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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 v/aters, and water and sediment monitoring. The program includes literature-based
technical evaluations and a comprehensive three year field program.

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

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

Phase I 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: L997-Detalled 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
preliminary fÏeldilaboratory sampling to identify a short-list of mines suitable for
detailed monitoring, and recommend study designs. The objective is NOT to determine
detailed environmental effects of a particular contaminant or extent and magnitude of
of 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. Mattabi Mine,
(Ontario) was selected as a substitute site to complete the 1997 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 0G1

Tel.: (613) 947-4807 Fax: (613) 992-5172
E-mail : dicampbe@nrcan. gc.ca
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PROGRAMME D'ÉVALUATION DES TECHNIQT]ES DE MESURE
D'IMPACTS EN MILIEU AQUATIQUE

Avis aux lecteurs

Surveillance des effets sur le milieu aquatique
Études préliminaires de terrain - 1996

Le Programme d' évaluation des techniques de mesure d ' impacts en milieu aquatique 1ÉtMR¡ 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
prograÍlme est conçu pour bénéficier directement aux entreprises minières ainsi qu'aux
gouvernements. Par des évaluations techniques et des études de terrain, il permettra d'évaluer et
de déterminer, dans une perspective coût-efficacité, les techniques qui permettent de respecter les
exigences en matière de surveillance de I'environnement. Le programme comporte les trois grands

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

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

Le Programme 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.

Etape II

ÉtapeIII

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

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



Ce rapport vise seulement les résultats de l'étape I. L'objectif du projet consiste à réaliser

des échantillonnages préliminaires sur le terrain et en laboratoire afÏn 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' des effets des effluents miniers dans les sites.

À l'étape I, le comité technique Étnr¿R 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 révêlé que ce site ne présentait pas les meilleures
possibilités. Le site minier de Mattabi (Ontario) a été choisi comme site substitut pour compléter
les évaluations de terrain en 1997.

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 Énfutq qui sera publié en septembre 1998.

Les personnes intéressées à faire des commentaires sur le contenu de ce rappoft 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 / Fax: (613) 992-5172
Courriel : dicampbe@nrcan. gc.ca
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EXECUTIVE SUMIIARY

Information relevant to specific study elements for the Dome mine site are

summarized in the following table.

Element Summary/Commenls

Placer Dome has delailed eflluenl cfiemislry and toxicily dala

available
1.0 Hislorical Dala Review

1.1 Effluenl Characlerizalion

1.2 Water Chemistry

1.3 Sedinrenl Chemislry

1.4 Benlhos

1.5 Fisheries

1.5.1 Population

1.5.2 Tissue

2.0 Sludy Area

2.1 Site Access

3.0 Effluenl/Sublelhal Toxicity

3.1 Frequency of Eflluenl Discharge

3.2 Sublelhal Toxicily

3.2.1 Cerìodaphrine dubia

3.2,2 Falhead minnow

3.2.3 Selenastrum capricornatum

3.2.4 Lemna mínor

3.2.5 Troul embryo

4.0 t-labilals

5.0 Waler Chemislry

2.2 Availability of Mulliple Reference and

Exposure Areas

2.3 Confounding Discharges

1989 dala available from Exposure Area and jusl upslream of

effluenl discharge in EAG Reporl

1989 data available lrom Exposure Area and jusl upslream of

elfluenl discharge in EAG Report

sanp data available from Exposure Area and jusl upslream of
effluenl discharge in EAG Repof

qualilalive numbers available on calch dala bul no populalion

eslimales

sonB lissue data available for Exposure area only, only muscle

lissue sampled

sile is accessible in bolh Reference and Exposure Areas

mulliple Exposure Areas are available but limiled Reference Areas

are available on lhis river system

old inaclive lailings areas influence waler qualily in lhis syslem

effluenl is available June 1o Oclober

no effecls in 1996 bul effluenl has displayed acule loxicily in the
pasl

no effecls in 1996 bul elfluenl has displayed acule loxicily in lhe
pasl

loxic in 1996

loxic in 1996

lesl invalid

Reference and Exposure Areas very similar in habilal

waler chemical concenlralion is slalislically grealer in Exposure area
relalive lo Reference area for several melals and lor general

chemislry pararnelers

Sedirnenls are available.

Concenlralion of metals (arsenic, copper, coball, nickel) are
slalislically greater in Exposure area relalive lo Reference area,

6.0 Sedimenls
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Element Summary/Comments

Signilicanl difference exisls between Reference and Exposure area
wilh respecl lo densily, pooled number of laxa and indicalor species

Pearl Dace, Northern Redbelly Dace were used as senlinel species
in 1996 and were abundanl

lnsufficienl dala collecled in 199610 delermine differences in l¡sh

cornmunilies and relalive abundance between Reference and

Exposure areas. However, based on lhe preliminary survey, the
minnow CPUE was grealer in the Relerence area compared wilh
lhe Exposure area.

The 1 996 resulls indicale thal one senlinel species (Pearl Dace)
grew lasler in the Exposure area.

Polenlial lo use yellow perch in 1997 if lakes used for Reference

and Exposure areas

No significanl difference in MT levels between Reference and

Exposure areas

Tissue melal levels were significantly higher in Pearl Dace from lhe
Exposure alea

Baniens lo lbh migralion occur lhroughoul the syslem

7.0 Benthic lnverlebrale

8.0 Fisheries

8,1 Conununilies

8.2 Fish Tissue Y

Y

Y

Sampled 1996
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SOMMAIRE

Le tableau ci-dessous résume l'information concernant certains éléments de l'étude
relative à la mine Dome.

On peut obtenir des sédiments.
Les concentrations de métaux (arsenic, cuivre, cobalt,
nickel) sont statistiquement plus élevées dans la zone
d'exposition que dans la zone de référence.

Oui6.0 Sédiments

Statistiquement, les concentrations de plusieurs
métaux sont plus élevées dans I'eau de la zone
d'exposition que dans la zone de référence; même
situation pour la chimie de I'eau en général.

Oui5.0 Chimie de I'eau

Les habitats sont très similaires dans les zones de
référence et d'exposition.

Oui4.0 Habitats
Test non valideOui3.2.5 Embryon de truite
Toxique en 1996.Oui3.2.4 Lemna minor

Toxique en 1996.Oui3.2.3 Selenastrum
capricornutum

Aucun effet observé en 1996, mais I'effluent a
présenté une toxicité aiguë par le passé.

Oui3.2.2 Tête-de-boule

Aucun effet observé en 1996, mais I'effluent a

présenté une toxicité aiguë par le passé.

Oui3.2 Toxicité sublétale
3.2.1 C eriodaphnia dub ia

Rejet d'effluent de juin à octobre.Oui3.0 Effluent et toxicité sublétale
3.1 Fréquence des reiets d'effluent

D'anciens secteurs comportant des résidus nuisent à la
qualité de I'eau dans le réseau hydrographique.

2.3 Rejets au même endroit

Plusieurs zones d'exposition mais peu de zones de
référence sont disponibles dans le réseau
hydrographique.

Oui2.2 Disponibilité de plusieurs zones
de référence et d'exposition

Endroit accessible dans la zone d'exposition et dans la
zone de référence.

Oui2.OZone d'étude
2.1 Accès au site

Certaines données disponibles sur les tissus
concernant la zone d'exposition seulement; seuls des
échantillons de tissus musculaires ont été prélevés.

s.o.1.5.2 Tissus

Estimations qualitatives disponibles concernant les
prises, mais pas d'estimations des populations.

s.o.1.5 Pêches

1.5.1 Population

Données similaires disponibles dans le rapport
d'évaluation environnementale concernant la zone
d'exposition et le secteur juste en amont du point de
rejet de I'effluent.

s.o1.4 Benthos

Données de 1989 disponibles dans le rapport
d'évaluation environnementale concernant la zone
d'exposition et le secteur juste en amont du point de
rejet de I'effluent.

s.o.1.3 Chimie des sédiments

Données de 1989 disponibles dans le rapport
d'évaluation environnementale concernant la zone
d'exposition et le secteur juste en amont du point de
rejet de I'effluent.

s.o.1.2 Chimie de I'eau

Placer Dome inc. possède des données détaillées sur la
composition chimique et la toxicité de I'effluent.

s.o.1.0 Revue des données historiques
l.l Caractérisation de I'effluent

Sommaire/remarquesEchantillons
nrélevés en 1996

Étément
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Aucune différence importante entre les zones de
référence et d'exposition relativement aux
concentrations de métallothionéine (MT).

Les teneurs tissulaires en métaux ont été beaucoup
plus élevées chez le mulet perlé de la zone
d'exposition.

Il y a des obstacles à la migration des poissons dans
tout le réseau hydrographique.

Oui8.2 Tissus de poissons

En 1996, le mulet perlé et le ventre rouge du nord, qui
étaient abondants, ont été utilisés conìme espèces
indicatrices.
Il n'y a pas eu suffisamment de données recueillies en
1996 permettant de déterminer les différences dans les
communautés de poissons et I'abondance relative
entre les zones de référence et d'exposition.
Cependant, d'après l'étude préliminaire, les prises par
unité d'effort relatives à la tête-de-boule dans la zone
de référence ont été supérieures à celles enregistrées
dans la zone d'exposition.

Les résultats de 1996 indiquent que la croissance chez
une espèce indicatrice (le mulet perlé) a été plus
rapide dans la zone d'exposition .

La perchaude pourrait être utilisée si I'on établit des
zones d'exposition et de référence dans des lacs en
t997.

Oui8.0 Pêches

8.1 Communautés

Il existe des différences importantes entre les zones de
référence et d'exposition relativement à la densité et
au nombre global de taxons et d'esÞèces indicatrices.

Oui7.0 Invertébrés benthiques

Sommaire/remarquesEchantillons
prélevés en 1996

Elément
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I. INTRODUGTION

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 work, which includes literature reviews, technical evaluations,
and pilot field studies, the AETE Program sponsored preliminary evaluations of
aquatic effects monitoring at seven candidate mine sites in 1996. Based on the results
of these preliminary 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 the
Placer Dome gold mine in South Porcupine, Ontario. 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.

L

I
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2. SITE SPECIFIC BACKGROUND II{FORIIATION

2.1 Site Description

The Dome mine encompasses some 1448 ha near South Porcupine, several km. east

of Timmins, Ontario. The mine has been in operation since 1910. It was expanded
considerably a few years ago to include the new Dome super pit. Gold production is
approximately 300,000 oz,per year. The mill processes approximately 4.2 million tons
of ore annually of which 1.3 million tons is supplied from the underground operation
and the remainder from the open pit.

The operation discharges into the South Porcupine River, which flows into the
Porcupine River (Figure 2.1). There a¡e several abandoned mines along the South
Porcupine river that are thought to still influence water quality. The Porcupine River
receives effluent.from several active mine operations.along its length.

The Dome operation utilizes gravity settling to produce a clear pond where effluent
is recycled back to the mill for re-use. Excess effluent is treated through an effluent
treatrnent plant prior to being discharged to the environment. Treatrnent consists of
ferric sulphate and lime for the treatment of heavy metals. A cyanide destruction
component, utilizing SO2, will be added to the plant in 199611997. Cyanide is used
during the gold leacþing process and residual CN is present in the final effluent.

2.2 Historical Data Review

There was relatively little background data available for this site (see Table 2.1)
despite the long history of mine operations along the South Porcupine River. The most
pertinent report was an aquatic inventory of the South Porcupine River undertaken by
the Environmental Applications Group (EAG) in 1989. That study collected water,
sediments, benthos and fish below the Dome effluent (roughly corresponding to our
Exposure Area) with some limited sampling above the Dome effluent. The EAG
"upstream" site was immediately above the Dome effluent, but downstream of old
inactive tailings. As part of this 1996 study we also collected water samples at this
upstream site (our Ref. B station) for historical comparison. However, our actual
Reference area was established further upriver. The results of the EAG study are
summarize d in T able 2.2.

Additional background data were also provided by Placer Dome regarding effluent
toxicity test results. The effluent is routinely sampled to assess acute toxicity to
rainbow trout and Daphnia magna under the Ontario Ministry of Environment and
Energy (MOEE) MISA (Municipal.Industrial Strategy for Abatement) program.

2

I
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Table 2.1 L¡st of Background Reports Provided for the Dome Site,
Timmins

HBT Agra. 1994. Excerpts from environmental study of South Porcupine River and adjacent
lands for road construction (Title, other details unknown). Prepared for Placer Dome Canada
Lrd.

Riordan, B. 1992. Porcupine Lake wetland complex evaluation. Unpublished report. Ministry of
Natural Resources. Timmins, Ontario.

Klohn, Leonoff. 1992. Dome mine hydrology study. Report to Placer Dome Canada Ltd., South

Porcupine. Report by Klohn Leonoff, Richmond, B.C. 23 pp + appendices.

EAG. 1989. Aquatic impact suruey, Porcupine River System upstream of Porcupine Lake.

Report prepared for Placer Dome lnc. - ERG Resources lnc. by The Environmental
Applications Group Ltd. Toronto, Ontario. 34 pp + appendices.

Placer Dome - unpublished results of effluent toxicity tests for MISA program

The 1989 survey showed that water quality was notably affected by the Dome effluent
for a few select metals. The concentrations of copper, zinc and nickel were elevated
in the South Porcupine River below the effluent compared with concentrations
upstream of the effluent (Table 2.3). Other supporting data show that water quality
at the upstream site is influenced by old inactive tailings that border the river. For
example, mean sulphate levels in the river were in the order of 175 mg[L, while
background for the area would be expected to be < 30 mglL. The concentrations of
lead and copper above the effluent exceeded Provincial Water Quality Objectives
(PwQos).

Sediment quality was not notably affected by the Dome discharge for most parameters
except for copper (Table 2.3). The mean concentration of copper was elevated below
the effluent (619 ttglg) compared with above the effluent (285 ug/g) but the levels of
the other metals were similar both upstream and downsheam.

The benthic community in the South Porcupine River generally reflected conditions
expected in a slow moving stream with soft highly organic sediments. The benthic
community in the river and in the EAG reference area @ell Creek watershed) was
dominated by chironomids. There were some differences noted between upstream and
downstream of the Dome effluent. The number of organisms/sq. m. was greater
upstream (mean = 706) compared with downstream (mean = 262) samples. The
number of taxa was the same (11) both above and below the effluent, however, the
species composition was somewhat different. Upstream samples contained amphipods
(Gammarus sp.) and fingernail clams (Pisidium sp) and members of the Trichoperta
order, which were absent from downstream samples. Downstream samples contained
more groups of annelids than upsheam.
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Table 2.2 Summary of Background lnformation for the Dome Site, Timmins

Source Summary

HBT Agra,

1994

Riordan, B

1992

EAG. 1989

Klohn-

Leonoff

1992

Only paltial exlrac{s of sludy available, No maps

provided. Foas is on fish habilal compensalion for
proposed new road to Tailings Dam #6

Welland evalualion of enlire complex. No direcl fish

surveys as parl of this evalualion. Fish habilal

scored 0 oul of 10. Suggesled wetland lunclions

included filtering nulrienls and olher chemicals from

mine efffuenl

Habital descriptions include Exposure Area for lhis

(AETE, 1996) sludy. No fisheries work in our

Referenæ Area. Reporl slales waler levels of

copper, zinc and nickel elevaled below Dorne

effluenl. Several lish species caughl below eflluenl,

very few fish caughl above. Downslream benlhos

samples characlerized by lower number of

organisms and grealer proporiion of annelids

(worms) lhan upslream slalion. Downslream

sedinænls conlained higher levels ol copper bul

olher rnelals similar

The sludy evaluated sile hydrology and slorm runoff

for lailings pond managemenl.

Table 2.3 Summary of Background Water and Sed¡ment Quality for Dome Minen
Timmins (from EAG, 1989). Values are means of replicate samples

Water (mg/l) PWQO

Cu .005

Zn .030

Ni .025

Pb .025

Sediments (pg/g) PSOG

cd 10

Cu 110

Fe 40000

n0n0 n0nonono

yes yesyesnoyes n0

n0somê non0nono

only

habilalnon0no non0

Sediment

Quality

Water

Quality

PlanktonBenlhosFishToxiclty
Bioassays

27.030.8

4875750019

285 I1b

1.371.17

.058.063

.024 120

.074.017

13.021

Upstream DownsÛeam

Pb 250
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Table 2.3 Summary of Background Water and Sediment Qual¡ty for Dome Mine,
Timmins (from EAG, 1989). Values are means of replicate samples

2.0

75

Zn 820

Toc (%) 10

PSQG = Provincial Sediment Quality Guideline

Hg

Ni

4.694.41

119.6132.8

1 19.896.5

0.1060.11

DownstreamUpstream

Fisheries surveys in August and,October of 1989 eaught.relatively few fish. The only
species caught in sufficient numbers above and below the effluent that would have
satisfied sampling requirements for metal and metallothionein analysis for this study
was Pearl Dace. In fact, more fish were caught downstream than upstream of the
Dome effluent. The fish species catch in 1989 is summarized as:

Downstream Upstream

White sucker White sucker

Pearl dace Pearl dace

Brook stickleback Brook stickleback

Yellow perch Red belly dace

Northern pike

Mottled sculpin

Fine scale dace

Metal analysis was only conducted on muscle tissue of yellow perch and white sucker
collected below the effluent. The concenfrations of arsenic and copper may have been
slightly higher in these samples than fish caught in other areas of the watershed, but
were not notably higher than in fish tissues from other Ontario locations. Levels of
zinc, cadmium, copper and lead \ryere generally very low. The low metal levels is not
surprising since metals, with the exception of mercury, do not generally accumulate
in muscle tissue. Liver or kidney tissue is a better indicator of exposure to metals.

Historical data indicate that the acute toxicity of the Dome effluent has been variable.
Figures 2.I.1 and 2.1.2 show the reported LC50s for Rainbow trout (96 hr) and
Daphnia magna (48 hr) tests from 1990 to 1996. It can be seen that the effluent did
not induce acute toxicity (eg. LC50 > 100% effluent) in the last two tests in 1996.
However, previous samples exhibited quite marked toxicity on several occasions.
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ECOLOGICAL SERVICES FOR PL"A,NNING LTD.

3. ilETHODS

Study Area3.1

The study area generally consisted of mæshy, low lying areas. Photographs of
sampling locations in the Reference and Exposure areas are provided in Appendix B.

3.2 Effluent Gharacterization and Sublethal Toxicity

Grab samples of the effluent were collected for chemical analysis and for sublethal
toxicity testing. The biological assays were conducted by BAR Environmental in
Guelph, and Eoo-CNFS, Montreal.

The sublethal toxicity tests performed by BAR Environmental are as follows: Lemna
minor growth inhibition, 'Certodaphnia.dubiø survival and reproduction, fathead
minnow survival and growth inhibition, and salmonid embryo tests. The sublethal
toxicity test performed by Eco-CNFS was Selenastrurn capricornutum microplate
growth inhibition test.

Methods for receiving water and effluent collection are specified in Project # 4.I.2a,
Extrapolation Study (August 23,1996). Receiving water samples for acclimation were
collected from the reference station at McDonald Lake. These samples were used to
determine if receiving waters (upstream of effluent discharge) cause toxicity to either
Ceriodaphnia dubía or fathead minnow and if so, to acclimate these organisms to the
water before toxicity evaluation.

Approximately 420L of water was collected from MacDonald Lake on September 19,
and shipped cooled to BAR Environmental to be used for dilution water in the
toxicity bioassays. Collection of effluent was delayed until October 16. Effluent was
collected at the Dome-MISA sampling location. All effluent samples were delivered
within 72 hours of sampling to BAR Environmental (139 L) and Eco-CNFS (0.2 L).
All sample containers, chain of custody forms were provided by BAR Environmental.

3.3 Habitat Characterization, Glassification and Sample Station
Selection

Objective
Habitat charactenzatton and classification was conducted to identify substrate types
in both reference and exposure areas. This information was used to select benthic and
fish sampling stations of uniform habitat fype. Habitat characterization at each mine
site also included,identifieation'of'depositional areas for sediment sampling.

Habitat Classification Methods
Habitat was classified following the guidelines described in the New Brunswick
stream survey and Habitat Assessment Guide (DFONBDNR, rg94) which is
included in Appendix Fl. The approach to site selection and subsequent habitat
characterization followed a watershed approach.

8



ECOLOGICAL SERVICES FOR PIá,NNING LTD.

Habitat was classified for the reference and exposure sections in detail within the

stream and extended 15 m on either bank. The linear extent of habitat classification
contained all sampling sites for each Reference and exposure area- Stream type was
determined from a list of fast water or pools as described in the guidelines. Channel
type was described as main channel, side channel, split or bogan. The length of
individual units were from 3-10 m and was directly dependent on the length of the

reference and exposure areas. If, for example, a reference section was 18 m long, the

6 sampling sites would be set up to contain 3 m each of characterizable habitat. The

average net width was measured fromwetland perimeters perpendicula¡ to flow at the

pointãf sampling and was also measured at points where width varied greatly within
the unit. The width at the high water ma¡k was measured when feasible. Depth was
measured at ll4, I/2, 313 of net channel width.

Substrate was measured with a gauging rod with spot samples taken throughout each

unit. Area per substrate type was estimated and particle size was confirmed during
sediment sampling. Where possible, substrate sunounding larger particles (boulders)
was quantified to determine embeddedness. Banks were examined for undercuts and
overhanging vegetation and were quantified per bank. The surrounding land uses were
documented within the reach and generalized for the surrounding area.

Dissolved oxygen was measured at each station using a YSI model dissolved oxygen
meter. Similarly, pH was measured in each station using hand-held meters. Flow was
measured with a Marsh-McBirney Flowmate 2000 velocity meter at locations suitable
to quantiff discharge. Road crossings with culverts near the reference and exposure
reaches were used as sites of discharge measurement.

Sample Station Selection
The exposure area was selected from background mapping and then investigated in
the field. The mixing zone and downstream exposure area were found to be a large
diffr¡se cattail dominated wetland. Visual determination of where the Placer Dome
effluent actually entered the South Porcupine River was not possible. Investigations
were carried out with the aid of a hand-held conductivity meter. The investigation
focused on a study area upstream of the Placer Dome Mine Road crossing of the
South Porcupine River. All effluent and receiving water should have mixed prior to
direction through the culverts of the mine road. From this point it was determined
approximately where the effluent entered the wetland/South Porcupine River (highest
conductivity).

The exposure area was selected at a location some 200-400m below the approximate
location where the Dome effluent entered the South Porcupine River. It was accessible
directly from a heavily travelled road on the Dome propefy. Access to the river was
down a steep 5m embankment.

Two riparian types were present in the exposure area, cattail wetland and alder/sedge
wetland. Exposure sites were set up in an area of alder/sedge because of a more
diverse riparian community. With the exposure sites chosen, the habitat features

t
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(width, depth, gradient, substrate, aquatic and tenestrial plants) were then used as

criterion for reference site detennination.

A reconnaissance of the Dome site and review of background information showed that
several inactive tailings areas were situated on the South Porcupine river above the
Dome effluent. Previous studies showed that these old tailings did affect water quality.

To avoid potential complications from other sources, a reference area was selected as

far upstream as possible above all inactive tailings.

With a large reference area determined, the next step was to find an appropriate study

section with the greatest degree of similarity to the exposure section. A hierarchical

approach was taken to determine suitability of the reference site. Stream channel

characteristics of width, depth, gradient and substrate were of primary importance. Of
secondary. importance were aquatic and terrestrial vegetation similarity criteria.
Channsl and vegetation similarities appeared to be, a function of a faunal influence.
(beaver) which was common to both the exposure and reference stations.

Photographs and detailed field notes were taken at each sampling station during the
habitat cha¡acterization.

3.4 Water Samples

The key consideration to locating reference and exposure stations is to maximize the
probability of detecting significant differences in the parameters of interest between
these two locations. Therefore, for the Dome site a total of six water samples were
collected in the exposure area.

Collection of reference samples was more problematic. We were confident that
McDonald Lake was above all other external influences, but it was a lake, and did not
possess the characteristics of the exposure area in the South Porcupine River.

Therefore, we collected 3 water samples from McDonald Lake for analysis. In
addition, 3 water samples were collected from the South Porcupine River below
McDonald Lake corresponding to the benthic and sediment sites (Ref-A). Also, three
water samples were collected in the river immediately above the Dome effluent to
correspond to a historical sampling location. This was designated as Ref-B in our
study.

In the river situation, water samples were collected by submerging the container,
removing the cap below the surface to avoid any surface contamination, and
completely fi lling. In McDonald Lake, sub-surñce (i. e., either mid-depth from bottom)
grab samples were collected using a Van Dorn-bottle sampler.

For each station, 7 different sampling containers were filled to coincide with different
analysis requested. The bottles and preservatives used for water chemistry sampling
are described in Table 3.1. Unfiltered water samples were analyzed for total metal
levels. Dissolved metal levels were analyzed on water filtered through a 0.45 pm

tt
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filter. The dissolved sample was filtered through Whafrnan ashless l*42 frlters in the

field according to standard methods (APHA 1995 -Section 30308). Prior to use, each

filter was washed with nitric acid and rinsed with distilled water.

Both metals samples (total and dissolved) were acidified with ultrapure nitric acid

HNO3 (provided by the analytical laboratory) to a pH <2. Nl samples were cooled

and shipped on ice to MDS Laboratories for analysis.

In the laboratory, samples were analyzed for the following pa^rameters: total and

dissolved metals (a ICP_MS low level metals scan was conducted), cations and

anions, nutrients, hardness, alkalinity, dissolved organic and inorganic carbon,

turbidity, and total suspended solids.

Field measurements of temperature, conductivity, dissolved oxygen, and pH were

recorded at each station using a YSI meter. Conductivity measurements were routinely
taken to characterize mixing zones and exposure zones, and to identiff other possible

sources of contaminants to the receiving environment.

Data Analysis
Several general water chemistry and water meúal concenmtion pæameters were
selected for statistical analysis. The data were tested for assumptions of homogeneity

of variances and normal distribution using Bartlett's test for homogeneity of variance

and by examining scatter plots of the predicted versus residual values using SYSTAT
(Wilkinson, 1988). Parameters which failed the assumptions of homogeneity of
variance and normal distribution were log transformed (logbase,o). The Bartlett's test

was reapplied and the scatter plot of predicted versus residual values for the

transformed data was re-examined. If the Ba¡lett's value and the scatter plot of
predicted versus residual values were improved by the log transformation of the data,

log transformed values were used in further analysis.

Exposure station data were statistically compared with Reference station data using
a two sample (or independent) two tailed Student's t-tests for each parameter

examined. Means were considered significantly different when the probability level
of the t-value was less than 0.05.

Q uality Assurance/Quatity Control
In-addition to regular laboratory QA/QC procedures (described separately), field
QA/QC measures included:

1) field replicate sample
2) analysis of one transport or trip blank,
3) one filter blank
4) for sub-surface samples collected using a Van Dorn-type sampler, then a sampler

blank (e.g., distilled water run through the Van-Dorn) was also collected and
submitted.

t

lt
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Replicate Samples
Sample bottles for unfiltered samples (6 per site) were dip samples taken 15 cm below
the water surface for EXP 1-6, REF Bl-83 and REF 1-6. Sample bottles were
lowered to 15 cnu opened and allowed to fill completely and immediately capped and
sealed. Replicate samples were taken at EXP 6 with same methods. Samples for
filtered metal (l per site) analysis were taken with a 500m1, plastic jar (MDS "C"
type). The container ìilr¡s filled 15 cm below the surface, rinsed 3 times and then a

sample taken. The filter apparatus (flask, stopper and funnel) were thoroughly dnsed
with distilled water. One filter was removed from its sterile package, cover and grid
paper removed and the filter rinsed thoroughly with 5% nitric acid and the cover
replaced. Approximately 400m1 of sample water stored in a "C" t¡pe plastic jar was
poured and filtered througb the pump, filter and collection apparatus. The sample was
then transfened to an MDS "D", 125m1 plastic bottle with HNO3 preservative. The
complete set of 7 bottles per sample site were then labelled, stored and maintained on
ice until transfer to MDS. Replicate samples (i.e. EXP 6 and E)(P 6 replicate) were
obtained in the same numner, except that filtered metals samples were split samples
from filtering through one 500m1 "C" plastic jar using the same filter.

McDonald Lake samples (MAC 1-3) were taken with a Van Dom sampler at ll2lake
depth at the sampling site. The sampler was rinsed three times at the surface and then
lowered to the predetermined l/2 d (also flushing the sampler). The sampler was
triggered and the sample brought to the surface. Each non-filtered sample (7 bottles)
was decanted from the sampler. The filtered metals sample was decanted into a rrcrr

jar which was rinsed 3 times with sample water, filled, then put through the filtering
process. The filter apparatus (flask, stopper and funnel) were thoroughly rinsed with
distilled water. One filter was removed from its sterile package, cover and grid paper
removed and the filter rinsed thoroughly with 5% nitric acid and the cover replaced.
Approximately 400m1 of sample water stored in a "C" type plastic jar was poured and
simultaneously filtered through the pump, filter and collection apparatus. The sample
was then transfened to an MDS "D", 125m1 plastic bottle with HNO3 preservative.
The complete set of 7 bottles. per sample site were then labelled, stored and
maintained on ice until transfer to MDS.

Van Dorn Blank Samples
The Van Dom blank was taken in the laboratory. The Van Dorn sampler was rinsed
with distilled water 3 times and then filled with distilled water. The 6 non-filtered
samples were decanted from the sampler. A "C" jar was rinsed 3 times with the
sample water and then filled. The filter apparatus (flask, stopper and funnel) were
thoroughly rinsed with distilled water. One filter was removed from its sterile
package, cover and grid paper removed and the filter rinsed thoroughly with 5% nitric
acid and the cover replaced. Approxim¿tely 400m1 of sample water stored in a "C"
type plastic jar was poured and simultaneously filtered through the pump, filter and
collection apparatus. The sample was then transferred to an MDS "D", 125m1plastic
bottle with HNO3 preservative. The complete set of 7 bottles per sample site were
then labelled, stored and maintained on ice until transfer to MDS.

12
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HN03

HN03

H2S04

n0ne

n0ne

n0ne

Preservative

Table 3.1 Summary of Bottles and Preservatives Used and
Analyses Gonducted on Water Chemistry Samples
Collected at Each Sampling Station

Sample Bottle Analyses

1 - 5OO ML HDPE Total Suspended Solids (TSS) (Onaping/Levack only)

1 - 1 500 mL HDPE General ChemisÍy Cations and Anions (Alkalinity as

CaC|r, Chloride, Sulphate, Anion Sum., Bicarbonate as

CaCIn Carbonate as CaClo Cation Sum., ColouL

Conduclivity, Hardness as CaC1o lon Balance, Langelier

lndex at 20oC, Saturation pH at 4oC, Total Dissolved

Solids, Turbidity)

1 - 100 mL glass Dissolved organic carbon (DOC)

Dissolved inorganic carbon (DlC)

1 - 250 mL glass Nutrients
(Nitrate, NiÏite, Ammonia, Total Kjeldahl Nitrogen,

P hosphorus, 0 rthophosphate)

1 - 250 mL HDPE TotalMetals
(Numinum, Antimony, Arsenic, Baium, Beryllium,

Bisnuth, Boron, Cadmium, Chromium, Cobalt, Copper,

Calcium, Free andTotal Cyanide,lron, Lead, Magnesium,

Manganese, Mercury, Molybdenum, Nickel, Potassium,

Reactive Selenium, Siliæ (Si1), Silver, Sodium,

Strontium, Thallium, Tin, Titanium, Uranium, Vanadium,

Zinc)

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

Travel Blanks
Travel blanks were received from MDS for all requested analyses except filtered
metals (i.e. 6 bottles). These six samples were taken to the shore of McDonald Lake
where they were opened and immediately closed. These samples (already labelled
"glank" by MDS) were then stored and maintained on ice prior to transfer to MDS.

Filter Blanks
One filter blank was processed in the lab using distilled water. The filter apparatus
(flask, stopper and funnel) were thoroughly rinsed with distilled water. One filter was
removed from its sterile package, cover and grid paper removed and the filter rinsed
thoroughly with 5Yo nitric acid and the cover replaced. Approximately 200m1 of
distilled water was poured and simultaneously filtered through the pump, filter and
collection apparatus. The sample was then transferred to an MDS "D", 125m1plastic
bottle with HNO3 preservative. These samples were also taken to McDonald Lake and
opened as a travel blank (the 7th bottle).
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3.5 Sediment Samples

Collection of sediments was not a problem at the Dome site. The study area is very
depositional in nature including most reaches of the South Porcupine River. Six
sediment samples were collected in each of the reference (Ref-A) and exposure areas

of the South Porcupine River at stations coinciding with benthic collections.

