on dry ice and

forwarded to the laboratory for analysis.

Standard operating procedures for gill netting trap netting and backpack electrofishing are presented

below. The maximum effort to be expended on electrofishing was I full day per station (reference and

exposed; total2 dayÐ. The maximum fishing effort for gill netting was 2 days per station (reference

and exposed; total4 days). Gill nets were checked frequently to collect living fish.

Protocol for Gill Netting

The protocol employed during gill netting was as follows

1) Individual panels of various mesh sizes were assembled to comprise a gaîg of nets of required
sizes. The order of assembly of sizes was the same for each gang. A bridle was attached to each end,

and anchor/float lines were attached to the bridle appropriate for the water depth in which the nets
were deployed. The section of rope between the anchor and the bridle was of sufiïcient length that
the anchor could be placed on bottom before any netting is deployed.

2) Netting locations were selected that were free of major bottom irregularities or obstructions (steep

drop-offs, tree stumps, etc). Upon selection of the preferred site, the net was deployed in a

continuous fashion along the selected route. Care was taken to avoid tangles or twists of the net, and

to ensure that marker buoys at each end were visible (i.e., above water) after setting. Water
temperatures were taken on the bottom and at 2 m above the bottom at each end of the net if other
than isothermal conditions were present. The location and orientation of the net relative to shoreline
features were marked on an appropriate map andlor obtained by electronic positioning equipment
(GPS) The above noted informatior¡ the water depth at each end of the net, the date, time of day and

other relevant information (wind direction and weather conditions, wave height, etc) were recorded
in the field book for each netting location.



3) Upon retrieval, the same information as noted above (as applicable) was recorded. All fish
collected were identified and enumerated. Those fish not required for further testing/analysis were
live released provided they were in good condition. The remaining fish were analyzed, packaged and
preserved, or disposed of according to the requirements of the sampling program.

Protocol for Trap Netting

The protocol for trap nettingwas as follows:

1) Prior to use in the water, the net was spread out on land and examined for holes and signs of
excessive wear (broken and/or frayed lines or attachment points) if the condition of the net could not
be determined from previous users. The lead, wings, house and all attachment lines were examined,
as well as the house access point opening. All damages were repaired, the house opening was secured
and the net was repacked to facilitate ease of deployment.

2) Netting sites were selected lhal are relatively smooth bottomed, of a substrate suitable for
anchoring (i.e. mud, sand, and./or gravel; smoothbedrock not suitable) and free of major irregularities
(large boulders, tree stumps or snags, etc.). If water visibility permitted, the selected location was
examined from above to confirm its suitability.

3) The net was set perpendicular to shore such that the lead was in shallow water near shore and the
house was in deeper water offshore. The net was continuously deployed from the bow of the boat,
while backing offshore, until all parts of the net and all anchors were in the water. Upon setting the
house anchoE the net was then tensioned. The wing anchors were then lifted and repositioned such

that the wings were aligned at a 45o angle to the lead, and lightly tensioned. The date, time of day,

water temperature and other appropriate information were recorded in the field book.

4) When servicing the net, the house float was lifted and the boat was pulled under the anchor line
between the house and the house anchor. The boat was then manually pulled sideways to the house
ofthe net, which was then passed over the boat until all fish \ /ere concentrated at the near shore end
of the house. The house access point was then opened and the fish were removed, identified and
enumerated. The fish required for analysis were retained, while the remainder were released live. The
catch and the ancillary environmental data (as above) were recorded in the field book. The house
opening was then closed and the boat backed out from beneath the net. Anchors were lifted and reset
to re-tension the net as required.

P rotoco I s fo r Bac k- Pac k EI ectrof is h i n g

The operators of the electrofishing gear will follow procedures outlined in standard fisheries text
books. Before the electrofishing operations began, the amount of effort, either by distance, time or
desired sample size was agreed upon in order to calculate catch per unit effort.



a

a

a
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Health and safely procedures were followed strictly. These are also outlined in standard text books

Analysis of Fish

At least 8 (preferably adult) fish of each sentinel species were, where possible and appropriate,
collected from the reference and exposure areas. The biological variables measured on large (i.e., >20

cm) fish included, where possible and appropriate:

fork length

fresh weight
external/internal conditions
sex

age

gonad weight
kidney weight
egg size and mass (if appropriate)
liver weight

No internal variables were measured on fish of less than 20 cm in length. Information on each fish
species were recorded on the data logging sheets provided.

Length was measured to the nearest !2 mm. Fork length is the length from the tip of the snout to the
depth ofthe fork in the tail. Fish were towel dried and weighed to the nearest I g or 5% of total body
weight.

An external examination was conducted for lumps and bumps, secondary sexual characteristics,
missing fins or eyes, opercular, fin or gill damage, external lesions, presence of parasites, and other
anomalous features. All external lesions were recorded as to position, shape, size, colour, depth,
appearance on cut surface and any other features ofnote. Photographs were taken oflesions to aid
in their interpretation. The external conditions were assessed according to the health assessment index
of Adams et al. (1993); or Goede (1993) on data logging sheets.

Age were determined by the appropriate structure (scales, otoliths, pectoral spines) following
established protocols. A single person ( John Tost; North Shore Environmental) will perform the age

determinations on all the fish. Aging structures were archived for future reference. Fish age will be
confirmed by a second expert (minimum l0%).

The body cavity \ /ere opened to expose the internal organs. The internal examination of each fish
included the recording andlor photographing of evident tumors, neoplasms and lesions in major
organs including the liver and skin. The internal conditions will be assessed according to the health
assessment index of Adams et al. (1993) or Goede and Barton (1990) on data logging sheets.

a

a

a



All internal organs were examined for lumps, bumps or abnormal features. The lower intestine and
oesophagus were cut to allow total removal of the gastrointestinal tract. The liver was removed and
weighed on pre-weighed aluminum pans. The liver samples must be weighed immediately to avoid
loss of water. Care was taken to avoid rupturing the gall bladder and to remove the spleen before
weighing. Ifthe liver tissue was diffi;se, it was teased from the intestines starting from the posterior
and proceeding anteriorþ The liver was weighed, divided in half and frozenin separate plastic bags
for metals and metallothionein analysis ( see latest protocols from AETE).

The gonads \ryere removed from the dorsal wall of the body cavity from the anterior to the posterior
and weighed on a pre-weighed pan to the nearest 0.01 g or +I%o of the total organ weight. Care was
taken to remove extemal mesenteries and visceral lipid deposits before weighing the gonads; gonadal
membranes, however, remained intact. Egg volume and mass were measured on fresh eggs. One
hundred eggs were counted in a stereoscopic microscope and added to a small graduated cylinder
containing a known volume of water. The cylinder was placed on a balance so that the mass of the
100 eggs could be measured. The volume of the eggs was then determined from the displacement of
the water in the cylinder.

The kidneys were removed by making lengthwise incisions along each edge of the tissue and then
detached using the spoon end of a stainless steel weighing spatula by applying firm but gentle pressure
against the upper abdominal cavity wall (dorsal aorta). In this procedure the kidney was scraped away
from the dorsal aorta and associated connective tissue. The kidney was divided in halfl placed in
separate whirlpack bags and frozen on dry ice for both metals and metallothionein analysis.

The gills arches and attached filaments were removed by severing the dorsal and ventral cartilaginous
attachment ofthe arches to the surrounding oral caviry The gill arches were placed in whirlpack bags
and frozen on dry ice for metals and metallothionein analysis.
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Selected Site Photographs
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Photo I (A): Weir at York Lake, Nofth Branch of York River.
Sept. 18, 1996, Reference Alea Reach A, Gaspé Mine

Photo 2 (A): Road Briclge at Habitat Unit l, Nortli Branch of York River,
Sept. 18, 1996, Reference Area Reach A, Gaspé Mine
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Photogra¡rhs
South Branch of York River

Exposure Area
Gaspé Mine
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Photo 3 (A): Station GR-4 in Habitat Unit 9, North Branch of York River,
Sept. 18, 1996, Reference Area Reach A" Gaspé Mine

Photo a (A): Substrate at Station GR-4, North Branch of York River,
Sept. 18, 1996, Reference Area Reach A, Gaspé Mine
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Photo 5 (A): Habitat Unit 11, Norlh Branch of York River,
Sept. 18, 1996, Reference Area Reach A, Gaspé Mine
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Photo 6 (A): Gravel Bar and Beaver Dam in Habitat Unit 13, North Branch of York River,

Sept. 18, 1996, Reference A¡ea Reach A, Gaspé Mine
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Photo 7 (A): Station GR-3 in Habitat Unit 14, North Branch of York River,
Sept. 18, 1996, Reference Area Reach A, Gaspé Mine

Photo 8 (A): Substrate at Station GR-3, North Branch of York River,
Sept. 18, 1996, Reference Area Reach A, Gaspé Mine
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Photo 9 (A): Green Algae on Substrate in Habitat Unit I7, North Branch of York River,
Sept. 18" 1996, Reference Area Reach A, Gaspé IVIine

Photo 10 (A): Woody Debris in Habitat Unit2l, North Branch of York River,
Sept. 18, 1996, Reference Area Reach A" Gaspé Mine
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Photo 11 (A): Station GR-2, in Habitat Unit zs North Branch of York River,

Sept. 18, 1996, Reference Area Reach A, Gaspé Mine
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Photo 12 (A): Substrate at Station GR-2, North Branch of York River,
Sept. 18, 1996, Reference Area Reach A, Gaspé Mine

Photo 13 (A): Habitat Unlt 29 Facing Upstream, North Branch of York River,
Sept, 18, 1996, Reference Area Reach d Gaspé Mine
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Photo 1a (A): Station GR-1 in Habitat Unit 30, North Branch of York River,
Sept. 18, 1996, Reference Area Reach A, Gaspé Mine
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Photo l5 (A). Substrate at Station GR-1, North Branch of York River,
Sept. 18, 1996, Reference Area Reach A, Gaspé Mine

Photo 16 (A): Habitat Unit 31, North Branch of York fuver,
Sept. 18, 1996, Reference Area Reach A, Gaspé Mine
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Photographs
North Branch York River
Reference Area - Reach B

Gaspé Mine
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Photo i7 (B): Station GR-5 in Habitat Unit 2, North Branch of York River,
Sept. 18, 1996, Reference A¡ea Reach B, Gaspé Mine

Photo 18 (B): Substrate at Station GR-5,North Branch of York River,
Sept. 18, 1996, Reference Area Reach B, Gaspé Mine
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Photo 19 (B): Cobble, gravel bar in Habitat Unit 3, North Branch of York River
Sept. 18, 1996, Reference Area Reach B, Gaspé Mine

Photo 20 (B): Station GR-6 in Habitat Unit 6, North Branch of York River,
Sept. 18, 1996, Reference Area Reach B, Gaspé Mine
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Photo 21 (B): Substrate at Station GR-6, North Branch of York River,
Sept. 18, 1996, Reference Area Reach B, Gaspé Mine

Photo 22 (B): North Branch of York River at Confluence with the South Branch of York River,
Sept. 18, 1996, Reference fuea Reach B, Gaspé Mine
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Photo 23 (B): Substrate of South Branch of York River, Sept 18, 1996,

Reference Area Reach B, Gaspé, Mine
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Photo 24 Falls Downstream of Reservoir,
South Branch of York River,
Sept. 17, 1996, Exposure Area,
Gaspé Mine

PoolBelow Falls, South Branch
of YorkRiver, Sept. 17, 1996,
Exposure Area, Gaspé Mine
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Photo 26 Habitat Unit 4, South Branch of York River,
Sept. 17, 1996, Exposure Area, Gaspé Mine
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Photo 27 Station GE-l in Habitat Unit 6,

South Branch of York River,
Sept. 17, 1996, Exposure Area,

Gaspé Mine

Station GE-2 in Habitat Unit 6,

South Branch of York River,
Sept. 17, 1996, Exposure Area,
Gaspé Mine
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Photo 29 Habitat Unit7, South Branch of York River,
Sept. 17, 1996, Exposure Area, Gaspé Mine
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Photo 30

Photo 31

Pool Upstream of Beaver Dam in Habitat Unit 8,

South Branch of York River, Sept. 17, 1996, Exposure Area, Gaspé Mine

Beaver Dam Separating Habitat Units 8 and 9,

South Branch of York River, Sept. 17, 1996, Exposure Area, Gaspé Mine
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Photo 32 Station GE-3 in Habitat Unit 9, South Branch of York River,
Sept. 17, 1996, Exposure Area, Gaspé Mine
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Photo 33

Photo 34

Habitat Unit 10, South Branch of York River,
Sept. 17, 1996, Exposure Area, Gaspé Mine

Station GE-4 Downstream of Bridge in Habitat Unit 1Z

South Branch of York River, Sept, 17, 1996, Exposure Area, Gaspé Mine
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Photo 35

Photo 36

Substrate at Station GE-4, South Branch of York River,
Sept. 17, 1996, Exposure Area, Gaspé Mine

Habitat Unit 12, South Branch of York River,
Sept. 17, 1996, Exposure Area, Gaspé Mine
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Plioto 117

Photo 38

Algae Covering Substlate in Flabit¿it Unit 13,

Soutlr Branch of York River. Sept. 17, 1996, Exposure z\r'ea, (ìaspé Mine

I-Iabitat Unit 17, Soutli Branch of York River,
Sept. 17, 1996, Exposure Ale¿r, Gaspé lVIine
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Photo 39

Photo 40

Station GE-5 in Habitat Unit 19, South Branch of York River,
Sept. 17, 1996, Exposure Area, Gaspé Mine

Substrate at Station GE-5, South Branch of York River,
Sept. 17, 1996, Exposure Area, Gaspé Mine
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Photo 41

Photo 42

Station GE-6 in Habitat Unit22, South Branch of York River,
Sept. 17, 1996, Exposure Area, Gaspé Mine

Substrate at Station GE-6, South Branch of York River,
Sept. 17, 1996, Exposure Area, Gaspé Mine
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Photo 43

Photo 44

South Branch of York River at Confluence with the Miller River,
Sept. 17, 1996 Exposure Area, Gaspé Mine

ff.å**x-,
Miller River at Confluence with the South Branch of York River,
Sept. 17, 1996, Exposure A.rea, Gaspé Mine
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Photo 45: Clean Substrate of Miller River, Sept. 17, 1996, Gaspé Mine
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APPENDIX C

Water Quality and Chemistry

@idþi
", 

ì-+J è.



C.1 Detailed Methods
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c.2 QA/QC
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MDS
Environmental Services Limited

Client:

Fax:

Jacques Whitford Environment Ltd.
P.O. Box 1116

711 Woodstock Road

Fredericton, NB, CANADA
B3B 5C2
506-452-7652

Date Submitted:

Date Reported:

MDS Ref#:

MDS Quote#:

Client Ref#:

Sampled By:

September 23196

November 1/96

966521

96-697-GS

Gaspe Mine

Monique Dube

Attn: Monique Dube

Analysis Performed:

Methodology

Certificate of Analysis

30 ELEMENT ICPAES AND ICP-MS SCAN
Alkalinity
Anions(Cl,NO2,NO3, o-PO4 & SO4)

RCAP MS Package, 8 Element ICPAES Scan

Reactive Silica

RCAP MS Package, 22Blement ICP-MS Scan

RCAP Calculations

Manual Conventionals(pH,Ttrbidity, Conductivity, Color)

Ammonia

Total Kjeldahl Nitrogen, Digestion Required

Dissolved Inorganic Carbon, as Carbon(Autoanaly znr)

Dissolved Organic Carbon, as Carbon(Autoanalyzer)

Total Suspended Solids

Acid Digestion

1) Determination of alkalinity in water by automated

colorimetry.
U.S. EPA Method No. 310.2

2) Analysis of anions in water by ion chromatography and/or

by colorimetry.
U.S. EPA Method No. 300.0 or
U.S. EPA Method No. 350.1, 354.1.,353.1,
365.1and 375.4.

6850 G¡trcu'ay l)riue, Mi.ssissatLga, {)rúario, Cartocla I'4V IP1
'l'e|..: 905.673t3255 I,-a:¡: 905.673.7399 7'oll Free: lo$QQc'/Ql e/Q!t Page I



MDS
Environmental Services Limited

Client:

Fax:

Jacques Whitford Environment Ltd.
P.O. Box 1116

711. Woodstock Road

Fredericton, NB, CANADA
E3B 5C2

506-452-7652

Date Submitted:

Date Reported:

MDS Ref#:

MDS Quote#:

Client Ref#:

Sampled By:

September 23196

November L/96

966521

96-697-cS

Gaspe Mine
Monique Dube

Attn: Monique Dube

Methodology; (Cont'd)

CertifÏcate of Analvsis

3) Analysis of trace metals in water by inductively coupled
plasma atomic emission spectrometry.

U.S. EPA Method No. 200.7
4) Analysis of silicon in water by ICPAES and conversion to

silica.

Standard Methods(l7th ed.) No. 4500-Si G
5) Analysis of trace metals in water by Inductively Coupled

Plasma Mass SPectrophotometry.

U.S. EPA Method No. 200.8(Modification)
6) Determination of theoretical RCAP parameters by

calculation.

EPL Intemal Reference Method
7) Analysis of water for pH(by electrode), conductivity(by

measuring resistance in micro siemens/cm), turbidity(by
nephelometry) and color(by UV Visible Spectrometry),
U.S. EPAMethodNo. 150.1, 120.1, 180.1

and 110.3

8) Analysis of ammonia in water by colourimetry in a
continuous liquid flow.
ASTM Method No. D1426-79 C
Refer - Method No. 1100106 Issue 122289

6850 Gore.tucty Driue, Mississttu.gn, Otttario, Ccutada I'¿l\,' lPI
'lel,. : 905. 673 " 3255 Far : 905. 673. 7399 Tr,¡l I Free : 1. 800. 70 1 " 7 092 Page2



MDS
Environmental Services Limited

Client:

Fax:

Jacques Whitford Environment Ltd
P.O. Box 1116

711 Woodstock Road
Fredericton, NB, CANADA
E3B 5C2

506-452-7652

Date Submitted

Date Reported:

MDS Ref#:
MDS Quote#:

Client Ref#:

Sampled By:

September 23196

November l./96

966521

96-697-cS

Gaspe Mine
Monique DubeAttn: Monique Dube

Methodology: (Cont'd)

CertifÏcate of Analysis

9) Analysis of toøl Kjeldahl Nitrogen in water by
colourimetric determination in a continuous liquid flow.
ASTM Method No. D3590-84AFD
Refe¡ - Method No. 1100106 Issue |ZZ2B9

10) The determination of dissolved inorganic carbon by
converting species to carbon dioxide and measuring the
decrease in absorbance of a colour reagent.
MOE Method No. ROM - IOZACZ.|
(Refer Method No. 1102106 Issue 122989)

11) Sample is filtered, followed by the colourimetric
determination of dissolved organic carbon in a
continuous liquid flow.
MOE Method No. ROM - lO2ACz
Refer - Method No. 1102106 Issue 122989

12) T\e determination of Total Suspended Solids by weight.
U.S. EPA Method No. 160.2

13) Acid digestion of water for met¿l determination by
Inductively Coupled Plasma Emission Spectrometry
and/or flame or furnace Atomic Absorption Spectroscopy
U.S. EPA Method No. 3020

(ì850 (|oreutct.t, Drit,e, Mississctugct, Ontario, Ca¡utda L4V lPl
Tel.: 905o(ì73.í1255 Fat: 9()5"673"7399 Toll Free: I "800"701"7092 Page 3



MDS
Environmental Services Limited

Client:

Fax:

Jacques Whitford Environment Ltd.
P.O. Box 1116

711 Woodstock Road
Fredericton, NB, CANADA
E3B sCZ

506-452-7652

Date Submitted:

Date Reported:

MDS Ref#:
MDS Quote#:

Client Ref#:

Sampled By:

Certifïcate of Analysis

1) Cobas Fara Centrifugal Analyznr
2) Dionex Ion Chromatograph, 4500i/4000i or Cobas Fara II Analyzer
3, 4) Thermo Jarrell Ash ICAP 61E Plasma Spectrophotometer
5) PE Sciex ELAN 6000ICP-MS Spectrometer
6) Calculation from existing results; no instrumentation required.
7) orion pH meter/Radiometer conductometer/Tirrbidity meter/uv-visible
8) Skalar Segmented Flow Analyzer, Model SA 20140
9, 10, 1 1) Technicon Autoanalyzer

12) Precision Mechanical convention oven/Sartorius Basic Balance
13) Thermolyne Hoþlate/Hot Block

Vy'ater

Refer to CERTIFICATE OF QUALITY CONTROL reporr.

Refer to REPORT of ANALYSIS affached.

Samar

M. Hartwell, M.Sc.
Director, Laboratory Operations

6850 Goretuq, Dri.L,e, Mississattga, Ontari.o, CrL¡tttclct L4V 1P1
'1i'1. : 90ti. 67i1 ",725 5 lrct t : 905 " 

(i73 " 7399 Toll Iiree : 1 ø [ì0() a 70 1 8 7 092

September 23196

November L/96

966521
96-697-cS

Gaspe Mine
Monique DubeAthr: Monique Dube

Instrumentation:

Sample Descrþtion:

QA/Qc

Results:

By

Page 4



MDS Environmental Services Limited.

Client : Jacques Whitford Environment Ltd.
Contact: Monique Dube

Analysis of \iy'ater

LOQ = Limir of Qganiralion = lowèt levcl of th¿ parâÍlÈtcr lhat can be quantified with confidence
. : Unavailabl¿ due ro dilution required for analysis
rìâ = Nor Applicabl¿
rìs : Insufficicnr Samplc Submiued
rld = perarirter r¡ot delÊ.t d
TR = ¡racc lcvcl lcss than LOQ
(b) : Arutyr¿ rssults on REPORT of ANALYSß hav¿ bcen backgmund corrÈctèd for the process blank.

Certificate of Quality Control
Date Reported:

MDS Ref # :

MDS Quote#:

Client Ref#:

November 1/96

966521

96-697-GS

Gaspe Mine

Overall

QC

Acceptable

ys

ys
y6

y6

yð

yë

ye

ys
vd

y6

ys

yé

y€

y6

y€

y6

yê

yË

ys

Matrix S¡füe

Accept

É
m

DT

yë

ys

yë

m

ye

yæ

nå

u
y6

ys

y6

ys

yë

ys

yë

Upper

T.imit

É
É

m

0.42

0.42

0.28

m

1.4

1.4

u
u

1.40

1.40

1.40

1.40

1.8

1.8

1.8

Lower

Limit

ú
É

D¡

0.18

0. 18

o.r2

u
0.ó

0.ó

É
u

0.60

0.@

0.60

0.60

0.2

o.2

0.2

Target

u
M

u
0.30

0.30

0.20

M

1.0

1.0

u
u

1.00

1.00

1.00

1.00

1.0

1.0

1.0

Result

ú
ú

u
0.38

0.28

0.16

u
0.92

0.96

u
ü

1.07

r.l I

1.07

l.l r

l.l
l.l

0.6

Process % Ræovery

Accept

vé

yë

y6

yë

yë

y6

y6

y6

yd

yd

yâ

yé

y6

y€

y6

y6

y6

y6

Upper

I.imi¡

il3
113

113

lt3

l14

l14

ll6
ll6
ll0
lt0
ll3
u3

ll5
115

lr5

ll5
lt5

ll5
ll5
ll5

[.ower

I imi¡

87

E7

90

90

E8

EE

EO

80

90

90

90

90

85

85

E5

85

85

t5

t5

t5

Result

100

100

105

105

tt2
tt2
82

t2

102

t02

102

r02

106

109

106

tt2
106

105

ta
l0ó

Process Blank

Accept

yð

y6

v4

ya

y6

y6

yé

ya

yé

Y6

yd

y6

y6

y€

vé

y6

yé

Upper

Limit

2

2

2

a

0.1

0.t,

0.03

0.03

0.03

0.03

3

3

o.g2

0.m

o.m

0.t2

o.x

0.2

0.2

0.2

Result

rd(b)

Dd(b)

Dd(b)

"d(b)
.doi
¡d(b)

ndO)

nd(b)

nd(b)

r¡d(b)

ndO)

nd(b)

Dd(b)

Dd(b)

nd(b)

nd(b)

Dd(b)

nd(b)

nd(b)

rd(b)

Units

mg/L

øglL

mglL

mg/L

mglL

mg/L

mglL

mglL

mú-

mglL

mg/L

mglL

mg/L

mglL

mglL

mglL

mglL

mg/L

mg/L

mglL

LOQ

I

I

I

I

0.05

0.05

0.01

0.01

0.01

0.01

2

2

0.005

0.005

0.005

0.005

0.1

0.1

0.1

0-l

SAMPLE ID

(spke)

B

B

cdF-GEl

r

Frld Bl¡a t

GspcCEl

Fþld Bba k

É

FEld Bl¡a t

Gs¡.-CEl

B

B

Frcld Bl¡a k TOTAI

Frlt Bl¡o L

Go¡F-CEl

vlilÞr Riv q TOTÂj

i'EU Bl¡¡ k TOTAT

Frld Bl¡¡ t

G¡IF.CEl

rlitlcr Riv ct TOTÂI

Parameter

All¡rbity(g C¡CÛ3)

A.U¡¡iD¡ty(ú C¡Cþ3)

CLlcidc

õldi.b

Nint{s N)

Nit¡¡E{ú ¡i)

NiriE(6 N)

Niuie{r !¡)

Onåçùo¡pb¡c(s P)

On¡+U¡¡¡c{¡ B

SubbE

SulpbÞ

8016

Boa6

8d6

8@

C¡Èiu

C¡lciu

C¡Jciu

C¡¡cin
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MDS Environmental Services Limited.

Client : Jacques Whitford Environment Ltd.

Contact: Monique Dube

Analysis of Water

LOa = Limit of Quanriration : lowcs¡ lev¿l of the parametÈr that can be quantified vith confidence
. : Un¡vaitable duc to dilution requircd for anâlysis
na = Nor Applicablc
rur : Insuflici¿nr Sample Submittcd
frd : parâÍlcter r¡ot dè¡ected

TR : tracc lcvel less than LOQ

Certificate of Quality Control
Date Reported:

MDS Ref # :

MDS Quote#:

Client Ref#:

November 1/96

966521

96-697-GS

Gaspe Mine

Overall

QC

Àcceptable

y6

y6

ys

y6

ys

ye

yæ

yð

ye

yë

y6

yë

ya

y6

yã

y6

y6

ya

yd

Matrix S¡ike

AcceS

yë

y€

y6

yê

y€

y€

yê

y6

y€

yë

y6

y€

ys

yé

yë

yé

yd

Uppe.

Limit

1..$

1.40

1.40

1.¿t0

1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.ó

8.0

t.0

E.0

t,0

1.6

1.6

1.6

I¡wer
Limit

0.60

0.60

0.60

0.60

0.2

0.2

0.2

0.2

0.4

0.4

0.4

0.4

1.0

1.0

1.0

1.0

0.2

0.2

o.2

Target

1.00

1.00

1.00

1.00

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

5.0

5.0

5.0

5.0

1.0

1.0

1.0

Res¡¡lt

1.06

L.t2

1.04

r.09

1.0

1.1

0.4

1.0

0.E

1.0

1.0

1.0

4.9

5.E

ó.8

6.2

1.0

l.t

t.2

Process % Recovery

Accept

vé

yd

yð

vd

yé

yd

yê

y€

yë

y€

yd

y6

vd

y6

y6

yd

y6

Upper

I imit

115

115

irs

lt5

115

r15

1r5

ll5

115

ll5

r15

ll5
lr5

ll5

lr5

ll5

u5

ll5
115

ll5

I¡wer
I.imil

t5

85

E5

85

t5

t5

E5

E5

85

85

E5

E5

E5

85

85

t5

E5

E5

85

t5

Resr¡It

t07

106

101

108

107

l0ó

u0

109

tm

l0l

91

95

l0E

lO,r

v2

109

100

91

103

93

p¡6çs55 glrnk

Accept

ye

yé

y6

y6

y6

yð

yé

y6

yd

y6

y6

y4

Yé

y6

y6

yé

yð

Upper

I imil

0.03

0.03

0.03

0.03 
.

0.2

0.2 ,

0.2

0.2

0.2

0.2

0.2

0.2

1.0

1.0

t.0

t.0

0.2

0.2

0.2

o.2

Resr¡lt

Dd(b)

nd(b)

r¡d(b)

Dd(b)

ndo)'

nd(b)

ndo)

nd(b)

rd(b)

nd(b)

nd(b)

nd(b)

Dd(b)

nd(b)

od(b)

Dd(b)

DdO)

Dd(b)

Dd(b)

r¡dO)

Units

mglL

mg/L

mg/L

ñttL

mgIL

m{L

aglL

mglL

Eg/L

mglL

mglL

mg/L

mg/L

mg[L

mg/L

mg/L

mg/L

mt/L

mgn-

LOa

o.02

o.m

0.02

0.02

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.5

0.5

0.5

0.5

0.1

0.1

0.1

0.t

SAMPLE ID

ßpik'e)

Bb¡ t

FiÊtt Bh! t

GspeAEl

Rþø

Bb¡r TOT

Frld Bh¡ k

Cßpo.GEI

Rþcr TOT

Bb. t
Fcld Bl¡a k

AæeèCql

Riv c¡ TOT

Bl¡Ã L

Frld Bl¡a t

CßÞoCÊl

Riv s

Bb¡t TOT

Frld Bb¡ L

C¡¡poCEt

R.iv q TOT

Parâmeter

l¡6

lrú

l¡u

trø

M4øin
Megøiu

Megøim

Mr¡øiu

Pb6!ù6ú

PbøÈør

Ph6pòorE

Phcpàoil

Pøim

PNiE

PßiD

P@iE

Scdiu

Sodiu

Sodiu

Sodin
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MDS Environmental Services Limited

Client : Jacques Whitford Environment Ltd.
Contact: Monique Dube

Analysis of Water

LOa = Limit of Quantitation : lowèst lcvel of the paramet¿r that can be quantified with confidence
r : Unavailable due to dilution requirtd for arulysis
na = Not Applicable
¡¡s : I¡¡sufficicnt Sample Submined
nd = parårrêtèr riot d¿tect¿d
TR : tracê lêvêl less than LOQ

Certifïcate of Quality Control
Date Reported:

MDS Ref # :

MDS Quote#:

Client Ref#:

November 1/96

96652t
96-697-GS

Gaspe Mine

Overall

QC

Acceptable

ys
y6

y6

ys

ys
yð

ys

y6

yë

yci

yë

ye

ye

ys

y6

vg

yd

yë

y€

y€

Matrix S¡ike

Accept

yë

yð

y6

yé

ü
m

ys

yð

vð

yë

vé

y6

ys

yd

y6

yq

Upper

Limit

1.40

1.40

r.40

1.40

ü
M

0.140

0.140

0.140

0.140

0.140

0.140

0.140

0.1,!0

0.140

0.140

0.140

Lower

Limit

0.ó0

0.60

0.60

0.60

ü
m

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

Target

r.00

1.00

1.00

r.00

ú
M

0.100

0.r00

0. r00

0.100

0.rm

0.100

0.100

0.100

0.100

0.100

0. r00

Resr¡lt

r.02

t.r2

1.04

1.06

u
u

0.11

0.08

0.09

0.08

0.104

0.r25

0.r29

0.084

0.093

0.0E2

0.104

Process % Recovery

Accept

vd

yd

yd

yd

y6

y6

y6

ya

ttd
yð

yë

v€

ya

yd

yd

ye

yd

ya

Upper

I imit

u5
rl5

rr5

115

r20

120

115

ll5
ll5
lr5

ll5
Ir5

115

lr5

lr5

ll5
ll5
1t5

ll5
ll5

I¡wer
l:mit

E5

E5

85

85

80

80

E5

85

E5

E5

E5

E5

E5

85

E5

t5

t5

85

E5

t5

Res¡¡It

108

106

tm

108

100

103

94

90

rvz

106

105

t0E

101

98

95

99

n
104

t05

r02

Process Blank

Accept

y6

ya

yd

ya

yd

y6

y6

yd

y6

y6

y6

yé

y6

v6

y6

ya

y6

ya

Upper

I.ini1

0.ü2

0.02

0.m

0.02

1.0

1.0

0.03

0.03

0.03

0.03

0.004

0.00r

0.00{

0.004

0.0ût

0.001

0.004

0.004

0.01

0.01

Result

0.003(b)

0.003(b)

0.003(b)

0.003(b)

rd(b)

Dd(b)

nd0) 
.

r¡d

r¡d

nd(b)

Dd(b)

nd

nd

nd(b)

Dd(b)

nd

nd

Dd(b)

rd(b)

rtd

Units

mg/L

mg/L

mgIL

Bgß-

ûgtL

mg/L

mg/L

mg/L

øglL

o{L

mg/L

ûgtL

mg[L

úgIL

ng/L

ûglL

ÃglL

mglL

mg/L

LOQ

0.002

0.002

0.002

0.002

0.5

0.5

0-01

0.01

0.01

0.01

0.002

0.002

0.002

0.0û2

0.002

0.002

0.0æ

0.002

0.005

0.005

SAMPLE ID

(sp¡ke)

:ç!t 8l¡o t TOTAI

Frld Bl¡¡ t

CrupaGEl

lillcr Riv a T0TÂl

r

B

lÉldBh¡t TOTAI

Fþld BI¡a k

AIFeGEt

FÉl¿ Bl¡! L

Cdf?CÉl

¡{ilÞr Riv ct T0TAI

Frld Bht TOTAI

FÉ¡d Bl¡! t

Cr.peGE¡

l{illc Riv a T0TÀ

F-td Bl¡a I T0T^l

Frld Bh¡ t

llillcr Riv q TOTAI

FrHBhar T0TAI

Påram€ter

7b

Ziæ

Z.tæ

7are

R.øiçSili¡{Sþ2)

Røi*Srrç¡(Sþ2)

A.l'çk+

^¡rE;ññ

Aluim

Afmiæ

AdiD.ûy

AdiD..y

AdnDøy

Adiery

^Ê¡
^¡a¡
AæÈ

^È¡c
Bsiu

B¡¡ia
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MDS Environmental Services Limited.

Client : Jacques Whitford Environment Ltd.
Contact: Monique Dube

Analysis of Water

rca : Limit of Quantitaúon = lowest level of thc parameter that can be quantified with confid¿r¡cc
. : Unav¡itable du¿ to dilution requirtd for arnlysis
t¡a = Not Applic¡blê
Ds = I¡uufüciert Sanple Submined
nd : parametèr oot deæcæd

TR : tracc level less than LoQ

Certificate of Quality Control
Date Reported:

MDS Ref # :

MDS Quote#:

Client Ref#:

November 1/96

966521

96{97-GS

Gaspe Mine

Overall

QC

,A.cceptable

y€

y€

ys

ys
vë

ys

ys
v6

y€

yë

ys
ys
ye3

yë

y6

yæ

y6

ye

y6

y€

Maaix S¡ike

Accept

ys

ys

yé

ye8

yd

yë

yd

y6

vg

ya

y6

yd

ys

vg

y6

Upper

I-imil

0.140

0.140

0.140

0.140

0.r40

0. t40

0.140

0.140

0.140

0.t40

0.140

0.140

0.140

0.1¿10

0.1¿10

0. t40

0.140

Lower

I.imif

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

Target

0. r00

0,100

0.100

0.100

0.100

0. r00

0.¡m

0.100

0.100

0.100

0.100

0.100

0.100

o,100

0. r00

0.100

0.100

Result

0. r09

0.1 14

0.097

0. r35

0.1 12

0.105

0.1m

0.1 r3

0. to40

0.12óO

0.1290

0.1200

0.1 t3

0.1 15

0.1 14

0.1 19

0.llE

Process % Recovery

Accept

yð

y€

y6

y6

yð

v6

ya

ys

y6

yë

y6

yd

yê

yð

vé

y6

yq

Upper

I imif

ll5
115

l15

.l l5

l15

u5

u5

l15

ll5
l15

il5
l15

ll5
l15

115

u5

u5

ll5

rt5

u5

Lower

Ijmi¡

r5

E5

t5

t5

85

t5

E5

t5

t5

t5

t5

t5

t5

t5

t5

85

t5

t5

t5

t5

Result

l04

tgz

tm

99

l0l
103

103

95

¡01

t0t

lll
r05

103

10t

103

100

r07

100

107

tm

Process Blank

Accept

vd

yé

y6

yð

yd

y6

ya

yd

yd

y6

y4

ltd

y6

ya

y6

ya

y6

yð

Upper

I-¡mit

0.01

0.01

0.01

0.01

0.01

0.01

0.00{

0.00r

0.004

0.00{

0.m10

0.0010

0.00r0

0.0010

0.004

0.004

0.004

.0.0t4

0.002

0.002

Re$rlt

nd

nd(b)

¡d(b)

D¿

Dd

Dd(b)

nd(b)

nd

nd

Dd(b)

Dd(b)

Dd

Dd

Dd(b)

nd(b)

Dd

nd

nd(b)

od(b)

rd

Units

mglL

øglL

mg/L

mglL

mglL

m8/L

mg/L

mgtL

mg/L

mglL

mgIL

mglL

ñgtL

mglL

ûglL

mg/L

mglL

mg/L

mglL

LOQ

0.005

0.005

0.005

0.005

0.005

0.005

0.002

0.(m

0.002

0.002

0.0005

0.0005

0.0005

0.0005

0.m2

0.0(n

0.m2

0.002

0.001

o.001

SA"VPLE ID

(spike)

C.rf?GEl

Riv cr

Bl¡a k

FrB Bl¡o k

Cdp?CEl

Riv c¡

Bl¡û k T(ff

Frld Bh¡ k

G$peAEl

Rþa T0T

Bl&t TOT

FÊH Bl¡¡ k

c¡+c.CEt

Riv a

BIe t

FEB BI¡ú K

C.¡F.GEl

Riv a

Bf6 t

FEld 8bs k

Pårameter

B¡iu

B¡¡iu

Bcrytliu

Bcrylliu

Bcryllin

Bcrylliu

Bid!

Biø¡å

Birarb

Bidh

C¡doiu

C¡e¡u

C¡daiu

C¡dmiu

Choiu

Cb¡oiu

Cboio

C¡roia

C.ù¡f

C{À.¡
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MDS Environmental Services Limited

Client : Jacques Whitford Environment Ltd.