Samples were collected using an Ekman grab. Only the upper two cm of the sediment
column was retained from each grab. A composite sample wrx prepared for each
station by mixing 5 replicate grab samples. The upper two cm of substrate from each
of the 5 grabs was placed in a glass mixing bowl and homogenized using a plastic
spoon.

Mixing bowls and plastic utensils were cleaned between sampling stations using the
following protocol: a) water. rinse, b) phosphate-free soap wash, c) deionized water
rinse, d) 20% HNO3 rinse, and e) deionized water rinse. 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 cm for a 2 cm deep surficial sample).

All samples were cooled and shipped to MDS Laboratories for analyses. Each sample
was analyzed for site specific metals, total organic carbon, particle size and loss on
ignition.

Data Analysis
Metals tend to have a greater affinity for smaller size particles. Therefore, to correct
sediments for potential bias due to different particle sizes between samples, all
sediment metal data were normalized to percent fines using the following equation:

Metal* = Metal
Fines

where: Metal* = Metal concentration normalized to fines
Metal = Reported sediment metal concentration (mg/kg)
Fines = Proportion of fines (silt + clay fractions) in sediment

The normalized metal data for selected metals were tested for assumptions of
homogeneity of variances and normal distribution using Bartlett's test for
homogeneity of variance and by examining scatter plots of the predicted versus
residual values using SYSTAT..(Wilkinson,, 1988).,. Parameters which failed the
assumptions of homogeneity of variance and normal distribution were log transformed
(logbase,o). The Bartlett's test was reapplied and the scatter plot of predicted versus
residual values for the transformed data was re-examined. If the Barlett's value and
the scaffer plot of predicted versus residual values were improved by the log
transformation of the data, log transformed values were used in further analysis.
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Exposure station data were statistically compared with Reference station data using

a two sample (or independent) two tailed Student's t-tests for each parameter

examined. Means were considered significantly different when the probability level

of the t-value was less than 0.05.

Quality Assurance/Quality Control
QA/QC for sediment sampling included: a) a split sample from the exposure station,

b) grab samplers are cleaned befween samples and stations using a phosphate-free

detergent wash and a rinse with de-ionized water, and c) a swipe blank was collected

to determine the effectiveness of field decontamination procedures (e.g., an

acid-wetted, ashless filter paper was used to wipe down any sampler and mixing

bowVspoon surfaces likely to contact sample media). Details of the QA/QC
procedures are included in the Quality Management Plan (Appendix A).

3.6 Benthos Samples

3.6.1 SampleCollection
One replicate benthic sample was collected from 6 Ref-A stations and 6 exposure

stations. Samples from each station were collected from similar habitat types using an

Elcnan sampler. The samples were passed through a 250 pm mesh sieve.

All benthic samples were placed into plastic containers and preserved in 10% buffered
formalin as recommended by our selected taxonomist, Danuta Zaranko.

3.6.2 Sorting and Taxonomy

Sample Processing
Upon arrival at the laboratory, benthic macroinvertebrate samples were logged and
inspected as a quality control measure. Samples were checked for proper labelling and

cross-checked with submission sheets. In addition, a subset of samples was randomly
opened and checked for proper preservation.

To expedite sorting all samples were stained with a protein dye that is absorbed by
aquatic organisms but not by organic material such as detritus and algae. Samples
were gently washed using a 500 ¡rm sieve. The material retained on the sieve was set

aside in a petri dish for further processing. A small amount of material was retrieved
from the petri dish and placed in a gridded tray. An adequate amount of water was
added to the gridded tray so that the material was evenly distributed and suspended.

Using a 10X stereomicroscope, the petri dish was sorted along the grid lines and
quickly scanned a second time to ensure that all organisms had been removed. The
sorted material was discarded into a holding tray and the procedure repeated for the
next amount of debris until all material was processed.

Sorted organisms were placed in glass vials and represerved in 80% ethanol. Each
bottle was labelled internally with the survey name, date, station and replicate number.
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Detailed ldentification
All invertebrates were identified to the lowest practical level, usually genus, with the
exception of bivalves (Sphaerium and Unionidae), snails, leeches, oligochaetes, the
amphipod (Hyalella), and phantom midge (Chaoborus). In some cases identification
of individuals to the genus or species level was not possible, (i.e., early instar and
immature forms). As a result, these individuals were enumerated under the next higher
level of identification, (i.e., usually fiamily). 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 20% of the picked individuals from each group were removed for
identification, up to a ma:rimum of 100 individuals. Similarly, in samples with a large
number of chironomids, individuals that could be identified using a dissecting scope,
(e.g., Cryptochironomus, and Chironomus), were enumerated and removed from the
sample. The remaining individuals were sorted into three groups: Tanypodinae,
Orthoclatliinae (with Diamesinae), and Chironominae. A random sample of no less
than l0% of the individuals from each group were removed for identification, up to
a maximum of 50 individuals.

Subsampling
Subsampling to I/4 was necessary in all twelve samples due to high sample volume
(large amounts of loose organic matter and algae). In these cases, samples were first
washed through a large mesh sieve to remove all coarse detritus, leaves, etc. Large
organisms such as leeches, crayfish and molluscs retained in the sieve were removed
from the associated debris.

The remaining sample fraction was distributed evenly on a 500 pm sieve and divided
in two. The procedure was repeated until an appropriate subsample fraction remained.
The taxonomic list of benthic invertebrates (table of results) has been corrected for
subsampling.

Data Analysis
The total number of benthic invertebrates in each sample was divided by the area of
the Eckman grab to give a measurement of organism density in each sample. The
data were tested for assumptions of homogeneity of variances and normal distribution
using Bartlett's test for homogeneity of variance and by examining scatter plots of
the predicted versus residual values using SYSTAT (Wilkinson, 1988). Parameters
which failed the assumptions of homogeneity of variance and normal distribution were
log transformed (logbase,o). The Bartlett's test was reapplied and the scatter plot of
predicted versus residual values for the transformed data was re-examined. If the
Barlett's value and the scatter plot of predicted versus residual values were improved
by the log transformation of the data, log transformed values were used in further
analysis.

Exposure station data were statistically compared with Reference station data using
a two sample (or independent) two tailed Student's t-tests for each parameter
examined. Means were considered significantly different when the probability level
of the t-value was less than 0.05.
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Q uality Assurance/Quatity Control
As part of the QA/QC measures, the sorted sediments and debris were represerved.

In conjunction with invertebrate sampte processing, the following QA/QC procedures

were provided.

1 1) For a confirmation of sorting efficiency, I0% of the processed samples were

resorted by a second taxonomist to confirm 95Yo recovery of all organisms. In
most cases, 95Vo recovery of organisms is desirable and a reachable target,

however, exceptions exist to this target recovery. For example, when a sample

contains a large volume of organic matter (> Il2 litre) and a low density of
organisms. In such a sample, if the sorter was to miss I or 2 out of 10 organisms,

this would mean a recovery of only 90% and 80% of the organisms respectively.

In this case, it is doubtful if this lesser recovery would make much difference in
the interpretation of the data. In addition, if the subsampling error greatly

overshadows the error associated with sorting efficiency, then leniency in sorting

recovery is permissable. Approximately ninety-five percent recovery of organisms

was achieved in the samples selected for resorting (Appendix E2).

2) A second fraction was sorted from two samples, therefore sorting and

identification was completed on half of each of these two samples. Table 1 in
Appendix E2 summarizes the differences in total number of organisms between

the two fractions in each sample.

3) A voucher collection tryas prepared for all identified taxa to ensure continuity of
taxonomy.

3.7 Fisheries

The fisheries survey was originally conducted in September. However, tissues sent to

Winnipeg for metal and metallothionen analysis arrived partially thawed. Therefore,
a second fisheries survey was conducted.

3.7.1 Collection
The fish communities in proximity to the exposure and reference locations were

sampled using minnow trap and gill nets. Minnow traps were used in the exposure
and reference areas within the creek channel of the South Porcupine River. Two sizes

of minnow traps were used, standa¡d, with an opening of I-2 cm and modified, with
an opening of 5-7 cm. The stream size and depths (unstable banks, - 1-1.5 m deep)

of these reaches restricted the type of gear. Minnow traps were baited with a

combination of baits and set at a range of depths. Traps were placed with the opening
parallel to any present current. Traps were checked daily and any fish removed for
analysis. Gill net sets in the South Porcupine River were of single IJM panels which
were set perpendicular to flow and completely closed off the entire channel. Mesh size

was 1.5" to minimize mortality during ovemight sets. Gill nets were used in
McDonald Lake (reference) which was deep enough (>18 m) to allow this type of

t7



ECOLOGICAL SERVICES FOR PLANNING LTD.

fishing gear. Gill nets were made up of two 15 m panels of 1.5 and 2.5" mesh sizes.
Nets were set from shore and stretched out perpendicular to shore to depths of 3-6 m.
Nets were fished overnight and checked every morning and live fish removed for
analysis.

3.7.2 Tissue Processing for Metal and Metallothionein Analysis
The fisheries survey was originally conducted during the week of September 19, and
tissue samples were sent to Dr. Jack Klaverkamp in Winnipeg for metallothionein
analysis. Unforfunately, some of the tissues thawed during transport, rendering
subsequent results questionable. Therefore, a second fisheries survey was conducted
in October.

Processing of fish followed the revised protocol of 29 August 1996. If the fish was
large enough (> 15 cm), tissue samples were dissected out and divided for metals and
metallothionein analyses. Fish less than 10 cm were frozen whole, while fish between
10-15 cm were not kept. The detailed protocol for tissue processing is presented in
Appendix F3.

A considerable amount of effort was spent processing fish tissues that were not
subsequently sent for analysis. During the second fisheries survey, any large fish
captured in the reference or exposure area was processed immediately. This was
necessary since candidate fish for MT analysis could not simply be frozen whole to
wait to see what the final catch was. Therefore, the final selection of tissues was not
made until the end of the survey. Eight specimens of pearl dace and eight specimens
of northem redbelly dace from each of the reference and exposure areas were frozen
whole and sent to Dr. J.F. Klaverkamp at the Freshwater Institute for analysis of MT
and metal levels in the tissue.

Scale samples from each fish were sent to Dr. John Tost, Northshore Environmental
for aging analysis.

Data Analysis
All datawere summarized and analyzed for homogeneity of variance before statistical
analysis. Normality plots were completed and variance subject to Bartletß test. Where
appropriate, data were log transformed prior to conducting T tests to determine
whether means were significantly different between Reference and Exposure areas.

l8



ECOLOGICAL SERVICES FOR PLANNING LTD.

4. RESULTS

4.1 Dates of Sample Collection and Analysis

Table 4.1 Dates of Sample Collection

Sample Element Dale Samples Collected

Exposure Stations

Waler Chemislry Sepl. 20

Sedi¡nenl Chemislry Sepl. 20

Sedinrenl Parlicle Size Sepl. 20

Swab Analysis Sepl. 20

Benlhos Taxonomy Sepl. 19

Fish Tissue Analysis Seplember 19-26, Oclober 8-18

Sublelhal Toxicily

i) Acclimalion Waler Sepl. 19

ii) Dilulion Waler Chemislry Sept. 25

ii¡) Effluenl Chemislry Oct. 16

iv) Toxicity Assays (BAR) Ocl. 16

4.2 Effluent Gharacterization and Sublethal Toxicity

4.2.1 Chemistry
General water chemistry parameters for the effluent and dilution water are presented
in Table 4.2.I. Total and dissolved metal concentrations for the effluent and dilution
water are presented in Table 4.2.2.

As would be expected, the effluent contains elevated concentrations of several
elements that would be naturally present in the orebody, eg. metals, as well as
parameters associated with the ore crushing and processing (sulphates, nitrogen and
cyanide complexes). The concentration of some parameters (eg. copper, cobalt) are
several times greater than their respective Freshwater Quality guidelines. The
concentration of these substances in the dilution water collected from MacDonald
Lake is either very low, or below detectable limits.

The concentration of dissolved metals slightly exceeded the concentration of total
metals in the effluent for some elements (eg. calcium, copper, magnesium and zinc).
From a chemical speciation perspective, this is not possible, and the results may be
due to contamination from the filters (see Section 4.5.1). The effect does not mask
any trends or influence data interpretation, but this potential source of error should be
addressed in the 1997 study if relationships between biology and total or dissolved
metal levels are being investigated.

Sepl. 17

Sepl. 20

Sepl. 20

Sepl.20

Sept. 19.20

Reference Slalions
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4.2.2 Toxicity
The results of the sublethal toxicity tests performed by BAR Environmental and Eco-
CNFS are presented in Table 4.2.3.

Preliminary toxicity tests conducted on dilution water from MacDonald Lake showed
that the receiving water itself showed no toxicity to the test organisms. Therefore, no
acclimation was required.

The results of the 1996 effluent sublethal toxicity tests are equivocable. No effects
were observed on Fathead minnows or Ceriodaphnia, effects were observed on Lemna
and Selanastrum,while the Rainbow trout embryo tests were considered invalid. The
results of the Selanastrurn test show a large difference between the ICro value (>100%
effluent) and the IC* value (2.8% effluent).

22



ECOLOGICAL SERVICES FOR PI-ANNING LTD.

Table 4.2.3 Summary of Results of Bioassay Conducted w¡th Dome
Mining Effluent. Sublethal Toxicity Test Results are
Expressed as o/o v/v of effluent

Test Organism Effect?

S el en astr u m caprico r n utu m Yes

No

Lemna minor Yes

Yes

Ceiodaphnia dubia

Fathead Minnow Survival

Growth

Rainbow Trout Embryo

4.3 HabitatCharacterizationand Classification

Habitat characterization and classification for the exposure and reference axeas was
concluded using the DFO/II{BDNR stream survey and habitat assessment forms.
Completed forms are included in Appendix Fl. Habitat was assessed September 17,

1996 in the exposure area and on September 19,1996 in the reference area.

4.3.1 Reference Area
Habitat features of the Reference area in the South Porcupine River a¡e shown in
Figure 4.1. Stream type in the reference area of the South Porcupine River was a

beaver created pool. Channel type was a main channel with no riffle areas. Average
net width of the channel was 7.1 m. Average net depth was 0.9 m. Mean substrate
particle size was fine (0.0005-0.05 mm) organic material with little underlying sand.

No large woody debris was present.

No undercut banks were present. The left bank averaged l0% ovs¡þanging vegetation
and the right bank averaged 1% providing approximately 60/o shade through the
reference area. Banks were well vegetated with 10'40% grasses, 15-35% shrubs and
45-75% trees. Bank stability totalled near 100% for the reference area. Surrounding
land use attributes included active beaver dam, buffer strip present, road crossing
(culvert) and abundant aquatic plants.

Field measurements are presented in Table C3-6 of Appendix C. Air temperature
rnnged from 13.0-20.0'C and water temperature was 14.0oC. Dissolved oxygen ¡anged
between 2.9 and 3.2 mglL and pH ¡anged between 7.8 and 7.9. Discharge was not

No

No

No

No

No

No

No

test invalid

LCuo = >100%

lCuo = >100%

l0ro = >100%

lCru = 100%

LC* = >199*
LCru = >1990¿

lCuo = >19goO

l9tu= 217Y
l}ro= 42'2o¡o

l9ru= 2'go¡o

lCuo = >100%

Effect Value
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t-

Ë

I

meÍNured within the reference section of the South Porcupine River. Discharge was
calculated at 3 L/s below the outflow of McDonald Lake.

4.3.2 Exposure Area
Habitat features in the exposure area are presented in Figure 4.2. Stream type included
a beaver pool with no riffle areas. Channel type was a main meandering channel.
Average net width of the channel was 6.1 m. Average wet depths was 1.59 m (Figure
4.2.1). Mean substrate particle size was fine (0.0005-0.05 mm) organic material with
little underlying sand. No large woody debris was present.

No undercut banks 'were present. Each bank had 10% overhanging vegetation
providing less than 2o/o shade to the exposure area. Banks were well vegetated by 50-

80% grasses and 20-50% shrubs and were each 50Yo stable. Surrounding land use

attributes included active beaver dam, mining and abundant aquatic plants.

Field measurements are presented in Table C3-6 of Appendix C. Air temperature was
18oC and water temperature was 14oC. Dissolved oxygen ¡anged from2.0-2.4 mglL
and pH ranged between 7.9 and 8.0. Discharge at a location 200 m downstream of the
exposure area was approximately 96 Lls.

4.3.3 Summary
The selection of an appropriate reference area was limited by non-point sources from
inactive tailings above the Dome effluent discharge area. Both the reference and
exposure areas consisted of beaver-created pool stream types. Slight differences were
noted in depth and net channel width. Substrates were very similar in both areas

although differences in amount of overhanging vegetation was noted.

4.4 Sample Station Selection

Sampling locations in the Exposure and Reference areas in the South Porcupine River
are shown in Figures 4.3 and 4.4, respectively. Sample stations in McDonald Lake a¡e

shown in Figure 4.5.
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4.5 Water Chemistry

4.5.1 Water QA/QC
The findings of the water chemistry QA/QC program are discussed in this section,
with the detailed QA/QC results being presented in Appendix C2.

Field QA/QC Checks

Replicate Samples
Results of the field replicate general water chemistry parameters (Table C3-1,
Appendix C3) and total metal levels (Table C3-2) are excellent.

Van Dorn Blank Samoles
Trace amounts of copper and nickel (total and dissolved) were present in the Van
Dom Sampler Blank (Tables C3-2, C3-3) and confirmed in the lab replicate.
Dissolved iron, lead, magnesium, sodium and zinc were also detected (Table C3-3).
It is unusual, however, that the distilled water used in the Van Dorn blanks was much
higher in copper (0.0SS mglL) than the lake water sampled with the Van Dorn (nd-
0.005 mgll). In examining the QA/QC data further, similar concentrations of copper
were present in the Field Filter Blank (0.084 mglL) which used the same distilled
water to rinse the Van Dorn. The other chemicals (e.g. Fe, Pb, Na, Ni) present in the
Van Dorn blank (Table C3-3) were also present in the Field Filter Blank.

Commercially bought distilled water was used in both the Van Dorn and Field Filter
Blank samples, which we now suspect to be contaminated. As a further QA/QC check
samples of the distilled water were later analyzed and it was confirmed that the
distilled water contained zinc (0.18 mglL), copper (0.101 mglL) and nickel (0.019
mg/L).

Based on the McDonald Lake results, it would be our opinion that the Van Dorn
bottle itself did not contribute any contamination to the samples.

Travel Blanks
The Travel Blanks for general water chemistry $able Fl) and Total metals (Table F2)
did not reveal any contaminants with the exception of trace boron levels. The travel
blanks for these two tests were provided by MDS.

Filter Blanks for Dissolved Metals
The Field Filter Blank revealed the presence of Al, Ca, Cu, Fe, Pb, Mg, Ni, Na, Ti
and Zn. This analysis was conducted on the commercially purchased distilled water.
Results of our dissolved metal levels are in a number of cases higher than the total
metal levels, which intuitively, does not make sense. We have had extensive
discussions with MDS Laboratories on this matter. There aÍe a few potential
explanations:

a) data or sample entry error so that total and dissolved metal results are reversed;
b) contaminated filters; or
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c) contaminated nitric acid used to rinse the filters.

This matter has been investigated further and subsequent analysis revealed that Al, Ca,

Cu, Fe, Mg, Mn, K, Zn, Ba, St and U appeared to be leached from the filters. The
nitric acid did not contain any contaminants.

Laboratory QAiQC Checlis

Replicate Analvsis
The laboratory replicate analyses appear satisfactory.

Spike Samples

QA/QC results from MDS are presented in Appendix C2. The analytical results of
spiked samples was generally within rI0% of the target value which is acceptable.

4.5.2 Water Chemistry
Results of the general water chemisüry analysis a¡e summarized in Table 4.5.1 which
presents the mean concenhations and standard effors for the Reference and Exposure
areas for several parameters of interest. Total and dissolved metal concentrations are

summarized in Table 4.5.2 and 4.5.3, respectively. Individual sample results are
presented in Appendix C3.

Water samples were collected in the Exposure area of the South Porcupine River
when effluent was being discharged ("Exp-on") and when effluent was not being
discharged ("Exp-off ' ).

The results of statistical analysis for selected water quality parameters in the reference
and exposure areas are presented in Table 4.5.4.It was not possible to perform t-tests
on total cobalt and dissolved cobalt, copper and nickel due to the lack ofvariance
around the mean values in the reference samples. The lack of variance invalidates the
use of a t-test. Although parametric statistical analysis was not possible for these four
variables, it is apparent that the exposure area had "significantly" higher levels of
these metals.

Note that mean values were calculated for essentially three upstream "Reference"
areas: McDonald Lake, the South Porcupine River far above the Dome discharge

ßEF A), and the South Porcupine River immediately above the Dome discharge
(Tables 4.5.5,4.5.6) but below all the old tailings ßEF B).The results should be
examined separately. Benthos and sediments were collected from the South Porcupine
River REF A area.

Shaded numbers in the following tables indicate an exceedance of the relevant
CCREM guideline. 'Where a CCREM freshwater guideline does not exist, but an
Ontario Provincial V/ater Quality Objective (PWQO) is available, the PWQO is used
for guidance.
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Conductivity and sulphate concentrations were significantly (p<0.05) higher in the
Exposure Area. Total copper and total nickel concentrations were also significantly
higher in the Exposure Area compared with the McDonald Lake Reference Area.

Power analysis was conducted on several water chemisffy parameters to show
expected effect sizes based on different sample sizes (n=5,10,30) using the 1996 study
data. Those results are presented in the 1997 Site Selection Report.

General water chemistry and metals data are presented in separate tables (Tables 4.5.5
and 4.5.6) for the REF-B area. No benthos or sediment data were collected here. The
purpose of collecting water samples here was twofold: a) it was used as a previous
water sampling location in 1989, and b) these data provide a measure of potential
input of chemicals from the abandoned tailings area along the South Porcupine River
when results are compared with McDonald Lake and REF A

The data at Ref-B indicate that water quality of the South Porcupine River is
influenced by historical tailings above the Dome discharge.

Some s.patial trends and historical comparisons are presented in the Discussion,
Section 5.1 and 5.2.
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25

7.67
1r3
nd
ll

27r.7
r37

nd
nd
nd

0.54
nd
nd

Mean

0.1

0.1

0.1

0.4
0.2
0.9
0.1

6.7

5.3

0.6
0.3

5.3
na
0.6
28.6
tt.2

na
na
na

0.0r
na
na

Srd

Error

MAC REF SPR-REF-

0ó
5.2
5.5
3.3
7.4
43.2

8.3
279.3

189.0

38.0
15.3

189.0

nd
25.3

415.3

221,.3

0.06
nd
nd

0.86
nd
nd

Mean

0.0
0.1

0.0
0.6
0.0
0.5

0.1
,:

3.0
0.6
0.3
3.0
na
0.9
32.r
0.3

0.03
na
na

0.10
na

1"

Srd

Error

0.2
8.1

8.t
3.6
7.5
29.6
6.2

532.3
nd

106.3

34.0
239.0
106.3

nd
24.3

776.0
214.3

0.51

nd

{frilïiffË,{itriËlltr

4.26
nd
nd

0.025

Mean

0.0
0.1

0.0
0.5
0.0
1.0

0.2
3.3
na

2.6

0.0
4.9
2.6
na
1.5

11.5

3.2

0.ùr
na

0.28

0.r7
na
na

0.001

Srd

Error

0.3

7.8

8.5
4.4
7.6
35.r
7.9

508.0
nd

r27.3
32.3

208.7
rn.o

nd
29.3

746.0
2r9.3

0.28
nd

Itriitriffiffiffil
3.57
nd
nd

0.028

Mean

0.0
0.1

0.1

0.4
0.1
1.6

0.6
8.4
na

8.2
0.3
10.8

8.0
na
I.2
l0.r
I.2

0.0s
na

0.32
0.21,

na
na

0.001

Srd

Error

E)(P OFF

Areas at Dome Mine (all units mgll. unless otherwise4.5.1 General Water at Reference and indicated)
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Total Cyanide
Free Cyanide

Reactive Silica
Selenium
Silver
Sodiqm

Strontium
Thallium
Tin
Tiønium
Uranium
Vanadium
Zinc

Cobalt
Copper
Iron
Lead

Magnesium
Manganese

Mercury (ug/L)
MolyMenum
Nickel
Potassium

Aluminum
Antimony
A¡senic
Ba¡ium
Beryllium
Bismuth
Boron
Cadmium
Calcium
Chromium

Metal (mg/L)

0.002
0.0û2

0.5
0.002

0.0003

0.1

0.005
0.0001
0.002
0.002

0.0001
0.002
0.002

0.001

0.002
0.02

0.0001

0.1

0.002
0.1

0.002
0.002

0.5

0.01

0.002
0.002
0.005
0.005
0.002
0.005
0.0005

0.1
0.002

LOQ

0.005
na

na
0.001

0.000r
na
na

0.0003*
na
na

0.005*
0.005*

0.03

0.0006*
0.004

0.3
0.007

na
na

0.0001

0.01*
0.15

na

0.1

0.02*
0.05

na
1.1*

na
0.2*

0.0018
na

0.002

CCME
Guideline+

nd
nd
T5A

0.043
nd
nd
nd
nd
nd

0.006

nd
0.004
0.02
nd
8.2

0.010

nd
0.002

0.8

0.007
nd

0.002
0.007

nd
nd

0.004
nd

37.7

Mean

na
na

0.5s
0.001

na
na
na
na
na

0.002

na
0.001
0.003

na
0.32

0.005

na
0.001

0.r2

0.002
na

0.000
0.000

na
na

0.002
na
1.6

0.001

std
Fnnr

nd
nd

2/+.4

0.082
0.0002

nd
0.001

nd
nd
nd

nd
r.t4
nd

t5.7
0.lM

nd
0.006

t.2

0.013
nd
nd

0.010
nd

63.0

:ffi#.,trtrÍffi
nd

0.007

Mean

na
na

0.03

0.00r
0.000

na
0.000

na
na
na

0.000
na

0.16
na

0.00
0.063

na
0.00r
0.32

0.002
na

0.007

0.000
na
na

0.003

na
0.09

Srd
Iìnnr

.A

nd
nd

'85.2

0.t28
0.0001

nd
0.009

nd
0.004
0.003

0.004
0.029
25.5

0.28
0.0m2

12.7

0.369

nd
nd

0.015
0.029

nd
nd

0.176
nd

69.1

Mean

na
na

0.67
0.w2.

0.0000
na

0.005
na

0.003
0.001

0.003
0.001

0.012
0.000
0.32

0.039

0.000
0.002
0.20

na
na

0.002
0.001

na
na

0.002
na

0.75
0.001

Srd
Frnr

nd
nd

79.2
0.r23

nd
nd

0.004
nd

0.001
0.002

0.00r
0.037
?t+.r

0.0002
13.43

0.477

nd
nd

0.020
0.029

nd
nd

0.159
nd

68.3
nd

Mean

na
na
t.M

0.003
na
na

0.000
na

0.000
0.001

0.0ûr
0.N2
0.048

0.000
0.41

0.090

0.m0
0.004

0.42

na
na

0.002
0.001

na
na

0.004
na

r.39
na

srd

Ð(P OFF

TabIe 4.5.2 Total Metals Collected frorn Reference and Areas atDome Mineln
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Total Cyanide
Free Cvanide

Reactive Silica
Silver
Selenium
Sodium
Strontium
Thallium
Tin
Tiranium
Uranium
Vanadium
Ltnc

Cobalt
Copper
Iron
Lead
Magnesium
Manganese

Mercury (ugll)
MolyMenum
Nickel
Potassium

Aluminum
Antimony
Arsenic
Barium
Beryllium
Bismuth
Boron
Cadmium
Calcium
Chromium

Metal (mg/L)

0.002
0.002

0.5
0.0003
0.002

0.1
0.005

0.0001
0.002
0.002

0.0001
0.002
0.002

0.001

0.002
0.02

0.0001
0.1

0.002
0.1

0.002
0.002

0.5

0.01

0.002
0.002
0.00s
0.005
0.002
0.005
0.0005

0.1

0.002

LOQ

0.005
na

na
0.001

0.0001
na
na

0.0003*
na
na

0.005*
0.005*

0.03

0.0006*
0.004

0.3
0.007

na

na

0.0001

0.01*
0.15

na

0.1

0.02*
0.05

na
l.l*

na
0.2*

0.0018

na
0.002

CCME
Guideline+

0.001

0.001

2.8

nd
nd
t6.6

0.045
0.0001

nd
nd

0.0002
nd

nd
0.008

0.05
0.0004

8.0

0.007

nd
nd

0.002
0.6

0.02
nd

0.001

0.009
nd
nd
nd
nd

40.3

Mean

0.000
0.000

0.2
na
na
0.5

0.001
0.0000

na
na

0.000
na

0.012

na
0.0000
0.007

0.0001
0.32

0.003
na
na

0.000
0.03

0.0003
0.0000

na
na
na
na
r.6

0.0003

na
0.003

Srd
Fnnr

MAC-REF

0.002
0.002

8.0
nd
nd

25.6
0.085
0.0002

nd
nd

0.000r
nd

0.018

0.0003
14.9

0.090
nd
nd

0.005
0.9

fi#ffirffi6ift,H

llË1fi.$tr#!fHiifi

nd

0.015
nd
nd

0.006
nd

66.1

0.01

nd

Mean

0.0m
0.000

0.03
na
na
0.2

0.000
0.0000

na
na

0.000
na

0.m4

na
0.000
0.01

0.000
0.15

0.015
na
na

0.m0
0.120

0.003

na
0.00r
0.000

na
na

0.002
na

0.55
0.000

Srd
F.rrnr

SPR.REF-A

REFERENCE

nd
0.009

5.4
nd
nd

72.6
0.r52

nd
nd
nd
nd
nd

0.017

0.22
0.0002

I 1.1

0.38
nd

0.004
0.0u
2t.8

0.01

nd
0.019
0.019

nd
nd

0.150
nd

59.4

nd

Mean

na
0.001

0.15
na
na

0.3s
0.000

na
na
na
na
na

0.005

0.002
0.001
0.003

0.0001

0.15
0.05
na

0.000
0.002
0.29

0.003
na

0.002
0.000

na
na

0.001

na
0.45
na

Std
Fnnr

EXPON

nd
0.008

6.7
nd
nd

69.6
0.152

nd
nd
nd

0.000r
nd

0.015

0.26
0.0009
n.8

0.4&
nd

0.003
0.030
2t.l

0.01
nd

0.a23
0.019

nd
nd

0.148
nd

59.7
nd

Mean

0.001

na

0.n
na
na

0.52
0.00r

na
na
na

0.0000
na

0.002

0.004
0.0t2
0.027

0.0004
0.33

0.051

na
0.000
0.003
0.19

0.003
na

0.003
0.000

na
na

0.003

na
0.&
na

Srd
F.rrnr

Ð(P OFF

EXPOSURE

Table 4.5.3 Dissolved Metals in Water Collected from Reference and Areas at Dome Mine
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Table 4.5.4 Statistical Analysis Results for Selected Water Chemistry Parameters from Reference and
Exposure Areas at Dome Mine Site

Parameteri Exposure Area

p-value

Conduclivily (¡rs/cm)
0.000

Sulphale
0.000

Tolal Coball

Dissolved Cobalt

Tolal Copper
0.003

Dissolved Copper

Tolal Nickel
0.001

Dissolved Nickel

I 
all values in mg/- unless olherwise slated

" +- value calculated from log lransformed data
na +- lesl nol valid due lo no variance in reference area

0.002 (r0.000)

0.002 (10.001)

0.008 (10.000)

0.004 (10.001)

nd

nd

7.67 (10.3)

m] e28,6)

Mean (!s.e.)