Contact: Monique Dube

Analysis of Waær

þa = Limit of Quantitation : lowest levcl of ¡he par¿mèt¿r that can be quantified wilh confidencc
¡ = Unavail¿ble due to diluúon requirtd for analysis
na = Not Applicâblè
rui : lnsuflìcicnr Samplc Submiued
r¡d : paranntrr not dèrecÈd
TR = trâce levè¡ less than LOQ

Certifïcate of Quality Control
Date Reported:

MDS Ref # :

MDS Quote#:

Client Ref#:

November 1/96

96652r
96{97-GS

Gaspe Mine

Overall

ac
Acceptable

yæ

ys
y6

vg

ys

yd

ys
yé

vd

ye

y6

y€

ye

yë

y6

ys
yd

ys

yé

yë

Matrix S¡rike

Accept

y6

y6

y6

y6

y6

y6

vg

yð
y6

ys

ya

y6

y6

y6

y6

y6

yd

upper

Limit

0.140

0. r40

0.r40

0.140

0.140

0.140

0.140

0.140

0.140

0.140

0.140

0. r40

0.140

0.140

0.140

0.140

0.140

I¡wer
I imil

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

Target

0.100

0.r00

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.lm

0.100

0.r00

0. r00

0.100

0.100

0.100

0_ r00

Res¡¡lt

0.102

0.119

0.104

0.123

0.123

0. l 100

0.1090

0. lo40

0.1 I l0

0.104

0.106

0.102

0.103

0.1 12

0.101

0.125

o.r22

Process % Recovery

Accefi

yd

y€

y6

vd

yê

yð

y6

ye

y6

y6

y6

ys

y6

yê

y6

y6

vð

Upper

I imil

115

ll5
irs

l15

lr5

u5

ll5

r15

l15

It5

115

ll5
n5

l15

ll5
l15

lt5

l15

lr5

n5

I¡wer
I jmi¡

E5

t5

85

t5

85

t5

E5

85

E5

E5

t5

E5

t5

85

E5

t5

t5

t5

t5

r5

Result

107

103

il3

106

109

l0l

102

94

100

100

94

v
10{

l0l

v2

9ó

98

l0l

tt2
105

¡¡o¡¿s5 [t-nk

Accept

ttø
ya

ya

ya

ye

ya

y6

y6

yd

ya

yd

y6

y6

v6

y6

Upper

LiEit

0.0û2

0.002

0.00{

0.00r 
"

0.0û{

0.0û{,

0.002

0.002

0.002

0.w2

0.004

0.004

0.004

0.004

0.004

0.0û{

0.00{

0.004

0.00{

0.0ûf

Result

nd

od(b)

nd(b)

Dd

nd

nd(b)

nd(b)

Dd

nd.

Dd(b)

Dd(b)

nd

Dd

nd(b)

Dd(b)

Dd

Dd

nd(b)

nd(b)

nd

Utrits

mg/L

mglL

mg/L

6g17-

mglL

mglL

md7-

øglL

mglL

ûgn-

mglL

ûglL

ng,/L

mg/L

mgIL

mg/L

mg[L

6g1L

@g17-

og/L

LOO

0.ml

0.001

0.002

0.w2

0.002

0.002

0.0001

0.0001

0.000r

0.000r

0.002

0.002

0.002

0.002

0.0ü

0.002

0.0ü

0.002

0.0(n

0.002

SAMPLE ID

(sp'l¡e)

G¡¡peGEl

lillaR.iva TOTAI

:rld Bh k T0TAI

Frld Bb¡L

Csp+GEl

úilL¡ Riv cr T0lAl

irH Bfo k TOT,{I

FLld Bl¡¡ k

Cøpc.CEt

Villa Riv ø TOTÂI

FÉld Bl¡r t TCrÍAl

FEH BI¡o t

CdpÊ-GEl

vlilÞr Riv cr T0TAI

irt¿ Bl¡a L lOTAt

FrH Bh¡ t

C¡++GÉl

Vill* R.iv q TOTN

FEE Bl& t TOTAI

Frld Bl¡¡ t

Paremeter

Coù.!

Cot ù

Cæt

C.æt

cqF¡

Cqçc¡

lt¿A

Ltú

ld

Ld

MiÀs¿æ

Mr4æ

M13æ

Mo¡æ

Uoù àe

Moþtaøa

Moftaaa

MofÊ¿aa

¡¡¡(ùl

Ni<'lÈl
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Client : Jacques Whitford Environment Ltd.

Contact: Monique DuÞ

Analysis of Water

LOa = Limit of Quanritarion = tow€st I¿vcl of thc parameter lhat can bc quantified with confid¿nce
. = U¡ravailable duc to dilution required for analysis
n¿¡ = Not Applicablê
ns : Ins¡rfficienr SâÍtplè Submittèd
nd : paraÍEtèr not detect¿d

TR = tracc tev¿l less thao LOQ

MDS Environmental Services Limited.

Certificate of Quality Control
Date Reported:

MDS Ref # :

MDS Quote#:

Client Ref#:

November l/96
96652r

96{97-GS

Gaspe Mine

Overall

QC

Acceftable

ys

y6

yca

vg

yæ

yë

yë

y6

y6

vg

y6

y6

yé

y6

yð

vë

ye

yð

y6

yë

Matrix ùÍke

AcceS

y6

y6

yé

yë

yë

ys

yë

y6

y6

y6

yð

yê

yé

y6

y6

vê

Upper

Limit

0. r40

0.140

0.140

0.140

0.140

0.140

0.140

0.140

0.1.10

0.140

0.140

0.1¿10

0.140

0.140

0.140

0.140

0.140

L¡wer
I imij

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

Target

0. r00

0.100

0.100

0.100

0. r00

0.r00

0.100

0.r00

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0. r00

Resr¡It

0.f¿l{)

0.121

0.080

0.oEf

0.076

0.r090

0.1350

0.1360

0.088

0.103

0.0E7

0. I 140

0.1090

0.1050

0.1l.rc

0.103

o.tz2

Process % Recovery

Accefi

y6

y6

v6

y6

y6

v6

yé

y6

y€

vð

y4

v6

yd

yð

yë

ya

y4

ya

Upper

I-imii

115

115

l15

115

115

lr5

l15

lr5

115

ll5
ll5
115

l15

ll5
l15

ll5
n5

l15

ll5

lr5

I-ower

I.imit

t5

85

85

E5

85

85

85

85

E5

85

E5

85

E5

t5

85

t5

85

85

t5

t5

Res¡¡lt

107

100

9l

98

99

106

r06

ll3
lt4
llt
92

E9

l0l

rvz

104

95

100

l0t

105

l0t

Process Blank

Accept

ya

y6

yð

yæ

y6

y6

y6

yë

yð

y6

ya

y6

y6

y6

ya

yð

y6

y6

y6

Upper

I ¡mit

0.004

0.004

0.00{

0.00{.

0.004

0.00{,

0.000ó

0.0006

0.0006

0.0006

0.01

0.01

0.01

0.0r

0.0002

0.0002

0.0002

0.0002

0.004

0.0ûr

Resr¡lt

r¡d

DdO)

ndO)

nd

nd

¡d(b)

Dd(b)

nd

rd

nd(b)

Dd(b)

rd

nd

DdO)

nd(b)

nd

rd

Dd(b)

!d(b)

nd

Un¡ts

ßgtL

m{L

mt/L

nt/L

mgIL

mg/L

û{L

øglL

mgIL

ÃtÃ-

mgtL

ßgIL

nglL

mg/L

ûglL

mg/L

mt/L

mglL

mt/L

LOQ

0.002

0.002

0.m2

0.002

0.002

0.002

0.0003

0.0003

0.0003

0.0m3

0.005

0.005

0.005

0.005

0.0001

0.0001

0.000r

0.000r

0.002

o_m2

SÀVPLE ID

(spke)

Cdp?GEl

Rþq

Bl¿ú t TOT

Frld Bha k

G6F-GEl

Riv c¡ TOT

Bl¡û L TOT

Frcb Bl¡¡ k

CðD?GEt

Liv c¡ T0T

BI¡¡ T

Fiêld Bl¡! k

GæpeGEl

Rþ cr

Blb L TOT

Frll Bl¡¡ t

Crrço4El

Riv a TOT

Bh¡ t

FEld Bh¡ k

Parameler

Nbbt

Nicb.¡

Sclcaiq

Scl¡iu

Scløiu

Sclaiu

Sihæ¡

SihÈ¡

Silçt

Silç.

SrdiE

Sllúiu

Slcim

S¡d¡@

Tblliu

Tù¡lliu

Th¡lliu

Tb.llio

fE

T'E

Page 6 of 8



MDS Environmental Services Limited

Client : Jacques Whitford Environment Ltd.
Contact: Monique Dube

Analysis of Water

LOa = Limit of Quantitation : lowet level of the parameter lhst can be quantified with confidencc
. : Un¡vailable due to dilution rrquired for arnlysis
na = Nor Applic¡blè
r¡s : I¡rs¡¡flicierr Samplc Submined
nd : param€tÊr noa dètectèd
TR : trace level less than LOQ

Certificate of Quality Control
Date Reported:

MDS Ref # :

MDS Quoæ#:

Client Ref#:

November 1/96

966521

96-697-GS

Gaspe Mine

Overall

ac
Acceptable

y6

yd

yé

yë

ys

y6

y€

ys
y6

yé

ye

yæ

ycE

vg

v6

y6

yø

y€

ys

Matrix Spike

Accefl

ys

ys

yes

yë

yð

y6

vg

vq

ys
ys

yâ

ys
yer

yð

m

ü
u
M

m

u

Upper

Limit

0.140

0.140

0.140

0.140

0.140

0.140

0.140

0.1¿10

0. f¿fo

0.1210

0.1¿rc

0.1¿s0

0.1ll{)

0,1¿rc

m

u
u
ú
u
u

I¡wer
I.imit

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

u
u
u
u
u
ú

Target

0. r00

0.100

0.100

0.100

0.100

0.r00

0.100

0. ¡00

0.100

0.100

0.100

0.100

0.100

0.100

m

ü
u
r
u
ú

Resi¡lt

0.t22

0. l2t

0.n3

0.115

0.105

0.1 13

0.1050

0.1020

0.1050

0. ro40

0.1 17

0.1 14

0.107

0.114

É
ü
D

E

u

E

Procxs % Recovery

Á.ccept

yd

vd

yë

vé

y6

y6

y6

y6

y6

yê

yd

yð

ycr

y6

yð

y€

yd

yð

ya

y6

Upper

I imil

ll5
l15

irs

ll5
115

l15

115

l15

l15

u5

u5

115

ll5
115

il5
l15

r09

109

ru2

tm

I¿wer
I imi¿

85

E5

t5

85

85

85

E5

E5

t5

85

t5

E5

E5

t5

t5

t5

9l

9t

98

9E

Result

101

98

t04

100

102

100

96

90

100

98

105

l0l

105

r00

9t

v2

98

9E

99

9E

p¡a¡¿55 Sl¡nk

Accept

ys

vd

yd

y6

yë

yé

y6

yð

y6

ya

ya

yð

yd

ya

y6

y6

u

u
y6

Uppet'

I.imi1

0.0ûf

0.004

0.004

0.004.

0.00{

0.004,

0.0002

0.0002

0.m02

0.00t¡

0.004

0.004

0.004

0.0û{

l0

l0

u
2

E

o.ú2

Re$rlt

nd

Dd(b)

nd(b)

Dd

Dd'

Dd(b)

Ddo)

nd

Dd

DdO)

Dd(b)

Dd

Dd

Dd(b)

Dd(b)

Dd(b)

u(b)

r¡d(b)

É(b)

rd(b)

Units

mglL

mg/L

mglL

mt/L

ñg17-

mglL

øglL

mglL

mgIL

mt/L

mg/L

mgtL

mglL

øglL

rcU

TCI,J

uy'm

u¡/m

Uoit¡

Unit¡

LOQ

0.ün

0.002

0.0Û2

0.002

0.002

0.002

0.0001

0.0001

0.0001

0.0001

0.002

0.002

0.002

0.0(n

5

5

I

t

0.1

0.1

SÀVPLE ID

(sple)

G..Ð.ÆEl

¡lilk Riv ct TOTÂ!

É

t

ú
É

r

ú

C.rpþ4Et

,lillq Riv ct T0TAI

-rlt Bl¡a k TOTAI-

FE¡l Bl¡¡ t

Caspr-CEl

t{illa Riv cr TOTAI

fEHBlbk TOT^I

Frl{ Bha L

CaF+GEl

llilL¡Rþcr TOTAI

FçHBl¡aL TOT^I

Frll 8b¡ t

Psrâmet¿r

T-o

TiÀ

Î¡taiu

Timiu

Tiuin

Î¡niu

Uruiu

Umiu

UruiD

Uru¡E

V¡d.iu

Vo¡diu

V¡¡d.iu

Vodio

Co¡dr

Co¡dE

Cd¡ivity - ô]5'C

C'-As¡ri¡y - 6ã'C

Pll

Pll
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MDS Environmental Services Limited

Client : Jacques Whitford Environment Ltd.

Contact: Monique Dube

Analysis of Water

LOa = Ljmit of Quanriration : lowe¡¡ level ol the parameter that can be quadified with confiderrce
. : Unavail¡ble due to dilution re4uired for arnlysis
na = Not Applicable
rxs : Ir¡s¡¡flìcien¡ S¡n¡plc Submin¿d
nd : paranEtèr r¡ot detected
TR = tracc levcl lcss than LOQ

Certificate of Quatity Control
Date Reported:

MDS Ref # :

MDS Quote#:

Client Ref#:

November 1/96

96652t
96-697-GS

Gaspe Mine

Overall

ac
Äcceptable

ys

y6

y6

v6

ys

vé

vé

y6

vð

y6

Matrix Spike

Accept

m

m

u

m

u

M

ú
ü
E

u

Upper

Limit

m

tn

m

nÂ

u

u

ü
M

u
ü

Lower

I-imif

u

D¡

m

u

ü
u
m

ü
ú
E

Target

m

u
DI

u
M

u
ü
M

u
n

Result

u

D¡

u

ni

E

u

É
u
u
É

Process % Recovery

Accept

yé

y6

ys

v6

yd

VB

m

yd

Yd

yd

Upper

I.imit

t29

r29

119

ll9
122

t22

u
lló
lt6
llt

Lower

I-imi¿

EI

8l

?9

79

77

77

ü
EO

80

E2

R€sutt

96

96

98

98

95

95

ú
t00

9E

99

Process Blank

Accept

yq

yd

y6

yð

yë

yd

ya

y€
y6

y6

Upper

I imil

0.5

0.5

0.1

0.t

0.1

0.1

1.0

1.0

1.0

a

RcsuIt

rd(b)

nd(b)

Dd

Dd

Dd

nd

nd

Dd

Dd

nd

Units

NTU

NTU

ß{L
ßt[L

mtlL

8gn-

m{L
mglL

mg/L

úgtL

LOa

0.1

0.1

0.05

0.05

0.05

0.05

0.5

0.5

0.5

5

SAMPLE ID

(spike)

r

E

É

É

B

ú
B

É

r

E

Par¡meter

Twùitny

Twt¡d¡V

^*t¡(s ìo

^ñ¡¡(ú 
!¡)

Td¡l KjcH¡hl NikSF(É N)

Td¡l Kjcu.Lr NiuÞtF(6 N)

Diclolwd hús!ú C¡¡bo(a O

Di¡¡o¡¡¿ OrgÆ¡ C¡¡ùú(DOC)

Di¡¡¡ù¡d Or3súc C¡¡to(DoC)

Tcd Suo¡tdcd Solih
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C.3 Results

ffi @



C.3.1 SummarizedTables

ffi



Table Cl: Field Measurements Taken at Reference and Exposure Stations at Gaspó Mine on September 19, 1996

7.7
610
14.2
9.44
22
0.33

7.8
62s
14.3

9.2s
20
0.27

7.7
629
t4.2
8.97
22
0.23

7.7
628
13.8
8.84
T7

0.27

1.7
630
13.9

8.88
15

0.18

7.4
627
13.2
8.46
25
0.33

7.7
)JJ
10.6
9.68
20
0.27

7.7
212
tt.2
10.13
18

0.2'7

7.7
181
12.2
9.39
l5
0.19

7.7
181
11.9
9.36
22
0.26

7.7
t76
11.6
9.s9
l8
o.T'7

7.7
176
tt.4
9.51
18

0.20

pH (units)
Conductivity Qtslcm)
Temperature ("C)
Dissolved Oxygen (me/L)
Depth (cm)
Flow (m3ls)



Table C2

LOQ = ¡¡-it of Quantification
nd = Parameter not detected at LOQ
na = Not applicable\available

TKN = Total Kjeldahl Nitrogen
DIC = Dissolved Inorganic Carbon
DOC = Dissolved Organic Ca¡bon

TDS = Total Dissolved Solids
TSS = Total Suspended Solids
NCALC = Not calculated

Water Chemistry Analyses of Samples Collected From Reference and Exposure Stations at Gaspé Mine on September 19, 199ó
(all units in mg/L unless otherwise indicated).

Field
Bank

nd
nd
nd
0.44
nd
nd

nd
nd
nd
nd
nd
nd
J

nd

nd
0.001
0.001
22.8
6.4
na
na
nd
na

Exposure Stations

GE-6

o.23
nd
nd
0.51
nd
nd

107

24
184

106

I
nd
605
306

0.2
6.66
7.02
2.59
8.1

23.7
1.8

420
nd

GE.5

0. l9
nd
nd
0.51
nd
nd

r09
24
l9l
108

I
nd
618
309

0.2
6.86
7.01
1.07
8.0
23.3
1.8

428
nd

GÈ4

0.30
nd
nd
0.48
nd
nd

106
24
193

105

I
nd
622
29s

0.1
6.85
6.76
0.62
8.0
23.9
1.6
424
nd

GE-3

0.20

"And
0.51
nd
nd

08
24
t92
107
I
nd
624
318

0.2
6.85
7.24
2.81
8.0
25.0
1.8

433
nd

GE-2

0.19
nd
nd
0.48
nd
nd

108

25
195

107

nd
6
628
320

0.1
6.94
t7.30
2.55
8.0
t<')
1.6
438
nd

Field
Replicate

0.20
nd
nd
0.45
nd
nd

tt2
24
187

Iil
nd
5

620
330

0.3
6.82
7.52
4.83
7.8
25;7
1.6

436
nd

Lab
Replicate

0. r0
nd
na
na
nd
nd

lt3
25

190

na
na
5

631
na

0.3
na
na
na
7.8
na
na
na
na

GE.1

0. l0
nd
nd
0.48
nd
nd

lt2
25
190

ul
nd
6

630
332

0.3
6.91
7.5s
4.43
7.8
25.5
1.3

440
nd

Reference Stations

GR-6

0.07
nd
nd
0.48
nd
nd

106

4
t2
105

nd
5

230
120

nd
2.49
12.57
I1.41
8.0
23.3
1.5

132
nd

GR-5

nd
nd
nd
0.37
nd
nd

106
4
8

105

nd
5

221
tt7

nd
2.39
2.4'7
t.62
'7.9

23.7
1.6
126
nd

GR.4

nd
nd
nd
046
nd
nd

88
nd
7
8'7

nd
10

182
99.6

0.1
1.93
2.0'7

3.48
7.9
19.4
2.3
103

nd

GR.3

0.07
nd
nd
0.48
nd
nd

80
nd
7
79
nd
9

186
t02

nd
t;78
2.to
8.56
1.9
20.5
2.4
99
nd

GR-2

nd
nd
nd
0 .43
nd
nd

85
nd
7

84
nd
8

186

97.6

0.1
1.87
2.O2

3.84
7.9
t9.7
2.3
100

nd

GR-l

nd
nd
nd
0.48
nd
nd

84
I
7
83

nd
8

187

98.3

nd
1.85

2.02
4.32
'1 -9

20.2
2.1
99
nd

LOQ

0.05
0.01
0.05
0.05
0.1
0.01

0.1

0.1
na
na
0.01
0.1
0.5
0.5
I
5

Parameter

Nitrate (as Ð
Nitrire (as Ð
Ammonia
TKN
Phosphorus
Orthophosphate (as P)

Alkalinity (as CaCOJ
Chloride
Sulphatc
Bicarbonatc (as CaCO)
Carbonate (as CaCO)
Colour (fCLf
Conductivity (,ulcm)
Hardness (as CaCO)

Turbidity (NfIÐ
Anion Sum (meq/L)
Cation Sum (meq/L)
Ion Balance (%o)

pH (units)
DIC
DOC
TDS
TSS



Table C3: Dissolved Metals (mg/L) in Water Chemistry Samples Collected from Reference and Exposure Stations at Gaspé Mine on September 19, L996.

Exposurc St¿tions

GE6

nd

nd

0.005

0.051

nd

nd

0.01I

0.0006

106

0.005

nd

0.008

nd

nd

t0

0.008

0.148

0.004

4.4

GE5

nd

nd

0.006

0.05

nd

nd

0.009

0.0006

108

0.006

nd

0.008

nd

nd

9.5

0.01

0.t54

0.004

2.8

GE4

0.02

nd

0.006

0.05

nd

nd

0.006

0.0005

102

0.006

nd

0.009

nd

nd

9.8

0.0t2

0.156

0.004

GE3

nd

nd

0.006

0.05 t

nd

nd

0_006

0.0006

lll

0.007

nd

0.01I

0.02

0.0003

9.7

0.021

0.1 58

0.004

4.O

GE2

nd

nd

0.01

0.047

nd

nd

0.011

0.0007

112

0.01

nd

0.01

nd

nd

9.9

0.014

0.154

0.0004

3.8

Field
Renlicatc

nd

nd

0.005

0.049

nd

nd

0.009

0.0007

116

0.005

nd

0.008

nd

nd

l0. t

0.03

0.152

0.004

4.2

Lab
Renlicate

nd

nd

0.005

0.05

nd

nd

0.01I

0.0005

ll3

0.005

nd

0_007

nd

nd

9.8

0.029

0.15

0.004

4.0

GEI

nd

nd

0.006

0.042

nd

nd

0.007

0.0005

116

0.005

nd

0.007

nd

nd

10.1

0.033

0.156

0.004

4.0

Rcfercnce Stations

GR6

nd

nd

nd

0.07

nd

nd

0.005

nd

38_9

0.002

nd

nd

nd

nd

5.5

nd

0.003

nd

nd

GR5

nd

nd

nd

0.066

nd

nd

nd

nd

37.7

0.002

nd

nd

nd

nd

5.5

nd

nd

nd

nd

GR4

nd

nd

nd

nd

nd

nd

nd

nd

32.1

nd

nd

nd

nd

nd

4.7

nd

nd

nd

0.6

GR3

nd

nd

nd

0.050

nd

nd

nd

nd

32.8

0.002

nd

nd

nd

nd

4.9

nd

nd

nd

nd

GR2

0.06

nd

nd

0.049

nd

nd

nd

nd

3l.5

0.002

nd

nd

nd

nd

4.6

nd

nd

nd

0.7

GRI

nd

nd

nd

0.049

nd

nd

nd

nd

31.6

nd

nd

nd

nd

nd

4.7

nd

nd

nd

nd

LOQ

0.01

0.002

0.002

0.005

0.00s

0.002

0.005

0.0005

0.1

0.002

0.001

0.002

0.02

0.000 t

0.1

0.002

0.002

0.002

0.5

Mctal
(mdL)

Aluminum

Antimony

Arsenic

Ba¡ium

Beryllium

Bismuth

Boron

Cadmium

Calcium

Chromium

Cobalt

Copper

I¡on

Lead

Magnesium

Manganese

Molybdenum

Nickel

Potassim



Table C3: Dissolved Metals (mg/L) in Water Chemistry Samples Collected from Reference and Exposure Stations at Gaspé Mine on September 19, 1996.

Exposure Stations

GB6

7.8

0.006

nd

18.2

0.232

nd

nd

nd

0.0005

nd

nd

GE5

8.0

0.006

nd

l't.6

0.247

0.0001

nd

nd

0.0005

nd

nd

GE4

8.1

0.006

nd

l8.l

0.243

nd

nd

nd

0.0005

nd

nd

GE3

8.1

0.006

nd

18.2

0.248

0.0001

nd

nd

0.0005

nd

0.003

GE2

8.0

0.0'l

nd

18.4

0.244

0.0001

nd

nd

0.0005

nd

nd

Field
Renlicate

8.3

0.005

nd

18.7

0.236

nd

nd

nd

0.0005

nd

0.002

L¡b
Rcnlic¡te

8.5

0.005

nd

18. I

0.229

nd

nd

nd

0.0005

nd

nd

8.2

0.006

nd

l8_8

0.250

0.0001

nd

nd

0.0006

nd

0.002

Reference Stations

GR6

3.8

nd

nd

3.7

0.1 l2

nd

nd

nd

nd

nd

0.002

GR5

3.7

nd

nd

3.1

0.1 l0

nd

nd

nd

nd

nd

nd

GR4

3.2

0.002

nd

t.5

nd

nd

nd

nd

nd

nd

nd

nd

nd

1.4

0.081

nd

nd

nd

nd

nd

nd

GR2

3.2

nd

nd

1.2

0.082

nd

nd

nd

nd

nd

nd

3.2

nd

nd

1.3

0.085

nd

nd

nd

nd

nd

0.002

LOQ

0.5

0.002

0.0003

0.1

0.005

0.0001

0.002

0.002

0.0001

0.002

0.002

Metal
(me/L)

Reactive
Silica

Selenium

Silver

Sodium

Strontiurn

Thallium

Tin

Titanim

Uranium

Vmadim

Zinc

LOQ = Limil of Quiltifi€tion
nd = pilmetq not detected at I,oQ
na = not available



Table C4: Total Metals (-g/L) in Water Chemistry Samples Collected from Reference and Exposure Stations at Gaspé Mine on September 19, 1996

Field
Bl¡nk

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

0.0009

nd

nd

nd

nd

nd

na

nd

nd

0.2

Exposure StÂt¡ons

GE6

nd

nd

0.004

0.u2

nd

nd

0.005

nd

96.9

0.006

nd

0.016

nd

nd

10. I

0.021

0.t38

nd

3.1

na

nd

nd

15.9

GE5

0.08

nd

0.004

0.042

nd

nd

0.008

nd

101

0.006

nd

0.009

nd

nd

10.5

0.016

0.145

nd

2.8

na

nd

nd

r6.6

GE4

nd

nd

0.004

0.042

nd

nd

0.014

nd

t0z

0.006

nd

0.01

nd

nd

10.6

0.02

0.146

nd

3.t

na

nd

nd

16.7

GE3

0.01

nd

0.005

0.041

nd

nd

0.009

nd

t02

0.007

nd

0.011

nd

nd

10.5

0.025

0.145

nd

3.3

na

nd

nd

16.9

GE2

nd

nd

0.004

0.041

nd

nd

nd

nd

100

0.007

nd

0.011

nd

nd

10.5

0.027

0.144

nd

3.2

na

nd

nd

16.6

Field
Renlicate

nd

nd

0_004

0.041

nd

nd

0.008

nd

99. I

0.006

nd

0_009

0.04

nd

10.2

0.041

0.145

0.003

2.8

na

nd

nd

l6.l

Lâb
Renlicate

nd

nd

0.004

0.041

nd

nd

0.005

nd

99.8

0.006

nd

0.008

0.04

nd

10.2

0.041

0.145

0.003

2.6

na

nd

nd

16.2

GEI

nd

nd

0.004

0.04

nd

nd

0.01

nd

101

0.0r

nd

0.01

0.04

nd

10.4

0.046

0.146

nd

3.1

na

nd

nd

r6.5

Refcrence Strtiôns

GR6

nd

nd

nd

0.061

nd

nd

nd

nd

nd

nd

nd

nd

nd

5.8

0_003

0.003

nd

0.8

na

nd

nd

3.3

GR5

nd

nd

nd

0.057

nd

nd

nd

nd

33.5

nd

nd

nd

nd

nd

5.7

nd

nd

nd

nd

na

nd

nd

3

GR4

nd

nd

nd

0.045

nd

nd

nd

nd

28.6

nd

nd

nd

nd

nd

4.9

0.004

nd

nd

nd

na

nd

nd

1.3

GR¡

nd

nd

nd

0.049

nd

nd

nd

nd

28.8

nd

nd

nd

nd

nd

5

0.002

nd

nd

nd

na

nd

nd

t.3

GR2

nd

nd

nd

0.046

nd

nd

nd

nd

28.7

nd

nd

nd

nd

nd

5

0.002

nd

nd

nd

na

nd

nd

1.3

GRl

nd

nd

nd

0.044

nd

nd

nd

nd

28.7

0.003

nd

nd

nd

0.009

5

0_003

nd

nd

nd

na

nd

nd

1.3

LOQ

0.01

0.002

0.002

0.005

0.005

0.002

0.00s

0.0005

0.1

0.002

0.001

0.002

0.02

0.0001

0.1

0.002

0.002

0.002

0.5

0.5

0.002

0.0003

0.t

Mctal
(mg/L)

Aluminum

Antimony

A¡senic

Barium

Beryllium

Bismuth

Boron

Cadmium

Calcium

Chromim

Cobalt

Copper

Iron

Lead

Magnesiurn

Manganese

Molybdenum

Nickel

Potassium

Reactive
Silica

Selenium

Silver

Sodium



Table C4: Total Metals (mg/L) in Water Chemistry Samples Collected from Reference and Exposure Stations at Gaspé Mine on September 19, 1996.

l¡Q = Limit of Quülification
nd - pümetq not detected at LOQ
na = not ¡v¡ilablc

Field
Bl¡nk

nd

nd

nd

nd

nd

nd

nd

Éxposurc Stations

GE6

0.2s

nd

nd

nd

0.0004

nd

nd

GE5

0.259

nd

nd

nd

0.0005

nd

nd

GE4

0.263

nd

nd

nd

0.0005

nd

nd

GE3

0.259

nd

nd

nd

0.0005

nd

0.007

GE2

0.255

nd

nd

nd

0.0005

nd

nd

Field
Renlicate

0.259

nd

nd

nd

0.0005

nd

nd

L,ab
Renlicate

0.261

nd

nd

nd

0.0005

nd

nd

GEI

0.260

nd

nd

nd

0.0005

nd

nd

0.1 17

nd

nd

nd

nd

nd

nd

GR5

0.11

nd

nd

nd

nd

nd

nd

0.083

nd

nd

nd

nd

nd

nd

GR}

0.082

nd

nd

nd

nd

nd

nd

0.083

nd

nd

nd

nd

nd

nd

0.084

nd

nd

nd

nd

nd

nd

0.005

0.0001

0.002

0.002

0.0001

0.002

0.002

Met¡l
(me/L)

Si¡ontium

Thallium

Tin

Titanium

Urar¡ium

Vanadium

Zinc



C.3.2 Raw Data
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MDS Environmental Services Limited.

Report of Analys¡s

Client : Jacques Whitford Environment Ltd.
Contact: Monique Dube

Analysis of Water

LOQ = Limit of Quantitation = lowest level of the parameter that can be quaûified with confidence.

= Not Requested

: parameter not detected ! = LOQ higher than listed due to dilution ( ) Adjusted LOQ

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

November 1/96

966521

96-697-GS

Gaspe Mine

Paraneter

Date Sampled >

LOQ Units

Field Blan

k

96t09n9

Field Blm

k
Replicate

Field Blm

K TOTAL

96t09ft9

Field Blm

K TOTAL

Replicate

Gupe Effl

uent

96t09n9

Alkalinity(u CaCO3)

Chlofie

Nitrat€(as Ð
Nitr¡æ(æ N)

Orthophorphate(æ þ
Suþhate

Boron

Calciu

Iron

Magneium

Phosphorur

Potassium

Reactive Silica(SiO2)

Sodim

Zinc

Alminum

Antimony

Anenic

Barim

Beryllim

Bi¡muth

Cadmium

Ch¡omim

Cobalt

Copper

IÆd

Mangmse

I
I

0.05

0.01

0.01

2

0.005

0.1

0.02

0.1

0.1

0.5

0.5

0.1

0.002

0.01

0.002

0.002

0.005

0.005

0.002

0.0005

0.002

0.001

0.002

0.0001

0.002

mglL

mglL

mglL

mglL

mg/L

mglL

mglL

mg/L

mglL

mglL

mglL

mglL

mg/L

mglL

mg/L

mglL

mglL

nglL

mglL

nglL

mglL

mglL

mglL

mglL

mglL

mg/L

ms.lL

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

ûd

nd

nd

nd

nd

¡d

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

¡d

nd

nd

nd

rlrl

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

t07

25

0.14

nd

nd

196

0.007

l12

nd

9.9

nd

2.9

8.1

18.4

0.003

nd

nd

0.007

0.045

nd

nd

nd

0.00ó

nd

0.010

nd

0.008

nd
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MDS Environmental Services Limited.

Report of Analys¡s

Client : Jacques Whitford Environment Ltd.

Contact: Monique Dube

Analysis of Water

LOQ = Limit of Quantitation : lowest level of the parameter that can be quantified with confidence

= Not Requested

= Not Applicable

= Not Calculated

= parameter not detected ! = LOQ higher than listed due to dilution ( ) Adjusted LOQ

na

NCALC

nd

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

November 1/96

966521,

96-697-GS

Gaspe Mine

Parameter

Date Sampled )
LOQ Units

Field Bla¡

k
96t09Ã9

Field Blm

k
Replicate

Field Blm

K TOTAL

96t09n9

Field Blan

K TOTAL

Replicate

Garpe Effl

uent

96t09tL9

Molybdenum

Nickel

Selenim

Silver

Strontium

Thallium

Tin

Tit¡nim

Uranium

Vmadium

Anion Sum

Bicarbonaæ(u CaCO3, calculated)

Carbonate(ar CaCO3, calculated)

Cation Sm

Colour

Conductivity - @25"C

Hardnesr(as CaCO3)

Ion Balmce

Iangelier Index at 20'C

Iagelier Index at 4oC

pH

Sanrntion pH at 20oC

Saûlration pH at 4"C

Tot¡l Disolved Solids(Calculated)

Turbidity

Anmonia(as N)

Total Kieldahl Nitrosen(æ l.Û

o.002

0.002

0.002

0.0003

0.005

0.0001

0.002

0.002

0.0001

0.002

na

I
1

m

5

I
0.1

0.01

lto

na

0.1

na

ll8

1

0.1

0.05

0.05

mg/L

mglL

mglL

mglL

mg/L

mglL

mglL

mglL

mglL

mglL

m,eqlL

mg/L

mglL

meq/L

TCU

u/m

mglL

%

na

na

Unils

unit¡

uitå

mglL

NTU

mglL

melL

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

0.001

nd

nd

0.001

nd

3

nd

22.8

NCAI'

NCAIC

6.4

NCAI-C

NCAI,c

nd

nd

nd

0.44

nd

nd

nd

nd

nd

nd

¡d

nd

nd

nd

nd

2

6.4

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

rd

nd

nd

nd

nd

nd

nd

ld

nd

0,157

0.004

0.006

nd

0.250

0.0001

nd

nd

0.0006

nd

6.94

10ó

nd

7.27

5

ó19

320

ta1

0.422

0.022

7.8

7.4r

7.81

437

0.2

nd

0.48
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MDS Environmental Servíces Limited.

Report of Analys¡s

Client : Jacques Whitford Environment Ltd.
Contact: Monique Dube

Analysis of Water

LOQ = Limit of Quantilation : lowest level of the parametcr that can be quantified with confidence,

: Not Requested

= parameter not detected ! = LOQ higher than listed due to dilution ( ) Adjusted LOQ

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

November 1/96

96652r
96-697-GS

Gaspe Mine

Parameter

Date Sanpled >

LOQ Units

Field Blan

k
96t09n9

FieH Blan

k
Replicate

Field Blm

K TOTAL

96t09n9

Field Blm

K TOTAL

Replicate

Gæpe Effl

uent

96t09t19

Dislolvod Inorganic Crbon(æ C)

Di¡solved Organic Crbon(DOC)

Total Suspended Solide

0.5

0.5

5

mglL

mglL

mslL

22.8

2.1

nd

nd
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MDS Environmental Services Limited

Report of Analys¡s

Client : Jacques Whitford Environment Ltd.
Conüact: Monique Dube

Analysis of Water

LOQ = Limit of Quantitation = lowest level of the parameter that can be quantified with confidence.

= Not Requested

= parameter not detected ! = LOQ hieher than listed due to dilution ( ) Adjusted LOQ

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

November 1/96

966521

96-697-cS

Gaspe Mine

Parameter

Date Sampled >

LOQ U¡¡its

Gæpe Effl

uent TOTAL

96t09/1'9

GcpeGEl

96t09n9

GmpeGEl

Replicate

Gupe-GEl

TOTAL

96t09n9

GmpoGEl

rep. TOTAL

96t09tL9

Alkalinity(as CaCO3)

Chloride

Nitrat€(as li[)

Nitrit€(as N)

Orthophorphnte(æ P)

Sulphate

Boron

C¡lcim

Iron

Magnesim

Phorphoru

Potasim

Re¡ctive Silica(SiO2)

Sodium

Zi¡c

Al¡minum

Antimony

Arsenic

B¡rim

Beryllium

Bi¡muth

Cadmim

Chromim

Cobalt

Copper

t¡ad

MancEnse

I
I

0.05

0.01

0.01

2

0.005

0.1

0.02

0.1

0.1

0.5

0.5

0.1

0.002

0.01

0.002

0.002

0.005

0.005

0.002

0.0005

0.002

0.001

0.002

0.0001

0.002

mglL

mglL

mglL

mglL

mglL

mglL

mg/L

mglL

mg/L

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mg/L

mglL

mglL

mg/L

mglL

mglL

mglL

mClL

mclL

0.009

108

nd

9.5

nd

3.4

18.2

nd

nd

nd

0.005

0.056

nd

nd

nd

0.008

nd

0.012

0.0105

0.012

tt2
25

0.10

nd

nd

190

0.007

1t6

nd

10.1

nd

4.0

8.2

18.8

0.002

nd

nd

0.006

0.442

nd

nd

0.0005

0.005

nd

0.007

nd

0.033

t13

25

0. l0

nd

rd

190

0.011

113

nd

9.8

nd

4.0

8.5

18.1

nd

nd

nd

0.005

0.050

nd

nd

0.0005

0.005

nd

0.007

nd

0.029

0.008

108

0.05

9.3

nd

3.5

17.5

nd

nd

nd

0.004

0.057

nd

nd

0.0005

0.005

nd

0.011

0.0003

0.037

nd

lo7

0.05

9.2

nd

3.4

17.4

nd

nd

nd

0.004

0.059

nd

nd

0.0005

0.00ó

nd

0.010

0.002ó

0.034

nd
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MDS Environmental Services Limited.