McDonald

Lake
Reference

Area

9.024
(rs.002)

0.029

(f0.002)

0.016

(r0.001)

0.013

(r0.001)

0.046

(10.002)

0.0s1

(10.003)

23e.0 (r4.e)

776.1 (111.s)

Mean

Effluent On
(ts.e.)

na

15.041

na

7.155

na

na

70.092^

16.345

t Value (d.f.=4)

0.000

0.002

0.000

0.000

p-value

0.030 (r0.003)

0.037 (10.004)

0.020 (10.002)

0.018 (10.002)

0.034 (if.004)

0.037 (r0.004)

208.7 (r10.8)

746.0 (*10.1)

ilean Effluent

Otf (ts.e.)

na

7.998

na

6,364

na

na

48.566"

1s.626

t-value (d.f.--4)

i-l
36



ECOLOGICAL SERVICES FOR PLANNING LTD.

i

0.0
0.or
0.û1
0.3r
0.0
1.3

0.6
4.1

0.6
6.6
7.2,4

4.17
8.3

59.7

9.6
3û.7

10%druge

na

na
na

6.5 - 9.0
na

na
na

increase of 10

0.1

na

na

0.01

0.1

0.5

0.5
I

Turbidity
Anion Sum (meq/L)
Cation Sum (meq/L)
Ion Balance
pH (unirs)
DIC
DOC
TDS

s

250.7
12.7

û.7
u6.7
4.0
30.0

s69.0
3U.O

6.9

0.7
4.3
6.4
0.6
3.0
2.1
4.4

na

na
na
na
na
na
na
na

I
1
,)

1

I
5
1

0.1

Sulphate
Bica¡bonate
Carbonate

Colour (IC[D
Conductivity (us/cm)

Alkalinity

nd
nd

0.r7
0.87
nd

na
na

0.04
0.04
na

na
0.06
1.5**

na
na

0.05
0.01

0.05
0.05
0.1

NiEate
Nitrite
Ammonia
TKN
Phosphorus

srdMean
BI 3CCME

Guideline+

LOQ
Parameter

Domeof
B ImmediaælyRef-forDataChemisryWaterGeneral.5.5Table 4

f

I
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ECOLOGICAL SERVICES FOR PI-A,NNING LTD.

0.001
na

0.013
nd

na

0.005
0.005
0.002

Toøl Cyanide
Free Cyanide

na
na
1.6

0.003
na
na

0.000
na
na

0.002

nd
nd

r7.0
0.124

nd
nd

0.004
nd
nd

0.003

0.t73
na

na

1.2

0.001
na

na
na

0.0000
na

0.004

8.8
nd
nd

14.5

0.144
nd
nd
nd

0.0001

nd
0.012

na

0.00r
0.0001

na

na
0.0003*

na
na

0.005*
0.005*

0.03

0.5

0.002
0.0003

0.1

0.00s
0.0001
0.002
0.002

0.0001

0.002
0.002

Reactive Silica
Selenium
Silver
Sodium
Strontium
Thallium
Tin
Tiønium
Uranium
Vanadium
Zinc

0.002
0.001

0.09
0.0010

0.9
0.011

na
0.001

0.5

0.0013
35.3

0.096

nd
0.015

r.9

0.002
0.000
0.05
0.000

0.9

0.009
na

na
0.000
0.296

0.0004
29.5

0.091
nd
nd

0.011
1.5

0.0006*
0.0ù+

0.3
0.007

na
na

0.0001

0.01*
0.15

na

0.00r
0.002
0.02

0.0001
0.1

0.002
0.1

0.002
0.002

0.5

Cobalt
Copper
hon
Lead
Magnesium
Manganese
Mercury (ug/L)
Molybdenum
Nickel
Potâssium

0.002
na

0.006
0.00r

na
na

0.002
na
0.7

0.000

0.007
nd

.

0,04
nd
nd

0.091
nd

80.9
0.m1

0.002
na

0.005
0,001

na
na

0.002
na
0.8
na

0.008
nd

*..så#ffi_äírrl
0.015

nd
nd

0.080
nd

67.r
nd

0.1
0.02*
0.05

na
1.1*

na
0.2*

0.0018
na

0.002

0.01
0.002
0.002
0.005
0.005

0.002
0.005

0.0005

0.1
0.002

Aluminum
Antimony
Arsenic
Barium
Beryllium
Bismufh
Boron
Cadmium
Calcium
Ch¡omium

Std

Error
MeanSrd

Error
Mean

CCME
Guideline+

LOQ

Metal (msll-)
B1.82.83Bl.B2.B3

Toøl MetalsDissolved Metals

Table4.5.6 Dissolvedand Total Meøls (mg/L) atRef-B Immediaæly Upsream of
Dome EffluentPipe

')i, .
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4.6 Sediment Chemistry

4.6.1 QA/QC
The sediment chemisfiy QA/QC results are discussed below with detailed information
presented in Appendix D2.

Field QA/QC Checks

Replicate Samples
A replicate field sediment sample was collected at Exposure site-l. The results of
analysis of the duplicate samples are presented in Appendix D3 along with the
individual sample results. The comparison of results with replicate sediment samples
appears consistent. There are some differences as would be expected with sediment
samples which can be quite heterogenous, however, it would seem that the technique
of compositing 5 grab samples was quite effective. For many parameters, the
differences between replicate field samples was no greater than the difference
observedbetween laboratory replicate analysis of the same sample indicating excellent
representation of the actual sediment cha¡acteristics.

Results of Swab Analvsis
Results of the Swab samples are presented in Table 4.6.I. The concenfrations of most
swab samples were less than detection limit with the exception of trace levels of
barium and copper. However, the concentration of zinc in the swabs was notable, with
levels ¡anging from 10.4 to 39.3 ug/g. Since only zinc was present in significant
quantities, we are confident that our methods of field washing the sampling and
homogenizing equipment was effective, however, some source of zinc contamination
was present.

The most likely source is the powder present in the latex gloves used by field
personnel. The talc powder is known to contain some metals, notably zinc which is
used for medicinal purposes. To test this potential source we rinsed the latex gloves
with distilled water and submitted the solution for analysis. The results revealed the
potential for contamination by calcium, magnesium, potassium, sodium and zinc (data
presented in Appendix C).

The swab zinc levels arc < 30o/o of the zinc levels measured in the actual sediments.
Therefore, we do not feel that potential contamination from the powder would be able
to mask any real trends between Reference and Exposure areas pertaining to zinc

MDS provided the results of their routine analysis of the swab blanks (unused swabs)
since the swabs were provided by the laboratory (Table 4.6.1). These results indicate
that trace levels of barium, boron, copper and zinc are present in the swabs. However,
the levels are much lower than the sediment concentrations, or zinc levels observed
in our used swabs.
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Zinc
Vanadium
Silver
Nickel
Molybdenum
Lead
Conoer
Cobalt
Chromium
Cadmium
Boron
Beryllium
Barium

Metal (ue/tot)

Table 4.6.1: Swab Analysis of Sediment Mixins Bowls After Cleanins from Reference and ExDosure Stations at Dome Mine

0.3

0.5
0.2

, 0.s
0.5

1.3

0.2
0.3

0.3

0.2

0.5

0.3

0.1

LOO

20.3
nd
nd
nd
nd
nd
0.4

nd
nd
nd
nd
nd
0.2

COMP
REF 1

Reference Stations

33.8

nd
nd
nd
nd
nd
0.4

nd
nd
nd
nd
nd
0.1

COMP
REF 3

tr.4
nd
nd
nd
nd
nd
0.2

nd
nd
nd
nd
nd
0.1

COMP
REF5

39.2
nd
nd
nd
nd
nd
0.6
nd
nd
nd
nd
nd
0.3

Ð(P3
COMP

Exoosure Stations

42.0
nd
nd
nd
nd
nd
0.6
nd
nd
nd
nd
nd
0.3

Replicate
Lab

COMP
Ð(P3

27.9
nd
nd
nd
nd
nd
0.5

nd
0.4

nd
nd
nd
0.2

COMP
Ð(P5

r0.4
nd
nd
nd
nd
nd
0.6
nd
nd
nd
nd
nd
0.3

COMP
Ð(P6

1.0

nd
nd
nd
nd
nd
0.6
nd
nd
nd
2.2
nd
0.2

I
Blank
Swab

1,.2

nd
nd
nd
nd
nd
0.5

nd
nd
nd
2.4

nd
0.4

Replicate
Lab

1

Blank
Swab

1.1

nd
nd
nd
nd
nd
0.4

nd
nd
nd
0.9
nd
0.2

2
Blank
Swab



ECOLOCICAL SERVICES FOR PLÂNNING LTD.

Laboratory QA/QC Checks

Replicate Analvsis
The results of replicate analysis of sediments at Exp-l are well within reason and

indicate good precision of the methods used by the analytical laboratory.

4.6.2 Chemistry
Results of the sediment analyses are summarized in Table 4.6.2 which provides the
mean concentration and standard enor of 6 replicate samples within the Reference and

Exposure areas. Results are provided for both raw data and metal levels normalized
for Yo fines. Correcting for % fines did not change any pattems. Full results of the

chemical analysis for each individual sample are provided in Appendix D3.

The normalized mean concenfrations of the following metals æe substantially higher
in the Exposure area relative to the Reference area: arsenic, cobalt, copper, nickel,
silver and zinc. The Total Organic Ca¡bon (TOC) content of the sediments in the
exposure area is also approximately twice as high (5.4%) as the TOC content of
sediments in the Reference area (2.9%). The normalized concentration of chromium,
molybdenum and mercury was similar in both the Reference and Exposure areas. The
levels of lead and zinc appear lower in the Exposure area relative to the Reference
atea.
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Table 4.6.2 Mean Metal Concentrations in Sediment (mg/kg) from the South Porcupine River, Dome
Mine Site

Exposure

Normalized (% fines)

SE

Arsenic 57.7

Cadmium

Chromium 8.3

Coball 9.8

Copper 81.2

Lead 1.0

Mercury 0.01

Molybdenum 0.8

Nickel

Silver

Zinc

Tolal Organic

Carbon

n/a = nol applicable

na

28.8

0.45

9.0

na2.92

201.67

0.25

45.37

3.23

0.14

14.62

238,17

17.02

55.38

0.13

182.33

Mean

0.21

19.37

0.04

2.98

0.40

0.05

1.51

19.0

0.92

6.47

0.02

8.69

SE

n/a

319.6

0.39

73.7

s.0

0.21

23.7

379.8

27.5

91.2

0.21

293.9

Mean SE

nla

24.5

0.05

8.5

0.4

0.07

3.6

33.9

2.8

16.s

0.02

2s.6

Normalized (% fines)

Reference

5.4Íì

103.80

4.14

433.33

8.92

0.1s

8.8s

1056.83

72.78

78.07

0.00

430.17

Mean

1.11

5.45

0.33

19.60

0.53

0.01

0.71

s9.39

7.51

5.93

na

0.69

SE

na

131.9

s.2s

549.2

8.8

0.18

11.2

1339.4

92.4

99.2

nd

549.0

llean
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Several metals were selected for statistical analysis to confirm the difference between

the Reference and Exposure areas in sediment metal concentration. The results of
statistical analysis of arsenic, cobalt and copper levels in the sediment samples
(conected for per cent fine material) are presented in Table 4.6.3. For all three

metals, there were significantly higher levels (p<0.01) in the exposure area compared

with the reference area.

Table 4.6.3 Stat¡st¡cal Analysis Results from Selected Sediment
Parameters from Reference and Exposure Areas at Dome
Mine Site

Parameterl p-value

Arsenic 0.001

Cobalt 0.000

Copper 0.000

All parameter means normalized to mg/kg fines

379.8 (133.9) 12.0551339.4 (r81.2)

27.5 (!2.6) 8.23092.4 (r9.8)

4.494549.0 {r57.7)293.9 (125.6)

t-value (log
transformed)

(d.f. = 10)

Exposure Mean

1ts.e.)

Reference Mean

(rs.e.)

4.7 Benthic lnvertebrate Community Structure

4.7.1 QA/QC
Each of the L2 benthic samples were subsampled in the laboratory due to the large
number of organisms present. In most cases a 1/4 sample was taken for sorting and
enumeration (Appendix E2). Two of the samples (Ref2-1, Ref5-1), representing
approximately 20o/o of the samples, were divided, and then both fractions processed

to determine potential subsampling enor. In both cases the coefficient of variation
between the sorted fractions was about 8% indicating very good representation of the
subsamples.

The remaining material from two samples ( Reß-1, Ref6-l) was sorted a second time
by a different person to determihe if organisms were missed during the first sorting
process. The second resort showed that the original sorting was >95% complete,
indicating excellent recovery of organisms by the benthic technician.

4.7.2 Community Structure
The total number of taxa observed was high in the reference (35) than in the exposure
area (30) (Table 4.7.1). Similarly, the density was significantly higher (p < 0.05) in
the reference (mean = 18,130 organisms/m2) compared with the exposure area (mean

= 6,319 organisms/ru-r). However, the differences in other common indicators (eg.

EPT richness) or diversity were not pronounced between the two areas (Appendix E).

The mean number of taxa for the Reference and Exposure areas were 15.3 and 11.3,
respectively (Table 4.7.I). No statistics were conducted on this value as it has
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relatively little meaning. As discussed below, two samples could have the sarne
number of taxa present, but if they are totally different taxa, then the number has little
to no ecological relevance.

The benthic community in the South Porcupine River is not particulary rich or diverse
even in the reference area. This can be largely attributed to the soft, highly, organic
bottom substrate in this slow, meandering strearn Therefore, differences in the benthic
community between the reference and exposure areas are more subtle. The absence
of several species in the exposure area compared with the reference area is a good
indication that the benthos community is different between the two areas.

For example, the following groups of organisms a¡e well represented in the reference
area but are almost or totally absent in the exposure area:

Ret'erence

Family Tubificidae s83

Phyla drthropoda
O. Harpacticoids
Cl. Ostracoda

Order Diptera
F. Ceratopogonidae

S.F. Chironomidae
Chíronomus
Cladopelma
Einfeldía

P. Mollusca
Cl. Gastropoda
Cl. Pelecypoda

The groups of chironomids that disappear between the reference and exposure area
are all primarily bunowing organisms. These are replaced to some extent by different
chrionomids that are cleaners and scrapers and live on top of the sediments. For
example, there were many more Endochironomus (88 in Exp. vs. 40 in Ref.) and
Parachironomus (I12 in Exp. vs. 12 in Ref.) below the effluent than upstream. This
paltern suggests that the in-sediment quality below the outfall is affecting several
groups of organisms. Similarly, although not present in large numbers in the
Reference area, molluscs (clams and snails) were totally absent below the effluent.

20
82

202

70
252
766

8

30
0
0

4
0

0

8

0

8

0

Lxposure

''ì i
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Table 4.7.1 Summary of Benthic lnvertebrate Data from Dome Mine
Site, September, 1996

p-value

Mean organism density
(#/m'?)(ts.e.)

Total Number of Taxa

Mean # taxa

# Chironomid taxa

t- test performed using log transformed data

0.03

na

na

nana1514

na11.515.3

na3035

6,319 1184818,130 r 4441 -2.523

t-valuel
(n=6)

Exposure
(n=6)

Reference

¡
¡

4.8 Fisheries

4.8.1 Gommunity
The relative composition of the small fish community in the Reference and Exposure
areas in the South Porcupine River is presented in Figure 4.8.1.

The fish community in the Exposure area consisted of minnows, sticklebacks and
perches. Specifically, catches included pearl dace (Margariscus margarita), northern
redbelly dace (Phoxinus eos), brook stickleback (Culea inconstans), white sucker
(Catostomus commersoni) and yellow perch (Perca fløvescens). All fish were
generally within the smaller size range (<10 cm) with some fish (pearl dace) slightly
larger.

Small Fish Communities in the Porcupine Ríver
Exposure and Reference Sites

Exposure Site Reference Site

"'*9*R# 
dace I bk stickleback EÐ norh. redb. dace E f.head minnow I yeilow perch

Figure 4.8.1 Small Fish Community in the Porcupine River
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The Reference area of the South Porcupine River contained a similar community
which included Pearl dace, northem redbelly dace and brook stickleback. Fathead
minnow (Pimephales promelas) were also present.

Gill net catches in McDonald Lake indicated the presence of yellow perch, rock bass
(Ambloplites rupístris), smallmouth bass (Micropterus dolomieuí) and white sucker.

All species caught with minnow traps were generally small (<10 cm) and were kept
for analysis. Most fish caught by gill net were in the 10-15 cm range and were
discarded. Some yellow perch were within the acceptable range (<10 cm or >15 cm)
and were kept as were all white suckers and one smallmouth bass but small sample
sizes precluded their use for subsequent analysis.

Exposure Site
The relative abundance of fish species caught in. the exposure area by minnow trap
are presented in Table 4.8.1. Northern redbelly dace made up 52.9% of the total catch
and pearl dace, yellow perch and brook stickleback made up the remaining 30.4, 11.8
and 4.9 respective percentages.

Table 4.8.1 Relative Abundance of Fish Species Captured by
Minnow Trap in the Exposure S¡te, South Porcupine
River, September and October, 1996

Species Relative
Abundance (%)

Pearl dace 30.4

Yellow perch 11.8

Brook stickleback 4.9

Northern redbelly dace 52.9

Total 100

72 hours effort was expended with modified minnow traps with no catch and was not
used in effort calculation

The relative abundance of fish captured by gill net in the exposure area are presented
in Table 4:8,2. Yellow'perch made up ffi% of the'catch and white sucker made up the
remaining 33%.

102

259minnow trap54

259minnow trap5

259minnow trap12

259minnow trap31

Effort
(hours)

Method of
Capture

f Caught

46



ECOLOGICAL SERVICES FOR PI/.NNING LTD.

3

15 m 1.5" gill net1 89

15 m 1.5" gill net2 89

Etfort (hours)Method of
Capture

# Caught

Table 4.8.2. Relative Abundance of Fish Species Captured by Gill
Net in the Exposure Area, South Porcupine River,
October, 1996

Species Relative
Abundance (%)

Yellow perch 66.7

White sucker 33.3

Total 100

Reference Site
The relative abundance of fish species caught by minnow trap in the South Porcupine
River of the reference area are presented in Table 4.8.3. Pearl dace made up 33.3%
of the total catch and fathead minnow, northem redbelly dace and brook stickleback
made up the remaining 26.0, 24.0 and 16.7 respective percentages.

Table 4.8.3. Relative Abundance of Fish Species Captured by
Minnow Trap in the Reference Site, South Porcupine
River, September and October, 1996

Species Relative
Abundance (70)

Pearl dace 33.3

Brook stickleback 16.7

Northern redbelly dace 24.0

Fathead minnow 26.0

Total 100

27 hours effort was expended with modified minnow traps with no catch and was used

in effort calculation

The relative abundance of fish captured by gill net in McDonald Lake of the reference
site are presented in Table 4.8.4. Rock bass made ry 79.0% of the catch and yellow
perch, white sucker and smallmouth bass made up the remaining I0.9, 9.2 and 0.9
respective percentages.

150

184minnow trap39

184minnow trap36

184minnow trap25

184minnow trap50

Effort (hours)Method of
Capture

# Caught
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I11

5615 m 1.5: giil net

15 m 2.5" gill net

1

5615 m 1.5" gill net

15 m 2.5" gill net

11

5615 m 1.5" gillnet
15 m 2.5" gill net

94

5615 m 1.5" gillnet
15 m 2.5" gill net

13

Efiort
(hours)

Mehod of Capture# Caught

Table 4.8.4. Relative Abundance of Fish Species Captured by Gill
Net in the Reference S¡te, McDonald Lake, September
and October, 1996

Species Relative

Abundance (70)

Yellow perch 10.9

Rock bass

White sucker

Smallmouth bass

Total 100

The mean size (fork length and weight) of Pea¡l Dace and Northem redbelly Dace are
summarized in Table 4.8.5. The data show that the length of Pearl Dace from the
Exposure Area (mean = 8.5 cm) was significantly longer (p < 0.05) than Pearl Dace
from the Reference Area (mean = 7.1 cm). The mean age of Pearl Dace from the
Reference (1:37 yrs) and Exposure Areas (1.0 yn) was simila¡. Dr. Jon Tost who
conducted the scale age analysis commented that the annuli in fish from the Exposure
area were much closer together and suggested they appeared to be growing faster than
fish from the Reference area. The length results support this observation. The weight
of Pearl Dace from the Exposure Íìrea (mean = 6.2 g) was also somewhat greater (p<
0.10) than fish from the Reference area (mean wt. = 4.1 g).

The size of Northern Redbelly dace were not significantly different þ > 0.05)
between the two areas (Table 4.8.5).

Table 4.8.5 Summary of Fish Sizê in Study Areas

Species/Parameter T Statist¡c

Pearl Dace

Mean fork length (cm) 2.22

Mean weight (g) 1.84

Northerñ' Redbelly Dace

Mean fork length (cm) 0.87

Mean weight (g)

*t 
sig diff at P=Q.65- 
sig diff at P=Q.19

79.0

9.2

0.9

0.8112.0 (0.35)1.e (0.3e)

0.4015.6 (0.28)5.3 (0.2e)

0.087 
-6.2 (0.85)4.1 (0.81)

0.043 **8.5 (0.38)7.1 (0.48)

PExposureReference
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4.8.2 Tissue Analysis
The results of metal and metallothionein analysis in the whole fish samples are

summarized in Table 4.8.6 (raw data Appendix F3). Tissue metallothionein levels in
the Reference and Exposure areas were not significantly different (p>0.05) for either
the pearl dace or northern redbelly dace.

Table 4.8.5 Summary of Metal and Metallothionein Results (means +
SE)

Species/Parameter P Value

Pearl Dace

Metallothionein (pg/g)

Metals (pM/g) 0.001

Northern Redbelly Dace

Metallothionein (pg/g) 0.88

Metals (pM/g) 0.018

* lndicates significantly different (p<0.05)

Detailed results of metal analysis provided by Dr. Jack Klaverkamp are presented in
Appendix F3 and summarized in Table 4.8.6. The metal values in Table 4.8.6 are

expressed as uMolesþ of tissue. This value represents the sum of the concentrations
of zrnc, cadmium and copper which were analyzed separately. The sum of these three
metals was significantly greater (p < 0.05) in both Pearl Dace and Northern redbelly
Dace from the Exposure area compared with the Reference Area.

4.9 Level of Effort

The relative level of effort (person hours) for different study components is
summarized in Table 4.9.1. Table 4.9.2 presents expenses and disbursements incuned
during the study. The effort summarized below does not include time spent comparing
the Dome site for suitability for testing hypotheses in 1997, scoring the site criteria
or completing the 1997 study design.

0.67

0.7810.13 1.4510.18-

218!28207165

1.8710.21-0.8410.11

1 12r1999r27

ExposureReference
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Table 4.9.1 Est¡mated Level of Effort for Each Program Element at the Dome Mine
Sites

Task Level Etfect (person

hours)

Projecl lnilialion Meeling 1 1.0

Lileralure Review and 1996 Sludy Design 36.0

Field Surveys

25

30

24

18

99

30.5

Dala Analysis lnlerprelalion s8.0

Preliminary Surveys and Recommendalions Report 7s.0

Final Reporls Survey 80.0

Progress Reporls 10.5

Conference Calls 13.5

Table 4.9.2 Expenses and Disbursements for the Preliminary Field Survey at
the Dome Mine Site

Expense Fish

Travel 2195

Accommodationst 655

Mealsl

Miscellaneous

Supplies

Shipping

102

55

360

2350

Tissue Processing

PopulationFish

Benlhos

Sedirnenl Chemislry

Waler Chemislry

Sublethal Toxicily Sample Colleclion

Sile Reconnaissance, Habilal Characterization and Slation
Seleslion

Planning and Preparalion of Field Logisliæ

24001 8255542

BenthosSediment
ChemistryChemistry

WaterSublethal Toxicity
Sample Collection

Analyses

793
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5.

5.1

DISCUSSION

Comparison of Results with Historical Data

Comparison of the 1989 survey results with our study results indicates that some
metal concentrations in the Porcupine River, notably copper andzinc, have decreased
downstream of the Dome effluent since 1989 (Figure 5.1.1). The concentration of
these metals immediately upstream of the Dome effluent (Ref-B) also appear to have
decreased, but to a lesser degree. The average sulphate concentration has increased
in the exposure area since 1989.

The concentration of copper and nickel in sediments in the exposure area have
increased appreciably since 1989, while the level of zinc is somewhat lower.
Interestingly, the concentration of zinc is approximately twice as high in our Ref-A
sediments compared with the Exposure area sediments (Figure 5.2.1).

The 1989 study collected "upstream" sediment samples that roughly coincided with
our Ref-B area.

5.2 Gomparison of Reference Versus Exposure Areas

The water chemistry results display a clear downstream gradient for several general
water chemistry parameters. Sulphate and conductivity are used to illustrate this trend
in Figure 5.2.1. Some metals such as copper and cobalt are also notably higher in the
exposure a¡ea relative to the reference area (Figure 5.2.1). In contrast, the
concentrations of zinc and arsenic are lower below the Dome discharge.

The sediment concentration of several metals is elevated in the Exposure area relative
to the Reference area (e.g. Figure 5.1.2).

Biological parameters (benthos and fish) appear to show some response to the Dome
effluent based on the preliminary 1996 results.

As noted in the results section, the species composition of the benthos changed quite
markedly below the Dome site with several bunowing species of chironomids, as well
as pea clams and snails disappearing. In a sfudy of a copper stressed stream in
southern Ohio, Winner et.al. (1980) also observed that the bivalve Pisidium and the
gashopod Physella were absent. The density of organisms in the Exposure area was
also greatly reduced compared with the Reference a¡ea.

The benthos community may be responding to conditions in the water and/or
sediments. Sediment toxicity tests in 1997 would be useful to assist to identifu the
potential sources of stress to the benthic communify in the Porcupine River.

Pearl Dace and Northern Redbelly Dace in the Exposure area contained greater
concentrations of metals than fish in the Reference a¡ea. This is consistent with the
water and sediment chemical results, and suggests that metal levels in these fish are
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Figure 5.1.1 Comparison of EAG (1989) and ESP (1996) water chemistry
in the South Porcupine River
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Figure 5.1.2 Comparison of EAG (1989) and ESP (1996) sediment chemistry
in the South Porcupine River
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Figure 5.2.1 spatial comparison of Dome site water chemistry
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Spatial comparison of Dome site water chemistry
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responding to environmental loading. The results of the metallothionien analysis were
not conclusive, however, as differences between the sampling areas were not
observed.

Pearl Dace from the Exposure area appear to exhibit faster growth than fish from the
Reference area, although no differences in size were observed for Northem Redbelly
Dace. The relative catch per unit effort (CPUE) for minnow species was also greater
in the Reference area (0.81 fish/hr) compared with the Exposure area (0.39 fish/hr).

In summary, the results indicate clear differences in the concentrations of several
chemioal substances in water and sediments between the Exposure and Reference
arerr. Furthermore, some biological measures including benthos, fish growth, fish
metal levels and relative fish abundance give some indication of responding to
effluent exposure.

56



ECOLOGICAL SERVICES FOR PI.A,NNING LTD.

6. GONCTUSIONS AND REGOHIIENDATIONS FOR FUTURE
SAMPTING

The Exposure Area in the South Porcupine River contained clearly elevated
concenfrations of several chemical variables and metals in both water and sediments
as a result of effluent discharge from the Dome mine operation. Depositional
sediments are abundant in this branch of the porcupine River.

The Exposure and Reference areas are readily accessible for future studies. Multiple
sampling areas are possible, although a combination of lake and river habitats maybe
required to maximize results.

The effluent contains elevated concentrations of several elements that would be
naturally present in the orebody, eg. metals, as well as parameters associated with the
ore crushing and processing (sulphates, nitrogen and cyanide complexes).

In water and effluent samples the concentration of dissolved metals sometimes
exceeded the concentration of total metals (eg. calcium, copper, magnesium and zinc).
From a chemical speciation perspective, this is not possible, and ihe results may be
due to contamination from the filters used in the 1996 study. The effect does not
mask any trends or influence data interpretation, but this potential source of error
should be addressed in the 1997 study if relationships between biology and total or
dissolved metal levels are being investigated.

Preliminary toxicity tests conducted on dilution water from MacDonald Lake showed
that the receiving water itself showed no toxicity to the test organisms. Therefore, no
acclimation was required.

The Dome effluent did not exhibit sublethal toxicity to either fathead minnows or
Ceríodaphni¿. Sublethal effects were observed on growth of the two plant test
organisms, Selenastrum and Lemna, while the results of the Rainbow trouì embyro
tests were considered invalid. Effluent samples processed by Dome for the MISA
program during the same period also did not display acute toxicity (see Section 2).
However, the effluent has, historically been toxic, and the concentrations of several
substances are elevated in the effluent. Therefore, additional sublethal toxicity testing
in 1997 is recommended to better characterize the toxicity of the Dome Lffluent.
Repeated toxicity testing at different times of the year is especially recoÍrmended to
determine if there is seasonal or temporal variability associáted wiih effluent quality.

The species composition of the benthos changed quite markedly from the Reference
to the Exposure area with several bunowing species of chironómids, as well as pea
clams and snails, dissappearing. The density of organisms in the Exposure u.ru åu,
also greatly reduced compared with the Reference area.

The benthos community may be responding to conditions in the water and/or
sediments. Sediment toxicity tests in 1997 would be useful to assist to identify the
potential sources of stress to the benthic community in the porcupine River.
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Pearl Dace from the Exposure area appear to exhibit faster growth than fish from the
Reference area, although no differences in size were observed for Northern Redbelly
Dace. The relative catch per unit effort (CPUE) for minnow species was also greater

in the Reference area (0.81 fish/hr) compared with the Exposure area (0.39 fish/hr).

Pearl Dace and Northem Redbelly Dace in the Exposure area contained greater

concentrations of metals than fish in the Reference area. This is consistent with the
water and sediment chemical results, and suggests that metal levels in these fish a¡e
responding to environmental loading. The results of the metallothionein analysis were
not conclusive as differences between the sampling areas were not observed. Since
there are established differences in water, sediment and fish metal levels at this site,
additional sampling in 1997 would be very useful to assess whether MT levels in
small forage fish are a potential tool for future mine monitoring studies.

In sumary, the results indicate..clear differencas in the ooncentrations of ,several

chemical substances in water and sediments between the Exposure and Reference
areas. Furthermore, some biological measures including benthos, fish growth, fish
metal levels and relative fish abundance give some indication of responding to
effluent exposure. The site is suitable for further evaluation of tools under the AETE
program in 1997.

")í
' '.:.
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APPENDIX A

Quality Management Plan



INTRODUCTION

Appropriate quality assurance and quality control (OA/OC) 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 (OMP) 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 qualíty of data as well
as uniformity and comparability in the data generated at each study site.

DATA QUALITY OBJECTIVES

For all field and laboratory measurements, data quality objectives paOs) have been set
where applicable. Data quality objectives are defined by the US EPA as 'quatitative and
quant¡tative statements of the level of uncertainty that a decision maker is willing to accept
in decisions made with environmental data" (QUAMS; 1986, 1gg0). The DQOs define the
degree to which the total error 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. ln terms of
this project, the AETE committee has already stipulated that analytical measurements will
achieve a detection limit ot 1110 that of the CCME guidelines for protection of the aquatic
environment. The quality control officer ensured that the required detection limits were
made known to the analytical laboratory well in advance. ln this way, the correct
methodólogy, volume of samples and methods of preservation were established before the
field work was underway. Detection limits for field instruments (Hydrolab, ysl etc.) and the
gravimetric measurements for biological analyses (e.g. fish organ weights ) were also sent
to each team.

OUALITY CONTROL OFFICER

The quality control officer (OCO) for the project (Ms. Monique Dubé) has the following
responsibilities:

o to ensure that all data quality objectives are known to both field personnel and the
chosen analytical laboratory
o to ensure that standard operating procedures (SOPs) are followed for each field
component at each study site
o to ensure that both the toxicity and analytical Iaboratories follow established SOps for
each analysis
o 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 limits to be requested from the analytical and toxicity laboratories. The eC



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 condusted,
especially for toxicity.

The quality control otficer (OCO) has authority for requiring corrective actions (e.g.,
repetition of the analysis ) if the SOPs were not followed or the analytical systems were not
undercontrol. The QCo will also be made aware of all outliers.

FIELD PROTOCOLS FOR WATER, SEDIMENT AND BENTHIC
SAMPLING

Respol.¡stBtLrtgs At{D TRANINc

For each field team, a team 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 field personnêl were trained and competent in use of each field instrument, that all
SOPs were followed and that adequate heath and safety measures were followed.

SreruomD OpERAT¡NG pRocEDUREs

Whenever feasible, water, 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 landmaks. The location of each station was
known to the nearest 20 m. At each station the field information to be reported included:

o station location
o date and time
. field crew members
o habitat descriptions
. sampling methods
. depth
. wind and climatic conditions
o watertemperature
o substrate type.(sand/gravel/cobble/silt/clay)
o water velocity (rivers)

This information was recorded on field data sheets.

Brrurnrc Snmpunc



Benthic collections were made by Eckman, standard (or petite) ponar grab, Hess sampler,
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 sample) 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. ln 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. lf sediments are very soft, the Eckman may be
preferab,le to the ponar because the latter tends to fill entirely with sediments, thereby
obliterating the sediment-water interface. At depths greater than 20 m the ponar may be
more successful because of its greater weight and stability in the water column. lf both
samplers are available, a Çertain 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 rocky 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 extension 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 at right angles, the base frame (and base extension) marking off
the 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 ol 75 or 150 mm can be varied by attaching the handles to either end of the



sampler. Water flows in through the upstream window of the Hess sampier 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:

o 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.o

a

o There should be no gaps under the edges of the frame that would allow for washing of
water under the net and loss of benthic organisms. Eliminate gaps that may occur along the
edge of the Hess/Surlcer 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.

. Hea\ry gloves should be required when handling dangerous debris; for exampte, glass
or other sharp objects present in the sediment.

o 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 @rry dislodged 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.

o lt mâY be necessary to hand pick some of the heavier mussels and snails that are not
carried into the net by the current.

o Remove the sample by washing out the sample bucket, if applicable, into the sample
container (wide-mouthed jar) with 10% buffered formalin fixative.



o 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 useo

ln the case of soft sediments at shallow depths, plastic core tubes (2.5 " lD) can be inserted
by hand into the sediments. Stoppers are placed at each end as the tube is withdrawn.

Sieving of Benthic &mples

Samples were sieved in the field using a mesh size of 250 ¡rm, and preserved with sufficient
buffered formalin to produce a 10 "/o concentration. lf further sieving was required (e.g., 500
pm sieve) to allow for data collected to be comparable across studies, then this additional
step was done in the field, and both sized fractions were preserved and identified.

Quality Control Protocols for Benthic ktentitiætion

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
efficiency will be estimated by recounts of the sorted material on 10% of the samples. lf
subsampling is deemed necessary, an est¡mate will be made of the subsampling error. All
unsorted and sorted fractions of the samples will be retained until taxonomy and sorting
efficiency are confirmed. All data transcriptions will be checked for accuracy.

WereR Gneusrnv

As indicated in the study plan, water quality samples were taken as grab samples at 12
sampling stations plus the effluent. ln shallow receiving environments (<2m) 1 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. ln deeper receiving environments (> 2 m), one
sub-surface grab were collected at 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 acidified 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, cÐnductivity, dissolved oxygen and pH were also taken
at each station using a Hydrolab HrO or ySl meters. The analytical methods for calibration
and use of each field instrument were those outlined in each respective instruction manual.



A log was kept of each field instrument ind¡cating its usage and any problems encountered.
ln 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 charadenze mixing zones and exposure zones. All values including
calibration readings were recorded on the field sheets.

Quality Control Protocols îor Water Chemistry

At each mine site quality control samples for water chemistry included collestion and
analysis of one transport or trip blank, one filter blank and one field replicate (collected at
the exposure station). lf 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 of those analysed routinely in the laboratory as part of
normal laboratory QC.

QC Requirements tor Choice otan Analytical Labontory

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 :

o Written (or referenced) SOPs for each analytical system
o lnstrument calibration and maintenance records
. Clearly enunciated responsibilities of Q/A otficer
. Adequate and training of personnel
. Good Laboratory Practices (GLps)
. Sample preservation and storage protocols
. Sample,{racking system (e.g:,, l_lMS"system),' ' "

o Use of QC samples to ensure control of precision and accuracy (Blanks, replicates,
spikes, certified reference materials (minimum effort should be 1s-20%)
o Maintenance of controlcharts and control limits on each ec sample
o Data handling and reporting (blanks, replicates, spike recovery, significant figures)
. Policy for reporting low leveldata (e.9., ASTM L,W)
o Participation in external audits and round robbins.

.,/



The QCO requested that all QC data (including control limits) be contained in the analytical
reports and ensured that all analytical runs were under Satist¡cal control at the time of
analysis. The QCO also ensured that the analytical laboratory attained the required
detection limits or had a valid technical reason when these limits were not attained. These
values were flagged in the analytical report. The QCO examined all outliers and can
request repeat analysis if the data are questionable.

Seo¡uenr SampuHc

Sediment samples were collected only if a station had an area > 1 m2 of depositional
habitat. lf 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-occurrence of depositional sediments for the sediment
toxicity 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 of water (see benthic
sampling). Again, 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 disturlced. 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 ptastic 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 teflon-lined lids) were filled to the
top to minimize air space. Duplicate jars were collected at all stations in case of breakage
and suspected contami nation.



Quality Control Protocols tor *diment &mpting

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 cm lor a 2 cm deep surficial sample). lf any of the
ab.ove criteria were not met, the sample was rejected. The samples were placed in sample
jars provided by the analyticaf 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 bowts were cleaned between sampling
stations using the following protocol: 1) a water rinse, 2) a phosphate-free soap uash, 3) a
deionized water rinse, 4) a 5% HNOs 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.

Tox¡cnv Samples

The laboratory (B.A.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 outl¡ned in the document Aquatic Effec,ts Technotogy
Evaluation Program Proiect #4.1.2a Extrapotation Study. B.A.R. is expected to comply with
the following QA/QC protocols:

. Written or referenced SOPs for each test

. Adequate tra¡n¡ng of personnel

.,,' Appropriate i nstrument cali bratlon' and mai ntenance
o GLPs
o Dilution water controls
o Test record sheets
o Dose selection
. Reference toxicants
o Controlcharts
o Adequate data handling 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.

FSn SamPLES

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
than 20 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 targeted for
metallothionein and metals analysis. Tssue 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 bacþack electrofishing are
presented below. The maximum effort to be expended on electrofishing was 1 full day per
station (reference and exposed; total 2 days). The maximum fishing effort for gill netting
was 2 days per station (reference and exposed; total 4 days). Gill nets were checked
frequently to collect living fish.

Protocol tor Gill Netting

The protocol employed during gill netting was as follows:

1) lndividual panels of various mesh sizes were assembled to comprise a gang 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 whích the nets were deployed. The section of rope between the anchor and
the bridle was of sufficient 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 maker 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 ancllor obtained by electronic positioning equipment (GpS). The above



noted information, 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 Trup Netting

The protocol for trap netting was 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 ancl/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) Neüing sites were selected that are relatively smooth bottomed, of a substrate suitable
for anchoring (i.e. mud, sand, ancUor gravel; smooth bedrock not suitable) and free of major
irregularities (large boulders, tree stumps or snags, etc.). lf 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 anchor, 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 litted 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 of the net, which was then passed over the boat until all fish were
concentrated at the near shore end of the house. The house aæess 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.



Protocols lor Back-Hck Electroîishing

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.

Health and safely procedures were followed strictly. These are also outlined in standard text
books.

Analysis ot Fish

At least I (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
o fresh weight
o externallnternalconditions
. SEX

o age
o gonâd weight
o kidney weight
. egg size and mass (if appropriate)
. liver weight

No internal variables were measured on fish of less than 20 cm in length. lnformation on
each fish species were recorded on the data logging sheets provided.

Length was measured to the nearest t2 mm. Fork length is the length from the tip of the
snout to the depth of the fork in the tail. Fish were towel dried and weighed to the nearest
1 g or 5o/" 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 of
note. Photographs were taken of lesions 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, otol¡ths, 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 1o%).

The body cavity were opened to expose the internal organs. The internal examination of
each fish included the recording ancl/or 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.

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. lf the liver tissue was diffuse, it was
teased from the intestines starting from the posterior and proceeding anteriorly. The liver
was weighed, divided in half and frozen in separate plastic bags for metals and
metallothionein analysis ( see latest protocols from AETE).

The gonads were 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 +1o/oof the total organ
weight. Care was taken to remove external 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 t¡ssue
and then detached using the spoon end of a stainless steel weighing spatula by applying
firm but gentle pressure against the upper aMominal cavity wall (dorsal aorta). ln this
procedure the kidney was scraped away from the dorsal aorta and associated connective
tissue. The kidney was divided in half, placed in separate whirlpack bags and lrozen on dry
ice for both metals and metallothionein anal¡¡sis.,

The gills arches and attached filaments were removed by severing the dorsal and ventral
cartilaginous attachment of the arches to the surrounding oral cavity. The gill arches were
placed in whirlpack bags and frozen on dry ice for metals and metallothionein analysis.
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Photo 1. McDonald Lake - Reference

Photo 2 lnactive tailings (Trap Club) adjacent to South Porcupine River upstream of Dome
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Photo 4, South Porcupine River below Moneta Road-Reference Sites 1-6
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Photo 5,
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South Porcupine River upstream of Dome effluent - Reference B1
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Photo 7. South Porcupine River upstream of Dome effluent - rence

Photo 8, Flow measured at road culverts at lower end of exposure area
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Photo 9, South Porcupine River - Exposure Site 1

Photo 10. South Porcupine River - Exposure Site 3
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Water Quality and Chemistry



APPENDIX Cl

Detailed Methods



MDS
Environmental Services Limited

Client: Ecological Services for ptanning
361 Southgate D¡ive
Gueþ, ONT, CANADA
NlG3M5

Daæ Submitted:
Date Reported:
MDS Ref#:
MDS Quore#:

Client Reû#:

Sampled By:

September 25196
Ocrober t5l96

96-697-GS

96239
Geoff Canrenie

Fax: St9-836_24g3

Analysis performed:

Methodology:

Certifïcate of Analysis

l) Determination of alkalinity in water by automated
colorimetry.
U.S. EpA Method No. 310.2

30 ELEMENT ICPAES AND ICP-MS SCAN
Alkalinity

jTi:ï!ct,No2, No3,o_po4 & so4)
SCAP 

MS package, g Element tCpÁpS Scan
Reactive Silica

1¡,Jól 
Lc, 

,,i.P

J"LW" n{l.
4 Tb''

l9|| MS package, 22EtemetICp_MS Scan
RCAP Calculations
Manual Conventionals(lff 

, îurtiaity, Conductivity, Color)
YorT", Cold Vapour aA, oig".ioo *;il;u
Cyanide, Free
Ammonia

]"{ 5:U0rn Niftogen, Digesrion Required
Total Phosphorous, Autor naly2s¡
Dissolved Inorganic Carbon, as Carbon(Autoanalyzer)
Dissotved organic carbon, * c*i"ìfì"ìärär*rl
Total Suspended Solids
Cyanide, Toral(UV_Visibte)
Acid Digestion

t
I
I
t
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MDS
Environmental Services Limited

Client: Ecological Services for Planning
361 Southgate Drive
Gueþh, ONT, CANADA
N1G3M5

Far 519-836-2493

Attn: Barbara Dowsley

Methodology: (Cont'd)

Certificate of Analysis

8) Cold Vapour Atomic Absorption Analysis of water for
mercury.

' U.S. EPAMethodNo. 245.2
(Reference - Varian Method No. AA-51)

9) Analysis of free cyanide in water by distilla¡isn
followed by colourimetric deærmination in a continuous
liquid flow.
ASTM Method No. D2036-91
(Refer-Methotl No. 11002202 Issue I2ZgBg)

10) Analysis of ammonia in water by colourimetry in a
continuous liquid flow.
ASTM MethodNo. D1426-79 C
Refer - Method No. 1100106 Issue 122289

11) Analysis of total geldahl Nitrogen in water by
colourimetric determination in a continuous liquid flow.
ASTM Method No. D3590-84AFD
Refer - Method No. 1100106 Issue 1222g9

12) Analysis of total phosphorus in water by colourimetry in
a continuous liquid flow.
U.S. EPA Merhod No. 365.1
Refer - Method No. 1100205 Issue 1222g9

Daüe Submitted:

Date Reported:

MDS Ref#:

MDS Quote#:

Client Ref#:

Sampled By:

September 25196

Octobe¡ 15i96

966572
96-697-cS

96239
Geoff Carnenie
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MDS
Environmental Services Limited

Client: Ecological Services for planning

361 Southgate Drive
Gueþ, ONT, CANADA
NlG 3M5

Fax: 519-836-2493

Attû Barbara Dowsley

Instrument¿tion:

Sample Description:

QA/QC:

Results:

1) Cobas Fara Centrifugal Analyzer
2) Dionex lon chromatograph, 4500i/4000i or cobas Fara II Anaryzer
3, 4) Thermo Jarrell Ash ICAP 618 plasma Spectrophotometer
5) PE Sciex ELAN 6000 ICP-MS Specrromerer
6) calculation from existing results; no instrument¿tion required.
7) orion pH met€r/Radiometer conductometerÆi'bidity meter/uv_visible
8) varian spectrAA 400 prus AA/VGA 76rMcA90 Mercury Analyzer
9,LL,I2,13,14) Tecbnicon Autoanrlyzer

10) Skalar Segmented Flow Analyzer, Model SA 20140
15) Precision Mechanicar convention oven/sartorius Basic Barance
16) Hach UV - Visible SpecÍophorometer, Model DR/3000
17) Thermolyne Hotplate/Hot Block

Certificate of Analysis

Water

Refer to CERTIFICATE oF QUALITY CONTROL reporr.

Refer to REPORT of ANALySIS arüached.

Certified By
Brad Ner¡man
Service Manage¡

Certified By
f. \a[r'rnshaq/, M. Sc.,C.Chem
Director, Laboratory Operations

r
I

Daæ Submitted:
Date Reported:

MDS Ref#:

MDS Quote#:

Client Ref#:

Sampled By:

September 25196

October 15/96

966s72
96-697_cS

96239
Geoff Carnenie
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MDS
Environmental Services Limited

Client: Frological Services for Planning
361 Southgate Drive
Gueþh, ONT, CANADA
NTG3M5

Fax 519-836-2493

Attn: Ch¡is Wren, PhD.

Analysis Performed:

Methodology:

Certific¿te of Analysis

30 ELEMENT ICPAES AND ICP-MS SCAN
All€linity
Anions(Cl,NO2,NO3,o-pO4 & SO4)
RCAP MS Package, 8 Element tCpAES Sc¿n
Reactive Silica
RCAP MS Package, 22EIemeñICp-MS Scan
RCAP Calculations
Manual ConventionalsþH, T\rbidity, Conductivity, Color)
Mercury, Cold Vapour AA, Digestion Required
Cyanide, Free

C yanide, Total(Autoanalyzer)
Ammonia

Total $eldahl Nitrogen, Digestion Required
Dissolved Inorganic Carbon, as Carbon(Autoanalyzer)
Dissolved Organic Carbon, as Carbon(Autoanalyzer)
Acid Digestion

1) Determination of alkalinity in water by automated
colorimetry.
U.S. EPA Method No. 310.2

Daæ Submitæd:

Date Reported:

MDS Reffl:
MDS Quote#:
Client PO#:

Client Ref#:

Sampled By:

Septomber22196

October 15/96

966496

96-697-cS

5693

c96239
Mike Zimmer

\

I n r/0r úL
r ¡-r{

,l{ ií 
I l' '-'

h 268(to
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MDS
Environmental Services Limited

Client: Ecological Services for planning

361 Southgate Drive
Gueþ, ONT, CANADA
NlG 3M5

Fax 519-836-2493

Attn: Chris Wren, PhD

Methodology: (Cont'd)

Date Submitted:

Date Reported:

MDS Ref#:

MDS Quote#:
Client PO#:

Client Ref#:

Sampled By:

September 22196

October 15/96
, 966496
96-697_cS

5693

c96239
Mike Zimmer

Certificate of Analysis

8) Cold Vapour Atomic Absorption Analysis of water for
mercury.

U.S. EPA Method No. 245.2
(Reference - Varian Method No. AA-51)

9) Analysis of free cyanide in water by distillation .

followed by colourimetric determin¿tion in a conrinuous
liquid flow.
ASTM Method No. D2036-91
(Refer-Merhod No. 11002202 Issue t22gS9)

10) Total cyanide ¡nalysis by distillation and colourimetry.
This method is approved by the Ontario MOEE for cyanide
analysis. It is not a NySDOH approved procedure.

ASTM Method No. D2036-91
(Refer-Method No. 11022002 Issue t2zggg)

11) Analysis of ammonia in water by colourimetry in a
continuous liquid flow.
ASTM Method No. D1426-79 C
Refer - Method No. 1100106 Issue t22\g9

12) Analysis of total Kjeldaht Nitrogen in warer by
colourimetric determination in a continuous lþuid flow.
ASTM Method No. D3590-84AFD
Refer - Method No. 1100106 Issue t22289I

f(-
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MDS
Environmental Serviees Limited

Client: Ecological Services fs¡ ptanni¡rg

361 Southgate Drive
Gueþh, ONT, CANADA
N1G 3M5

Fax: 519-ß64493

Attn: Ch¡is Wren, phD

Insûr¡ment¿tion:

grmFle Description:

QA/QC:

Results:

Certifïcate of Analysis

9,10,12,13,14) Tecbnicon Autoanalyze¡
11) Skalar Segmented Flow Analyzer, Model SA 20140
15) Thermolyne Hoþlate/Hot Block

Water

Refer ro CBRTIFICATE oF QUALITY coNTRoL ¡eporr.

REfCr tO REPORT Of ANALYSIS AttAChCd.

Certi-fied By
Brad Neqrman

Service Manager

Certified By
T. Munshaw, M.Sc.,C.Chem
Director, Laboratory Operations

Date Submitted:

Daúe Reported:

MDS Ref#:
MDS Quoæ#:
Client PO¡#:

Client Reû#:

Sampled By:

Septaúber22196

Oc¡ober t5l96
966496

96-697-cs

s693

G96239
Mike Zimmer

Page 5



i)

MDS
Environmental Services Limited

Client: Ecotogical Services f6¡ pl¡nni¡rg

361 Southgate Drive
Guelph, ONT, CANADA
NlG 3M5

Fax: 519-836-2493

Attn: Barbara Dowsley

Arnlysis Performed:

Methodology

r

nn
i'
t ilI

NOv 0I 1sg6

Date Submitted:

Date Reported:

MDS Ref#:

MDS Quote#:

Client Ref#:

Sampled By:

Octobel 17196

Ocrober 2g196

967332

96-697-GS

G96239

MP

Certificate of Ä.nalysis

Alkalinity
Anions(Cl,NO2,NO3,o-pO4 & SO4)
30 ELEMENT ICPAES AND ICP-MS SCAN
RCAP MS Package, 8 Element ICpAES Scan
Reactive Silica
RCAP MS Package, 22EIementICp-MS Scan
RCAP Calculations
Manual ConventionalsþH,Tirrbidity, Conductivity,Color)
Mercury, Cold Vapour AA, Digestion Required
Cyanide, Free

Amnonia
Total Kjetdaht Nitrogen, Digestion Required
Dissolved Inorganic Carbon, as Carbon(Autoanalyzer)
Dissolved Organic Carbon, as Carbon(Autoanalyzer)
Total Suspended Solids
Cyanide, Total(UV-Visible)

1) Determination of alkalinity in water by automated
colorimetry.

U.S. EPA Method No. 310.2

Page 1



MDS
Environmental Services Limited

Client: Ecological Services for Planning
361 Southgate Drive
Gueþh, ONT, CANADA
NlG 3M5

Fax: 519-836-2493

Attn: Ba¡bara Dowsley

Methodology: (Cont'd)

Date Submitted:

Daûe Reported:

MDS Ref#:

MDS Quote#:

Client Ref#:

Sampled By:

October 17196

October 28/96

967332

96-697-cS

c96239

MP

Ccrtificate of Analysis

8) Cold Vapour Atomic Absorption Analysis of water fo¡
mercury.

U.S. EPA Method No. 245.2
(Reference - Varian Method No. AA-51)

9) Analysis of free cyanide in waær by disti[ation
followed by colourimetric determination in a continuous
liquid flow.
ASTM Method No. D2036-91
(Refer-Mettrod No. 11002202 Issue l22ggg)

10) Analysis of amnonia in water by colourimetry in a
continuous liquid flow.
ASTM Merhod No. D1426-79 C
Refer - Method No. 1100106 Issæ t22289

11) Analysis of total Kjeldahl Nitrogen in water by
colourimetric determination in a continuous liquid flow.
ASTM Method No. D3590-84AFD
Refe¡ - Method No. 1100106 Iszue 122289

12) 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 - t02AC2.l
(Refer Method No. 1102106 Issue 1229g9)

Page 3



r- MDS
Environmental Selvices Limited

Client: Ecological Services for planning

361 Southgate Drive
Gueþ, ONT, CANADA
NlG 3M5

Fax: 519-836-2493

Attn: Barbara Dowsley

Sample Descrþtion:

QA/QC:

Results:

Certificate of Analysis

15) Hach UV - Visible Spechophorometer, Model DR/3000

Water

Refer to CERTIFICATE OF eUALITY CONTROL repoft.

RCfEr tO REPORT Of ANALYSIS AttAChCd.

Certiñed By
Brad Neuman

M. M.Sc

(

!

Date Submitted:

Date Reporìed:

MDS Reff:
MDS Quote#:

Client Ref#:

Sampled By:

October I7196

October 28196

967332

96-697-cS

G96239

MP

l

j

t-

ç

Director, I.aboratory Operations
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MDS
Environmental Services Limited

Client: Ecological Services for planning
361 Southgate Drive
Guelph, ONT, CANADA
NrG 3M5

Fax: 5t9-836-2493

Attn: Chris Wren, phD.

Analysis Performed:

Methodology

Certificate of Analysis

Alkalinity
Ammonia

Anions(Cl,NO2,NO3,o_po4 & SO4)
RCAP MS Package, g Element ICpAES Scan
Reactive Silica
RCAP MS package, 22 ElementlCp_MS Scan
RCAP Calculations
Manual ConventionalsþH,Turbidity, Conductivity, Color)
Mercury, Cold Vapour AA, Digestion Required
Cyanide, Free
Cya n i ds, Total(Autoan aly znr)
Ammonia

Total {ieldahl Nitrogen, Digestion Required
Dissolved Inorganic Carbon, as CarbonlAu toanalyzer)
Dissolved Organic Carbon, as Carbon(Autoanalyzer)
Acid Digestion

1) Determination of alkalinity in water by automated
colorimetry.
U.S. EPA Method No. 310.2

Date Submitted:

Date Reported:

MDS Ref#:

Sepûember 26196

Ocûober 15/96

966657

Client Refì#:

Sampled By:
c96239

George I:jeunes

Avrøi't

4 ,lf,'¿L

I
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MDS
Environmental Services Limited

Client: Ecological Services fs¡ Planning
361 Southgate Drive
Guelph, ONT, CANADA
NIG 3M5

Fax: 519-836-2493

Attn: Chris Wren, PhD

Methodology: (Cont'd)

Date Submitted:

Date Reported:

MDS Ref#:

Client Ref#:
Sampled By:

September 26196

October 15/96

966657

G96239

George Lajeunes

L

t

È

f
I
i

CertifÏcate of Analysis

8) 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

9) Cold Vapour Atomic Absorption Analysis of water for
mercury.

U.S. EPA Method No. 245.2
(Reference - Varian Merhod No. AA-51)

10) Analysis of free cyanide in water by distillation
followed by colourimetric determination in a continuous
liquid flow.
ASTM Method No. D2036-91
(Refer-Method No. 11002202 Issue t219g9)

11) Total cyanide analysis by distillation and colourimetry.
This method is approved by the Ontario MOEE for cyanide
analysis. It is not a NYSDOH approved procedure.

ASTM Method No. D2036-91
(Refer-Method No. 11022002 Issue t2Z9B9)

i.i,l:>ii íl¡¡:,tu.¡:.t,1):.ir,,,. ;11¿ssis.r¡¡i¡l¿t. {,\t¡irü.ir;, i.'(t¿¡ttlci i,l\'lt,I'í-", ::)í¡.¡*;il.ì ¡.Ì:1.,.1 i¡¡:.r. :ì!j..;tt:':;ìt ì..ìÍ):,ì '!',t!i¡-..i.... ¡.Sa,i.ìó 7()lrT09tj

f

'
t-
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MDS
Environmental Services Limited

Client: Ecological Services fs¡ Planning
361 Southgate Drive
Guelph, ONT, CANADA
NlG 3M5

Fax: 519-836-2493

Athr: Chris Wren, PhD.

Instrumentation:

Sample Description:

QA/QC:

Results:

Date Submitted:

Date Reported:
MDS Ref#:

Client Ref#:

Sampled By:

CertifTcate of Analysis

L, 2) Cobas Fara Centrifugal Analyznr
3) Dionex Ion chromatograph, 4500i/4000i or cobas Fara II Anaryznr
4, 5) Thermo Jarrell Ash ICAp 6lE plasma Spectrophotometer
6) PE Sciex ELAN 6000ICP-MS Spectromerer
7) calculation from existing results; no instrumentation required.
8) orion pH meter/Radiometer conductometer/Turbidity meter/uV-visible
9) varian spectrAA 400 plus AA/VGA 76rMcA90 Mercury Anaryznr
lO, L l, 13, 14,15) Technicon Autoanalyzer
12) Skalar Segmented Flow Analyzer, Model SA 20140
16) Thermolyne Hotplate/Hot Block

Water

Refer to CERTIFICATE OF eUALITY CONTROL reporr.

Refer to REPORT of ANALySIS aftached.

Certified By
Brad Newman
Service Manager

Certified By
T. Munshaw, M.Sc.,C.Chem
Director, Laboratory Operations

September 26196

October 15/96

966657

c96239
George I-ajeunes

t..:

-.. .(iii:t(j 
t.ì¡tt,.i;.tt.t 1)r'rr.r,. rly'¿ssls.st¡u!a. {)nictt.ir,. í !it!.:.i.: !..:i. fj);'!'t:.::ìí j::,.i;''"ìe:i);1j jt¡¡.¡;:tt)i,tì7:1.?;lí):¡ 'í,,¡ti ]'¡...,.: j..,r,lr/.r jr.:1ji;:,
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f' MDS
Environmental Services Limited

Client: Fæological Services for Planning
361 Southgate Drive
Gueþh, ONT, CANADA
NlG 3M5

Fax: 519-836-2493

Attn: Chris Wren, PhD.

Analysis Performed:

Methodology:

Instrumentation:

Certificate of Analysis

Aqueous extraction
RCAP MS Package, 8 Element ICPAES Scan

RCAP MS Package, 22 Element ICP-MS Scan

1) Aqueous exhaction of a ñlter for the determination of
soluble cations and/or anions.

MDS Internal Method 95-1

2) Analysis of trace metals in wate¡ by inductively coupled
plasma atomic emission spectrometry.
U.S. EPA Method No. 200.7

3) Analysis of trace metals in water by Inductively Coupled
Plasma Mass Spectrophotometry.

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

1) Rotorack at 10 RPM/Filtration Apparatus
2) Thermo Jarrell Ash ICAP 61E Plasma Specrrophorometer
3) PE Sciex ELAN 6000ICP-MS Specrromerer

Date Submitted:

Date Reported:

MDS Ref#:

MDS Quote#:

Client Ref#:

Sampled By

November 11/96

November 21196

968374
CANMET Investig

96239-QAtQC
Mike ZimmerI

I

ft-
I

L

t
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APPENDIX C2

QA/QC



"I
MDS Environmental Services Limited.

Certificate of Quality Control

Client : Ecological Sen,ices for Planning
Contâct Barbara Dowsley

Analysis of Water

Date Reported:

MDS Ref # :

MDS Quote#:

Client Ref#:

October 15/96

966s72
96-697-cS

96239

Atkrli¡itíú CICO3)

Chlo¡ide

Nit¡¡te(B l{)

Nitrit(æ Ð
Onhoph6lblt{ú P)

Sì¡tdltê

B@

B@

Calcim

Crlcim

Im

I¡@

M!gr6im

Magneiu

Phøphru

Pbøphoru

Potassim

Potåssim

Sodiu

SodiuE

Parâmeter

Ð(?l-E.O. ltcirr]

Q3 76551

ÞCPr-E o. ßotlrl

Q3 76551

Þ(Pl.gO. [totÂl]

Q3 ?655r

ÞQl-E.O. ltor¡l]

Q3 7655t

Þ(PI.E.O. [totru

Q3 76551

Ð(P1-8.O. [tota!

Q3 76551

Þ(PI-E.O. ltot¿l]

Q3 ?655r

E

ü
Ð(Pl-E.O.

Ð(Pl-E.o,

ü
u

SAMPLE ID
(spike)

I
1

0.05

0.01

0.01

2

0.005

0.005

0.1

0.1

0.v)

0.02

0.1

0.1

0.1

0.1

0.5

0.5

0.1

0.1

LOQ

mglL

mtlL

mglL

ÃglL

mgIL

mglL

ÃglL

mglL

ÃglL

øgIL

mgll,

ûglL

r glL

mglL

mglL

ûglL

mElL

ñg/L

ûglL

Units

nd

nd(b)

nd(b)

n(l{lt

n(li D)

nd(b)

ido)

nd(b)

nd(b)

nd(b)

nd(b)

nd(tr)

nd(b)

nd(b)

nd(b)

ndft)

nd(lt

nd(b)

nd(b)

Result

,,

0.1

0.03

0.03

3

0.v2

0.02

0.2

0.2

0.03

0.03

0.2

0.2

0.2

0.2

1.0

1.0

0.2

0.2

Upper

Limit

ycs

ycs

yca

ycs

yes

yca

ye8

ycs

ycs

ycs

yes

yes

yc8

yæ

yes

ycs

ycs

yes

yes

Accept

Process BI¡nk

99

712

109

u
103

104

106

100

LU2

t02

101

100

110

99

91

91

92

7M

103

101

Result

87

90

E8

80

90

90

85

85

85

85

E5

85

85

85

85

E5

E5

85

85

85

Lower

Lùnit

L13

173

7L4

116

110

713

115

1ls

115

115

115

115

115

115

115

115

115

115

115

115

Upper

Limit

ycE

ycs

yeE

ycE

yc8

y6

yæ

yc8

ycs

ycE

yes

yq3

ycs

ycs

ycs

yca

yes

ycs

ycs

Accept

Procçs % Recovery

ü
na

0.30

m

0.75

¡Á

1.72

t.t7

0.3

I

1.09

1.10

0.9

1.0

1.1

5.1

Result

tÌl
nâ

0.30

lr¡

1.0

Dâ

1.00

1.00

1.0

1.00

1.00

1.0

1.0

1.0

5.0

Taryet

m

na

0.18

m

0.6

¡lr

0.60

0.60

0.2

t

0.60

0.60

0.2

0.4

0.4

1.0

Lower

Limit

na

¡â

0.42

¡u

1.4

na

1.40

1.40

1.8

1.40

1.40

1.6

t.6

1.6

8.0

Upper

Limit

¡¡t

¡lt

ycr

Ill
ycs

ûl

yc8

ycs

ycs

yc8

yes

yc8

ycs

ycs

ycs

Accept

MaFixSpfte

ycE

yca

yá

ycs

yca

yc8

yct

ycr

ycr

ycr

ycr

ycs

yc8

ycs

yc8

ycs

yc8

yqt

ycs

QC

Overall

Acceptable

LOQ = Limit of Quantitatio¡t : lowest level of the pârameter that cån be quantified with confidence* = Unavailable due to dilution required for anaiysis
na = Not Applicable
ns = Inzuffrcient Sample Submitted
nd = parameter not detected
TR = trace level less than LOQ
(b) : Analyte results on REPOR'I' of ANALYSIS have been background corrected for the process blank.