Report of Analysis

Client : Jacques Whitford Environment Ltd.

Contact: Monique Dube

Analysis of Water

LOQ = Limit of Quantiøtion = lowest level of the parameter that can be quantified wilh confidence.

: Not Requested

= Not Applicable

= parameter not detected ! = LOQ higher than listed due to dilution ( ) Adjusted LOQ

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

November L/96

966521,

96-697-GS

Gaspe Mine

na

nd

Parameter

Date Sanpled >

LOQ Utrits

Gæpe Effl

uent TOTAL

96t09n9

GupøGEl

96t09/19

GupeGEl

Replicate

Garpe-GE1

TOTAL

96t09Ã9

Gupe-GE1

rep. TOTAL

96t09n9

Molybdenm

Nickel

Selenium

Silver

Strontium

Thallim

Tin

Tit¡nium

Umir¡m

Vmadim

Anion Sum

BicarbonaG(ae CaCO3, calculated)

Carbonate(u CaCO3, calculated)

Cation Sm

Colour

Conductivity - @25"C

Ha¡dnes¡(m C¡CO3)

Ion Balance

I .ngelier Index at 20'C

r qlrgelier Index at 4'C

pH

Saù¡rat¡on pH at 20"C

Saarntion pH at 4"C

Total Dissolved Solids(Calculated)

Turbidity

Arnmonia(æ N)

Total Kjeldahl Nitrogen(æ N)

0.002

0.002

0.002

0.0003

0.005

0.0001

0.002

0.002

0.0001

0.002

m

I
I

no

5

I
0.1

0.01

m

na

0.1

na

n&

1

0.1

0.05

0.05

mg/L

ng/L

mglL

nglL

mg/L

nglL

mglL

mglL

mglL

mglL

meøL

mglL

ng/L

meq/L

TCU

u¡/cm

mglL

%

n&

na

Units

uits

uitð

mglL

NTU

mg/L

mslL

0.t45

0.005

0.004

¡d

0.208

0.0002

nd

0.003

0.0005

nd

0.156

0.004

0.006

nd

0.250

0.0001

nd

nd

0.0006

nd

6.91

111

nd

7.55

6

630

332

4.43

0.419

0.019

7.8

7.37

7.77

440

0.3

nd

0.48

0.150

0.004

0.005

nd

0.229

nd

nd

nd

0.0005

nd

5

631

7.8

0.3

0.147

0.005

0.003

nd

0.208

0.0001

nd

0.003

0.0005

nd

0.144

0.005

0.003

nd

0.205

0.0001

nd

0.003

0.0005

nd
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MDS Environmental Services Limited.

Report of Analys¡s

Client : Jacques Whitford Environment Ltd.
Contact: Monique Dube

Analysis of Water

LOQ

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

November 1/96

96652r
96-697-GS

Gaspe Mine

= Limit of Quantitation = lowest level of the parameter that can be quantified with confidence

= Not Requested

= parameter not detected ! : LOQ higher than listed due to dilution ( ) Adjusted LOQ

Parameter

Date Sampled >

LOQ Units

Gæpe Effl

uent TOTAL

96t09n9

Gmpe-GEl

96t09flg

Gupe-GE1

Replicate

Garpe-GEl

TOTAL

96t09n9

Gupe-GEl

rep. TOTAL

96t09n9

Dirsolved Inorgmio Carbon(u C)

Disolved Organic Carbon(DOC)

Total Supended Solidr

0.5

0.5

5

mglL

mg/L

mglL

25.5

1.3

nd

L

nd
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MDS Environmental Services Limited.

Report of Analys¡s

Client : Jacques Whitford Environment Ltd.

Contact: Monique Dube

Anaþsis of Water

LOQ = Limit of Quantitation : lowest level of ths parameter that can be quantified with confidence

= Not Requested

= pammeter not detected ! : LOQ higher than listed due to dilution ( ) Adjusted LOQ

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

November 1/96

96652r
96-697-GS

Gaspe Mine

Paråmeter

Date Sampled )
LOQ Units

GaspeGEl

replicate

96t09Ã9

GarpeGEl

replicate

Replicate

Grope-GE2

96t09L9

Gæpe-GE2

TOTAL

96t09t19

Garpe-GE3t

96t09ftg

Alkalinity(as CaCO3)

Chloride

Nitmt€(ü 19

Nitriæ(æ Ð
Ordrophorphate(m P)

Sulphate

Boron

C¡lcium

Iron

Mngnesiurn

Phorphoru

Pota¡¡ium

Raotive Silica(SiO2)

Sodim

Zí¡c

Aluminum

Antimony

A¡senic

Barium

Beryllium

Bi¡muth

Cadmim

Chromim

Cobalt

Copper

I€sd

Mmsa¡ese

I

I
0.05

0.01

0.01

t

0.005

0.1

o.0z

0.1

0.1

0.5

0.5

0.1

0.002

0.01

0.002

0.002

0.005

0.005

0.002

0.0005

0.002

0.001

0.002

0.0001

0.002

mg/L

mSlL

mglL

mg/L

mglL

mglL

mglL

mglL

mglL

mg/L

mglL

mglL

mglL

mg/L

mglL

mg/L

mg/L

mgiL

mglL

mglL

mglL

mg/L

mglL

mglL

mglL

mg/L

mglL

tt2

24

o.20

nd

nd

t87

0.009

tt6
nd

10. I

nd

4.2

8.3

18.7

0.002

nd

nd

0.005

0.049

nd

nd

0.0005

0.005

nd

0.008

nd

0.030

108

25

0.19

nd

nd

195

0.011

r12

nd

9.9

nd

3.8

8.0

18.4

nd

nd

nd

0.006

0.u7

nd

nd

0.0007

0.006

nd

0.009

nd

0.014

nd

108

0.03

9.4

nd

3.1

18.0

nd

nd

nd

0.004

0.055

nd

nd

¡d

0.006

nd

0.012

0.0002

o.023

108

u
0.20

nd

nd

192

0.006

ltl
0.02

9.7

nd

4.0

8.1

18.2

0.003

nd

nd

0.006

0.051

nd

nd

0.0006

0.007

nd

0.011

0.0003

0.021

nd
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MDS Environmental Services L¡m¡ted.

Report of Analys¡s

Client : Jacques Whitford Environment Ltd.

Contact: Monique Dube

Analysis of Water

LOQ = Limit of Quantitation = lowest level of the parameter that can be quantified with confidence.

= Not Requested

= Not Applicable

= parameter not detected ! : LOQ higher than listed due to dilution ( ) Adjusted LOQ

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

November 1/96

96652r
96-697-GS

Gaspe Mine

na

nd

Parameter

Date Sa¡npled )
LOQ Units

GæpeGEl

replicatc

96t09n9

GæpeGE1

replicåta

Replicate

Garpe-GE2

96t09n9

Gæpe-GE2

TOTAL

96t09t19

Gaspe-GE:i

96t09n9

Molybdenum

Nickel

Selenim

Silver

St¡ontim

Thallim

Tin

Tit¡niu
Uranim

Vmadium

Anion Sum

Bicarbonate(m CaCO3, calculated)

Carbomæ(æ CaCO3, calculated)

C¡tion Su
Colour

Corductivity - @25"C

Hardne¡s(æ CaCO3)

lon Bal¡nce

Imgelier Index at 20oC

Ingelier Index at 4'C

pH

Satrmtion pH ot 20"C

Saürmtion pH at 4oC

Total Di¡solved Solidr(Calculated)

Turbidþ

Amonia(ae N)

Tot¡l KjeHahl Nitrogen(m N)

0.002

0.002

0.002

0.0003

0.005

0.0001

0.002

0.002

0.0001

0.002

ûa

I

I

¡a

5

I

0.1

0.01

na

na

0.1

lla

m

1

0.1

0.05

0.05

mg/L

ng/L

mglL

ng/L

mglL

mglL

mglL

mglL

mglL

mg/L

meC!L

nglL

ngiL

ûeq!L

TCU

us/cm

mg/L

%

na

t¡

Unils

üits

mits

mglL

NTU

mglL

mslL

0.152

0.004

0.005

nd

0.236

nd

nd

nd

0.0005

nd

6.82

ttt
nd

7.52

5

620

330

4.83

0.457

0.057

7.8

7.37

7.77

436

0.3

nd

0.45

0.154

0.004

0.006

nd

0.244

0.0001

nd

nd

0.0005

nd

6.94

107

nd

7.30

6

628

320

2.55

0.577

0.177

8.0

7.40

7.80

438

0.1

¡d

0.48

0.144

0.005

0.004

ld

0.209

0.0002

nd

0.003

0.0005

nd

0.158

0.004

0.006

nd

0.248

0.0001

nd

nd

0.0005

nd

6.85

lo7

I
7.24

nd

6U

318

2.8t

0.6u

0.224

8.0

7.4t

7.81

433

0.2

nd

0.51
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MDS Environmental Services Limited.

Report of Analysis

Client : Jacques Whitford Environment Ltd.

Contacü Monique Dube

Analysis of Water

LOQ

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

November 1/96

966521,

96-697-GS

Gaspe Mine

= Limit of Quantiøtion : lowest level of the parameter that can be quantified with confidence.

= Not Requested

= parameter not detected ! = LOQ higher than listed due to dilution ( ) Adjusted LOQ

Parameter

Date Sampled )
LOQ Units

Gaspe-GEl

replicate

96t09t19

Garpe-GEl

replicate

Replicate

Gaspe-GE2

96t09n9

Gaspe-GE2

TOTAL

96t09n9

Gaspe-CEl

96t09n9

Dirsolved Inorgmic Carbon(æ C)

Disolved Orgmic Carbon(DOC)

Total Supended Solide

0.5

0.5

5

mglL

mglL

mglL

25.7

1.6

nd

25.2

1.6

nd

25.0

1.8

nd

nd
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MDS Environmental Services Limited.

Report of Analys¡s

Client : Jacques Whitford Environment Ltd
Contact: Monique Dube

Analysis of Water

LOQ = Limit of Quantitation = lowest level of the parameter that can be quantified with confidence.

= Not Requested

: parameter not detected ! = LOQ higher than listed due to dilution ( ) Adjusted LOQ

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

November 1"/96

966521

96-697-GS

Gaspe Mine

Pararneter LOQ Units

Gaepe-GE!|

Replicate

GupeGEl

TOTAL

96t09Ã9

GarpøGEt

96t09Ã9

GæpeGEl

TOTAL

96t09n9

GaspeGE5

96t09n9

Alkalinity(æ CaCO3)

Chlorftle

Nitrat€(as l.I)

Nitrite.(as Ð
Orthophorphate{ar P)

Sulphate

Boron

Calcium

lron

Magneim

Phosphoru

Potaesim

Reactive Silica(SiO2)

Sodim

Zmc

Aluminum

Antimony

Amenic

Barium

Beryllim

Bismuth

Cadmim

Chromilm

Cobrlt

Copper

tæåd

Mmgmse

1

1

0.05

0.0r

0.01

2

0.005

0.1

0.02

0.1

0.1

0.5

0.5

0.1

0.002

0.01

0.002

0.002

0.005

0.005

0.002

0.0005

0.002

0.001

0,002

0.0001

0.002

mglL

mglL

mglL

mg/L

mg/L

mglL

nglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

øglL

mglL

mg/L

mglL

mglL

mglL

0.011

110

0.08

9.6

nd

3.2

18.6

0.007

0.03

nd

0.004

0.059

nd

nd

0.0008

0.006

nd

0.012

0.0024

0.021

106

a
0.30

¡d

nd

193

0.006

102

nd

9.8

nd

3.2

8.1

18. I
nd

nd

nd

0.006

0.050

nd

nd

0.0005

0.006

nd

0.009

nd

0.012

0.00ó

109

0.02

9.5

nd

3.1

18.0

nd

nd

nd

0.004

0.059

nd

nd

0.0005

0.006

nd

0.011

0.0002

0,016

109

24

0.19

nd

nd

191

0.009

108

nd

9.5

nd

2.8

8.0

t7.6

nd

nd

nd

0.006

0.050

nd

nd

0.0006

0.006

nd

0.008

nd

0.010

nd
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MDS Environmental Services Limited.

Report of Analys¡s

Client : Jacques Whitford Environment Ltd.

Contact: Monique Dube

Analysis of Water

LOQ = Limit of Quantitation = lowest level of the parameter that can be quantified with confidence

: Not Requested

= Not Applicable

= parameter not detected ! = LOQ higher than listed due to dilution ( ) Adjusted LOQ

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

November 1/96

966521

96-697-GS

Gaspe Mine

na

nd

P¡rameter LOQ Units
Garpe-GEl

Replicate

GmpeGEi

TOTAL

96t09Ã9

Gæpe-GEl

96t09n9

Geepe-GBt

TOTAL

96t09n9

GarpoGE5

96t09n9

Molybdenum

Nickel

Selenim

Silver

Stfontium

Thallir¡m

Tin

Titanim

Umium

Vmadim

Anion Sum

Bicarbonate(æ CaCO3, calculated)

Carbonate(ar CaCO3, calculated)

C¡tion Su

Colour

Conductivity - @25"C

Hardnør(u CaCO3)

lon Balmce

I 
"ngelier Index at 20'C

r "ngelier Index at 4'C

pH

Satuntion pH at 20"C

Saturation pH at 4oC

Total Di¡¡olved Solids(Calculated)

Turbilþ

Ammonia(u N)

Total Kieldahl Nitrosen(æ lù

0.002

0.002

0.002

0.0003

0.005

0.0001

0.002

0.002

0.0001

0.002

na

1

I
na

5

I
0.1

0.01

llt

na

0.1

ût

na

I

0.1

0.05

0.05

mg/L

mglL

mElL

mglL

mglL

mglL

mglL

ng/L

mglL

mglL

meq/L

mglL

mglL

meqlL

TCU

u/m
mglL

%

na

m

Unitg

mits

üits

mglL

NTU

mglL

mg/L

0.t43

0.005

0.004

nd

0.203

0.0001

nd

0.006

0.0005

nd

0.156

0.004

0.006

nd

0.243

nd

nd

nd

0.0005

nd

6.85

105

I

6.76

nd

622

295

0.62

0.590

0.190

8.0

7.45

7.85

424

0.1

nd

0.48

0.145

0.005

0.004

nd

0.203

0.0001

nd

0.003

0.0005

nd

0.154

0.004

0.00ó

nd

0.u7

0.0001

nd

nd

0.0005

nd

ó.8ó

108

I

7.01

nd

618

309

r.07

0.626

0.226

8.0

7.41

7.81

428

0.2

nd

0.51
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MDS Environmental Services Limited

Report of Analys¡s

Client : Jacques Whitford Environment Ltd.

Contact: Monique Dube

Anaþsis of Water

LOQ = Limit of Quantitation = lowest level of the parameter that can be quantified with confidence.

= Not Requested

= parameter not detected ! = LOQ higher than listed due to dilution ( ) Adjusted LOQ

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

November L/96

96652r

96-697-GS

Gaspe Mine

Parameter LOQ Units

Gæpe-GEì

Replicate

GupeGEÍl

TOTAL

96t09n9

GupeGEf

96t09n9

GaspeGEl

TOTAL

96t09n9

GæpeGE5

96t09n9

Dirsolved Inorgmic Carbon(æ C)

Dissolv€d Orgmic Carbon(DOC)

Total Supended Solftle

0.5

0.5

5

mglL

mglL

mglL

23.9

1.6

nd

23.3

1.8

nd

nd
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MDS Environmental Services Limited

Report of Analys¡s

Client : Jacques Whitford Environment Ltd.

Contact: Monique Dube

Anaþsis of rùy'ater

LOQ = Limit of Quantitation : lowest level of the parameter that can be quantified with confidence.

= Not Requested

: parameter not detected ! = LOQ higher than listed due to dilution ( ) Adjusted LOQ

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

November 1/96

966521

96-697-GS

Gaspe Mine

Parameter

Date Sampled )
LOQ Units

GæpeGE5

TOTAL

96t09L9

GaspeGF,6

96t09t19

GorpoGE6

TOTAL

96t09ß9

GaepoGRl

96t09Ã9

GmpeGRl

TOTAL

96t09n9

Alkalinity(ro CaCO3)

Chloride

Nitrate(ü N)

Nitriæ(u N)

Orthophorphate(æ P)

Sulphate

Borcn

C¡lciun

fron

Magnerium

Phorphonu

Pota¡¡im

Rective Silica(SiO2)

Sodim

Zlic

Alminum

Antimony

Anmic

B¡rim

Beryllium

Bi¡muth

Cadmim

Chromir¡m

Cobalt

Copper

Irad

Mmqmess

I
I

0.05

0.01

0.01

2

0.005

0.1

0.02

0.1

0.1

0.5

0.5

0.1

0.002

0.01

0.002

0.002

0.005

0.005

0.002

0.0005

0.002

0.001

0.002

0.0001

0.002

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mg/L

mglL

mg/L

nglL

mglL

mglL

mglL

mglL

nglL

mglL

mglL

mg/L

mg/L

ng/L

mg/L

mglL

mE/L

nd

110

0.02

9.6

nd

3.7

18. I

nd

nd

nd

0.004

0.058

nd

nd

0.0005

0.006

nd

0.011

0.0001

0.014

107

a
0.23

nd

nd

184

0.011

106

nd

10.0

nd

4.4

7.8

18.2

nd

nd

nd

0.005

0.051

nd

nd

0.000ó

0.005

nd

0.008

nd

0.008

0.005

105

0.02

9.3

nd

2.2

17.3

0.003

nd

td

0.004

0.052

nd

nd

nd

0.006

nd

0.011

0.0002

0.018

84

I
nd

nd

nd

7

nd

3t.6

nd

4.7

nd

nd

3.2

1.3

0.002

nd

nd

nd

0.049

nd

nd

nd

nd

nd

nd

nd

nd

nd

30.9

nd

4.5

nd

nd

1.1

nd

nd

nd

nd

0.061

nd

nd

nd

nd

nd

nd

0.0003

0.003

nd

Page L3 of24



MDS Environmental Services Limited.

Report of Analys¡s

Client : Jacques Whitford Environment Ltd
Contact: Monique Dube

Anaþsis of Water

LOQ = Limit of Quantiøtion = lowest level of the parameter that can be quantified with confìdence.

= Not Requested

= Not Applicable

= parûmeter not detected ! : LOQ higher than listed due to dilution ( ) Adjusted LOQ

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

November L/96

966521

96-697-GS

Gaspe Mine

na

nd

Parameter

Date Sampled )
LOQ Units

GaspeGE5

TOTAL

96t09n9

Garpe-GE6

96t09tt9

Gaope-GE6

TOTAL

96t09L9

GupeGRl

96t09t19

Garpe-GR1

TOTAL

96t09n9

Molybdenu

Nickel

Selenim

Silver

Strontim

Ihallium

Tin

Tit¡nim

Umiu
Vm¡dium

Anion Sm

Bicorbonate(u CaCO3, calculated)

Carbonate(ae CaCO3, calculoted)

Cation Sr¡m

Colour

Conductivþ - @25"C

Hardnur(ae CaCO3)

[on B¡lance

lngelier Index at 20"C

langeüer Index at 4'C

pH

Saurmtion pH at 20'C

Saûrration pH at 4"C

Iotal Dimolved Solids(Calculated)

Iurbidity

Amonia(u N)

Iotal Kieldahl Nitrosen(as l{)

0.002

0.002

0.002

0.0003

0.005

0.0001

0.002

0.002

0.0001

0.002

¡la

I

1

na

5

1

0.1

0.01

na

na

0.1

na

na

I

0.1

0.05

0.05

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

meSL

mglL

øglL

meq/L

TCU

u/cm

mglL

%

llt

na

Units

mits

units

mglL

NTU

mglL

mslL

0.t45

0.005

0.004

nd

0.210

0.0001

nd

0.003

0.0005

nd

0.148

0.004

0.006

nd

0.232

nd

nd

nd

0.0005

nd

ó.ó6

106

I
7.02

nd

605

306

2.59

0.651

0.251

8.1

7.43

7.E3

420

0.2

nd

0.51

0.1 19

0.005

0.003

¡d

0.168

0.0001

nd

0.003

0.0005

nd

¡d

nd

nd

nd

0.085

nd

nd

nd

nd

nd

1.85

83

nd

2.02

8

t87

98.3

4.32

-0.074

-0.474

7.9

8.01

E.4r

99

nd

nd

0.48

nd

nd

nd

nd

0.066

nd

nd

0.003

nd

nd
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MDS Environmental Services Limited.

Report of Analys¡s

Client : Jacques ÌVhitford Environment Ltd.

Contact: Monique Dube

Analysis of Water

LOQ = Limit of Quantitation = lowest level of the parameter that can be quantified with confidence,

= Not Requested

= parameter not detected ! = LOQ higher than listed due to dilution ( ) Adjusted LOQ

Report Date:

MDS Ref # :

MDS Quote #:

November 1/96

966521

96-697-GS

Client Ref#: Gaspe Mine

Parametcr

Date Sampled >

LOQ Units
GorpaGE5

TOTAL

96t09/19

GaspeGE6

96t09n9

GæpeGE6

TOTAL

96t09n9

Garpe-GR1

96t09n9

Gupe-GRl

TOTAL

96t09n9

Dis¡olv€d Inorganic Carbon(æ C)

Disolved Orgmic Carbon(DOC)

Total Suspended Solidr

0.5

0.5

5

mglL

mglL

mglL

23.7

1.8

nd

20.2

2.t

nd

nd
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MDS Environmental Services Limited.

Report of Analys¡s

Client : Jacques Whitford Environment Ltd.
Contact: Monique Dube

Analysis of Water

LOQ = Limit of Quantiøtion = lowest level of the parameter that can be quantified with confidence.

: Not Requested

= parameter not detected ! = LOQ higher than listed due to dilution ( ) Adjusted LOQ

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

November 1/96

96652r
96-697-GS

Gaspe Mine

Par¿meÍer

Date Sampled >

LOQ Unifs
Gup+GF2

96t09n9

Garpe-GR2

Replicate

GaspeGR2

TOTAL

96t09n9

GarpoGRl

96t09n9

GspgGR3

TOTAL

96t09n9

Alkalinity(a¡ CaCO3)

Chloride

N¡trat€(aß N)

Nitrite(as lù
Orlhophosphnte(ae P)

Sulphate

Bo¡on

Calcim

Iron

Magneim

Phosphorus

Potas¡iu

R*ctive Silica(SiO2)

Sodium

Zi¡.c

Aluinu
Antimony

A¡senic

Barium

Berylli -
Bi¡muth

C¡dmium

Chromium

Cobalt

Copper

Irad

Mansanqe

I
1

0.05

0.01

0.01

.'

0.005

0.1

0.02

0.1

0.1

0.5

0.5

0.1

0.002

0.01

0.002

0.002

0.005

0.005

0.002

0.0005

0.002

0.001

0.002

0.0001

0.002

mglL

mg/L

mglL

mg/L

mglL

mglL

mg/L

mglL

mg/L

mglL

mglL

mglL

mg/L

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mg/L

mglL

mglL

mg/L

mg/L

ÃglL

m8,/L

85

nd

nd

nd

nd

7

0.006

31.5

nd

4.6

nd

0.7

3.2

1.2

nd

0.06

nd

nd

0.049

nd

nd

nd

0.002

nd

nd

nd

nd

nd

31.0

nd

4.5

nd

nd

1.0

nd

nd

nd

nd

0.063

nd

nd

nd

nd

ûd

nd

nd

0.002

80

nd

0.07

nd

nd

1

nd

32.8

nd

4.9

nd

¡¡d

3.2

1.4

nd

nd

nd

nd

0.050

nd

nd

nd

nd

nd

nd

nd

nd

nd

31.2

nd

4.6

nd

nd

1.1

nd

nd

nd

nd

0.063

nd

nd

nd

nd

nd

nd

nd

0.003

nd
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MDS Environmental Services Limited.

Report of Analys¡s

Client : Jacques lilhitford Environment Ltd.
Contact: Monique Dube

Analysis of Water

LOQ = Limit of Quantitation = lowest level of the parameter that can be quantified with confidence.

= Not Requested

= Not Applicable

= parameter not detected ! : LOQ higher than listed due to dilution ( ) Adjusted LOQ

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

November 1/96

966521

96-697-GS

Gaspe Mine

na

nd

Parameter

Date Sampled >

LOQ Utrits

Garpe-GR2

96t09n9

Gupe-GR2

Replicate

Gaspe-GR2

TOTAL

96t09n9

Garp*GR3

96t09t19

Gupe-GR3

TOTAL

96t09n9

Molybdenum

Nickel

Selenium

Silver

St¡ontir¡m

Thallium

Tin

Titanim

Umim

Vmadim

Anion Sum

Bicarbonate(æ CaCO3, calculated)

Carbonate(ar CaCO3, calculated)

Cation Sr¡m

Colour

Conductivity - @25"C

Hardnee(ar CaCO3)

Ion Balance

I "ngelier Index at 20oC

I ¡ngelier Index at 4oC

pH

Saumtion pH at 20"C

SaÍrntion pH at 4'C

Total Di¡¡olved Solidr(Calculakd)

Turbility

Amonio(ar N)

Total KieH¡hl Nitrocen(u l.I)

0.002

0.002

0.002

0.0003

0.005

0.0001

0.002

0.002

0.0001

0.002

na

1

1

na

5

1

0.1

0.01

na

n¡

0.1

nt

na

I

0.1

0.05

0.05

mglL

mg/L

mg/L

mglL

mglL

mglL

mg/L

mglL

mglL

mglL

neq/L

mglL

mg/L

ße4L

TCU

u/m
mglL

%

nû

na

Unitå

mits

units

mglL

NTU

mg/L

mslL

¡d

nd

nd

nd

0.082

nd

nd

nd

nd

nd

t.87

84

nd

2.02

8

186

97.6

3.84

-0.1 1 I

-0.511

't.9

8.01

8.41

100

0.1

nd

0.43

nd

nd

nd

nd

0.064

nd

nd

0.003

nd

nd

nd

nd

nd

nd

0.081

nd

nd

nd

nd

nd

1.78

79

nd

2.10

9

186

t02

8.36

-0.089

-0.489

7.9

8.02

8.42

99

nd

nd

0.48

nd

nd

nd

nd

0.065

nd

nd

0.003

nd

nd
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MDS Environmental Services Limited.

Report of Analys¡s

Client : Jacques Whitford Environment Ltd.

Contact: Monique Dube

Analysis of Water

LOQ : Limit of Quantiøtion = lowest level of the parameter that can be quantified wilh confidence.

= Not Requesæd

= parameter not detected | = LOQ higher than listed due to dilution ( ) Àdjusted LOQ

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

November L/96

96652L

96-697-GS

Gaspe Mine

Parnmeter

Date Sanpled )
LOQ Units

Gupe-GR2

96t09n9

GaspeGF2

Replicate

GaepeGR2

TOTAL

96t09n9

Gæpe-GR3

96t09n9

Garpe-GR3

TOTAL

96t09n9

Dissolved Inorgmic Carbon(u C)

Di¡solved Orgmic Carbon(DOC)

Total Supended Solidr

0.5

0.5

5

mg/L

mg/L

mg/L

19.7

2.3

nd

20.5

2.4

nd

nd

Page 18 of 24



MDS Environmental Services Limited.

Repoft of Analys¡s

Client : Jacques rWhitford Environment Ltd.
Contact: Monique Dube

Anaþsis of Water

LOQ = Limit of Quantiøtion = lowest level of the parameter that can be quantified with confidence.

: Not Requested

= parameter not detected ! : LOQ higher than listed due to dilution ( ) Adjusted LOQ

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

November 1/96

96652r
96-697-GS

Gaspe Mine

Parameter

Date Sampled )
LOQ Units

GæpeGR4

96t09n9

GæpeGR4

TOTAL

96t09Ã9

GarpeGR5

96t09Ã9

Gupe-GR5

TOTAL

96t09L9

GæpeGR6

96t09ftg

Alkalinity(as CaCO3)

Chloride

Nitmte(æ Ð
Nitriæ(a¡ N)

Orrhophorphate(ar P)

Sulphate

Boron

Calcim

Iron

Magnøium

Phoephoru

Pot¡s¡im

R*ctive Silica(SiO2)

Sodium

Zí¡c

Aft¡¡ninm

Antimony

A¡¡enic

Barim

Berylliun

Bismulh

Cadmium

Ch¡omim

Cobalt

Copper

Ir¡d
Mmgmse

I
I

0.05

0.01

0.01

t

0.005

0.1

0.02

0.1

0.1

0.5

0.5

0.1

0.002

0.01

0.002

0.002

0.005

0.005

0.002

0.0005

0.002

0.001

0.002

0.0001

0.002

mglL

mglL

mglL

mglL

mglL

mglL

mg/L

mglL

nglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mclL

88

nd

nd

nd

nd

7

nd

32.1

nd

4.7

nd

0.6

3.2

1.5

nd

nd

nd

nd

0.M4

nd

nd

nd

nd

nd

nd

nd

nd

nd

31.2

0.02

4.6

nd

nd

1.1

nd

nd

¡d

nd

0.063

nd

nd

nd

nd

nd

rd

0.0002

0.004

106

4

nd

nd

nd

8

nd

3',1.7

nd

5.5

¡d

nd

3.7

3.1

nd

nd

nd

nd

0.06ó

nd

nd

nd

0.002

nd

nd

nd

nd

nd

36.2

0.02

5.2

nd

nd

2.9

nd

nd

nd

nd

0.080

nd

nd

nd

nd

nd

nd

nd

nd

106

4

0.07

nd

nd

t2

0.00ó

3 8.9

nd

5.5

nd

nd

3.8

3.7

0.002

nd

nd

nd

0.070

nd

nd

nd

0.002

nd

nd

nd

nd

nd
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MDS Environmental Services Limited.

Report of Analys¡s

Client : Jacques \Vhitford Environment Ltd
Contact: Monique Dube

Analysis of Water

LOQ = Limit of Quantitation : Iowest level of the parameter that can be quantified with confidence.

= Not Requested

= Not Applicable

= parameter not detected ! = LOQ higher than listed due to dilution ( ) Adjusted LOQ

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

November L/96

96652r
96-697-GS

Gaspe Mino

na

nd

Paremeter

Date Sampled )
LOQ Units

GæpaGR4

96t09ftg

GaspeGR4

TOTAL

96t09n9

Gaope-GR5

96t09tt9

GæpeGR5

TOTAL

96t09n9

Gaepe-GR6

96t09ft9

Moþbdmm

Nickel

Selenim

Silver

Strontim

Thallium

Tin

Titanium

Umim
Va¡adim

Anion Sr¡m

Bicarbon¡te(u CaCO3, calculated)

Carbonate(æ CaCO3, calculated)

Cation Sum

Colour

Conductivity - @25"C

Hardnao(ae CaCO3)

Ion Bala¡ce

I 
"ngelier Index at 20'C

lngelier Index at 4oC

pH

Saûrntion pH at 20'C

Saûrntion pH at 4"C

Total Disolved Solids(Calculated)

Turbility

Amonia(as Ð
Total Kieldahl Nitrosen(as l.[)

0.002

0.002

0.002

0.0003

0.005

0.0001

0.002

0.002

0.0001

0.002

na

1

I
na

5

l
0.1

0.01

ûa

na

0.1

na

ta

I

0.1

0.05

0.05

mglL

mglL

mglL

mglL

mglL

mglL

mg/L

mglL

mglL

mglL

meq/L

mglL

mglL

meq/L

TCU

u/cm

mg/L

%

na

na

Units

mit¡

mils

mglL

NTU

mglL

mc/L

ni

nd

nd

nd

0.081

nd

nd

nd

nd

rd

1.93

87

nd

2.0'l

10

182

99.6

3.48

-0.088

-0.488

7.9

7.99

8.39

103

0.1

nd

0.46

nd

nd

nd

nd

0.0ó5

nd

nd

0.003

nd

nd

nd

nd

nd

nd

0.110

nd

nd

nd

nd

nd

2.39

105

nd

2.47

5

22r

tt7

1.62

0.087

-0.313

7.9

7.U

8.24

126

nd

nd

0.31

nd

nd

nd

nd

0.085

nd

nd

0.003

nd

nd

0.003

rd

nd

nd

0.1t2

nd

nd

nd

nd

nd

2.49

105

nd

2.57

5

230

120

t.4L

0.t20

-0.280

8.0

7.83

8.23

t32

nd

nd

0.48
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MDS Environmental Services Limited.

Report of Analys¡s

Client : Jacques Whitford Environment Ltd.
Contact: Monique Dube

Analysis of Water

LOQ : Limit of Quantiøtion : lowest level of the parameter that can be quantified with confidence

= Not Requested

= parameter not detected ! : LOQ higher than listed due to dilution ( ) Adjusted LOQ

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

November 1./96

966521

96-697-GS

Gaspe Mine

Parameter

Date Sampled )
LOQ Utrifs

Grupe-GR4

96t09n9

GæpeGR4

TOTAL

96t09L9

GaepoGR5

96t09/19

Gmpe-GR5

TOTAL

96t09/19

Garpe-GRé

96t09t19

Dissolv€d Inorgmic Carbon(u C)

Dissolv€d Orgmic Carbon(DOC)

Total Supended Solide

0.5

0.5

5

mg/L

mglL

mglL

19.4

2.3

¡d

23.7

1.6

nd

23.3

1.5

nd

nd
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MDS Environmental Services Limited

Report of Analys¡s

Client : Jacques rWhitford Environment Ltd.
Contact: Monique Dube

Analysis of Water

LOQ = Limit of Quantiøtion = lowest level of the parameter that can be quantified with confidence

= Not Requested

= parameter not detected ! = LOQ higher than listed due to dilution ( ) Adjusted LOQ

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

November 1/96

96652r
96-697-GS

Gaspe Mine

Parameter

Date Sampled >

LOQ Units

GupeGR6

TOTAL

96t09/19

Miller Riv

ef

96t09n9

Miller Riv

er TOTAL

96t09n9

Miller Riv

er TOTAL

Replicate

Alkalinity(æ CaCO3)

Chlorkle

Nitrate(æ N)

Nitrite(u Ð
Orthophorphate(ro P)

Sulphate

Boron

Calcir¡m

Iron

Magnesium

Phorphoru

Pota¡s¡um

Ractive Silica(SiO2)

Sodium

Zi¡c

Al¡¡minum

Antimony

A¡¡enic

Barim

Beryllim

Bi¡muth

Cadmim

Chromiu

Cobalt

Copper

Isd
Mm¡anese

1

1

0.05

0.01

0.01

t

0.005

0.1

0.02

0.1

0.1

0.5

0.5

0.1

0.002

0.01

0.002

0.002

0.005

0.005

0.002

0.0005

0.002

0.001

0.002

0.0001

0.002

mglL

mglL

mglL

mglL

mglL

mglL

ng/L

mglL

mglL

mg/L

mglL

mglL

mglL

mg/L

mglL

mg/L

øglL

mglL

mglL

mglL

mg/L

mglL

mg/L

mglL

mglL

mglL

ms.lL

nd

37.9

0.03

5.3

nd

nd

3.3

nd

nd

nd

nd

0.094

nd

nd

nd

nd

nd

nd

nd

0.003

93

nd

0.40

nd

nd

10

nd

36.6

nd

4.1

nd

nd

3.8

1.1

nd

nd

nd

nd

0.055

nd

nd

nd

nd

nd

nd

nd

nd

nd

35.6

nd

4.0

nd

nd

0.9

nd

nd

nd

nd

0.072

nd

nd

nd

0.003

nd

nd

nd

nd

nd

36.2

nd

4.0

nd

nd

0.9

nd

nd

nd

nd

0.080

nd

nd

nd

0.004

nd

nd

nd

nd

nd
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MDS Environmental Services Limited.

Report of Analys¡s

Client : Jacques Whitford Environment Ltd.

Contact: Monique Dube

Analysis of Water

LOQ = Limit of Quantiøtion : Iowest level of the parameter that can be quantified with confidence.

= Not Requested

= Not Applicable

= parameter not detected ! : LOQ higher than listed due to dilution ( ) Adjusted LOQ

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

November 1,/96

966521,

96-697-GS

Gaspe Mine

na

nd

Parameter

Date Sampled >
LOQ Units

GarpøGR6

TOTAL

96t09t19

Miller Riv

ef

96t09ftg

Miller Riv

er TOTAL

96t09rL9

Miller Riv

er TOTAL

Replicate

Molybdmm

Nickel

Selenim

Silver

Strontium

Thallir¡m

Tin

Tilnniu

Uranium

Vo¡adim

Anion Sm

Bicarbonate(æ CaCO3, calculated)

Carbomte(æ CaCO3, calculated)

Cation Su

Colour

Conductivity - @25"C

Hordnes¡(æ CaCO3)

Ion B¡lmce

I "¡gelier Index at 20'C

Ingelier Index at 4'C

pH

Saûrntion pH at 20'C

Saturation pH at 4'C

Tot¡l Di¡eolved Solid(Calculated)

Turbidity

Amonio(u N)

Total Kieldahl Nitrogen(æ N)

0.002

0.002

0.002

0.0003

0.005

0.0001

0.002

0.002

0.0001

0.002

na

I
I
m

5

1

0.1

0.01

û¡

na

0.1

na

no

1

0.1

0.05

0.05

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mg/L

meq/L

mg/L

mglL

meq/L

TCU

u/m

mglL

%

na

na

Units

mits

units

mglL

NTU

mglL

mslL

0.003

nd

nd

nd

0.092

nd

nd

0.003

nd

nd

nd

nd

nd

nd

0.099

nd

nd

nd

nd

nd

2.13

92

nd

2.21

nd

2M

108

1.96

-0.049

-0.449

7.9

7.9t

8.31

tt4

nd

nd

0.35

nd

nd

nd

nd

0.078

0.0001

nd

0.0t2

0.0001

0.012

nd

nd

nd

nd

0.076

nd

nd

0.017

nd

0.010
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MDS Environmental Services Limited.

Report of Analys¡s

Client : Jacques Whitford Environment Ltd.
Contact: Monique Dube

Analysis of Water

LOQ = Limit of Quantitation : towest level of the parameter that can be quantified with confidence.