Page 1 of5



Client : Ecological Services for Planning
Contact Barbara Dowsley

Amlysis of Water

LOQ = Limitof Qua¡tit¿tion = lowestleveloftheparameterthatcanbeçantifiedwithconfidence* = Unavailable due to dilution required for analysis
na = Not Applicable
ns = Insuffcient Sample Submitted
nd = parameter not detected
TR = trace level less than LOQ

MDS Environmental Services Limited

Certifïcate of Quality Control
Date Reported:

MDS Ref # :

MDS Quote#:

Client Ref#:

Ocrober 15/96

966s72
96-697-GS

96239

Zìrc

Zitu

Rqctirc Silir¡{Sio2)

Ahminm

A¡ni^n

Aûtinory

Aûtiúdry

Anaic

Án@ic

Brrim

Buim

Berylliu

Bcryniu

Bimtb

Bi3@th

Crtui'rñ

C¡doim

Chmiu

Cbmiu

Cob¡lt

Parameter

Þ(PI-B.O. ltot¡rl

Q3 ?65J1

u
Þ(Pl-E O. ttot¿U

g

Ð(PI-E.O, [totalì

!Â

Þ(Pl-BO. ltotau

n

Þ(PI-E.O. [tot¡4

m

Þ(Pl-8.O. [totl[

E

Þ(Pl-E O. [tot¡U

4

Þ<Pl-EO. ltotar]

ü
Þ(Pr-E.O. [totau

M

Þ(PI-E,O. ltotsU

SAMPLE ID

(spike)

0.002

0.002

0.5

0.01

0.91

0.002

0.002

0.002

0.002

0.005

0.005

0.005

o'oo5

0.002

o.oo2

0.0005

0.0005

0.002

0.002

0.001

LOQ

ûglL

mgtL

nglL

mglL

rÃglL

ûgtL

úglL

mglL

rlglL

rnglL

ûglL

mgtL

mglL

ûglL
ñglL

ûglL

mglL

MgTL

mglL

Units

0.003(b

0.004(b

nd(b)

nd(b)

ndo)

nd(b)

nd(b)

ndo)

nd(b)

nd(b)

ntl(b)

nd(b)

nd(b)

nd(b)

rdo)

nd@)

nd(b)

ndo)

0.004(b

nd(b)

Result

Proccs Bl¡nk

0.02

0.02

1.0

0.03

0.03

0.004

0.00¿f

0.004

0.004

0.01

0.01

0.01

0.01

0.004

0.004

0.0010

0.0010

0.004

0.004

0.0û2

Upper

Limit

ye3

yê8

yc8

y6

yc8

yc3

ycs

yca

yÊs

yes

yÊs

yca

ycs

ycs

ycs

yes

ycs

ye8

ycs

Accepû

LV)

101

99

108

tL3

9E

108

104

105

Itz
tL2

r03

97

101

100

101

106

100

110

103

Result

Process % Recovery

85

85

80

E5

E5

85

85

85

85

85

85

85

85

85

85

85

85

E5

85

85

Lower

Limit

115

115

t20

115

115

115

115

115

115

115

115

ll5
115

115

115

1ls

115

115

11s

115

Upper

Limit

yês

yc8

tês

tc8

ïca

ycs

ycs

ycs

ycs

ycs

)¡es

yÊ8

}æs

}€s

iEs

l/Es

7Ds

yls

:/:s

,lccept

L.ü7

1.01

lll

0.08

lrl
0.136

n¡

0.085

nl

na

0.t37

n¡

0.109

¡rÂ

0.7240

n¡

0.126

¡la

0.137

Re$rlt

Matrix Spike

1.00

1.00

It¡

0.100

Itt

0.100

lll

0.100

¡râ

TlA

0.100

n!

0.100

¡¡a

0.100

na

0.100

¡¡a

0.100

Target

0.60

0.60

nr

0.050

¡t

0.050

tu

0.950

n¡

ni

0.050

nÀ

0.050

¡¡t

0.050

nr

0.050

nl

0.050

Lower

Limit

1.40

1.40

tl

0.140

nâ

0.140

n¡

0.140

na

llt

0.140

IU

0.140

n¡

0.140

Ill

0.140

na

0.140

Upper

Limit

ycs

yca

nÂ

ycs

Itl

yes

¡lr

ycs

D¡

tu

y6

DA

yc3

na

ycs

n¡

YB

¡t
ycs

Accept

ye3

yc8

ycE

ycr

yca

yca

yct

y6

yca

yÊ3

vT
ycs

vc3

yst¡

yca

ycs

ycs

ycs

ycs

Ycs

Overall

QC

Accepûable
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MDS Environmental Services Limited

Certificate of Quality Control

Client : Ecological Services for Planning
Contacü Barba¡a Dowsley

Analysis of Water

Date Reported:

MDS Ref # :

MDS Quote#:

Client Ref#:

October 15/96

966572

96-697-GS

96239

Cobalt

Copper

Copper

Iãd

Izsd

Mrngmc

Muguee

Molybd@

Molybd@

Nickcl

Nickct

Sclmim

Sclm'rom

Silvcr

Silrc¡

St¡qtiu

Sl¡øtium

IbåUiw

Ib¡llim

Tm

Parameter

n

Þ<Pl-E.O.ltourl

u
Þ(Pf-E O. Itot¡4

u
Ð(Pl-E O. ltot¡ü

u
Þ(Pl-ÉO. [totsl]

E

Ð(Pl-E.o. ßotsû

E

Þ(PI-E.O. [totd]

E

Þ(PI-E.O. [tot¡!

E

Þ(PI-E'O. [total]

n
Þ(Pl-E O, [total]

ü
Þ(Pl-E.O, ltota!

SAMPI,E II)
(spfte)

0.001

0.002

0.002

0.0001

0.0001

0.002

0.002

0.002

0.002

0,002

0.002

0.002

0.002

0.0003

0.0003

0.005

0.005

0.0001

0.0001

0.002

LOQ

melL

úglL

mgtL

úglL

mglL

mglL

ûglL

rnglL

mglL

mgIL

mglL

ûgtL

mglL

ûglL

mglL

ñglL
ñttL
mglL

mglL

I¡rits

nd(b)

ndo)

nd(b)

nd(b)

nd(lt)

nd(b)

nd(b)

nclít¡)

nd,1ì))

ld(lr)
nd(b)

nd(b)

0.00 f(b

nd(b)

nrl(b)

nd(b)

n(l(i))

nd(1))

nd(¡)

nrri.')

Resdt

Process Blank

0.002

0.004

0.004

0.002

0.002

0.004

0.004

0.004

0.004

0.004

0.004

0.004

0.004

0.0006

0.0006

0.01

0.01

0.0002

0.0002

0.004

Upper

Limit

ycs

yes

yes

ycs

ycs

ycs

ye3

yca

ycs

ycs

yca

ycs

yct

ycs

yca

yê3

yès

yc8

ycs

Accep

109

101

r09

100

101

101

111

101

103

100

lr2
106

106

r06

LU

r02

LOl

101

r00

98

Result

Proccs % Recovery

85

85

85

E5

85

E5

E5

85

85

E5

85

E5

85

E5

85

85

85

E5

85

85

Lower

Limit

115

115

115

115

115

115

115

115

115

115

115

115

115

115

115

115

115

115

115

115

Upper

Limit

ycr

ye3

ycB

yc8

yca

yes

yËs

yèt

ycs

ycs

yeE

yès

yct

ycs

yes

yc8

yès

ycE

yc8

Accept

nl

¡u

0.1060

DI

0.ln
¡r¡

0.104

¡tl

0.138

lrl
0.081

nt

0, r390

T¡

0.087

¡tl

0.u10

¡tl'

0.L32

Resdt

lvfarrix Spike

¡A

¡¡
0.100

llÂ

0.100

D¡

0.100

t¡r

0.100

nt

0,100

n¡

0.100

D¡

0.100

lrl

0.100

D¡

0.100

Target

m

¡¡
0.050

t¡t

0.050

nÂ

0.050

Ill

0.050

¡t
0.050

nÀ

0.050

¡!l

0.050

DT

0.050

lrl

0.050

Lower

Limit

na

ût

0.140

¡t¡

0.140

¡å

0.140

n¡

0.140

na

0.140

nÂ

0.140

¡ra

0.140

nt

0.140

n¡

0.140

Upp€r

Limit

D¡

Itt

ycs

D¡

ycs

¡l¡

ycr

tìt

yes

nt

ycs

n¡

vc3

t¡t

yÊs

t¡r

yc8

na

ycs

Accept

yæ

ycE

ye8

yca

yca

ycr

ycs

yes

yca

ycE

yca

yca

yct

yc6

yct

yc8

yc¡

yct

yct

Yct

Overall

QC

Acrepable

LOQ = Limit of Quantitation = lowest level of the parameter that can be quantified with conûdence* = Unavailable due to dilution required for analysis
na = Not Applicable
ns = Insufficient Sample Submitted
nd = parametel not detected
IR = trace level less than LOQ
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MDS Environmental Services Limited

Client: Ecological Services for Planning
Contact: Barbara Dowsley

Analysis of Water

LOQ = Limitof Quantitation = lowestleveloftheparameterthatcanbequantilicdwithconfidence* = Unavailable due to dilution required for analysis
na : Not Applic¿ble
ns = Insufficient Sample Submitted
nd = parâmeter not detected
TR. = trace level less than LOQ

Certificate of Quality Control
Date Reported:

MDS Ref # :

MDS Quote#:

Client Ref#:

October 15/96

966s72
96-6n-GS

96239

lla

Tl¡t¡¡im

Trta¡t¡m

Un¡im

Utuim

V¡odim

V¡lrdim

Coltr

Cqductivity - @25'C

PTI

Ii¡¡bidity

Mepry

Cyæidc, FF
Affiøi¡(gN)

A@ie(8N

lollt lçcld.hl Nitrlgc(B N)

Totrl lgeHrhl Nittoga(ú N)

Totrl lgel¿.hl Nitroga(a N)

Itor@ru, Tart

Disohrcd lroaguic Crrb@(æ C)

Parameter

u
Ð(Pl-E O. [totaû

E

E(PI-Eo. ftotdl

D

Þ(Pl-E.o. ltohrl

u
E

D

ü
ü
u
u
u
u
u
E

D

u
E

SAMPLE ID

(spfte)

0.002

0.0û2

0.9v2

0.0001

0.0001

0.002

0.002

I
I

0.1

0.1

o:1

0.002

0.05

.0.05
0.05

0.05

0.05

0.004

0.5

LOQ

mg'ß-

ÃglL

ñglL

ñglL

ßglL

mgll.

mglL

TCU

us/cm

Unils

NTU

ttlL
mglL

mgll.

mglL

mglL

øglL

ÃglL

mglL

Units

nd(b)

ndo)

nd(b)

¡d(b)

nd(b)

ndo)

0.002(b

nd(b)

na(tr)

na(b)

nd(b)

nd

nd

0.08

0.09

nd

ûd

nd

0.006

td

Rcrult

P¡'6çs5 gl¡nk

0.004

0.004

0.004

0.00û2

0.00û2

0.004

0.004

10

nt

n¡

0.5

0.2

0.004

0.1

0.1

0.1

0.1

0.1

0.008

1.0

Upper

Limit

ycg

yct

yÊt

yq

yc8

yca

yes

yca

m

n¡

yc3

ycs

ycs

yq¡

ycs

yca

I€S

ycs

ycs

Accept

105

100

105

98

96

100

110

EE

98

99

97

ro2

105

96

95

93

93

98

100

t!À

Re$¡It

Process % Recovery

85

85

85

t5

85

E5

85

85

91

98

81

79

11

79

79

77

77

n
u
m

Lower

Limit

115

115

115

115

115

115

u5

115

109

LO2

129

120

t27

119

119

L22

122

t22

126

Dt

Upper

Linit

yc:t

yâ

y4

yq
yét

'lcE

:rcE

yc8

yès

yes

:'cg

tcs

tcs

tc8

te¡
yes

)'cs

'.o
)'c8

ll

Accept

nl
0.116

DI

0.1030

DI

0.131

nt

na

nÂ

DA

n&

m

nÀ

¡a

tu

lll

na

ü
m

nr

Result

Matrix Spfte

nl
0.100

n!

0.100

DT

0.100

Ill

trÀ

m

na

nr

na

nt

m

¡¡t

DA

¡tt

D¡

na

m

Target

DI

0.050

DI

0.050

!t

0.050

Itt

t¡l

Ill

n¡

tr
m

nâ

D¡

nl

ltl

¡¡
lrl

tl¡

nl

Lower

Linit

Itl

0.140

tll

0.1¡f0

D¡

0.140

T¡

tr¡

nt

n¡

NA

na

nå

¡¡a

¡¡t

nl

tr¡

na

D¡

¡¡l

Upper

Linit

t!Â

ycs

¡t
ycE

n¡

ycs

lrl

nÀ

nt

n¡

m

m

na

trÂ

n¡

¡t¡

la

m

Dl

m

Accept

yct

yca

ycE

ycE

ycs

yc8

ycE

yca

yc8

ycs

ycE

yca

yca

ycs

ycs

ysl

yca

yc8

yc8

yêr

Overall

QC

Acceptable
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MDS Environmental Services Limited

CertifÏcate of Quality Control

Client : Ecological Services for Pl¡nning
Contacl Barbara Dowsley

Analysis of Water

Date Reported:

MDS Ref # :

MDS Quote#:

Client Ref#:

October 15/96

966572

96-6n-cs

96239

Dissolved Orgeic Carbon(ÞOc)

TotÁl S\sp@dod Solids

Clmidc, Total

Parameter

D

u

ü

SAI\{PLE ID
(spike)

0.005

0.5

LOQ

mglL

mglL

mglL

Units

nd

û{l

nd

Rcr;ult

1.0

a

0.010

Upper

Limir

ye8

ye8

ycs

Accept

Process Blank

104

9E

100

ResuIt

EO

82

E2

Lower

Limit

116

118

115

Upper

Limit

ycs

ycs

yc¡

Accepú

Process % Recovery

na

DI

¡t

Res¡rlt

n¡

nl

m

Target

nl

¡t

¡Â

Lower

Limit

na

na

na

Upper

Limit

DÂ

DA

NA

Accept

Matrix Spike

ycr

ycr

yeE

QC

Ove¡all

Acceptable

LOQ = Limit of Quantitation,=.lowest level of the par¡ìmeter that can be quantifred with confidence* = Unavailable due to dilution required for anaîysis
na = Not Applicable
ns = Insufficient Samplc Submitted
nd = parameter not detected
TR = trace level less than LOQ
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Client : Ecological Services fe¡ planning

Contacl Chris Vy'ren, PhD.

Analysis of Water

LOQ = Limit of Quantitation : lowest level of the parameter that can be quantified with confidence* = Unavailable due to dilurion required for analysis
na = Not Applicable
ns = Insufficient Sample Submitted
nd = parameter not detected
TR = trace level less than LOQ
(b) = Analyte results on REPORT of ANALYSIS have been background corrected for the process blank.

MDS Environmental Services Limited.

Cerfiücate of Quality Control
Date Reported:

MDS Ref # :

Client Ref#:

October 15/96

966657

G96239

Afatinity(u CaCO3)

Amia(æN)

Cbløidc

Nitn¡È(d N)

Nittirê(æ N)

Orhophopb¡t (æ P)

Su¡ph¡tc

Bm
C¡lciu

¡o

Mçmiu

ntphoru

Pd$!im

Sodi@

7b

RadìE SiUe(SiO2)

Aluinm

Á!tiffiry

A¡gic

Ba¡iq

Parameter

B

ML

É

ML

E

ML

r

ML

ML

ML

ML

ML

ML

ML

ML

É

ML

ML

ML

ML

SAMPLE ID

(spike)

I

0.05

I

0.05

0.01

0.01

)

0.005

0.1

0.02

0.1

0.1

0.5

0.1

0.002

0.5

0.01

0.002

0.002

0.005

LOQ

mglL

mClL

mglL

mglL

mglL

mglL

m.glL

mglL

ûglL

mg/L

mglL

mglL

mg/L

mglL

mg/L

mglL

mglL

mglL

mglL

Units

nd(b)

n<i(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

ncl(b)

nd(b)

nd(b)

ncl(b)

nd(b)

nd(b)

0.002(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

Result

Process Blank

,
0.10

2

0.1

0.03

0.03

3

o.o2

0.2

0.03

0.2

0.2

1.0

0.2

0.02

1.0

0.03

0.004

0.004

0.01

Upper

Limit

yes

ye8

ye3

ys

vë

yð

ys

vq

ys

ye8

yc8

yc6

vg

ye8

yc8

ye

yæ

yes

y€8

ye8

Accept

100

106

tt2
109

E4

rfrl

104

r00

It2

9E

105

107

109

9t

100

99

tl2
97

96

96

R€sult

Process % Recovery

87

EI

90

EE

80

90

90

85

E5

85

E5

85

85

85

E5

80

85

E5

85

E5

Lower

Limit

tt3

llE

1r3

114

r16

110

113

115

ll5
115

115

lt5
115

115

115

r20

115

ll5
115

115

Upper

Limit

yc.

yæ

yct

ycr

yÊ'

yâ

yð

yq
y4

v6

yet

y6

yca

y€.

ycr

yæ

ycr

ys
yÊ3

Accept

na

1.1I

nâ

0.t3

D¡

0.73

m

t.t2

t.g2

1.3

0.9

5.9

1.6

t.07

na

0.10

0.wt

0.100

0.096

Result

Matrix Spike

DA

r.00

DA

0.30

¡i

1.0

m

1.00

1.00

1.0

1.0

5.0

1.0

1.00

na

0.100

0.100

0.100

0.100

Target

na

0.60

¡¡
0.18

na

0.6

ni
0.60

0.60

0.2

0.4

1.0

0.2

0.60

m

0.050

0.050

0.050

0.050

Lower

Linit

na

1.40

û¡

0.42

D¡

1.4

m

1.40

1.40

1.6

1.6

t.0

1.6

1.40

u
0.140

0.140

0.140

0.140

Upper

Limit

DA

yq

na

vg

na

yæ

n¡

v4

yc8

y€8

vé

ye

ycr

y6

na

vé

yc8

yc8

Accept

y6

y€r

ycr

yct

yct

ya

ya
ya

ya

yâ

yG.

ycr

yc8

yct

ycr

ycr

y€.

yct

y6

yc8

Overall

QC

Acceflable
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Client : Ecological Services for Planni¡g
Contact: Chris Vy'ren, PhD.

Analysis of Water

LOQ = Limit of Quantiøtion = lowest level of the parameter that can be quantified wirh confidence* = Unavailable due to dilution required for analysis
na : Not Applicable
ns = Inzufficient Sample Submitted
nd = parameter not detected
TR : trace level less than LOQ

MDS Environmental Services Limited.

Certificate of Quality Control
Date Reported:

MDS Ref # :

Client Ref#:

October 15196

966657

G96239

Bcryllim

Birq¡xh

C¡dmim

Cbmib
Coùsh

Coppcr

ltú,

Mmgæ

Molybdm

Nicbl

Soknim

Silw¡

Stqti6

Tb¡lliu

¡D

Tiunim

Umim

V¡n¡dim

Colø

Cqducrivity - @25óC

Pârâmeter

ML

ML

ML

ML

ML

ML

ML

ML

ML

ML

ML

ML

ML

ML

ML

ML

ML

ML

B

ú

SAMPLE ID

(spike)

0.005

0.002

0.0005

0.002

0.001

0.002

0.0001

0.002

0.002

o.ooz

0.002

0.0003

0.005

0.0001

0.002

0.002

0.0001

0.002

5

I

LOQ

mgll-

mg/L

mglL

mglL

mglL

mg/L

mglL

mglL

mglL

m/L

mglL

nglL

mg/L

mglL

mglL

mg/L

mglL

mglL

TCU

ug/crn

Units

nd(b)

nd(b)

nd(b)

n<l(b)

nd(b)

nd(b)

0.0001(b)

nd(b)

nd(b)

nd(b)

nd(b)

n<l(b)

nd(b)

nd(b)

nd(b)

nd(,

nd(b)

nd(b)

no(b)

Result

Process Blank

0.01

0.004

0.0010

0,004

0.002

0.004

0.002

0.004

0.004

0.@

0.0ø

0.0006

0.01

0.0002

0.004

0.004

0.0002

0.004

na

na

Upper

Limit

vg

ys

yg

ys
yq

ys

ycs

yd

yc5

yc3

vq

ys

yd

yqr

yæ

y4

ya

m

m

Äccept

109

9t

96

99

100

t07

9l

99

97

99

95

92

98

90

94

99

94

98

8E

97

ResuIt

Process % Recovery

85

85

E5

85

85

E5

85

85

85

85

E5

E5

85

E5

85

85

E5

E5

85

9l

[¡wer
LiEit

ll5
115

115

115

115

115

115

115

115

115

115

115

115

115

115

115

115

115

115

109

Upper

Limit

H

's
t¡aa

yr.

ys
y:.

yÈs

yá

:fcs

tc.

tcr
y4
y6

y.a

}rËt

}l

)rr

''Êryq

Ac.ept

0.u3

0.09t

0.0996

0.1üÌ

0.102

0.101

0.0947

0.104

0.100

0.1(Þ

0,100

0.0997

0.102

0.0936

0,096

0.100

0,09E4

0.103

na

na

Re$¡lt

Matrix Spike

0.100

0.100

0.100

0,100

0.100

0.100

0.100

0.100

0.r00

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

!!

m

Targø

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

0.050

nl

na

I¡wer
Limit

0.r40

0.140

0.140

0.140

0.140

0.140

o.740

0.140

0.f¡rc

0.140

0.140

0.140

0.1¡10

0.140

0.140

0.r40

0.140

0.140

D!

n!

Upper

Linit

ys

yct

yd

yet

y6

ya

yct

ys
ycr

ycE

y4

vq

y6
yct

ye

ycs

yct

yct

m

m

Accept

y6

yc6

va

yq
y€

y4

yâ

y6

ycE

yc.

y6

ya

yct

yc.

ycr

ycr

ya

ycr

ycr

yct

Overall

ac
Accefiable
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Client : Ecological Services for Planning
Contact: Chris lùy'ren, PhD.

Analysis of Water

LOQ = Limit of Quantitation = lowest level of the parameter that can be quantified with confidence* = Unavailable due to dilution required for analysis
na = Not Applicable
ns = Insuffrcient Sample Submitted
nd - parameter not detected
TR : trace level less than LOQ

MDS Environmental Services Limited

Certificate of Quality Control
Date Reported:

MDS Ref # :

Client Ref#:

October 15/96

966657

G96239

pH

Tubidity

Mcrø¡y

Cloidc, Fæ

Cyuidc, Tol¡l

Amøia(uN)

Tdal Kjcldahl Niko86(s N)

Disrolvcd Lorgùic C.rùo(ú C)

Dirsolrcd Orgaic C¡¡ùø(DOC)

Parameter

n

m

I

ú
r

n

a

É

E

SAMPLE ID

(spike)

0.1

0.1

0.1

0.002

0.002

0.05

0.05

0.5

0.5

LOQ

Units

NTU

uglL

mglL

ng/L

mglL

mglL

mg/L

mglL

U¡dts

na(b)

no(b)

ncl

ncì

nd

nd

nd

nd

nd

Result

Process Blank

na

na

0.2

0.004

0.004

0.1

0.1

1.0

1.0

Upper

Limit

na

na

ye8

ys

yes

yea

y6

vd

yes

Accept

99

96

95

105

100

104

98

na

104

ResuIt

Process % Recovery

9E

tl
79

77

E2

79

77

m

EO

l¡wer
Linit

102

129

t20

r27

115

tt9
122

na

116

Upper

Linit

v6

ya

yd

y4

y6

vð

yet

n¡

yes

Accep

n¡

ûâ

m

I¡¡

m

m

m

¡a

na

Reult

lfatrix SpAe

tlt

n!

DI

tr¡

na

na

nâ

no

m

TarSet

nl

¡â

m

n¡

nÀ

m

na

m

na

I¡wer
Limit

¡¡
B¿

na

na

n¡

na

na

na

na

Upper

Limit

ni

n¡

m

tla

nâ

m

na

m

na

Accept

ycr

yct

vd

ye8

v€

y€

ya

yc8

yc8

Overall

QC

Acceptable
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MDS Environmental Services Limited

Certificate of Quality Control

Client: Ecological Services for Planning
Contacfi Chris Wren, PhD.

Amlysis of Water

Date Reported:

MDS Ref # :

MDS Quote#:
Client PO#:

Client Reff:

October 15/96

966496

96-697-cS

5693

Ctg6239

AlkalinitÍ8 C8CO3)

Chlo¡ide

Nitrat(u N)

Nit¡itc(s N)

Orhopbßpblt{ú P)

S¡lpù¡tc

Bm
Bq@

Crlcim

C¡lcim

Im

Ir@

M¡eGim

Mrgneim

hdphß

PhoE'boru

Potssiq

Pot¡ssiu

Sodi'h

Sdim

Parameter

g

u
Srqlc¡ Bl r¡k

SaoplaBlut

SürylcBlü&

E

SrrylaBlæk

Srrylq Bl ¡¡k

SrqlcBl !¡k

Saqúa Bl ¡¡k

SaqlaBlalk

SrrylcBlük

S¡ryler Bl a¡k

S!¡qrlq Bl a¡k

S¡qlerBlük

Sanpla Bl rok

SanplaBlalk

Sarq)lú Bl a¡¡(

Srqús Bl alk

ük

SAMPLE ID

16pfte)

I
L

0.05

0.01

0.01

t

0.005

0.005

0.1

0.1

0.v2

0.02

0.1

0.1

0.1

0.1

0.5

0.5

0.1

0.1

LOQ

mglL

mglL

mglL

mtlL

mglL

mgIL

mSlL

ûglL

ÃglL

mglL

úElL

ûglL

úgÍL

ñglL

nCIL

ûglL

mglL

ÃglL

mgIL

Units

nd(b)

nd(l))

nd(lÐ

nd(b)

ndo)

nd(b)

nd(1,)

nd(b)

nd(b)

ndo)

nd(b)

n0ir')

nd(b)

nd(b)

trd(b)

ndo)

nd(b)

nd(b)

nd(b)

nd(b)

Rcsult

t

a

0.1

0.03

0.03

3

0.m

0.v2,

0.2

0.2

0.03

0.03

0.2

0.2

0.2

0.2

1.0

1.0

0.2

0.2

Upper

Linit

ycs

yes

ycs

yc8

yÊ8

ycs

ycs

ycs

y€3

yc3

ycs

ycs

yes

ycs

yca

yes

ycs

yes

yÊ8

Accepú

Process Blank

100

.106

108

87

101

103

110

106

104

102

LUI

101

108

r10

90

9l

99

92

106

103

R€sult

E7

90

E8

80

90

90

E5

E5

85

E5

85

85

85

85

85

85

85

85

E5

85

Lower

Lhit
LL3

LL3

Lt 

116

110

7t3

115

115

115

115

115

115

11s

115

115

115

115

115

115

115

Upper

Limit

ycs

yc8

ycs

ycs

yès

ycE

ycc

yÈIt

yca

yc8

yca

yês

yês

ycs

ycE

ycs

yc8

yes

yc8

AcceS

Proccs % Recovery

¡t

It¡

0.32

0.16

0.94

¡l

1.08

t.t4

1.1

1.1

1.06

L.t4

1.1

1.1

0.9

1.0

4,6

6.0

1.1

1.2

R€sutt

û¡

¡l¡

0.30

0.20

1.0

¡t

1.00

1.00

1.0

1.0

1.00

1.00

1.0

1.0

1.0

1.0

5.0

5.0

1.0

1.0

Ta¡get

¡¡
t¡l

0.1E

.0.t2

0.6

ll.¡

0.60

0.60

0.2

0.2

0.60

0.60

0.2

0,2

0.4

0.4

1.0

1.0

0.2

0.2

Lowe¡

Linit

na

n&

0.42

0.2E

t.4

lra

1.40

1.40

1.8

1.8

L.40

1.40

1.6

1.6

1.6

1.6

8.0

8.0

1.6

1.6

Upper

Limit

na

na

yca

yca

ycs

¡Â

yca

yca

ycs

ycs

yc8

ycs

ycs

ycs

ycs

yca

ycs

ycs

ye8

Accepû

Matrix Spike

ycE

yca

yc8

ycE

yes

y6

ycr

yct

yes

ycr

ycE

yca

yêE

yc8

yca

yc8

yca

ye3

ycs

QC

Overall

Acceptable

LOQ = Limit of Quantitation = Iowest level of the parameter that can be quantified with confidencer = Unavailable due to dilution required for analysis
na = Not Applicable
ns = Insufficient Sample Submitted
nd = pañrmeter not detected
fR = tuace level less than LOQ
O) = Analyte results on REPOI{T of ANALYSIS have been background corected for the proccss blank.
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MDS Environmental Services Limited.

Certificate of Quality Control

Client: Ecological Services for planning

Contact: Chris Wren, phD.

A-nalysis of Water

Date Reported:
MDS Ref # :

MDS Quote#:
Client PO#:

Client Ref#:

October 15/96

966496

96-6n-Gs
5693

c96239

Trc

Ziñ

Rætivc siliø(Sio2)

Ähmim

At¡ninn

A!:tinory

A¡tinoq,

Bl!@th

Biñ'th

Crdnim

C¡dnim

Cb¡mim

Omiun

Cobl¡l

AFaic

Anqic

EuiM

B¡ri'm

Bcrynim

Bcrylliu

Parameter

S¡qlaBl¡nk

S!@lãBlük

D

SleplaBl r¡k

SrqúaBlaú

SaqlerBf ank

Sarplr Bl ark

SrEpþ¡Bl !¡k

Sarpl* Bl rok

Sa¡pla 81 r¡k

Saogla Bl rok

SrtDplû Bl r¡k

Srq'lq Bl r¡k

SrrylaBl&k

SlqÍcBlæk

Saqúcr Elr¡¡k

S!@lcBtank

Sep¡a B1!¡k

S¡qlcBtr¡k

Bl !!k

SAMPLE ID

Gp¡ke)

0.002

0.002

0.5

0'91

0.ql

0.002

0.002

0.002

0.002

0.005

0.005

0.005

0.005

0.002

0.002

0.0005

0.0005

0.002

0.0v2

0.001

LOQ

ÃglL

ÃglL

mglL

ÃglL

mglL

ßglL

mglL

úElL

mglL

ÃglL

ûglL

rîglL

mglL

mglL

ûglL

mglL

ßglL

ûglL

mgIL

Units

ndo)

0.003(b

ndo)

nd(b)

nd(b)

Ddo)

nd(b)

nd(b)

ndo)

nd(b)

Dd(b)

nd(b)

nd(b)

ndo)

nd(b)

nd(b)

nd(b)

nd(b)

ndo)

Result

0.02

0.m

1.0

0.03

0.03

0.004

0.004

0.004

0.004

0.01

0.01

0.01

0.01

0.004

0.004

0.0010

0.0010

0.004

0.004

0.0ù2

Upp€r

Limit.

yc8

ycs

ye8

yês

ycs

yca

ycs

ycs

y":

yes

yes

ye8

yes

ycs

ycs

ycs

rct
ye8

yc8

Accept

p¡6çç95 [t¡nk

99

702

96

103

to1

106

9E

106

104

106

L02

108

103

101

101

LVt

101

LU?

100

tu7

Result

85

85

80

E5

85

85

85

85

85

85

85

85

85

85

85

85

85

85

E5

85

Lower

Limit

115

115

720

115

l15

115

115

115

115

115

115

115

115

115

115

115

115

115

115

115

Upper

LiDit

]'cs

ycs

yc8

tcE

)rl
,r8

yts

yès

ycs

ycs

}ls

''ÊsyÊ3

yctt

yc3

'tesyts

yls

yss

Accept

Process % Recovery

1.V2

1.13

I¡â

0.11

0.103

0.11r

0.102

0.114

0.105

0.130

0.109

0.111

0.100

0.106

0.1030

0.1190

0.109

0.tm

o.Lt7

R€sutt

1.00

1.00

D'

0.100

0.100

0.100

0.100

0,100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

Target

0.050

0.050

0.050

0.050

0.950

0.050

0.050

0.050

o.o¡o

0.050

0,050

0.050

0.050

0.050

0.050

0.050

¡tt

0.60

0.60

Lower

Limit

1.40

1.40

D¡

0.140

0.140

0.140

0.140

0.140

0.140

0.140

0.140

0.140

0,140

0.140

0.140

0.140

0.1,f,0

0.140

0.140

Upper

Limit

ycs

yca

nl
yca

yes

ycs

ycs

ycs

yo8

ycs

ycs

yes

ycs

yc8

ycr

yes

yc¡

ycs

Accept

MatrixSprte

yca

ycs

yca

ycs

yca

ycs

ye8

ycs

ycs

yca

yqt

ycs

ycs

yca

ycr

yc¡

ye8

yc8

ycE

QC

Overalt

Accefiable

LOQ = Limit of Quantitation : lowest level of* = Unavailable due to dilution required for
na = Not Applicable
ns = Insufficient Sample Submitted
nd = parameter not detected
TR = trace level less than LOe

the parameter that can be çantified with confidence
analysis
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MDS Environmental Services Limited.

Certificate of Quality Control

Client: Ecological Services fs¡ planning

Contacu Cbris Wren, PhD.

Analysis of Water

Date Reported:
MDS Ref# :

MDS Quote#:
Client PO#:

Client Ref#:

October 15/96

966496

96-697-cS

5693

@6239

Cçper

Cçpcr

Leld

Lad.