= Not Requested

= parameter not detected ! : LOQ higher than listed due to dilution ( ) Adjusted LOQ

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

November 1/96

966521,

96-697-GS

Gaspe Mine

Parametcr

Date Sampled )
LOQ Units

Garpe-GR6

TOTAL

96t09ftg

Miller Riv

ef

96t09Ã9

Miller Riv

er TOTAL

96t09n9

Miller Riv

er TOTAL

Replicate

Dioeolved Inorganic Carbon(u C)

Di¡¡olved Organic Carbon(DOC)

Total Supended Solidr

0.5

0.5

5

mglL

mglL

mglL

21.0

0.7

nd

nd
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Client:

Fax:

Attn: Monique Dube

Jacques Whitford Environment Ltd.
P.O. Box 1116

7ll Woodstock Road

Fredericton, NB, CANADA
B3B 5C2
506-452-7652

Date Submitted:
Date Reported:

MDS Ref#:

MDS Quote#:

Client Ref#:

Sampled By:

September 23196

November 1/96

966521

96-697-GS

Gaspe Mine
Monique Dube

Cerfificate of Analvsis

Additional Comments:

NOTE:
Ion balance in excess of 5% due to ionic strength of the sample.



APPENDD( I)

Benthic Invertebrate Community Structure
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D.l Detailed Methods
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Snmpu Pnocessrtrrc

All benthos samples were processed and analyzed by Zaranko Environmental Assessment Series

(ZEAS), Guelph, ON.

Upon arrival, samples were immediately logged and inspected to ensure adequate preservation to a
minimum level of l0% buffered formalin and correct labeling. No problems with preservative or
labeling were identified. All benthic samples were sorted with the use of a stereomicroscope. A
magnification of 10X was used for macrobenthos (invertebrates > 500 ¡tm) and 20X for meiobenthos

(invertebrate size from 200 to 500 ¡zm). To expedite sorting, prior to processing, all samples were
stained with a protein dye that is absorbed by aquatic organisms but not by organic material such as

detritus and algae. The stain has proven to be extremely effective in increasing sorting accuracy and

efficiency.

Prior to sorting samples were washed free of formalin in a250 ¡zm sieve. Benthic invertebrates and

associated debris were elutriated from any sand and gravel in the sample. Elutriation techniques

effectively removed almost all organisms. The remaining sand and gravel fraction was closely
inspected for the odd heavier organism such as Pelecypoda, Gastropoda, and Trichoptera with stone

cases that may not have all been washed from this fraction. After elutriation, the remaining debris and

benthic invertebrates were washed through a series of two sieves, 500pm and25O ¡zm respectively.

SuesRtupuNG

Benthic samples were sorted entirely (both 500 and 250 ¡tm) except in the instance of large amounts

of organic matter and high densities of organisms. Benthic samples containing large amount of
organic matter or high densities of organisms can often take days to sort entirely. Thus sorting the

whole sample may not be cost effective. In addition, with large quantities of organic matter there

comes a point when additional sorting does not yield further ecological information. As such, the

following subsampling techniques were employed.

Sample material was distributed evenly on the 500 ¡rm and 250 ¡zm sieves. One half of the material
was removed and set aside while the remaining half was distributed evenly on each sieve and again

divided in two. A minimum subsample volume of 25% was the criteria set for this study. The same

fraction was sorted from the 500 ¡tm and the 250 pm sieve. On average, each sample took between
five and six hours to sort in which an average of 300 organisms were removed from the associated
debris.

Benthic invertebrates were enumerated and sorted into major taxonomic groups, (i.e., order and

family), placed in glass vials and represerved in 70o/o ethanol for more detailed taxonomic analysis by
senior staff. Each vial was labeled with the survey name, date, station, and replicate number. For

QA/QC evaluation, sorted sediments and debris were represerved and will be retained for up to a
period of six months following the submission of the final report. For those samples that were
subsampled, sorted and unsorted fractions were represerved separately.



Dermeo loerurr¡cATroN

All invertebrates were identified to the lowest practical level, usually genus, with the exception of
bivalves (sphaerium), and oligochaetes whichwere identified to species. Nematodes v/ere identified

to phylum, water mites and harpacticoids to order, and ostracods to class.

Chironomids and oligochaetes were mounted on glass slides in a clearing media prior to identification
using a compound microscope. In samples with large numbers of oligochaetes, a random sample of
no less than 20Yo of the picked individuals, up to a mo<imum of 50, were mounted on slides for
identification. Similarþ, in samples with alarge number of chironomids, individuals that could be

identified using a dissecting scopq (e.g., Cryptochironomus, Chironomus, Monodiamesa, Procladius,
Heterotrissocladius), were enumerated and removed fromthe sample. The remaining individuals were

sorted into sub-families and tribes. A random sample of no less than20o/o of the individuals from each

group were mounted on slides for identification, up to a maximum of 50 individuals.

VoucHen Colmcr¡oru

The standard operating procedures for ZEAS's Benthic Ecology Laboratory requires the compilation

of a voucher collection for all benthic invertebrate projects. Representative specimens for each taxon

are placed in labeled glass vials. Mounted chironomids and oligochaetes remain on the initial slides

and representatives of each tar<on are circled with a permanent marker. A voucher collection is one

way of ensuring continuity in ta:<onomic identifications if different taxonomists process future
samples. The voucher collection is either maintained in our files indefinitely or returned to the client.

Æ,AS also maintains a master reference collection of all taxa which have been identified by the lab.



a

a

a

a

a

a

a

Qunury AssunnrucE AND Quauw Gorurnol MeRsunes

ZEAS incorporates the following QA/QC procedures for all benthic studies to ensure reliability of
data

all samples were stained to facilitate accurate sorting;

the most updated and widely used ta:<onomic keys are referenced;

l0% of all sorted samples were resorted by a second taxonomist to ensure 95Yo recovery of
all invertebrates;

a voucher collection was compiled and will be kept indefinitely or returned to the client;

both sorted and unsorted sample fractions were represerved in l0 Yo formalin and will be

maintained for six months after submission of the final report;

all tabulated benthic data were cross checked against bench sheets by a second person to
ensure there have been no data entry errors or incorrect spelling of scientific nomenclature;

subsampling error was calculated for llYo of the samples requiring subsampling.

RepoRnNc BENTHTc MAcRoTNVERTEBRATE Dnra

Following identification and enumeration, a detailed taxa list was prepared for each station

summarizing the total organism density and total number of taxa. The taxa list was prepared using

Excel5.0.



D.2 QA/QC
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TABLE 1

* large organisms that were picked from the whole sample were excluded in the calculation'

CALCULATION OF SUBSAMPLING ERROR FOR BENTHIC INVERTEBRATE

SAMPLES FROM GASPE DIVISION, NORANDA MINING AND EXPLORATION

LTD (1996).

PERCENTAGE RECOVERY OF BENTHIC INVERTEBRATES FROM SAMPLES

FOR GASPE DIVISION, NORANDA MINING AND EXPLORATION LTD (1996)

SAMPLE FRACTIONS SORTED FOR GASPE DIVISION, NORANDA
MINING AND EXPLORATION LTD (1996).

o two quarters were sorted for subsampling error calculations

TABLE 2.

TABLE 3.

Station

Number of
Animals in
Fraction I

Number of
Animals in
Fraction 2

Standard
Deviation

Coeffïcient of
Variation

GR-4 486 450 25.46 5.47o

GE.2 539 493 32.53 6.37o

Station
Number of Animals

Recovered
Number of Animals in

Re-sort Percent Recovery

GR-ó 3t2 2 99.47o

GE.z 563 18 96.97o

Station Fraction Sorted

GR-1 t/4
GR-2 t/4
GR-3 1,/4

GR-4 U2'
GR-5 t/4
GR-6 t/4
GE-1 U4

GE.z l12"

GE-3 l/4
GE-4 t/4
GE-5 t/4
GE-6 !4



D.3 Results
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Table D1: Detailed rdentification and Densities of Benthic rnvertebrates from the York River (250 Micrometer sieve)

Station
Replicate

Reference
45 6 1 34

1 23

P. Coelenterata
HYdra

P. Nematoda
P. PlatYhelminthes

Gl. Turbellaria
F. Trlcladlda

P. Annelida
Cl. Olþochaeta

F. EnchYtraeidae
F. Naidldae

Chaetogaster diaPhanus
Nais communls

P. ArthroPoda
Cl. Arachnida

O. Hydracarina
Cl. Ostracoda
Ct. Entognatha
O. Collembola
Cl.lnsecta
O. EphemeroPtera

F. Baetldae
Acerpenna macdunnoughi
Baetls

F. Ephemerellldae
lndeterminate
Ephemerella
EurYloPhella

F. HePtageniidae
lndetermlnate
Epeorus
Heptagenla
Rhithrogena
Stenonema vicarlum
Stenonema

F. LeptoPhleblldae
lndelermlnate
ParalePtoPhlebia

O. Odonata
F. Gomphldae

OphlogomPhus
O. Plecoptera

lndetermlnate
F. CaPnildae

ParacaPnla
F. ChloroPerlHae

lndetermlnate
HaPloPerla
Swellsa

F. Leuctrldae
Leuctra

F. Perlldae
lndetermlnate
Agnetlna

F. Perlodldae
' lndeterminate

32 132 56

I 12

4

288

4 12

208 112 ?24 196
41212

4

496
492

64
112

32
148

12
4

16
100

1

12
7

12

4 4
I12 16

4

4 204

16416 12

884

44

4
72

16

20
I

6
1'

88
I

4

84 84 144
-12132 104

-16

248 348
200 112

28
44

4

44

4812424

- 272 52
2048
28

140
4
8

I
4

6860

1

44

32

I

4

4
4

20

I 152
72

-12
152 448 720

4

I
4

4

88

1

I

4

I
4

4

16
140

1

344

19

4
136

13

6
12

68 24 4

44

44204

20 12

126468288

I
1

4't6 40 16 16 I



Table Dl: Detailed Identification and Densities of Benthic Invertebrates from the York River (250 Micrometer Sieve)

Station
Replicate

Reference 45123 456 1

1
lsogenoides
lsopeda

F. Taeniopterygidae
TaenioPterla

O. Trlchoptera
Trichoptera PuPae

F. Apataniidae
Apatania

F. Glossosomatidae
Glossosoma

F. Hydropsychidae
ArctoPsYche
CheumatoPsYche
HydropYche morosa
HydropsYche slossonae
HydroPsYche sParna
HydropsYche

F. Hydroptllidae
Hydroptila
Oryethlra

F. Lepidostomatidae
Lepidostoma

F. Leptoceridae
Ceraclea

F. Philopotamidae
Dolophilodes

F. PolycentroPodldae
Neureclipsis
PolycentroPus

F. Rhyacophilldae
RhyacoPhlla

O. Dlpteta
F. Athericidae

Atherix
F. Ceratopogonidae
F. Chlronomldae

Chlronomld PuPae
S.F. Chlronominae

Mlcropsectra
Parachlronomus
ParatanYtarsus
Potypedllum
Rheotanytarcus
Stempelllna
Stempelllnella
Stenochlronomus
Tanytárcus

S.F. Dlameslnae
Dlamesa
Pagastla
Potthastla

S.F. Orthocladllnae
lndetermlnate
CrlcotoPus
Eukleffedella

16 208

4

88

56 12 92

416

4 4

4

868

123
-8
-1

t9
28 21

-8

-¿

1 - 
-l

379 636 356

-96

4

4

4

56
I
4

I
9

1

119 194 142

168

I
4

I

4
16

44

136 ìo
-4
4-

-84
4-

228 100

4

I

't2

20

4

4
4

20 20 loo 300 64 56 208

124 60 316 72 48 136

4 4

36

40 12 40

48 20 76 16 16

48 I

32 31 42 18 25 16

1

4 44

56

32

144

124

36
24
12

40

308

20
4

440 156

436

iu
12

16248

I
I

I 4

1 304

12
28

-24

24
6
I 4

4 84
I4

16 12

4
4



Table Dl: Detaited Identifïcation and Densities of Benthic Invertebrates from the York River (250 Micrometer Sieve)

Station
Replicate

Reference Exposed

123456 12 3456

Orthocladius 36 32 12 44 I 76 2540 580 56 84 556 116

-41684
8-

16
4

12124
12

24
36 48 28 I

16 I
4

8:
136 276
24

20 60824

20

32 96 120 32 88 36

24 64

1

300 4 4

1216488

Parametrlocnemus
RheocricotoPus
Synorthocladlus
Tvetenia

S.F. Tanypodinae
indeterminate
HelopeloPia
Labrudinia
Larsia
Paramerina
Rheopelopia
ThlenemannimYia comPlex
Trlssopelopia

F. Empididae
Chelifera
Hemerodromia

F. Slmullldae
F. Tlpulldae

Antocha
Hexatoma

P. Mollusca
Cl. Gastropoda

F. Planorbldae
Gyraulus

Cl. Pelecypoda
F. Sphaeriidae

Plsldium

208

272332408 604

4
20

44
40

20

12

-
44

20

4

I
64

4
I

I
4
I

I

4

424
16
16

I

TOTAL NUMBER OF ORGANISMS

TOTAL NUMBER OF TAXA

REI-AT|VE ABUNDAI{CE (%)
Chlronomidae
Ephemeroptera
Trlchoptera
Plecoptera

EPT lndex
EPT/C

1928 2329 3764 1950 f613 1218

43 41 48 49 38 40
1

3609 2173 1470 1118 1431 1045

19 22 16 18 18 17

19.5
35.7
14.7
2.9

29.9
49.5

5.s
7.56

14.3
51.8
17.4
3.72

25
37.2
15.6
3.33

31
41.7
7.5

4.22

28.2
26.8
?2.8
2.96

25
1.86

84.3
0

12
0.22

5
0.14

46.9
0.18

40
0

35.4
0.54
48.3
0.27

63.7
1.43
18.1
0.36

65.1
0.56
20.3

0

42.5
2.3

35.4
0.19

21

2.73
21 23

2.09 5.08
23 25

2-24 1.72
77

0.86 1.39
7

0.31
7

0.32
7

0.89



Table D2: Detailed Identification and Densities of Benthic Invertebrates from the York River (500 Micrometer Sieve)

Station
Replicate

Reference
2 34 56 2 34 56

1

P. Coelenterata
HYdra

P. Nematoda
P. Platyhelminthes

Cl. Turbellaria
F. Tdcladida

P. Annelida
Cl. Oligochaeta

F. Enchyûaeidae
F. NaitJidae

Chaetogaster diaPhanus
Nais communis

P. Arthropoda
Cl. Arachnida

O. Hydracarina
Cl. Ostracoda
Cl. Entognatha
O. Collembola
Cl. lnsecta
O. Ephemeroptera

F. Baetidae
Acerpenna macdunnoughi
Baetis

F. Ephemerellidae
indeterminate
Ephemerella
Eurylophella

F. Hepûageniidae
indeterminate
Epeorus
Heptagcnia
Rhithrogena
Stenonema vicarium
Stenonema

F. Leptophlebiidae
indeterminate
ParaleptoPhlebia

O. Odonata
F. Gomphidae

OphiogomPhus
O. Plecopûcra

indeterminate
F. Capniklae

Paracapnia
F. Chloroperlidae

indeterminate
Haploperla
Swettsa

F. Leuctl:dae
Leucta

F. Perlidae
indeterminate

. Agnetina
F. Perlodidae

E

I

12

132 136 300
48728

288

20 52 16 6 4E
I

,l

32

4 4

I

4

4
16 I 4

4

24
32

1

4
I

42048
6

I
13

6
12

it

44844
52 32 72 124

-1

72 140 476 188

-44

1

12
7

12

4

56

E 4 9

8486428

1

32

4

20

4
1

4
4 1E

12.20

4E



Table D2: Detailed Identifîcation and Densities of Benthic Invertebrates from the York River (500 Micrometer Sieve)

Station
Replicate

Reference
1234 56 23 456

indeterminate
lsogenoides
lsoperla

F. Taeniopterygidae
TaeniopterYx

O. Tdchoptera
TdchoPtera Pupae

F. Apataniidae
Apatania

F. Glossosomatidae
Glossosoma

F. HydroPsYchidae
ArctopsYche
CheumatoPsYche
HydropsYche morosa
HydropeYche slossonae
HydropsYche sparna
HydropsYche

F. Hydroptilidae
HydroPtila
Oryethira

F. Lepidostomatidae
Lepidostoma

F. Leptoceridae
Ceraclea

F. Philopotamidae
Dolophilodes

F. PolycentoPodidae
NeurecliPsis
PolycenûoPus

F. RhyacoPhilidae
Rhyacophila

O. Diptera
F. Athericidae

Atherix
F. Ceratopogonidae
F. Chironomidae

Chironomid PuPae
S.F. Chironominae

Micropsecfa
Parachironomus
ParatanYtarsus
Polypedilum
RheotanYtarcus
Stempellina
Stempcllinella
Stenochironomus
Tanytarsus

S.F. Diamesinae
Diamesa
Pagaslia
Potthastia

S.F. Orthocladiinae
indeterminate

16 16

4

4

4

4

1

91

1

E

E8 I 2

123

20

416

E8 20 120 28 44 4

36

20 56 72 44 36 180

4

24 31 30 14 25 16

4

36

1

12
1

4 31

E

1

9
13

I

1

1 1520
4

20 102

4

194

4

60

E

9

4

I92

36
I
4

16

4

12832

81644

E-
4

8E

E

4

1

E

4

4

4

4

4

I

4
4

1

4
4

4 4

4I
4664

24



Table D2: Detailed Identification and Densities of Benthic Invertebrates from the York River (500 Micrometer Sieve)

Station
Replicate

Reference
1234 56 12 345

Cticotopus
Eukiefferiella
Orthocladius
Parametiocnemus
Rheocricotopus
Synorthocladius
Tvetenia

S.F. Tanypodinae
indeterminate
HeloPeloPia
Labrudinia
Larsia
Paramerina
Rheopelopia
Thienemannimyia comPlex
Trissopelopia

F. Empididae
Chelifera
Hemerodromia

F. Simuliidae
F. Tipulidae

Antocha
Hexatoma

P. Mollusca
Cl. Gasüopoda

F. Planorbidae
Gyraulus

Cl. Pelecypoda
F. Sphaeriidae

Pisidium

192 20 24 4 361216 32 52

36ß

20

12
4

16

4 4

300 4 4

1216488

900 688 1636 910 U5

29 26 32 32 22

164

20

132 1 52

81236122024
32 1

586 310 439 561

1

1

4

I4u

4

4
2

4

20

40

isu1U

28

36

E

1

I

10E

40

4
E

TOTAL NUMBER OF ORGANISMS

TOTAL NUMBER OF TAXA

REI-AT|VE ABUNDANCE fÁ)
Chironomidae
Ephemeroptera
Ttichoptera
Plecoptera

EPT lndex
EPT/C

262

?2

633 10E9

14 12 11 10 1 14

6.22
36
16
4

6.11
57.7
24.4
5.38

22
14.3

10.5
40.5
2s.2
4.07

1E

6.61

0.9
43.1
17.3
9.89

1E

78.3

29
24

23.7
4.58

37.9
0

56.2
0

4
1.48

39.3
0

56.3
0

53.9
0

38.6
0

46.5
1.29
48.4

0

33.7
0

58.1
0

37.8
0

53.8
0.36

11

57.6
11.6

14

19
I

19
7.53

16
1.8

5
1.43

44
o.72 1.07

34
1.72 1.43
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8.1 Detailed Methods
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Revised Protocol for Metallothionein Analyses
on fish collected during the field trip for the preliminary survey

(Version: August 29, 1996)

Part of the biological monitoring component of AETE program consists of metallothionein
analyses of tissues from large fish, e.g., trout, pike, suckers. This protocol presents the on-site
sampling requirements. If the contractor is not familiar with conducting preparation of fish,
advices and/or training in the dissection and handling of tissues should be obtained from the
Freshwater Institute.

Sample size and sampling effort

Liver, kidney, gill filaments, and skeletal muscle should be dissected from the 8 to 10

(eigth to ten) individuals livingfish from each of the two large species from a reference
site and an exposed site. The two most abundant large fish species common to the
sampling sites are targetted.
Thekgcstspecimen from each species should be selected.
When possible 4 males and 4 females from the same species should be collected. No
additionnal sampling effort should be given to meet the above sex requirement for the
Phase I of the field study.
A minimum number of 6 fish from the same species is required with a reasonnable level of
effort for sampling (the best judgment will be applied considering the overall time
constraints for performing field work for other components). The sampling gear and
method should not be destructive: gill nets should regularly verified to avoid overfishing
and sacrifïce fewer fish.

The tissues from the same fish can be split to serve for metallothionein and metal analyses.
These tissues should be placed in marked individual polyethylene ("Whirlpak") bags,
frozen on dry ice, and submitted for metallothionein analyses.
When fish capture is performed using a seine net, young-oÊthe-year fish should be
collected as well. In this case no dissection is required (abdomina contents will be
removed at the laboratory). Whole fish are placed in marked individual polyethylene
("Whirlpak") bags, frozen on dry ice and whole fish.

Other information required

Information should be obtained on fish sex, body length (+l mm), body weight (+1.0 g), liver and
gonadal weights (+0.1 g) and collection should be made of appropriate aging structures (scales,
fin rays, operculum, cleithrum or otoliths, depending upon species). Fecundity (estimates of total
egg counts) and egg sizes should also be estimated if the timing ofthe collections is appropriate
for the dominant species. All fish should also be checked for external and inter¡al anomalies (a
useful guide can be found in Goede and Barton; Amer. Fish. Soc. Sympos. 8:93-108, 1990; other
analogous methods can be used). These data should be analysed to provide information on
average (with variability) parameters, grov/th (size at age), the relationship between body length



I

2.

J

and weight, and the relationships between body size and liver weight, gonad weight and fecundity
All analyses should be conducted separately for each sex.

On-site sampling requirements

It is essential to obtain tissue samples from fish that are¿livç after collection and
immediately before tissue removal.

A sample numbering system must be designed and used to facilitate tracking of all tissue
sub-samples taken from the same fish. All tissue samples must be appropriately labelled.

After capture, the following measurements should be obtained on each fish: total body
weight (g), gutted carcass weight [g] after removal of viscera), gonad weight (g), liver
weight (g), fork length (cm), sex; and appropriate structure(s) for determining'fish age
should be removed.

Sampling of fish tissues should begin immediately after the whole body measurements
have been made. Fish should be euthanised via concussion, cervical dislocation or with an
overdose of anesthesic.

Gll, liver and kidney from the same fish can be divided into a part used for metallothionein
analyses and another part used for metal analyses. Work must progress quickly on the
euthanised fish with tissue.

Dissection and preserving procedures

a) Gills:

Remove the gill arches and attached filaments by severing the dorsal and ventral
cartilaginous attachment of the arches to the surrounding oral cavity. Place the gill
arches in a polyethylene bag ("Whirlpak"), label and freeze on dry ice or in liquid
nitrogen. Gill arches are to be removed from the fish and frozen as soon aftei
death as possible.

b) Open the fish ventrally to expose the abdominal contents by using scissors to cut
from the anus to the base of the pectoral fins. Care should be taken not to cut into
internal organs when opening the fish.

c) Liver: Remove the liver using care not to rupture the gall bladder. Remove the
gall bladder from liver using care to prevent bile leakage from contacting the liver
weigh and record weight to the nearest 0.1 g, if possible. place the part of the
liver in a "whirlpak", label and freeze on dry ice or in liquid nitrogen.

Kidney:Remove the kidneys by making lengthwise incisions along each edge of
the tissue and then detach using the "spoon" end of a stainless steel weighing

4

5

6.

d)



spatula by applying firn¡ but gentle, pressure against the upper abdominal cavity
wall (i.e., against the dorsal aorta). In this procedure, the kidney is scraped away
from the dorsal aorta and all associated connective tissue. The kidney is then to be
placed in a "Whirlpak", labelled and frozen in liquid nitrogen or dry ice. The
kidney is to be removed from the fish and frozenas soon after death as possible.

Samples for metallothionein (on dry ice) should be sent to

Dr. J.F. Klaverkamp
Freshwater Institute
501 Universþ Crescent
Winnipeg, Manitoba
R3T 2N6
Phone: (204) 983-5003
Fax: (204) 984-6587



8.2 Population Survey Results
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Table E.l Electrofishing Results on the North York River

for Atlantic Salmon, Gaspe Mine, September 1996

lD# Lenqth (mm) Weiqht (q) Aoe

2

2

2

2

2

2

2

34.60

23.40

18.83

'13.62

21.46

24.76

12.24

141

122

111

100

125

't20

90

SALSO-

SALs1

SAL52

SAL53

SAL54

SAL55-

SAL56

lD# Lenoth lmm) Weioht lo) Aoe

1

2

2

2

2

2

1

2

7.30

27.60

26.70

14.30

't5.34

't6.25

6.60

't7.13

85

115

116

105

98

115

E5

106

SAL4O

SAL41

SAL42

SAL43

SAL44

SAL45

SAL46

SAL47

lD# Lensth (mm) Weisht (q) Aqe

sAL27-

SAL28

sAL29.

SAL3O

SAL31

SAL32

SAL33

SAL34

SAL35

SAL36

SAL37

183

136

141

ll6
114

85

92

91

92

90

92

74.21

37.30

33.'t3

22.82

22.22

7.19

9.11

9.25

9.59

8.30

9.53

4

2

2

2

2

1

2

2

2

2

2

ID# Lenqth (mm) Weioht (q) Aoe

SAL3-

SAL4

SAL5

SAL6

SALT

SAL9-

SALIO

SAL,I1

SAL12

SALI3

SAL14

SALI 5*

SAL.I6

SAL2O-

SAL2I

SAL22

SAL23

SAL24

SAL25

SAL26

115

't07

136

108

117

122

E5

134

l0l
100

a4

't40

105

135

109

145

136

110

106

89

17.41

13.4',1

27.36

16.70

17.72

19.96

7.73

34.44

9.90

10.97

7.49

37.20

'15.00

35.31

13.65

39.73

39.48

'14.sl

14.61

434

2

2

2

2

2

1

2

2

2

1

2

2

2

2

2

2

2

2

1

* scales from these fish



Table E.2 Electrofishing Results on the South York River (Y22)

for Atlantic Salmon, Gaspe Mine, September 1996

lW Lenqth (mm) Weiqht (q) Aoe

2

1

2

2

2

2

2

1

1

2

18.54

6.65

't7.97

16.76

19.O2

12.53

14.82

6.47

7.75

9.27

117

84

116

115

120

103

109

E2

85

94

SAL69

SALTO

SAL72

SAL73

SAL74

SAL75

SAL76

SAL77

SAL78

SAL79

lW Lenqth lmm) Weioht lo) Aoe

2

1

1

2

2

2

1

19.92

7.41

6.56

18.18

13.79

21.67

6.36

124

88

82

123

109

121

82

SAL56

SAL57-

sAt60

SAL6I

SAL62

SAL63

SAL67

lD# Lenqth (mm) Weiqht (q) Aoe

SAL36*

SAL38

SAL39

SAL4O

SAL41

SAL42

SAL43

SAL46

SAL48

SAL49

SALsO

SALsl

SAL53

SAL54

SAL55

127

124

115

121

111

100

90

120

95

1'10

120

95

78

78

82

22ß9

21.64

17.96

20.23

19.45

11.0s

8.10
'19.63

'1o.37

14.45

'19.67

9.60

5.73

6.',t4

s.94

2

2

2

2

2

2

2

2

2

2

2

2

1

1

,|

lW Lenqth (mm) Weioht lq) Aoe

SALI

SAL3-

SAL4

SAL5

SAL6"

SALT

SAL8

SALg-

SALIO

SALI 1

SAL12

SAL13

SAL18

SAL19

SAL2O

SAL2I

SAL22

SAL24

SAL25

SAL26

SAL27

SAL28

SAL29

SAL3O

SAL31

SAL32

SAL33

SAL34

SAL35

85

105

115

111

115

110

110

90

'127

120

108

115

95

90

82

78

83

74

116

100

86

72

85

81

80

80

76

80

85

8.04

12.15

16.72

14.54

16.47

15.04

14.O7

8.16

23.74

22.19

't5.52

't4.75

10.36

8.35

b.oJ

5.49

7.11

5.12

16.16

11.75

7.51

8.6,|

7.19

6.63

6.68

6.09

5.23

6.49

7.61

1

2

2

2

2

2

2

1

2

2

2

2

2

2

1

1

1

1

2

2

1

1

1

1

'l

1

1

1

1

* scales fÍom these fish



Table E.3

Electrofishing Results on the North York River
for Brook Trout, Gaspe Mine, September 1996

" scales from these fish

Table E.4: Electrofishing Results on the South York River (Y22)

for Brook Trout, Gaspe Mine, September 1996.

Weioht lolLenoth lmm) AoetD#

J

1

1

176

60

61

61.t0
2.OO

2.74

BT39

BT48

BT49

Weioht lo)Lenoth (mm) AoeIRF

BT1-

812

BT8-

8117

BT18-

BT19*

87

60

87

72

180

1't 1

-6-71

2.56

17.s7

4.10

42.27

13.45

lD# Lenoth lmm) Weioht lo) Aoe

2

1

42.42

6.26

'163

89

BT71

BT76

It# Lenoth lmm) Weioht lol Aoe

BT58

BT59

BT64

BT65

BT66

135

144

140

1s2

90

216

24.60

28.94

27.42

32.78

7.20

114.81

2

2

2

2

2

1

3

lD# Lenoth lmm) Weioht (o) Aoe

BT37

BT44

BT45

BT47

BT52

BT55

94

165

156

157

130

77

264

9.95

49.06

3E.21

35.76

21.4'l

5.00

224.OO

lD# Lenqth (mm) Weiqht lo) Aoe

BT1

BT14

8T15"

BT16*

B-t17

BT23

85

126

144

163

124

104

8.04

19.57

31.29

46.15

19.95

't2.14

1

2

2

2

2

1

* scales from these fish



Table E.5
Electrofishing Results on the Sirois River,

Gaspe Mine, October 1996

tD# Lenqth (mm) Weioht lo) Aoe

ATLSALGRB-1

ATLSALGRB-2*

ATLSALGRB-3*

ATLSALGRB-4"

ATLSALGRB-5*

ATLSALGR8-6*

ATLSALGRB-7*

ATLSALGRB-8*

ATLSALGRB-9

ATLSALGRB-10
ATLSALGRB-11
ATLSALGRB-12

ATLSALGRB-13
ATLSALGRB-14
ATLSALGRB-15

ATLSALGRB-I6
ATLSALGRB-I7
ATLSALGRB-I8
ATLSALGRB-19
ATLSALGRB-20

ATLSALGRB-21
ATLSALGRB-22

ATLSALGRB-23
ATLSALGRB-24

105

99

85

99

55

96

57

55

140

116
124

132
136

55
50

46

45

47

46
47

46

45
49

45

12.3

10.18

6.36

10.52

1.89

11.12

2.16

1.79

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

tD# Lenoth lmm) Aoe

BTGRB-23

BTGRB-24

BTGRB-25

BTGR8-26

BTGRB-27

BTGRB-28

BTGRB-29

BTGRB-30

BTGRB-31

BTGRB-32
BTGRB-33

BTGRB-34
BTGRB-35
BTGR8-36
BTGRB-37
BTGRB-38

BTGRB-39

BTGRB-40

BTGRB-41

BTGRB-42
BTGRB-43

137

92

93

85

129

136

ll0
110

115

60
67

59
59
53
89

105

65

64

65
56

63

tD# Lenoth lmm) Aoe

BTGRB-1

BTGRB-2

BTGRB-3

BTGRB-4

BTGRB-5

BTGR8-6

BTGRB.T

BTGRB-8

BTGRB-9

BTGRB-10

BTGRB-II
BTGRB-12

BTGRB-13
BTGRB-14
BTGRB-15

BTGRB-16

BTGRB-17

BTGRB-18

BTGRB-19
BTGRB-20

BTGRB-21

BTGRB-22

85

78

88

167

58

103

96

56

124

90

104
88
8'1

98
74

87

137

124

151

90

101

105



8.3 Tissue Results
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DEC, -I6,96(MON) IO:I¡ FITI CENT+ARC REGION

To: Lise Trudet
FAX: (e1s) s9z-ã17z

From: J. F- Klaverkamp
FAX: (Zo4't 9B4€5EZ

Jacques Whitford;
AAspË stfes.

suþject Rerat¡onships of MT to Metar concentrations

The followinq -Ilq*atlon provides an overview of cornparisons between MT(expressed as ug MT/g) and metal (expressed as uwlg) concentrauons (data areexpressed as the mean I S-E.M. wiih in)¡ ¡n f¡sh tissues sent to us by the threeenvironmental consulting firms. There are cases where, as would be expeaed, MT iselevated when metal concentratÍons are higher. ln othei ca"è=, tn* ient¡onship is notdêar cut. Again' irr my view, we have to remember that one øirre major objectives ofthis exerclse was to.gain experience by field personnel in capiurtng å"o atssecting livefish, and in transporting the samples tó an analytical taboratory.

TEL,204 984 6587

Decernber 16, 1996

P,002

MT results for brook trout and salmon collected from the Gaspe sites are retatedto metal concentrations:

Gaspe reference:
tMTJ
ïZn+Cu+ç6¡

Gaspe exposure:
IMT
lZtt+Cu+ç6¡

Brook trout: Salmon:

184 + 38 (5)
1.1 a o_1 (5)

383 g 72 (8)
2.2 + o-2 (S)

73 t 14 (8)
3.6 + 0.4 (8)

118 + 1s (8)
4.6 + 0.3 (s)

Heaff .SfeÊ/e srfes-
Ae I indicat 

-,1 
¡n my mêmo to you on November B, 1996, this set of results is notstraight-forward---ForlqEe-char, one of the reference s¡tes (#1) has the highest MTconcentretion (16O øg MT/g + 1Z), but rhe fowest tZn + Cu + COI ig.5 uwtgg 0.6). Thisdata set has only an n of 2. ll comparing the other two sftåà for ¡ake char, metalconcentrations are about the same, but the ãxposure.site has siglruy h¡gher MT (s2 øgMT/g å 5 ror the exposure site versus.50 

-us rviiA | 14 tur ure rãrerånee s¡te (#a). Forsalmon' fish from the exposure sit€ na]ve si'gÏtry higher MT, þut lower metalconcentratlons- These results coulcl indicate that tñe sllght MT ¡nduc.tion observed is notdue to 7s\ Cu or Cd. we should also keep ¡n mino that, overall, this data set is the
ryeakest in terms of numbers of qbservations.



DEC. - l6' 96 (MON) l0 ; 20 t'lÏl CENT+ARC REG I0N

Heath $teele reference:
Site #1:

tMÏ
[Zn+Cu+96¡

s¡te #2:
TMTI
lZn+Gu+ç6¡

Heath Steele exposurie:
tMTI
lzn+cu+cdl

Reference:
IMÏ
ÏZn+Gu+ç6¡

Exposure:
tMTI
ÍZn+ Cu + ç6¡

EcoloEical Services G ru!¡ËË
For the viscera of Pearl Dace and Redbelly Dace, the dÍfferences in Mïconcentrãt¡ons þetween the reference and exposure sites are-noi srgìi¡cãfl1y different.Metal concentrations, however, are higher iå viscera of fish from-ine 

"*posure 
site-These resulte indicate that tMT] in viËcera trom ttrese dace spec¡e$ do not reflectconcentrations ai Zn, Cu and Cd. One could argue thatwhile ïZn + Cu + ç6¡ were hígherin exposed fish, they yerg. not high gJrough to þroouce a response. on the other hand,analyses of whlte :r9.t.t l¡vçrgÞ gill oo oemonstrate a direct retationship between MTand metal concentrations. tMTl ¡n \ivhite sucker ktdnev are higher in the fish from theexposure slte, although concentrations ol Zn + CT+-CO areãþout the same. Moresuckers should be analyzed to see if this trend holds because the numbers of whitesuckers collected rengE from only one to two fiuh per srte-

TEL;204 984 6587 P. OOJ

-2-

160 t 17 (21
3.5 + 0.6 (2)r

5o+14(3) )
4.a !o-2 G)L

LakÊ chet; Salmon:

64+s13¡
4.5 + 0.1 (3)

Redbelly dace:

2O7 + 65 (5)
0.78 10.13 (5)

218 + 28 (5)
1.45 + o.1S (5)

GXt

28-5 + 0.8 (2)
O.24 + 0.01 (2)

49.7.1 2.1 (z)
0.35 + 0.02 (2)

fe{er

40+2(6)
5_e t 1_0 (6)

!frrlee

82+5(3)
4.0 + 0.5 (3)

Pearl -dace:

ee + 27 (6)
0.84 + O.11 (6)

113 + 19 (7)
'1.87 + O.21 (7)

Whíte sucker:

Reference, @ Kidnev:

tMï ^r_03(1) 1r5(1)
lzn + cu + ccll 0.3e (1) o.oe iílExposure:
tMTl _4so + 1e3 (z) 406 (1)
ÍZ¡t + Cu + ç6¡ 0.64 I o-o4 (z) o.OZ ji¡



DEC.-16'96(lr'l0N) l0:21 FlTl CINT+ARC REGI0N TEL:204 984 6587

-3-
EVsi
Sullivan Míne:

Here the story is also straight-forward; there are no differences between the
reference site and the exposure site in tenns of metal and MT concentrations. Thie data
set was the best in terms of numbers of fish analyzed.

Reference:

-

tMT
lZn+ Cu + 66¡

SculpinË

P. 004

Exposure:

IMÏI
[Zn+Cu+Cdl

136 + 14 (13)
2.s t 0.4 (13)

135 + 13 (11)
2.9 !0.4 (11)

\/Vftile I have not had the time to do thorough regression analyses on all the data,
I a_m attaching a fewfigures of results for "Gaspe salr¡õn" ancl ,'Gaspe brook trout,,. you
will also find attached a Summary Table and all the ravv data- w¡ifr compliments from
DFO.

\Mshing all of you a very merry and peacefut Christmas,

J-F p

cc Susan Belford
Peter Chapman
Barb Dowsley
Yves Couillard
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o.025

0.020

0.015

û.005

0.00ô

Gaspe Salrnon

Reference Site

El¡S CONSTÌLTANTS
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E
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E
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E
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'0tC. -{6'96f¡{0l\ll t0:J0 FTït CENTråRc RECI0N TT t 658?984¿ 0.t P.0û8
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Gaspe Brook Trout

Erposure Area
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