Mrnguce

Mmgrce

Molybd@

Molybd@

Nickcl

Nicket

Scløiurn

Selaium

Silve¡

SilH

St¡@tiE

Cobrlt

Sttøtim

ftrllim

th¡llim

Î'm

Paraneter

S¡q)lerBlük

Sarplcr Bl ank

Srqlcf Bl rDk

Srqilã Blrrk

S¡qler Bl a¡k

SaqlctEl ank

Súplæ Bl ¡¡k

Su4)laBlük

ScqtqBlük

SaqÍu Bl ank

Sanpla Bl ark

S!trplcr BI ük

SsEplq BI s¡k

Saql6ll aak

Saqúa Bl ank

S¡qlrBl ¡¡k

SrqlaBlark

Sarplü Bl ¿Dk

Sanpla Bl ank

S¡epld Bl Å!k

SA¡VÍPLE ID

GF:ke)

0.001

0.002

0.002

0.0001

0,0001

0.002

0.002

0.002

0.002

0.002

0.002

0.002

0.002

0.0003

0.0003

0.005

0.00s

0.0001

0.0001

0.002

.LOQ

ûglL

ÃglL

úglL

mgIL

øgIL

øglL

ûglL
ñBlL

ÃglL

mglL

ûgtL

mglL

ûglL

ûgtL

mglL

mglL

ûglL

ûglL

ûglL

Ihits

¡do)

nd(b)

nd(b)

0.0014(

ndo)

nd(b)

nd(h)

nd(h)

nd(l))

nd(b)

nd(b)

{). (x)?(b

n(l(l )

nd(1,)

nd(1,

nrl(b)

nd(b)

nd(b)

nd(b)

nd(lt

Result

0.002

0.004

0.004

0.0t2

0.002

0.004

0.004

0.004

0.004

0.004

0.004

0.004

0.004

0.0006

0.0006

0.01

0.01

0.00m

0.00û2

0.004

Iipper

Limit

yef

yc!

yc8

ycs

ycs

ycE

ycs

ycs

yes

ycs

ycs

ycs

yes

yes

yes

ycs

ycs

yc8

ycs

Accepû

Process Blatrk

103

It7

101

101

100

108

101

r06

101

106

100

107

106

109

106

l0E

L02

103

101

105

Reflilt

E5

E5

E5

85

85

85

85

E5

E5

85

E5

85

85

85

85

85

85

E5

85

85

Lower

Limit

115

115

115

115

115

115

115

lr5

115

115

115

115

115

115

115

115

115

115

115

115

Upper

Limit

ycr

ycs

ya

ycs

yel

ye8

ye8

ycr

ye8

ycs

ycs

ycs

yÊs

ycs

yc3

yes

ycs

yca

ycs

Accept

Process % Recovery

0.119

0.105

a

0.0998

0.1160

0.tvl

0.130

o.tu2

0.110

0.106

0.102

0.118

0.1050

0.1380

0.104

0.1t20

o.It20

0.104

Resolt

0.100

0.100

t

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

Target

0.050

0.050

a

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

Lower

Limit

0.140

0.140

t

0.140

0.140

0.140

0.140

0.140

0.140

0.140

0.140

0.140

0.140

0.140

0.140

0.140

0.140

0.140

Upper

Limit

ycs

yÈs

ye3

yc3

ycE

ycs

yes

ycs

yes

ycs

yes

yc8

yca

yèrt

ye3

ye3

Accept

l\{atrix Spike

yes

ycs

yct

yca

ysl

yet

ycl

yð

yca

yâ

yc8

yc8

ycs

ycE

yca

ycs

yca

ycs

yc¡

QC

Overall

Accept¿bte

LOQ = Limit of Quantitation_=.lowest level of the parameter that can be quantified with confidence* = Unavailable due to dilution required for analysis
na = Not Applicable
ns = Insufficient Sample Submitted
nd = parameter not detecled
fR = trace level less than LOQ
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MDS Environmental Services Limited.

CertifÏcate of Quality Control

Client : Ecological Services for Pl¡nnipg
Contact: Chris Wren, PhD.

Amlysis of Water

LOQ = Limit of Quantitation : lowest level of* : Unavailable due to dilution requircd for
nâ = Not Applicable
ns = Insufficient Sample Submitted
nd = parameter not detected
TR = trace level less than LOQ

the pârameter that can be quantified with confidence
analysis

Date Reported:

MDS Ref # :

MDS Quote#:
Client PO#:

Client Ref#:

October 15/96

966496
96-697-dS

s693

Cig6239

lI

Iitlni@

Trt¡¡iu

UmiE

Umìw

V¡¡¡diu

Væ¡dim

Co¡ml

Cd¡criviry - @25ôC

A'mir(sì0

TotÂl I€¡H.ht Nit¡!BG(' N)

Ta¡r rÇcË¡bl Nit¡oga(s N)

Dissohrcd laoqmic Carùo(u C)

Dissohæd O¡guic Cr¡t@(DOC)

PE

Iì¡¡bidity

Mmly

Çyuidc, Frcc

CYæidc, Tohl

Parameter

Srqùa11æk

Slqilcrll alt

SaqúaBl aok

S¡qlsBlr¡k

SlEpler Bl s¡k

SroplffBlæk

g¡*Fla Bt rú

ü
ø
n

E

u
u
u

u

u

ü
u
ü

SAMPL,E ID

Gprke)

0.002

0.002

0.002

0.0001

0.0001

0.002

0.002

5

I
o,t

0.1

0.1

o.002

0.002

0.05

0.05

0.05

0.5

0.5

LOQ

ÃglL

ûglL

úglL

úglL

ûglL

melL

ñElI-

lCU

us/cn

Unirs

NTU

rglL
mglL

mglL

ûglL

ûglL

ÃglL

ßglL

mgIL

Units

nd(b)

nd(b)

Dd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

na(b)

na(b)

nd(b)

nd

nd

nd

nd

nd

nd

nd

¡d

Result

0.004

0.004

0.004

0.0002

0.0002

0.004

0.004

10

l¡Â

na

0.5

0.2

0.004

0.004

0.1

0.1

0.1

1.0

1.0

Upper

Limit

yca

yc8

yès

yes

ycs

yes

yes

yc8

na

na

ye8

ycs

ycs

ycs

yc3

yes

lo
ycs

ye3

Accept

PrOCesS Bl¡nt

9E

106

100

103

98

105

100

100

99

tvz

n
109

87

87

95

95

96

ü
y7

Re$¡lt

E5

85

85

85-

E5

E5

85

85

9T

98

81

79

77

82

79

77

77

n¿

80

Lower

Limit

1r5

115

115

115

115

LLs

115

115

109

702

L29

t20

LYI

115

Ltg

r22

722

Itl

tt6

Upper

Limir

ycs

ycs

ycs

ycs

ycs

ycs

yê3

ycs

ycs

yes

yc8

yca

ycs

ïca
yc8

yc8

ye8

1l¡

¡æs

Accept

Procæs % Recovery

0.113

0.105

0.11E

0.0993

0.t120

0.106

O.LL7

n¡

na

¡d

¡¡t

na

nt

Ill

Dr

ü
il

m

I¡l

Resdt

0.100

0.100

0.100

0.100

0.100

0.100

0.100

nâ

na

na

na

¡t

n¡

¡tÀ

¡¡¡

It¡

¡rÂ

t¡¡

DA

Target

0.050

0.050

0.050

0.050

0.050

0.050

¡t¡

tr¡

nÂ

¡r¡

gr

t¡a

lrl

¡l¡

na

lrl

Itt

B¡

o;oso

Lower

Linir

0.140

0.140

0.140

0.140

0.140

0.140

0.140

nÂ

tâ

n&

na

¡rÂ

IU

¡l¡

¡!å

¡¡l

!l¡

na

na

Upper

Limit

ycs

ycs

yca

ycs

ycs

yÊs

ycs

¡a

nå

na

n¡

!rÂ

n¡

n¡

Dt

NA

nt

llÂ

n¿

Accepû

Matrix Spike

yca

ycr

yca

ycs

ycs

ye8

yc8

yc8

ye8

yc8

ycs

yes

yca

yc8

y6
yc8

yct

ye3

ycs

QC

Overall

Accepable

Page 4 of 4



MDS Environmental Services Limited.

Report of Analysis

Client : Ecological Services for Planning
Contach Chris Wren, PhD.

Analysis of Water

: Limit of Quantitation : Iowest level of the para n]eter that can be quantified with confidence
: Not Requested

= parameter not detected ! : LoQ higher than listed due to dilurion o Adjusred Loe

Report Date:

MDS Ref # :

Client Ref#:

October 15/96

966657

G96239

I

t

I

LOQ

0.007

35.9

nd

7.2

nd

nd

14.6

nd

nd

nd

nd

0.007

nd

nd

nd

nd

nd

rd

nd

93

Dd

a
nd

nd

nd

7

nd

32.1

o.o2

6.5

nd

Dd

2.4

13.1

nd

nd

nd

nd

0.007

nd

nd

nd

0.002

nd

nd

¡¡d

95

nd

u
nd

nd

nd

nd

35.5

nd

7.2

nd

0.8

2.4

t4.4

nd

nd

nd

nd

0.007

nd

nd

nd

0.002

nd

Dd

nd

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

ng/L

mglL

mg/L

mglL

mglL

mg/L

rng/L

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

I
0.05

I
0.05

0.01

0.01

2

0.005

0.1

o.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

Altalinity(u CaCO3)

Amnon¡¡(æ N)

Chlorllc

Nitratds 19

Nitrire(æ N)

Orthophmphate{æ P)

Sulphate

Boro¡

Calcim

fron

Magneim

Phosphoru

Potasim

Reactive Silica(SiO2)

Sodim

Znc

Alminm

Attimony

Anenic

Barim

Bcryllim

Bi¡muth

Cadmim

Ch¡omirur

Cgbalt

Copper

Lrsd

ML

U¡fitûer€d

ML

Replirnte

ML

UnitsLOQPereneter

nd
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MDS Environmental Services Limited.

Report of Analys¡s

Client : Ecological Services fq¡ planning

ContacÍ Chris Wren, PhD.

Analysis of Water

= Limit of Quantiøtion : lowest level of the parameter thât can be quantifìed with conflrdence

= Not Requested

= Not Applicable

= parameter not detected ! : LoQ higher than lisred due to dilurion ( ) Adjusted Loe

Report Date:

MDS Ref # :

Client Ref#:

October 15/96

966657

G96239

LOQ

na

nd

0.903

nd

nd

nd

nd

0.039

nd

nd

nd

nd

nd

¡d

nd

Dd

nd

nd

0.040

0.0002

nd

nd

nd

trd

t4

280

8.1

0.2

nd

Dd

¡d

nl

nd

0.(X0

0.0002

Dd

nd

nd

nd

2.72

94'

nd

3.01

t4

279

118

4.99

0.1 19

-0.281

8.0

7.92

8.32

148

0.2

nd

mglL

mglL

mglL

mg,lL

mglL

mglL

ng/L

mglL

mglL

mg/L

mglL

meqlL

mglL

mglL

mc4/L

TCU

u/m

mglL

m

na

Unitj

units

uits

mglL

NTU

0.0t2

0.002

0.002

0.002

0.0003

0.005

0.00,01

0.002

0.002

0.0001

0.002

n8

I

I

na

5

I

0.1

0.01

m

na

0.1

m

m

I
0.1

0.1

Su
CaCO3, elculatcd)

Corbomtc(æ CaCO3, calculated)

Su

- @25"C

CaC03)

Balmce

lngelier Index at 20'C

Iangelier Index at 4'C

pH at 20"C

pH at4"C

Dimlved Solids(Calculatcd)

ML

Unfdtcrcd

ML

Replicate

ML
UnitsLOQParameter
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MDS Environmentat Services Limited.

Report of Analys¡s

Client : Ecological Services for Planning
Conüact: Chris Wren, PhD.

Analysis of Water

: Limit of Quantitation : lowest level of the parâmeter that sån be quantified rvith confidence.
: Not Request:rl

= parameter nor. derecred ! = Loe higher than listecl due to dilution ( ) Adjusted Loe

Report Date:

MDS Ref # :

Client Ref#:

October 15/96

966657

G96239

I

I

LOQ

nd

0.004

nd

0.59

23.6

6.4

mElL

m,glL

^glL
mglL

mg/L

mg/L

0.@2

0.0t2

0.05

0.05

0.5

0.5

Kjcldahl Nitrogcn(u N)

¡Ð

Tot¡l

Fru

Inorgmic Carbon(u C)

Orgmic Caröon(DOC)

ML

Unfittcr€d

Replicate

MLML
UnifsLOQ

¡rd
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.,-l

MDS Environmental Services Limited.

Report of Analys¡s

ì
)

Client : Ecological Services for Planning
Contact: Barbara Dowsley

Analysis of Water

= 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 ditution ( ) Adjusted LOe

Report Date:

MDS Ref # :

MDS Quote #:

Client Reû#:

October 15/96

966572

96-697-cS

96239

LOQ

CaCO3)

Ð
¡0

Ð

Silica(Sio2)

Paraneter

I
I

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

0.0u)

0.0v2

LOQ

mSlL

mglL

ÃglL

mglL

m'glL

rrglL

ûg/L

mglL

m;glL

ûglL

ûglL

mglL

ûglL

mglL

ûtß-
úglL

mglL

ÃtlL

Units

111

33

0.38

nd

nd

229

0.154

58.6

0.31

Lt.2

¡d

21.5

6.2

70.6

0.01E

0.02

nd

0.018

Þ(P1

0.Lg

67.2

0.36

12.8

tld

2,4..3

80.4

¡d

nd

nd

o.017

E(Pl

tlotall

LVz

34

0.57

nd

¡d

,41

0.14E

58.5

0.22

10.E

nd

2t.3

5.1

72.3

0.tïl
0.ù2

nd

0.015

Ð(Pl-EO.

105

34

0.58

nd

ûd

'u7

5.2

ÞrPl-BO.

Replicate

0.L72

68.2

0.26

L2.2

nd

25,t

u.3

nil

¡al

¡d

0.012

æ1-BO.

trora¡l

0.178

68.8

0.28

12.9

nd

26.e

86.4

nd

nd

ntl

o.0I2

EXPI-B.O.

trotÂIl

Replicate

0.176

68.1

0.2r5

12.5

nd

25.1

E4.3

nd

nd

nd

0.012

Þ(Pl-E.O.

Rep. [t]

106

33

0.60

!d

nd

u4

5.1

ÞaPr-8.o.

Rqilicaæ

nd
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MDS Environmental Services Limited.

Report of Analys¡s
Client : Ecological Services for Planning
Contact: Barbara Dou,sley

Analysis of Water

= Limit of Quantitation : lowest level of the parameter that can be quantified with confidence.

= Not Reque^sted

= parameter not detected I = LOQ higher than listed due to dilution ( ) Adjusted LOe

Report Date:
MDS Ref # :

MDS Quote #:

Client Ref#:

Ocrober 15/96

966572

96-6n-cS

96239

LOQ

Parameter

0.005

0.005

0.002

0.0005

0.002

0.001

0.002

0.0001

0.002

0.002

0.002

0.002

0.0003

0.005

0.0001

0.002

0.002

0.0001

LOQ

mglL

mglL

ûglL

mtlL

mSlL

rnlglL

mtlL

ûgtL

mglL

mglL

mglL

looglL

mglL

mglL

mgl[-

úglL

mgIL

útlL

Units

0.018

nd

nd

nd

nd

0.043

0.017

0.0003

0.397

0.003

0.025

!rd

nd

0.151

nd

nd

nd

0.0001

Ð(Pl

0.028

nd

nd

nd

nd

0.044

0.014

nd

0.376

0.003

0.029

ntt

nd

0.L23

nd

nd

0.004

¡d

Þ(Pl

ttor¡û

0.018

nd

nd

nd

nd

0.050

0.015

0.0004

0.290

0.004

0.020

nd

nd

0.L52

nd

trd

nd

nd

Þ(Pl-8.O. BPI-E.O.

Replicâte

0.û28

nd

nd

¡d

0.005

0.056

0.013

¡d

0.302

0.004

0.0n

t¡d

nd

0.125

nd

Dd

0.019

nd

ÞlP1-8.O.

ttoull

0.v27

nd

¡d

ûd

0.0v7

0.064

0.015

nd

0.316

0.004

0.032

ûd

nd

0.I25

¡d

nd

0.019

nd

BPl-8.O.

ttolllj
Replicate

o.0n

nd

Dd

nd

¡d

0;052

0.011

¡d

0.260

0.004

0.023

nd

nd

0.128

0.0001

rd

0.004

n<l

Þ(P1-8.O.

Rcp. [t]
Ð(Pr-8.O.

Rcplicdc

nd
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MDS Environmental Services Limited.

fleport of Analys¡s
Client : Ecological Services f6¡ plannipg

Contact: Barbara Dowsley

Analysis of Water

= Limit of Quantitation = lowest level of the parameter that can be quarrtified with confidence.

= Not Requested

= Not Applic¿ble

= parameter not detected ! = LoQ higher than listed due to dilution ( ) Adjusted Loe

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

Ocrober 15/96

966s72
96-697-cS

96239

LOQ

na

nd

Sum

CaCO3, calculaæd)

CaCO3, calculated)

S!ú

- @25'C

CaCO3)

Balmcc

I¡dcx at 20'C

Index at 4oC

pH at 20'C

pH at 4'C

Dissolvcd Solids(Calculrtcd)

F¡cc

Parameter

0.0m

na

I
1

na

5

I
0.1

0.01

l¡¡

¡r¡

0.1

na

¡Â

I
0.1

0.1

0.002

LOQ

ûglL

meqll.

mglL

mglL

meqll.

TCU

us/cm

mglL

%

n¡

na

Units

units

ìmils

mglL

NTU

rglL

mglL

Units

nil

7.94

ttl
nd

8.63

1a

764

4.L7

-0.150

-0.550

7.5

7.63

8.03

<aa

^/,
nd

nd

EXPI

nd

EXPT

ftotâU

Dd

8.1E

tv2

nd

8.62

798

208

2.66

-0.L42

-0.542

7.5

7.68

8.08

537

0.2

nd

nd

Þ(P1-8.O.

n
800

7.6

0.2

HP1-8.O.

Replicate

0.009

EaPt-8.O.

ttotrll

0.012

ET(PI.E.O.

trora¡l

Replicate

nd

Ð(Pl-8.O.

Rcp. ltl

8.1E

106

nd

E.64

23

796

208

2,73

-0.126

-0.52ß

7.5

7,67

E.07

536

0.2

nd

nd

Þ(Pl-8.O.

Rqlicaæ
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MDS Environmental Services Limited.

Report of Analys¡s
Client : Ecological Services for Planning
Contact: Barbara Dowsley

Analysis of Water

= Limit of Quantitation : lowest level of the parameter that can be quantified with confidence.

= Not Reguested

= pammeter not detected ! : LOQ higher than listed due to dilution ( ) Adjusted LOe

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

October 15i96

966s72
96-697-cS

96239

LOQ

Ð
Kjcklabl Nitrogcn(æ lQ

Tot¿l

Inorganic Carbon(ro C)

Organic Carbon(DOC)

Snspended Solids

Total

Pârameter

0.05

0.05

0.004

0.5

0.5

0.005

LOQ

mglL

øglL

øglL

øglL

øglL

mgIL

nLglL

Units

3.98

0.030

32.0

6.7

nd

0.007

tt(P1 Ð(P1

[totÁü

4.29

4.59

0.tu
vt,8

6.1

¡d

0.009

KPI-E.O. HPr-E.O-

Replicâte

EXPI-E.O.

lroraü

Ð(Pl-8.O.

tror¿U

Replicate

BPl-E.O

Rep. tt.l

4.27

4.54

0.t23

29.3

6.2

nd

0.097

ÐcPl-B"O.

Rcplicae

nd
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I -l
MDS Environmental Services Limited.

Report of Analys¡s
Client : Ecological Services for Planning
Contacü Barbara Dowsley

Amlysis of Water

= Limit of Quantitation = lowest level of the parâmeter that can bc quantified with confidence.

= Not Requcsted

: parameter not detected ! = LoQ higher than lisæd due to dilution ( ) Adjusted Loe

Report Date:

MDS Ref # :

MDS Quoûe #:

Client Ref#:

Ocrober 15196

966572

96-697-cS

96239

LOQ

CaCO3)

Ð
Ð

Ð

Silica(SiO2)

Pârameter

1

L

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

LOQ

mgIL

mglL

mglL

mglL

ûçfi-

mglL

mg,lL

mglL

m.glL

ûglL
mglL

ÃglL

mglL

mglL

mglL

ûglL

mglL

ÃglL

ûuits

t37

32

0.25

nd

nd

205

0.147

s9.8

0.22

L2.0

nd

2L.0

6.9

69.2

0.013

0.01

nd

0.0u

w2

0.752

66.7

0.26

13.3

nd

23.3

76.3

0.004

trd

nd

0.019

ErE¿

ttot!¡l

106

34

0.52

nd

nd

,40

0.151

59.9

0.23

tt.2
ûd

aae

5,4

73.3

0.00E

0.01

nd

0.u20

Ftr:E¿-B.O,

0.L76

68.5

0.29

12.6

nal

25.8

84.8

0.004

nd

nd

0.016

Ð.r¿-s..o-

ttoül]

L34

32

o.2L

rd

nd

Ly2

0.743

60.8

0.u.

L2,3

¡il
20.9

7.1

6E.9

0.013

0.01

nd

0.vr|

ÞtEi æ3

Replicâte

0.L62

7L.r

0.37

14.2

nd

,4.7

80.E

¡al

nd

nd

0.v24

ffiP3

ttolå¡]

tl1
u

0,4

¡al

nd

230

0.150

59.8

0.22

11.3

nd

2L.7

5.6

72.2

0.017

0.01

nd

0.t21

Ð(E]-BO.

nd
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MDS Environmental Services Limited.

Report of Analys¡s
Client : Ecological Services for Plan:ring
Cont¿ct: Barba¡a Dowsley

Analysis of Wate¡

= 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 LOe

Report Date:
MDS Ref # :

MDS Quote #:

Client Ref#:

October 15/96

966s72
96-697-cS

96239

LOQ

Parameter

0.005

0.005

0.002

0.0005

0.0v2

0.001

0.002

0.0001

0.002

0.002

0.002

0.002

0.0003

0.005

0.0001

0.002

0.002

0.0001

LOQ

øglL

ÃglL

mglL

MgTL

ßglL

mltlL

øSlL

llnglL

ûglL

mglL

ûElL

mglL

mglL

mglL

ÃglL

ÃglL

mglL

úgfi-

Ihits

0.019

nd

nd

nd

nd

0.032

0.022

0.0007

0.432

0.003

0.032

nal

nd

0.153

nd

ûd

nd

nd

Ð{y2,

0.0n

¡d

nd

nd

nd

0.033

0.018

0.0004

0.399

0.004

0.039

nd

nd

0.118

nd

nd

0.004

nd

wn
tror¡Il

0.019

nd

nd

nd

nd

0.wl
0.017

0.0001

0.391

0.004

0.û25

nd

nd

0.151

nd

nd

¡d

nd

ÞG2-8.O.

0.t28

nd

¡d

nd

nd

0.049

0.012

0.0004

0.369

0.004

0.0n

nd

nd

0.L28

0.0001

nd

0.004

nd

ffirtl-B.o-

ttotrll

0.019

rd

ûd

nd

nd

O.V)E

0.v22

0.0016

0.5&

0.003

0.034

nd

nd

0.151

nd

¡d

nd

Dd

NFÍ} BP3

Replicate

0.031

¡d

nd

nd

nd

0.033

0.t2L

0.0002

0.657

0.004

0.u4

nd

nd

0.128

nd

nd

0.005

nd

BP3

lrolalJ

0.019

Dd

¡d

¡d

Dd

0.u2

0.otj

nd

0.454

0.004

o.vn

nal

¡d

0.152

nd

nd

nd

nd

EXEI.B.O.

nd
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MDS Environmental Services Limited

Report of Analys¡s
Client : Ecological Services fo¡ Pl¡nning
Contact: Barbara Dowsley

Analysis of Water

= 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 LOe

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#

Ocrober l5i96
966n2

96-697-cS

96239

LOQ

na

nd

Sr¡o

CaCO3, calculated)

CaCO3, calculated)

Sum

-@25"C

CaCO3)

Balmcc

Indcx at 20"C

Itrdêx at 4'C

pII st 20'C

pE at4'C

Dissolvcd S olicls(Calculatcd)

Frcc

Parameter

0.002

¡xr

I
I

nû

5

1

0.1

0.01

It¿

n¡

0.1

na

nl
I

0.1

0.1

0.002

LOQ

ûglL

meql[.

mglL

ûBIL

mcqll,

TCU

us/cm

û9fi-

%

Itt

¡ra

Units

rmits

ìmits

øgIL

NTU

trglL

úglL

Ihits

nd

7.9r

136

nd

3.53

30

745

)41

5.t5

0.138

-0.262

7.7

7.53

7.93

509

0.3

nd

nd

E{Pz

nil

WN
ltoÎall

¡d

8.10

106

nd

8.74

22

77t

27E

3.79

-0.125

4.525

7.5

7.&

8.04

534

0.2

nd

nd

ÐGt¿-E.O.

nd

ElrP2-B.O.

ttotâfl

nd

7.59

L34

nd

E.43

31

729

22Ã

5,23

0.016

-0.384

7.6

7.54

7.94

493

o.?

nd

nd

EP3 EX?3

Replicate

0.002

Ð(P3

tlotall

Dd

7.98

111

nd

8.70

u.

759

277

4.n
4.136

4.536

7.5

7.63

E.03

526

0.2

nd

ntl

E(P3.BO.
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MDS Environmental Services Limited.

Report of Analys¡s
Client : Ecological Services for Planning

Contacl Barbara Dowsley

Analysis of Water

= Limit of Quantitation : lowest level of the paramete¡ that can be quantified with confidence.

= Not Requested

- pârameter not detected ! = LOQ higher than listed due to dilution ( ) Adjusted LOQ

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

October 15/96

966s72

96-697-cS

96239

LOQ

le---i"1r. 19

Itoa r¡"to'", wioosen(æ N)
I

lPhosnhorus, 
Totaf

Dissolvcd Inorganic Carbon(as C)

Dissolvcd Organic Carbon(DOC)

Total Suspcndèd Solids

Cymide, Total

Parameter

0.05

0.05

0.004

0.5

0.5

5

0.005

LOQ

mglL

mglL

ûFfi-

mglL

ûglL

mglL

ngfi-

Units

2.91

3.44

0.026

35.8

8.5

nd

0.007

Ð{P2 wv)
ltotâtl

t.t I

4.13

0.026

29.8

5.9

nd

0.007

HP2-8.O. Þ(P2-8.O.

trora¡l

2.65

3.28

0.0n

37.5

E.5

¡al

0.009

ETE} EXffrl

Replicåte

BP3

lto1âll

3.58

4.06

0.t26

3t.t

6.6

nd

0.010

UIB-B.O.

nd
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MDS Environmental Services Límited

Report of Analysis
Client: liuologicai Services for Planning
Contact: Ba¡bara Dclwsley

Analysis of Water

: 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 Loe

Rqrort Daæ:

MDS Ref # :

MDS Quote #:

Client Ref#:

October 15/96

966572

96-697-cS

96239

LOQ

CaC03)

Ð
Ð

Ð

Sitica(SiO2)

Parameter

1

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

LOQ

mglL

ûglL

úglL

ûglL

m;glL

ßglL

ûglL

mg[L

mglL

ñglL

tuglL

mglL

ñglL

úglL
ñtlL
mglL

mglL

m;glL

Ilnits

0.179

70.6

0.30

13.3

nd

?._s.5

86.5

0.002

nd

¡d

0.018

Þ(P3-E.O.

Irotå1]

259

t2

nd

nd

nd

58

0.080

6E.4

0.43

30.9

nd

t.4

8.5

L3,2

0.003

nd

nd

0.060

REFBl

0.093

80.4

0.65

36.1

nd

l.l

15.1

nd

nd

nd

0.059

REFBl

trorall

256

72

nd

nd

nd

55

0.v77

67.3

0.44

29.9

nd

1.1

8.8

L3.4

0.014

0.01

nd

0.059

REF82 REF82

Replicåte

0.092

82.3

0.79

36.3

nd

1.8

15.8

td

0.01

¡d

0.062

REF82

ltot¡U

237

t4

0.87

nd

nd

69

0.083

65.7

0.30

n.8

nd

2.t

9.1

17.0

0.018

0.01

nd

0.046

REF83

0.088

79.9

0.47

33.6

¡d

2.8

m.2

0.006

nd

nil

0.(X4

REFB3

ttotrll

nd
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MDS Environmental Services Limited

Report of Analys¡s
Client : Ecological Services for Planning
Contact: Barbara Dowsley

Analysis of Water

= Limit of Quantitation : lowest level of the parameter that can be qunntified with confidence.

= Not Requested

= parameter not detected ! : LoQ higher than listed due to dilution ( ) Adjusted Loe

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

October 15/96

966572

96-6n-cS

96239

LOQ

Parameter

0.005

0.005

0.002

0.0005

0.0v2

0.001

0.002

0.0001

0.002

0.002

0.002

0.002

0.0003

0.005

0.0001

0.002

0.002

0.0001

LOQ

mglL

mglL

øglL

mglL

ûglL

ûglL

mglL

mglL

mBlL

ûglL

ûglL

mglL

mglL

mglL

úglL

ûglL

ñglL

úglL

ünits

0.030

nd

¡d

nd

nd

0.041

0.015

nd

0.436

0.004

c.032

nd

nd

0.132

nd

nd

0.004

nd

ffP3-E.O.

lror¡tl

0.016

nd

ûd

nd

ad

nd

0.010

0.00û2

0.086

nd

0.011

nd

nd

0.t43

nd

nd

nd

0.000r

REFBl

0.u)4

nd

nd

¡d

nd

0.001

0.006

nd

0.090

rd

0.014

nd

nd

0.124

!d

nd

0.004

nd

REFBI

ttotalJ

0.016

¡d

nd

nd

Bd

0.002

0.011

0.0004

0.109

nd

0.0L2

nd

nd

0.146

nd

nd

nd

0.00v2

RgF82 REFB2

Replicate

0.t26

nd

nd

Dd

Dd

0.002

0.4Ø.

0.0005

0.118

nd

0.016

nil

nd

0.129

nd

nd

0.004

nd

REF82

trot¡¡ì

0.014

nd

nd

¡d

¡d

0.006

0.011

0.0005

0.07E

nd

0.011

nd

trd

0.143

nd

nd

nd

0.0001

REF83

0.v2L

nd

¡d

¡d

0.0û2

0.0t7

0.005

0.0032

0.0E1

nd

0.014

nd

nd

0.120

ûd

nd

0.004

ûd

REF83

ttotrq

nd
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.I

MDS Environmental Services Limited.

Report of Analys¡s
Client : Ecological Services for planning

Contåct: Barbara Dowsley

A:ralysis of Water

= Limit of Quantitation : lowest level of the parameter that cån be quantified with confidence,

= Not Requestcd

= Not Applicable

= parameter not detected ! -- LoQ higher than listed due to dilution ( ) Adjusted Loe

Rqnrt Date:
MDS Ref # :

MDS Quote #:

Client Reff:

October 15/96

966s72

96-697-cs

96239

LOQ

na

nd

Sum

CaCO3, calculatcd)

CaCO3, calculated)

Sum

- @25"C

CaCO3)

Balmce

hdcx at 20'C

Indcx at 4"C

pH at 20"C

Saü¡ratiotr pII nt 4 " C

Toal Dissolved .9olids(CrÌrrrir,r':,i)

Frcc

Parameter

0.002

na

1

I
n¡

I
0.1

0.01

n¡

na

0.1

na

Ila

1

0.1

0.1

0.002

LOQ

ûglL

meql[,

mglL

mglL

meq/T-

TCU

us/cm

mglL

%

nt

NA

Uníß

units

u[its

mgIL

NTU

trglL

nlglL

Units

nd

Þ(P3-8.O.

ltola!

Dd

6.74

254

5

7.26

,,'1

566

33L

3.74

1.13

0.726

8.3

7.18

7.58

360

0.6

nd

nd

RgPBI

nd

REFBl

ltoüIl

nd

6.61

252

4

7.L7

n
56E

325

4.01

1.06

0.656

8.3

7.L9

7.59

354

0.6

nd

nd

REF82 RSF82

Replicate

nd

REP82

ttot¿Il

nd

6.62

234

5

1.29

36

573

316

4.77

0.940

0.540

8.2

7.23

7.63

368

0.5

nd

nd

REF83

nd

REF83

ttor¡¡l
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MDS Environmental Services Limited.

Report of Analysis
Client : Ecological Services for Plan:ring
ContacÍ Barbara Dowsley

Aralysis of Water

= Limit of Quantitation = lowest level of the parameter that c¿n be çantified with co¡fidence.

= Not Requested

= parâmeter not detected ! = LOQ higher than listed due to dilution ( ) Adjusûed LOe

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

October 15/96

966s72

96-697-cS

96239

LOQ

Ð
{ieldahl Nitrogcn(as N¡

Total

Inorgoic Carbon(as C)

Orgmic Carton(DOC)

Suspcodcd Solials

Tot¡l

Paraneter

0.05

0.05

0.004

0.5

0.5

0.005

LOQ

mglL

ÃglL

ûglL

mgIL

mglL

mglL

øgIL

Units

trP3-8.O.

ltotâU

0.10

0.79

0.029

6L.7

10.0

¡d

0.011

REFBl RBFBl

ttotaû

0.20

0.91

0.v23

60.1

10.3

nd

0.014

REF82 REFB2

Replicate

REF82

ltol¡U

o.2L

0.91

0,021

57.2

8.5

nd

0.014

REF83 RET83

Itota¡l

nd

Page 12 of 12



MDS Environmental Services Limited.

Report of Analys¡s

Client : Fcological Services for planning

Contact: Cbris Wren, PhD.

Analysis of Water

= Limit of Quantitation : lowest level of the parameler thei can be quantified with confrdence.
= Not Requested

= parameter not detected ! = LoQ higher than risted due to dilurion ( ) Adjusted LoQ

Report Date:

MDS Ref # :

MDS Quote #
Client PO#:

Client Ref#:

Ocrober 15/96

966496
96-697_cS

s693

@6239

Ë

t

LOQ

115

25

nd

nd

nd

8

trd

40.3

0.04

8.0

nd

0.6

2.9

16.4

0.014

0.01

nd

nd

0.009

nd

nd

nd

0.003

nd

0.008

0.0003

0.004

14.7

0.003

0.01

nd

0.002

0.007

nd

nd

nd

0.003

nd

0.005

nd

0.005

nd

35.0

o.o2

7.7

nd

1.0

103

,t.

nd

nd

nd

7

nd

37.5

0.06

7.4

nd

0.6

2.4

15.8

0.054

0.02

nd

0.002

0.009

nd

nd

nd

0.003

nd

0.008

0.0005

0.004

16.5

0.008

nd

nd

nci

0.008

nd

nd

nd

0.003

nd

nd

nd

0.019

nd

.10.6

0.03

8.8

nd

0.8

t2L

26

nd

rd

nd

8

nd

43.1

0.06

8.5

Dd

0.7

3.2

17.5

0.035

0.v2

nd

nd

0.009

nd

nd

nd

0.004

nd

0.008

0.0004

0.0t2

úglL

mElL

mg,lL

ûglL

mSlL

mglL

ûglL

mglL

ûg,lL

mglL

mglL

mglL

ûglL

úglL

Ãg,lL

mglL

úglL

mgll-

mgß-

mglL

mglL

ñElL

mglL

mg/L

mgfi-

m.glL

L

1

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

0.00s

0.002

0.000s

0.002

0.001

0.002

0.0001

0.002

Cadmium

SiIica(SiO2)

CaCO3)

Orihophosphste(as Ð

¡Ð

Ð

}fAC 3

96t09t09

Mr'\C2

ttotau

96t09t09

MÁiC2

96t09t09

MAC 1

ttot¡lì
96t09t09

MAC 1

96t09t09

IhitsLOQ
DateSampled )

nd
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MDS Environmental Services Limited.

Report of Analys¡s

Client : Ecological Services for planning

Cont¿ch Chris Wren, PhD.

Analysis of Wate¡

: Limit of Quantitation = lowest level of the parameter that can be quantified with confidence.
: Not Requested

= Not Applicable

= parameter not detected ! = Loe higher than risted due to dilution ( ) Adjusted Loe

Report Date:

MDS Ref # :

MDS Quoûe#:
Client POf:
Client Ref#:

October 15/96

966496
96-697-cs

5693

cÐ6239

LOQ

na

nd

nd

0.002

nd

ud

0.045

0.0001

nd

Ird

0.0001

nd

3.15

115

nd

J.5l

10

293

130

2.43

4.322

-0j22

7.5

7.80

8.20

168

0.1

nd

0.002

¡d

nd

nd

¡d

0.041

nd

nd

nd

nd

nd

nd

0.002

nd

trd

0.043

0.0001

nd

nd

0.0002

nd

2.88

103

nd

3.12

11

2ts

122

3.94

-0.656

-1.06

7.2

7.88

8.28

155

0.2

nd

¡d

nd

¡d

trd

nd

0.045

nd

nd

!d

nd

nd

¡d

0.002

nd

nd

0.048

0.0002

nd

nd

0.0002

nd

3.33

L2t

nd

3.53

t2

307

139

2.96

-0.994

-1.39

6.8

7.75

8.15

t78

0.3

nd

nd

mgll,

mglL

mgll,

dg/|.

ÃElL

mg/L

mglL

ÃglL

mglL

mg/L

ncqll.

mglL

ng/L

meqlL

TCU

us/cm

mglL

na

n¡

thits

r¡oits

rmits

mglL

NTU

wL
ßElL

0.002

0.002

0.002

0.000J

0.005

0.0001

0.0t2

0.0ü2

0.0001

0.002

NA

1

I
¡t¡

5

1

0.1

0.01

na

na

0.1

¡a

na

I
0.1

0.1

0.002

Sum

CaCO3, calculaæd)

Carbonaæ(as CaCO3, calculated)

Sm

- @2s"c

CaCO3)

Balance

Index at 20'C

Index at 4"C

pH st 20'C

pII ar 4'C

Dissolved Solids(Cdcr¡lated)

Frec

À{AC 3

96t09t09

MAC2

Itol¡U

96t09t09

M1IC2

96t09t09

MAC 1

ttotrll

96t09t09

MAC 1

96t09t09

IhitsI,OQParameter

DateSampled >
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MDS Environmental Services Limited.

Report of Analys¡s

Client: Ecological Services for plenning

Contact: Chris Wren, PhD.

Analysis of Water

= Limit of Quantitation = lowest level of the parametei that can be quantified with confidence.
: Not Requested

: parameter not detected ! = Loe higher than listed due to dirution ( ) Adjusted Loe

Report Date:

MDS Ref # :

MDS Quote #:
Client PO#:

Client Reû#:

October 15/96

966496
96-697-cS

s693
c96239

LOQ

0.0û2

nd

0.53

a..t

5.9

nd

nd

0.55

23.5

6.0

nd

nd

0.54

at.3

6.3

úglL

mgll.

mglL

ßglL

úglL

0.002

0.05

0.05

0.5

0.5

À4AC 3

96t09t09

MAC 2

tûotalj

96t09t09

M¡lC2

96t09t09

tfAc 1

[tor¡U

96t09tw

MAC 1

96t09t09

UnitsLOQPârameter

DâteSampl€d >

nd
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MDS Environmental Services Limited.

Report of Analys¡s

Client: Ecological Services for planning

Contact: Cb¡is Wren, PhD.

Analysis of Water

: Limit of Quantitation = lowest level of the parameter that can be quantifred with confidence.
= Not Requested

: parameter not detected ! = LoQ higher than listed due to dilution ( ) Adjusted LoQ

Report Date:

MDS Ref # :

MDS Quote #:
Client POfi:

Client Reûf:

October 15/96

966496

96-697-cs

s693

c96239

LOQ

186

39

nd

nd

nd

15

0.010

65.8

0.74

L4.9

nd

0.7

8.0

25.8

0.013

0.01

nd

0.055

0.015

nd

nd

nd

0.005

nd

0.006

0.0003

0.083

0.015

63.2

1.45

t5.7

nd

1.2

u..4

nd

0.01

nd

0.085

0.014

nd

nd

nd

0.007

0.001

nd

nd

0.310

186

37

nd

nd

nd

t6

0.006

67.2

0.73

15.2

nd

1.1

8.0

25.9

0.015

0.01

nd

0.053

0.015

nd

nd

nd

0.00s

nd

0.006

0.0003

0.068

0.007

37.4

o.o2

8.1

trd

0.6

15.1

0.0{)7

nd

nd

0.002

0.007

ûd

nd

nd

0.006

nd

0.002

trd

0.006

mg,tL

mgll,

úgtL

ûglL

EglL

ûg,lL

mglL

ßg,lL

mglI,

mglL

mg/L

mglL

mg/L

ÃElL

mglL

mgtL

mglL

ñglL

mg/L

mgtL

øg,lL

ûEtL

m'glL

mglL

mglI-

mgll.

I
1

0.05

0.01

0.01

t

0.005

0.1

o.o2

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

0.012

CaCO3)

Ð
ìÐ

Ð

C¡lcíum

Silica(SiO2)

Zmc

Cadmium

Ch¡omium

REF4

96t09t09

RBT 1

ttot¡!
96t09t09

RBF 1

Replicâte

RBF 1

96t09t09

MAC 3

[roraü

96t09t09

UnifsLOQParameter

DateSampled >

),'

nd
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MDS Environmental Services Limited.

Report of Analys¡s

Client : Ecological Services for planning

Contact: Ch¡is Wren, PhD.

Analysis of Water

= Limit of Quantitation = lowest level of the parameter that cån be quantified with confrdence.
: NIot Requested

= Not Applicable

= parameter not detected ! : Loe higher than listed due to dilution ( ) Adjusted Loe

Report Daúe:

MDS Ref # :

MDS Quote #:
Client PO#:

Client Reû#:

ocrober 15/96

966496
96-697-cs

s693

cÐ6239

LOQ

na

nd

nd

0.005

nd

nd

0.085

0.0002

nd

nd

0.0001

¡d

5.13

186

nd

5.56

vt
4t7

221

3.95

-0.036

-0.436

7.4

7.40

?,80

n9
0.7

nd

0.0û2

nd

0.005

nd

rd

0.083

0.0002

rd

¡d

nd

¡d

trd

0.005

nal

nd

0.085

0.0001

nd

nd

0.0001

nd

s.10

186

nd

5.50

24.

3s9

,,,
3.78

0.01s

4.385

7.4

7.40

7.80

276

0.6

nd

o.ov2

nd

0.003

¡d

Dd

0.042

nd

nd

nd

nd

nd

mglL

mglt.

ngß-

mglL

mglL

ûglL

mglL

ûglL

mgll,

mg,lL

meqll,

ûglL

ûglL

meql[,

TCU

us/cm

mg/L

nâ

¡l¡

Utriß

units

units

mglL

NTU

uglL

0.002

0.002

0.002

0.0003

0.005

0.0001

0.002

0.002

0.0001

0.002

ûa

1

I
na

5

1

0.1

0.0i

n¡

nÀ

0.1

na

na

1

0.1

0.1

0.002

Sum

CaCO3, calculared)

CaCO3, calculaæd)

Sum

Conductivity - @25"C

CaCO3)

lon Balurcc

Index ût 20'C

Indcx ¡t 4"C

pE at 20'C

pH at 4'C

Tot¡l Dissolved Solirls(Calcutated)

F¡ec

RBT 4

96t09t09

Rg¡ 1

tûoraü

96t09t09

Rm1

Replicate

RBF 1

96t09t09

t{Ac 3

ttota!
96t09t09

IhitsLOQPârameter

DateSampted >
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MDS Environmental Services Limited.

Report of Analys¡s

Client: Fæological Services for planning

Cont¿cfi Chris Wren, PhD.

Analysis of Water

= Limit of Quantitation : lowest level of the parameter that can be quantified with confidence.: Not Requested

: pammeter not detected ! = LOe higher than listed due to dilution ( ) Adjusted LOe

Report Date:

MDS Ref # :

MDS Quote #
Client POfi:

Client Reûf:

October 15/96

966496
96-697_cS

5693

cÐ6239

LOQ

0.002

¡d'
1.06

42.7

8.3

0.002

nd

0.76

12,7

8.4

mglL

ÃElL

mgll,

mgll.

mglL

0.002

0.05

0.05

0.5

0.5

REP4

96t09t09

RBF I
trotal

96t09t09

Rnr I

Replicate

REF 1

96t09t09

ttAc 3

trorall

96t09t09

UnitsLOQParameter

DateSâmpt€d >

/

nd
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MDS Environmental Services Limited.

Report of Analysis

Client: Ecological Services for Planning
Cont¿c[ Chris Wren, PhD.

Analysis of Water

: Limit of Quantitation : lowest level of the parameter that can be quantified with confidence.
: Not Requested

: pammeter not derecred ! : Loe higher than listed due to ditution ( ) Adjusted Loe

Report Date:

MDS Ref # :

MDS Quote #:
Client POf:
Client Reû#:

October 15/96

966496
96-697_cs

5693

@6239

¡

LOQ

¡d

nd

nd

nd

nd

nd

nd

L.2

0.03

0.1

nd

nd

nd

0.2

0.017

0.01

trd

nd

nd

nd

nd

nd

nd

nd

0.037

0.0003

nd

nd

nd

nd

nd

nd

nd

nd

1.2

0.02

0.1

nd

nd

nd

0.2

0.0?Ã

0.01

nd

nd

nd

nd

nd

nd

nd

¡d

0.036

0.0004

nd

0.005

63.0

0.96

15.7

nd

1.8

u.4
nd

nd

nd

0.063

0.013

nd

nd

nd

0.007

nd

nil

nd

0.Lr4

19s

38

o.L2

nd

trd

15

nd

65.4

0.77

t4.7

nd

1.0

7.9

25.2

0.02ß

0.02

nil

0.057

0.015

nd

nd

nd

0.006

nd

0.006

0.0003

0.120

0.010

62.9

1.01

L5.7

nd

0.7

u.5

¡d

nd

nd

0.064

0.013

nd

nd

nd

0.006

nd

nd

nd

0.119

mglL

mglL

ñglL

ûg[L

mglL

mglL

mglL

mSIL

mg/L

ñgfi-

nglL

mglL

ßElL

ûglL

mBlL

mglL

mglL

ngtL

mg/L

mglL

mglL

mglL

mglL

mg,lL

mglL

mg/L

mgll.

1

1

0.05

0.01

0.01

I

0.005

0.1

0.02

0.1

0.1

0.5

0.5

0.1

0.002

0.01

0.002

().C0'2

0.005

0.005

0.002

0.0005

0.002

0.001

0.002

0.0001

0.002

CaCO3)

ìÐ

Ð
Ð

Silica(SiO2)

Birdrurr

Samplcr Bl

t¡k
Replicåte

Samplcr Bl

ank

96t09t09

REF 6

[totaû

96t09t09

REF 6

96t09t09

Rm4

lrorall

96t09t09

UnitsLOQParameter

Date Sampled >

nd
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MDS Environmental Services Limited.

Report of Analysis

Client: Bcological Services for planning

ConfacÍ Chris Wren, PhD.

Analysis of Water

= Limit of Quantitation : lowest level of the parameter that can be çantified with confidence.
: Not Requested

= Not Applicable

: Not Calculated

: paramete¡ not detected ! = LoQ higher than risæd due to dilution ( ) Adjusted LoQ

Report Date:

MDS Ref # :

MDS Quote #
Client PO#:

Client Ref#:

October 15/96

966496
96-697-cs

5693

cÐ6239

:oo
na

NCALC

nd

nd

0.003

¡d

nd

nd

ûd

nd

nd

nd

ûd

0.008

nd

nd

NCALC

nd

n

0.2

NCALC

NCALC

NCAI.C

7.4

NCAf,c

NCALC

NCAI-C

nd

ûd

0.003

nd

nd

nd

nd

nd

nd

nd

nd

0.004

nd

nd

0.003

nd

t

0.1

18.4

4.28

-6.68

7.4

13.6

t4.o

nd

nd

nd

nd

nd

0.005

nd

nd

0.082

0.0002

nd

o.oo2

nd

nd

nd

0.005

¡d

nd

0.086

0.0002

nd

nd

0.0001

nd

5.29

195

nd

5.52

25

470

221

2.t8

0.004

4.396

7.4

7.38

7.7E

283

0.6

nd

nd

nd

0.0û7

¡d

uil

0.081

0.0002

nd

nd

nd

nd

mgll.

mglt.

mgl[,

mglL

ÃglL

mglL

mgll.

mgll.

mg,lL

mglL

ncqlL

ûgIL

mgll.

mcqll.

TCU

us/cm

mglL

%

¡lÂ

Lhirs

utiß

units

ûg,lL

NTU

uglL

0.0v2

0.002

0.002

0.0003

0.005

0.0001

0.002

0.002

0.0001

0.002

n¿

I
I

na

5

1

0.1

0.01

na

na

0.1

nÂ

na

I
0.1

0.1

0.002

Sampler Bl

ðrk

Replicate

Sampler Bl

ank

96t09t09

REF 6

ttotåU

96t09t09

REF 6

96t09t09

REF4

ttotrll
96t09t09

UnitsParameter LOQ

DateSampled >
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MDS Environmental Services Limited

Report of Analys¡s

Client: Ecological Services for planning

Contact: Cbris Wren, PhD.

Analysis of Water

= Limit of Quantitation = lowest level of the parameter that can be quantified with confidence.
: Not Requested

: pammeter not detected ! : Loe higher than listed due to dilution ( ) Adjusted Loe

Report Date:

MDS Ref # :

MDS Quote #
Client POf:
Client Ref#:

October 15/96

96&96
96-697-cS

5693
cÐ6239

LOQ

nd

nal

0.40

0.6

1.8

nd

rd

0.76

44.1

8.2

melL

ngü-

mglL

uS/L

mglL

0.002

0.05

0.05

0.5

0.5

Cyanidc, Totel

Ð
Nitrogen(as N)

Inorgoic Caùon(as C)

Organic C¡rbo¡(DOC)

Samplcr Bl

rûk

Replicåte

Sampler Bl

rnk

96t09t09

REF 6

ttot¡tl
96tWt09

REF 6

96tWt09

REF 4

ltotaü

96t09t09

Unit6LOQParam€ter

DateSampled >

nd

Page 9 of L2



MDS Environmental Services Limited.

Report of Analys¡s

Client : Ecological Sen¡ices for planning

Contact: Chris Wren, PhD.

Analysis of Water

: Limit of Quantitåtion : lowest level of the parameter that can be quantified with confidence.
: Not Requested

: pa¡ameter not detected ! : LoQ higher than listed due to dilution ( ) Adjusted LoQ

Repof Date:

MDS Ref # :

MDS Quoæ #:

Client PO#:

Client Reff:

October 15/96

966496
96-697-cs

5693

c96239

LOQ

¡d

nd

nd

¡d

nd

nd

nd

1.2

o.u)

0.2

0.1

nd

nd

0.3

0.1û7

o.u2

¡d

nd

nd

¡d

¡d

nd

nd

nd

0.0M

0.0009

nd

0.008

nd

nd

nd

¡d

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

rd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

trd

0.089

trd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

0.088

nd

nd

mglI.

mgll,

EglL

mtll,

ngll-

mg/L

mglL

mglL

mglt.

mgIL

mglL

mglL

úglL

mg.lL

ûg,lL

mglL

mglL

r\gß-

mglL

mg/L

^gl\-
ûglL

mglL

mg,lL

mglL

ñEtL

I
I

0.05

0.01

0.01

n

0.005

0.1

o.m

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

0.00r

0.002

0.0001

0.002

T!¡vcl\Fil

t€r Blânlc

96t09t09

Tfavel\Fil

ter B. [t]
96t09t09

SamplerBl

ank [tor]
Replicaæ

SamplcrBl

ük[rorJ
96t09t09

UnitsLOQParameter

Date Sampted >

nd
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MDS Environmental Services Limited.

Report of Analys¡s

Client: Fcological Services for Planning
Contace Ch¡is W¡en, PhD.

Analysis of Water

: Limit of Quantitation : lowest level of the parameter that can be.quantified with confidenc¿,
: Not Requested

= Not Applicable

: parameter not detected ! : LoQ higher than listed due to dilution ( ) Ad_iusred Loe

Report Date:

MDS Ref # :

MDS Quote #:
Client POfi:

Client Ref#:

October 15i96

966496

96-697-cS

s693

c96239

t-

LOQ

na

nd

nd

0.009

nd

nd

nd

nd

nd

nd

0.0001

nd

0.001

nd

nd

0.001

nd

nd

nd

26.4

-7.48

-7.88

7.2

L4.7

ls.1

nd

r¡d

nd

nd

nd

¡d

nd

nd

nd

nd

nd

nd

nd

nd

¡rd

0.006

nd

nd

Dd

nd

nd

nd

nd

nd

trd

0.m6

nd

nd

nd

nd

nd

nd

nd

nd

mgll,

mglt.

mg,lL

mgll-

ñglL

mglL

ñglL

mglL

mglL

m8,lL

mcqll,

mglL

ûglL

meql[.

TCU

us/cm

ûglL

na

ûa

Units

u¡rits

uûiß

ngll,

NTU

u.glL

0.002

0.002

0.002

0.0003

0.005

0.0001

0.002

0.002

0.0001

0.002

nâ

1

I
n¡

5

1

0.1

0.01

nå

na

0.1

na

na

I
0.1

0.1

0.002

Sum

CaCO3, calcularcd)

CaCO3, calculaæd)

Sum

- @25"C

CaCO3)

Ic'n Balmce

Index at 20"C

Iodcx at 4'c

pH at 20"C

pII at4"C

Dissolved Solids(CålculÂted)

F¡ee

Tl¡vel\Fil

tcrBlåûk

96t09t09

Tlavel\Fil

t€rB. [t]
96t09t09

Sampler Bl

rnk [totì
Replicaæ

SmplcrBl

ük [totl
96t09t09

Ih¡tsLOQPa¡anete¡

Date Sampled )
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MDS Environmental Services Limited

Report of Analysis

Client: Ecological Services for plennipg

Cont¿ct: Chris Wren, phD.

Analysis of Water

LOQ : Limit of Quantitation = lorvest level of the paramete¡ that can be quantified with confidence.
: Not Requested

= parameter not derected ! : LoQ higher than risted due to dilution ( ) Adjusted LoQ

Report Date:

MDS Ref # :

MDS Quote#:
Client PO#:

Client Reff:

October 15i96

966496
96-697_cs

5693

c96239

¡d

trd

0.40

nd

0.5

mglL

ûglL

mgl[,

mg/L

mglL

0.002

0.05

0.05

0,5

0.5

Tot¡l

Ð
Nitrogcn(as N)

Inorganic Ca¡ùon(as C)

Organic Carbon(DOC)

Tlavcl\Fil

têr Dl¡nk

96t09t09

Ttavel\Fil

terB. [t]
96t09t09

Sanpler Bl

¡nk [tot¡
Replicate

Sanplcr Bl

Ânk [br]
96t09t09

UnitsLOQ
Date Sanpled )

nd
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MDS Environmental Services Limited

Certificate of Quality Control

Client: Ecological Services for planning

Cont¿ct: Barbara Dowsley

Analysis of Water

Date Reported:

MDS Ref # :

MDS Quote#:

Client Ref#:

October 28196

967332

96-697-cS

G96239

Alkalinit¡(æ CaCO3)

Cblci<lc

Nit¡rt{B N)

Nit¡it{u N)

Orhoph6p¡¡t{8 P)

Sl¡þb¿tc

Bo¡m

Crlciu

h@

Mag¡cim

ÌtGphoru

Pot¡ssiu

Sodiu

Zitu

Roctivc Silie(SiO2)

Al¡niE¡n

Antinory

A86ic

B¡¡im

Bcrylliu

Paraneter

u
E

DæEñL

u
u
¡¡

D@Efrl. ltota!

D@eEfrL ltotåû

D@eEfrL ltot¿U

D@eEm. ltota!

D@e EñL ltotlll

D@Em. ltot¡U

D@Eñ. [totru

Døe EfiL [lotal

E

D@eEm. [toh!

DæEtrI. [to{al]

DæEm. [tota{

DæEfn. [totr!

D@cEffl. ltot¡U

SAMPLE ID

Gpike)

I
1

0.05

0.01

0.01

0.005

0.1

0.02

0.1

0.1

0.5

0.1

0.002

0.5

0.01

0.002

0.002

0.005.

0.005

LOQ

ûglL

ÃElL

ÃglL

ûglL
mglL

m'BlL

mglL

rîglL

úglL

ûglL

mglL

ßglL

mglL

ñglL

mtlL

mglL

mglL

mglL

ûglL

Units

ndo)

nd(b)

nd(b)

nd(b)

ndo)

nd@)

nd(b)

nd(b)

ndo)

trd(b)

nd(b)

ndo)

ndo)

+(b)
nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

Result

a

I

0.1

0.03

0.03

3

0.v2

0.2

0.03

0.2

0.2

1.0

0.2

0.02

1.0

0.03

0.004

0.004

0.01

0.01

Upper

Limit

ycs

yês

yes

ycs

ycs

yc8

yes

yes

ycs

ycs

ycs

ycs

yca

ycs

ye3

ycs

yes

yc3

ycs

Accept

ProceSS Bl¡¡k

91

110

109

85

to2

101

103

n
99

702

95

90

98

100

99

n
104

109

109

106

Result

87

90

88

80

90

90

85

E5

85

85

85

85

85

85

80

85

85

85

E5

85

Lower

Limit

lt3
lL3

lLA

116

110

Lt3

115

115

115

115

115

115

115

115

720

115

115

115

115

115

Upper

Limit

ycs

yc8

yÊs

ycs

ycs

ycs

ycs

ycs

ycs

yes

ycs

yes

ycs

ycs

yc8

ycs

ye8

ycE

yc8

Accept

Process % Recovery

na

¡t

0.n
n¡

¡a

n¡

1.02

0.98

0.8

0.9

3.5

0.971

t¡t

0.09

0.100

0.102

0.702

0.105

Result

Itl

na

0.30

n¡

n¡

nt

1.00

1.00

1.0

1.0

5.0

1.00

lrl
0.100

0.100

0.100

0.100

0.100

Target

DI

trt

0.18

DI

nt

Ill

0.60

0.60

0.2

0.4

1.0

0.60

m

0.050

0.050

0.050

0.050

0.050

Lower

Limir

Ill

t¡¡

0.42

TI

na

na

1.40

1.40

1.6

1.6

8.0

1.40

ûâ

0.140

0.140

0.140

0.140

0.140

Upper

Limit

m

nl
yc8

nl

Itr

ttr

yc8

yc¡

nâ

yca

ycs

yêr

yca

ycs

ycs

yc8

ycs

Accept

MatrixSpfte

yca

ycs

ye3

yc3

ycs

yca

ycs

ycE

ycs

ycs

yê:

yc3

ycs

ycs

yca

yc8

yes

yer

yca

QC

Overall

Acceptable

LOQ = Limit of Quantitation = lowest level of the parameter that can be quantified with confidence* = Unavailable due to ditution reçired for anaþsis
na = Not Applicable
ns = Insufficient Sample Submitted
nd - parametü not detected
ïR = trace level less than LOQ
O) = Analyte results on REPORT of ANALYSIS have been background conected for the process blank.

Page 1 of3



MDS Environmental Services Limited

Certificate of Quality Control

Client : Ecological Sewices for Planning
Contact: Barbara Dowsley

Analysis of TVater

Date Reported:

MDS Ref # :

MDS Quote#:

Client Ref#:

October28196

967332

96-697-cS

G96239

Marguee

Molybd@

Nickd

Scl6i@

SIvu

Strøtiu

T!¡llim

ïn

Î't¡¡im

ItruiE

V¿u¿dim

Colru

Cøô¡ctivity- @25.C

É

Bismth

C¿dniu

Cbmiu

Cobalt

Cop¡le¡

Isd

Parameter

DmeEfrL [tots!

DmeÊffl. [totr¡[

DæEtr1. [toraü

DmeEEL ltotal]

Dme Effl. [total]

D@eEfl. ltot¿U

D@cEñl. ltot¿ü

D@eEm. ltots4

D@cEm. [tot¡U

D@cEm. ltotÂU

DmeEm. [totsq

D@eEfn. [totåì

D@Em. ltot¡U

D@cEfiL ltot¡q

Dme Etrl. [total]

DmcPñL [!otal]

DmcEm. Iøt¿ü

D

u

u

SAJVÍPLE ID

(sprke)

0.002

0.0005

0.002

0.001

0.002

0.0001

0.002

0.002

0.002

0.002

0.0003

0.005

0.0001

0.002

0.002

0.0001

0.002

5

1

0.1

LOQ

mglL

mglL

ûgtL

ûglL

mglL

mglL

mglL

ûglI-

ûglI-

ÃgtL

ûglL

mglL

mglL

mglL

mglL

mglL

mgtL

TCU

us/cm

Unils

Units

nd(b)

ndo)

nd(b)

¡d(b)

nd(b)

0.0003o)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

¡d(b)

nd(b)

ndo)

nd(b)

na(b)

na(b)

Resdt.

0.004

0.0010

0.004

0.002

0.004

0.002

0.004

0.004

0.004

0.004

0.0006

0.01

0.0002

0.004

0.004

0.0002

0.004

nå

na

na

Upper

Limif

yes

yes

yes

yes

yes

yes

yes

yes

ycs

yes

yes

yes

yes

ycs

yes

yes

ycs

nt

NA

m

Accept

hocess Blank

104

r09

106

108

109

105

109

107

r07

107

101

110

105

105

106

106

105

96

100

100

Re$lt

85

85

85

85

85

85

85

85

85

85

85

85

85

85

E5

85

85

85

91

98

Lower

Limit

115

l15

115

115

115

115

115

1r5

115

115

115

115

115

115

115

115

115

115

109

102

Uppe¡

Limit

yes

ye8

ycs

ycs

yes

ycs

yes

yes

ycs

yes

yes

yes

yes

yes

yes

yes

yes

ycs

yes

Åccept

Process % Recovery

0.101

0.1010

0.L02

0.100

0.099

0.1020

0.102

0.100

0.100

0.096

0.0987

0.098

0.1020

0.100

0.104

0.1020

0.L02

nl
¡a

na

Re$lt

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

nå

na

¡a

Target

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

ltt

DA

nÂ

Lower

Limit

0.140

0.140

0.140

0.140

0.140

0.140

0.140

0.140

0.140

0.140

0.140

0.140

0.140

0.L40

0.140

0.140

0.140

¡ra

n¡

n¿

Upper

Limit

yes

ycs

ycs

ycs

yes

ycs

yes

ycs

ycs

ycs

yÊs

ycs

ycs

ycs

ycs

ycs

yca

nÂ

na

m

Accept

Matrix Spike

yes

ycs

ycs

ycs

yc8

ycs

ycs

ycs

ycs

ycs

ycs

ycs

ycs

ycs

ycs

yes

yc8

yca

ye8

QC

Overall

Accepable

LOQ = Limit of Quantitation =- lowest level of the parameter thât can be quantified with confidence* = Unavailable dueto dilution required for analysis
na = Not Applicable
ns = Insuffrcient Sample Submitted
nd = pafameter not detected
ïR : trace level less than LOQ
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MDS Environmental Services Limited

Certificate of Quality Control

Client : Ecological Services for Planning
Contact: Barbara Dowsley

A:ralysis of Water

Date Reported:

MDS Ref # :

MDS Quote#:

Client Ref#:

October 28196

967332

96-697-cS

G96239

I\¡¡bidity

Mcru!y

Cymide, Fæ

A@@i¡(úN)

Tot¡l Kiddrhl Nit¡og@(ú M

Disolved Iærguic Cu@æ C)

Dbsolved OBüic Cr¡ùq(DOC)

Tot¿1Sìspded So¡ids

Cyride, To(Âl

Parameter

D

D

u
u
u
D

ü
û

SAMPLE ID
(spike)

0.1

0.1

0.002

0.05

0.05

0.5

0.5

5

0.005

LOQ

NTU

loglL

mglL

mglL

mglL

mglL

mglL

ûgtL

mg/L

finits

na(b)

nd

nd

¡d

0.09

ûd

nd

nd

nd

Result

ûa

0.2

0.004

0.1

0.1

1.0

1.0

a

0.010

Upper

Limit

¡¡l

yes

yes

ycs

ycs

yes

yc3

yes

ycs

Accept

Process Bla¡k

96

106

84

94

109

na

IM
100

100

Result

E1

79

77

79

77

na

80

82

82

Lower

Limit

L29

t20

127

119

L22

na

116

118

115

Upper

Limit

yca

yc8

ycs

yc8

ycs

na

ycs

yes

yes

Accepú

Process % Recovery

NA

¡ra

ltt

n¡

NA

na

na

nâ

DI

Result

n¡

na

nt

na

na

¡t¡

na

n¿

na

Ta¡get

n¡

t¡l

¡¡
na

DÂ

tra

n¡

DA

na

Lower

Limit

na

Dâ

¡¡¿

na

¡a

¡a

na

ûÂ

na

Upper

Limit

lrt
nl

¡lt

nl

n¿

n¡

na

nt

nt

Accept

Matrix Spike

ycs

yc8

ycs

y€s

ycs

ycs

ycs

ycs

ye3

QC

Overall

Acceptable

LOQ = Limit of Quântitation = lowest level of* = Unavailable dueto dilution required for
na = Not Applicable
ns = Insufücient Sample Submitted
nd - pammeter not detected
TR = trace level less than LOQ

the parameter that can be quantified with confidence
analysis
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MDS Environmental Services Limited

Report of Analys¡s

Client : Ecological Services for planning

Contact: Barbara Dowsley

Analysis of Water

: Limit of Quantitation = lowest level of the parameter that can be quantified with confiderice.
: Not Requested

: parameter not detected ! = LoQ higher than listcd due to dilution ( ) Adjusted LoQ

Report Date:

MDS Ref # :

MDS Quote#:

Client Ref#:

Octobe¡ 28196

967332
96-697-cS

G96239

LOQ

0.200

44.8

0.07

4.3

nd

29.8

101

nd

0.02

nd

nd

nd

nd

nd

¡d

nd

0.12L

0.064

0.0047

0.003

0.198

44.5

0.08

4.3

nd

28.6

100

nd

0.03

nd

nd

nd

nd

nd

nd

nd

0.118

0.063

0.0050

0.003

33

40

3.99

0.19

0.28

318

nd

33

40

3.99

0.19

0.28

318

0.201

46.3

0.04

4.6

nd

29.3

nd

L02

0.016

0.02

nd

nd

nd

nd

nd

nd

0.002

0.119

0.069

0.0049

0.004

mg,lL

úglL

úglL

mglL

mglL

mg/L

mglL

øg,lL

mglL

ÃglL

mgtL

mg/L

m.EIL

ñglL

mg/L

ÃglL

ñglL

úglL

ßglL

mglL

mglt.

ÃglL

mglL

ÃElL

mgll,

mglL

I
L

0.05

0.01

0.01

n

0.005

0.1

o.o2

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

Domc Effl.

[rorûU

Replicate

Dome l?ff|

[ûor¿U

96tt0n6

Dome Ffft.

Replicate

Dome Etr-

96n0ft6

UnitsLOQPârâmeter

DateSampled )

nd
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MDS Environmental Services Limited

Report of Analys¡s

Client : Ecological Services for Planning
Contact: Barbara Dowsley

Analysis of Water

= Limit of Quantitation = lowest level of the parameter that can be quantified with confidence.

= Not Requested

= Not Applicable

= parameter not derected ! = Loe higher than listed due to dilution ( ) Adjusted Loe

Report Date:

MDS Ref # :

MDS Quoüe #:

Client Ref#:

October28196

967332

96-697-cS

G96239

I

Í

I

t.

LOQ

na

nd

0.0n

0.030

nd

0.0013

0.130

nd

nd

nd

¡d

nd

0.028

0.utg

nd

0.0012

0.129

nd

nd

nd

nd

nd

nd

nd

900

8.4

nd

0.0n

0.029

nd

0.0013

0.141

nd

nd

nd

nd

nd

8.71

30

n

8.83

nd

897

135

0.65

0.595

0.195

8.9

8.32

8.72

596

nd

nd

0.076

mglt.

mglL

úg,lL

mglL

mglt,

ûgtL

ñEIL

mglL

mElL

mglL

mcq/L

úElL

mglL

meqlt,

TCU

u.s/cm

mgtL

na

na

Units

uriß

units

ßglL

NTU

u'glL

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

I
0.1

0.01

na

nå

0.1

na

na

1

0.1

0.1

0.002

Sum

CûCO3, calculated)

CaCO3, calculaæd)

Sum

- @25'C

CaCO3)

Balance

Index at 20"C

Index at 4oC

pH at 20'C

pII at 4'C

Dissolved S oli<ls(Calculaúed)

Free

Dome Fffl.

Itot¡U

Replicate

Dome Ffrfl,

lrot¡{
96ft0n6

Dome Effl.

Replicåte

Dome Bfl.

96n0ß6

UnitsLOQPârâmeter

Date Sampled )
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MDS Environmental Services Limited.

Report of Analys¡s

Client : Ecological Services for planning

Contact: Barbara Dowsley

Analysis of Wate¡

: Limit of Quantitation : lowest level of the parameter that can be quantified with confidence.
= Not Requested

= parameter not detected ! = Loe higher than risted due to dirution ( ) Adjusted Loe

Report Daæ:

MDS Ref # :

MDS Quote#:

Client Reff:

October28196

967332
96-697_cS

G96239

LOQ

13.4

15.0

8.9

3.5

nd

0.119

mglL

mgll,

mglt.

ng/L

mElL

mglL

0.05

0.0s

0.5

0.5

5

0.005Tot¡1

Suspended Solids

Kjeklahl Nitro gen(as N)

lü)

Inorgadc Carbon(as C)

Organic Carbon(DOC)

Domc Fffi.

ltot¡U

Replicate

Dome Ffft.

[tota{

96tt0n6

Domc FfrI

Replicate

Domc Effl.

96Ã0tL6

UnitsLOQ
DateSampted >

nd
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MDS Environmental Services Limited

Certificate of Quality Control

Client: Ecological Services for Planning
Contact: Chris Wren, PhD.

Analysis of Water

Date Reported:

MDS Ref # :

MDS Quote#:

Client Ref#:

November 21196

968374
CANMET Investig

96239-QAtQC

Bm

Crlci@

hú

Mrgueim

Pbo6pborus

Pot8si@

Sodiu

Ziw

Anmi-m

A¡tinory

Asøic

B&i@

Bcryui@

Bir@th

Cldni@

Chmim

Cobal.t

Cq4lel

Lcåd

Megæe

Parameter

Q5 FILTRATE

Q5 FILTRI,TË

Q5 FILTRAT E

Q5 FILTR¡,TE

Q5 FILTRATE

Q5 FILTRATE

Q5 FILTRAT Ë

Q5 FILTRATE

Q5 FILTRATE

Q5 FILTRATE

Q5 FILTR]TTE

Q5 FILTR.AT E

Q5 FILTRAT E

Q5 FILTRAT E

Q5 FILTRAT E

Q5 FILTRAT Ê

Q5 FILTRAT E

Q5 FILTRAT E

Q5 FILTRAT E

Q5 FILTRAT E

SAMPLEID

(sPike)

0.005

0.1

0.02

0.1

0.1

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

LOQ

mglL

mglL

ûglL

mglL

mglL

mEIL

rîglL

mglL

mglL

mglL

rnglL

ûglL
ñg/I-

mg/L

mgtL

mglL

rnglL

ßg/L

mglL

Units

¡d(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

0.1(b)

nd(b)

nd(b)

ndo)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

Result

Process Bla¡k

0.02

0.2

0.03

0.2

0.2

1.0

0.2

o.o2

0.03

0.004

0.004

0.01

0.01

0.004

0.0010

0.004

0.002

0.004

0.002

0.004

Upper

Limit

yc8

yca

yes

ycs

ycs

yc8

yc8

ycs

yca

ycs

ycs

yes

ycs

ycs

yes

yca

yes

yes

yes

yes

Accept

98

99

96

lo2

94

106

91

97

91

102

109

99

104

100

106

94

104

106

91

IO7

Re$It

Procçs % Recovuy

85

85

85

85

85

85

85

85

85

85

85

85

85

85

85

85

85

85

85

85

Lower

Limit

115

115

115

115

115

115

115

115

115

115

115

115

115

115

115

115

115

115

115

115

Upper

Limit

yes

ycs

ycs

ycs

ye3

yès

ycs

yes

ycs

yes

yes

ycs

ycs

yes

yes

yes

yes

yes

yes

yes

Accept

0.980

1.0

1.00

1.0

0.8

4.5

0.9

1.02

0.12

0.101

0.091

0.110

0.tL2

0.101

0.0985

0.054

0.100

0.104

0.0902

0.099

Result

Matrix Spfte

1.00

1.0

1.00

1.0

1.0

5.0

1.0

1.00

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

TarCet

0.60

0.2

0.60

0.2

0.4

1.0

0.2

0.60

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

I¿wer

Linit

1.40

1.8

L.40

1,6

1.6

8.0

1.6

1.40

0.140

0.140

0.140

0.140

0.140

0.140

0.140

0.140

0.140

0.140

0.140

0.140

Upper

Limit

v93

ye8

ycs

yês

yès

yes

yes

ycs

ye8

yes

ycs

ycs

ycs

ycs

ycs

vcs

ycs

yes

ves

yes

Accep

ycs

ycs

ycs

ycs

yss

y€s

ycs

ycs

ycs

ycs

ycs

ycs

ycs

ycs

ycs

ycs

ycs

yes

yes

ycs

Overall

QC

Acceptable

LOQ = Limit of Quantitation : lowest level of the parameter that can be quantified with confidence* = Unavailable dueto dilution required for analysis
na = Not Applicable
ns = Insufücient Sample Submitted
nd = parameter not detected
TR : trace level less than LOQ
(b) = Analyte results on REPORT of ANALYSIS h¿ve bee¡r hackground conected for the process blank.
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MDS Environmental Services Limited.

Certificate of Quality Control

Client : Ecological Services for Planning
Cont¿ct Cbris Wren, PbD.

Analysis of Water

LOQ = Limit of Quantitation = lowest level* = Unavailable due to dilution reguired
na = Not Applicable
ns = Insuffrcienr Sample Submitted
nd = pàra¡neter not detected
TR = trace level less than LOQ

ofthe parameter that can be quantified with confidence
for analysis

Date Reported:

MDS Ref # :

MDS Quote#:

Client Ref#:

November 21196

968374
CANMET Invesrig

96239-QAtQC

Molybd@

Nickel

Sdøiw

Silvcr

Strøtiu

Tb¿ÛiuÎ

Tim

TrteiuT

Uruim

Vrudim

Parameter

Q5 FILTR¡,TE

Q5 FILTRI,TE

Q5F¡LTRATE

Q5 FILTNATE

Q5FILTRATE

Q5 FILTRATE

QsFII.TRÁTÊ

Q5 FILTRATE

Q5FILTRATE

Q5 FILTRATE

SAMPLE ID
(spike)

0.002

0.002

0.002

0.0003

0.005

0.0001

0.002

0.002

0.0001

0.002

LOQ

mglL

úglL

úgtL

ûglL

ÃglL

mglL

ûglL
ûg/l-

ßglL

ÃglL

Units.

nd(b)

nd(b)

0.004@

Ddo)

nd(b)

0.0002(

nd(b)

nd(b)

nd(b)

ndo)

Result

Process Bla¡k

0.004

0.004

0.004

0.0006

0.01

0.0002

0.004

0.004

0.0002

0.004

Upper

Limit

yes

yes

ycs

ycs

yes

yes

yês

ycs

ycs

ycs

Accept

109

103

111

94

tl2
101

100

105

t02

106

Rçr¡lt

hocess % Recovery

85

85

85

85

85

85

85

85

85

85

Lower

Limit

115

115

115

115

115

r15

115

115

115

115

Upper

Limit

ycs

yes

y9s

ycs

ycs

yes

ycs

ycs

yes

ycs

Accept

0.096

0.100

0:085

0.0672

0.090

0.1010

0.099

0.r03

0.0993

0.104

Result

Matrix Spike

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

larget

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

Lower

Limir

0.140

0.140

0.140

0.140

0.L40

0.140

0.140

0.140

0.140

0.140

Upper

Limit

ycs

yÊs

yes

yca

ycs

ycs

ycs

y€8

væ

ycs

Accept

yc8

ycs

yca

yca

ycs

ycs

yca

ycs

ycs

ycs

Overall

QC

Acceptable
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MDS Environmental Services Limited

Report of Analysis

Client: Ecological Services for Planning
Cont¿ct: Chris Wren, PhD.

Analysis of Wate¡

= Limit of Quantitation = Iowest tevel of the parameter thât can be quantifred with confidence.

= parameter not detected ! = Loe higher than listed due to dilution ( ) Adjusted Loe

Report Date:

MDS Ref # :

MDS Quote #:

November 21196

968374
CANMET Invesrig

clienr Reff: 96239-QAiQC

LOQ

nd

3.6

rJ.?l

0..t

nd

nd

1.3

0.035

0.08

nd

nd

0.008

nd

nd

nd

nd

nd

0.025

nd

0.004

nd

nd

ir¿

nd

0.016

nd

nd

nd

3.4

0.21

0.5

nd

1.1

1.3

0.02t

0.08

nd

nd

0.008

nd

nd

¡d

nd

nd

0.036

nd

0.004

nd

nd

nd

nd

0.015

nd

nd

0.005

2.1

nd

nd

nd

nd

nd

0.u2

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

0.4

nd

nd

nd

nd

nd

0.019

nd

nd

nd

nd

nd

nd

nd

nd

nd

0.098

nd

nd

nd

0.018

nd

nd

nd

nd

nd

nd

1.4

nd

nd

nd

nd

nd

0.018

nd

nd

nd

nd

nd

Dd

nd

nd

nd

0.101

nd

nd

nd

0.019

nd

nd

nd

nd

nd

ûglL

mElL

mg/L

mglL

mglL

ûglL

mglL

mglL

mglL

mglL

úglL

mglL

ûglL

mglL

úglL

mglL

mglL

mglL

mgtL

mglL

mgtL

mglL

mg/L

mglL

úglL

mglL

0.005

0.1

0.02

0.1

0.1

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

0.002

0.002

0.002

0.0003

0.005

0.0001

0.002

Q5 FILTRAT

E

Q4 FILTR,{T

E

Q3

96tLU08

Q2

96nU08

Qr

96ftu08

UnitsLOQParameter

Date Sampled >

nd
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MDS Environmental Services Limited.

Report of Analys¡s

Client: Ecological Services for planning

Contacl Chris Wren, PhD.

Analysis of Water

= Limit of Quantitation = lowêst level of the parameter that can bê quantifii:,rt with confidence.
: pârameter not detected ! : Loe higher than listed due to dilution ( ) Adjusted Loe

Report Date:

MDS Ref # :

MDS Quote #:

November 21196

968374
CANMET Investig

Client Ref#: 96239-eA/eC

LOQ

nd

0.000s

nd

tldnd

0.0005

nd

¡d

nd

nd

nd

nd

nd

nd

ntl

nd

mglL

mgll.

mglL

0.002

0.0001

0.002

Q5 FILTR^T

E

Q4 FILTRAT

E

96mt08

Q3

96Lu08

Q2

96ftLt08

Q1

UnitsLOQ

Date Sanpled >
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MDS Environmental Services Limited.

Report of Analys¡s

Client : Ecological Services for Planning
Contact: Chris Wren, PhD.

Analysis of Water

= Limit of Quantitation = lowest levet of the parameter that can be quantified with confidence.
: parameter not detected ! = LoQ higher than listed due to dilution ( ) Adjusted Loe

Report Date: November 21196

MDSRef# : 968374
MDS Quoüe #: CANMET Invesrig

Client Ref#: 96239-QA/QC

L

LOQ

nd

8.0

nd

0.5

nd

1.7

1.0

0.410

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

0.007

nd

¡d

nd

3.5

0.2t
. 

0.5

td

t.z

1.3

0.033

0.07

trd

nd

0.008

nd

Dd

nd

nd

nd

0.0'u

nd

0.003

nd

nd

nd

nd

0.015

nd

nd

mElL

mglL

ÃBlL

mglL

úg/L

m.gll-

ûg/L

mgll-

ûglL

ûElL

mglL

mglL

mglL

mglL

mglL

úBlL

mglL

mElL

mglL

ßglL

mglL

mglL

ûglL

ûgll-

mglL

ûglL

0.005

0.1

0.02

0.1

0.1

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

0.002

0.002

0.002

0.0003

0.005

0.000.1

0.002Tin

Sodium

Zinc

96nu08

Q6Q5 FILTRAT

Replicåte

BUnitsLOQ

nd
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MDS Environmental Services Limited

Report of Analysis

Client : Ecological Services for planning

Contact: Ch¡is W¡en, PhD.

Analysis of Water

: Limit of Quantitation,= lowest level of the paramete¡ that can be quantified with,confidênce.

= parameter not detected ! = Loe higher than listed due to dilution ( ) Adjusted Loe

Report Date: November 21196
MDSRef# : 968374
MDS Quote #: CANMET Investig

Client Ref#: 96239-eA/eC

LOQ

nd

0.003

nd

nd

nd

0.0004

nd

mglL

mEIL

mglL

0.002

0.0001

0.002

96tLU08

Q6Q5 FILTRAT

Replicâte

EUdtsLOQ
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November8, 1996

In house QA/QC of our lab supplies used in the field.

Client I.D.# Description

Ql Store bought..Equality,'distilled water

a2

Q3

a4

Q5

a6

57o Nitric Acid solution made with original Nitric
acid in the lab and the sore bought..Equality,,
distilled waær.

Mlli 9 Watßr Mllipore'Milli 9" sysæmdeionized
water feed) University of rilaærloo

Two filters moistened witl¡ the above 5Vo niric acid
as done in ttre field and removed with gloves and
placed in Whirl pak bag

Glove dipped in Milli 9 distilled water from rhe
University of Waærloo

One filter moisæned wittr the above SVo Niric Acid
as done in the field and then removed with forceps
(as should have been done in the field) and placed in
lVhirl pak bag

L

L

I
I
t



MDS Environmental Services Limited.

Client: Ecological Services for Planning
Contact Chris Wren, PhD.

Analysis of Water

LOQ : Limit of Quantit¿tion = lowest tevel of the parameter that can be quantified with confidence* = Unavailable due to dilution required for analysis
nâ = Not Applicable
ns : Insufficient Sample Submitted
nd : parameter not detected
TR : trace level less than LOQ
(b) = Analfe results on REPORT of ANALYSIS have hee¡r hackground conected for the process blank.

Certifïcate of Quality Control
Date Reported:

MDS Ref # :

MDS Quote#:

Client Ref,f:

November 21196

968374
CANMET Investig

96239-QAtQC

Bom

C¿lciua

Irm

Magæim

lb6p¡onB

Potssim

Sodiu

ZtN

A¡minm

Antimøy

Anøic

B$im

Beryllim

Biffi'th

C'dntuñ

Chl@im

Cobalt

ColpeÎ

Iæ{d

Malgffie

Paramefer

Q5 FILÏRATE

Q5 FILTRATE

Q5 FILTRATE

Q5 FILTRAT E

Q5 FILTRAT E

Q5 FILTRAT Ë

Q5 FTLTRAT E

Q5 FILTRAT E

Q5 FILTRAT E

Q5 FILIRAT E

Q5 FILTRAT E

Q5 FILTRAT E

Q5 FILTRAT E

Q5 FILTRÅT E

Q5 FILTRAT E

Q5 FILTRAT E

Q5 FILTRAT Ê

Q5 FILTRAT E

Q5 FILTRAT E

Q5 FILTRAT E

SAMPLEID

Gpfte)

0.005

0.1

0.02

0.1

0.1

0.5

0.1

0.002

0.01

0.002

0.002

0.005

0.00s

0.002

0.0005

0.002

0.001

0.002

0.0001

0.002

LOQ

mglL

mglL

ûglL

ûglL

ûglL

ûgtL

mg[L

mglL

m.glI,

mglL

mglL

mglL

ûglL

mglL

rnglL

mg[L

ûg/I-

ûglL

mElL

mslL

Units

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

ndo)

0.1(b)

nd(b)

ndo)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

Result

Process Blânk

0.02

0.2

0.03

0.2

0.2

1.0

0.2

o.o2

0.03

0.004

0.004

0.01

0.01

0.004

0.0010

0.004

0.002

0.004

0.002

0.004

Upper

Limit

ye8

yes

yes

y6

yes

yes

yes

yes

yes

yes

yes

ycs

yes

yes

yes

yes

ycs

yes

yes

yes

Accept

98

99

96

LO2

94

106

9l

91

91

102

109

99

tu
100

106

94

to4

r06

9L

r07

Resdt

Process % Recovery

85

85

85

85

85

85

85

85

85

85

85

85

85

85

85

85

85

85

85

85

Lower

Limit

115

115

115

115

115

115

115

115

115

115

115

115

115

115

115

115

115

115

115

115

Upper

Limit

yes

yes

yes

yÊs

yes

yes

yes

yes

yes

yes

yes

ycs

yes

yes

yes

ycs

yes

yes

yes

yes

Accepú

0.980

1.0

1.00

1.0

0.8

4.5

0.9

L.02

0.12

0.10r

0.091

0.1 10

0.tL2

0.101

0.0985

0.054

0.100

0.104

0.0902

0.099

Result

MatrixSpike

1.00

1.0

1.00

1.0

1.0

5.0

1.0

1.00

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.r00

0.100

0.100

0.100

Târget

0.60

0.2

0.60

0.2

0.4

1.0

0.2

0.60

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

Lower

Limit

1.40

1.8

1.40

1.6

1.6

8.0

1.6

1.40

0.140

0.140

0.140

0.140

0.140

0.140

0.140

0.140

0.140

0.140

0.140

0.140

Uppe¡

Limit

yes

yes

yes

yes

yes

yes

yÊs

yes

yes

yes

yes

ycs

yes

yes

yes

yes

yes

yes

yes

yes

Accept

ycs

yes

yes

yes

ycs

yes

ycs

yes

yes

yes

ycs

ycs

yes

yes

yes

ycs

ycs

yes

yes

yes

Overall

QC

Acceptable

Page 1 of2



MDS Environmental Services Limited.

Certifïcate of Quality Control

Client : Ecological Services for Plenning
Contacl Chris Wren, PhD.

Analysis of Water

Date Reported:

MDS Ref # :

MDS Quote#:

Client Ref#

November 21196

968374
CANMET Investig

96239-QAtQC

Mobòdem

Nickd

Sel@im

Silvs

Str@tiu

Tì¿llim

Tlm

Trt¿¡im

Uruim

Va!¿diu

Parameter

Q5 FILTTATE

Q5 FILÏRATE

Q5 FILTRATE

Q5 FILTRATE

Q5 FILTRATE

Q5 FILTRATE

Q5 FILTRATE

Q5 FILTRATË

Q5 FILTRATE

QJ FILTRATE

SAIVÍPLE ID

Gpike)

0.002

0.002

0.002

0.0003

0.005

0.0001

0.002

0.002

0.0001

0.002

LOQ

mglL

mglL

mgtL

mgIL

mgIL

øclL

øglï-

ûgtL

mglL

ßglL

ûdts

nd(b)

nd(b)

0.0040

ndo)

nd(b)

0.0002(

nd(b)

nd(b)

nd(b)

nd(b)

Result

Process Blank

0.004

0.004

0.004

0.0006

0.01

0.0002

0.004

0.004

0.0002

0.004

Upper

Limit

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

Accept

109

103

111

94

LL2

101

100

105

t02

106

Resült

Process % Recove¡y

85

85

85

85

85

85

85

85

85

85

Lower

Limit

115

115

115

115

115

115

115

115

115

115

Upper

Limit

ycs

yes

v6

ye3

yes

yes

yes

yes

yes

yes

Accept

0.096

0.100

0.085

0.0672

0.090

0.1010

0.099

0.103

0.0993

0.r04

Result

Matrix Spike

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

Target

0.050

0.050

0.050

0.0s0

0.050

0.050

0.050

0.050

0.050

0.050

Lower

Limit

0.140

0.140

0.140

0.140

0.140

0.140

0.140

0.140

0.140

0.140

Upper

Limit

yes

yes

yes

yes

yes

yes

ycs

yes

yes

yes

Äccepú

ye8

yes

ye8

yes

yes

yes

yes

yes

yes

yes

Overall

QC

Acceptable

LOQ = Limit of Quantitâtion = lowest level of the parameter that c¿n be quantified with confidence* : Unavailable due to dilution required for analysis
na = Not Applicable
ns = Insuffrcient Sample Submitted
nd = pàra¡neter not detected

TR = trace level less than LOQ
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MDS Environmental Services Limited.

Report of Analys¡s

Client: Ecological Services for Planning

Contact: Chris Wren, PhD.

Analysis of Water

= Limit of Quantitation = lowest level of the parameter that can be quantifred with confidence.

: parameter not detected ! : LOQ higher than listed due to dilution ( ) Adjusted LOQ

Report Date:

MDS Ref # :

MDS Quote #:

November 21196

968374

CANMET Investig

Client Ref#: 96239-QA/QC

LOQ

nd

3.6

0.21

0. -t

nd

nd

1.3

0.035

0.08

nd

nd

0.008

nd

nd

nd

nd

nd

0.025

nd

0.004

nd

nd

nd

nd

0.016

nd

nd

nd

3.4

0.2t

0.5

nd

1.1

1.3

0.021

0.08

nd

nd

0.008

nd

nd

nd

nd

nd

0.036

nd

0.004

nd

nd

nd

nd

0.015

nd

nd

0.005

2.t

nd

nd

nd

nd

nd

0.u2

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

o.4

nd

nd

nd

nd

nd

0.019

nd

nd

nd

nd

nd

nd

nd

nd

nd

0.098

nd

nd

nd

0.018

nd

nd

nd

nd

nd

nd

L,4

nd

nd

nd

nd

nd

0.018

nd

nd

nd

trd

nd

nd

nd

nd

nd

0.101

nd

nd

nd

0.019

nd

nd

nd

nd

nd

mElL

mgll,

ßglL

mglL

ñglL

mglL

ûE[L

ûglL

ñglL

mgtL

mgIL

ûglL

m€.lL

mglL

ûgtL

ßgtL

mglL

mglL

úgtL

ûglL

úglL

mglL

mgtL

mglL

mgtL

úglL

frglL

0.005

0.1

0.02

0.1

0.1

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

0.002

0.002

0.002

0.0003

0.005

0.0001

0.002

Boron

C¡lcium

hon

Magnesium

Phosphorus

Potassim

Sodium

Zinc

Aluninum

Artimony

Arsenic

Barium

Beryllium

Bismuth

Cadmium

Chromium

Cobalt

Copper

I¡ad

Manganese

Molybdenum

Nickel

Selenium

Silver

Strontium

Thalliun

Titr

Q5 FILTRAT

E

Q4 FILTRAT

E

Q3

96nU08

Q2

96mt08

Q1

96ft1t08

UnitsLOQPårâmeter

DateSampled )

q

nd
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MDS Environmental Services Limited

Report of Analys¡s

Client : Ecological Services for Planning

Contact: Ch¡is Wren, PhD.

Analysis of Water

: Limit of Quantit¿tion = lowest level of the parameter that c¿n be quantified with confidence.

= parameter not detected ! = LOQ higher than listed due to dilution ( ) Adjusted LOQ

Report Date:

MDS Ref # :

MDS Quote #

November 21196

968374
CANMET Investig

Client Ref# e623e-QA/QC

I
!

L,

I

I

LOQ

nd

0.0005

nd

nd

0.0005

nd

nd

nd

trd

nd

nd

nd

ûd

nd

nd

mglL

mglL

mrg,lL

0.002

0.0001

0.002

fitanium

Umim
Van¡ilium

Q5 FILTRAT

E

Q4 FILTRAT

E

Q3

96Llt08

Q2

96mt08

Q1

96mt08

UüitsLOQParameter

Date Sampled >

nd
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MDS Environmental Services Limited.

Report of Analys¡s

Client: Ecological Services for Planning

Contact: Chris Wren, PhD.

Analysis of Water

= Limit of Quantitation = lowest level of the parameter that can be quantified with confidence.

= parameter not detected ! : LOQ higher than listed due to dilution ( ) Adjusted LOQ

Report Date: November 21196

MDSRef# : 968374
MDS Quote #: CANMET Investig

Client Reûf: 96239-QAIQC

LOQ

nd

8.0

nd

0.5

nd

t.7

1.0

0.410

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

¡rd

nd

nd

0.007

nd

nd

nd

3.5

0.21

0.5

nd

t.2

1.3

0.033

0.07

nd

nd

0.008

nd

nd

nd

nd

nd

0.0'24

nd

0.003

¡d

nd

nd

nd

0.015

nd

nd

mglL

ñglL

øglL

mg/L

úgtL

mglL

mgll-

mglL

ñglL

ûgtL

mgIL

mglL

ûgtL

ßglL

mgtL

ûgtL

mglL

mgll.

mgtL

mglL

mglL

ßgtL

ßglL

r glL

ûgtL

mgtL

mslL

0.005

0.1

0.02

0.1

0.1

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

0.002

0.002

0.002

0.0003

0.005

0.0001

0.002

Boron

Calcium

hon

Mtgnesium

Phosphorus

Potâssium

Sodium

Zinc

Aluminum

Antimony

Arsenic

Barium

Beryllium

Bismuih

Cadmium

Chromium

Cobalt

Copper

Iæ¡d

Manganese

Moþbdenum

Nickel

Selenium

Silver

Strontium

Thallir¡m

Tin

Q6

96mt08

Q5 FILÏRAT

E

Replicate

UnitsLOQParameter

''l

nd
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MDS Environmental Services Limited.

Report of Analys¡s

Client : Ecological Services for Planning

Cont¿ct: Cbris Wren, PhD.

Analysis of Water

= Limit of Quantitation = lowest level of the parameter that can be quantified with confidence.

= parameter not detected ! = LOQ higher than listed due ûo dilution ( ) Adjusted LOQ

Report Date:

MDS Ref # :

MDS Quote #:

November 21196

968374
CANMET Investig

Client Ref#: 96239-QA/QC

f

t-

I

l

t
L

LOQ

I

I

t-

f

;i"

0.003

nd

nd

nd

0.0004

nd

ûglL

mgÌL

mglL

0.002

0.0001

0.002

Iit¡nium

tlranium

Vanadium

Q6

96mt08

Q5 FILTRAT

E

Replicate

UnitsLOQParaneter

nd
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MDS
Environmental Serviees Limited

November 21,1996

Mr. Chris Wren
Ecological Services for Planning
361 Southgate Drive
Guelph, Ontario
NlG 3M5

Dear Chris:

Attached is the data for the water and filter sarnples for QC checks on the Canmet project. As
agreed, there is no charge for these tests. A few comments on the data:

1".0

2.0

3.0

4.0

5.0

The samples were analyzed using cleaned and proofed glassware. All glassware
was pre-cleaned (as it was for the original Canmet projects from ESp, EVS, and
Jacques lVhitford) and the final pure water rinse solutions were analyzed as our
lab blanks (reported in the "certificate of euality control" as "process
Blank").

The water used by MDSE was Type 1 ASTM 18 megaohm water, which is the
cleanest available water we have been able to source.

All samples were analyzeÅ by ICP-MS and ICp-ES. The results for boron to
zinc (the first eight elements) are reported from the ICp-ES data. The
remainder are from ICP-MS. The data are very comparable for both ES and
MS for all samples, all parameters.

The filters were wet on arrival at MDSE; we assume this means they had been
pre-washed/rinsed.

50 ml of pure water was put through each filter.
The filtrate (50 ml) was analyzed by ICP-MS and ICp-ES.
The data reported is for the water. To obtain the mass loading on
the filters, multiply the result by 50 ml. For example, for e4,
the Ca level is 3.4 mglL, therefore there were 50 ml x 3.4 mglL: 170.0 mg of Ca removed by 50 ml of water from the filter.

The filters were analyzed as follows:

o

o

o

sample Q5 had two filters; we used one for the sampre and the other as a
replicate.

:;'i \i.! t,:trù'LL(,-i /)ir¿r'. r\y't,r,rir;:;atrgrr. Onl.ttt,io. (,'o¡tutla i,-tY II,l'¡', ì ()t j:;ei:-t'.j":)2Jõ l:'ct.t: g0õ.67j"7399 'litll Ft.at,: l',5()0.701"709:Ì

6.0
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MDS
Environmental Seryices Limited

-2-

7.0 The filters contain some metals residues. The pattern of ca, Mg, Ba, sr, Na,
and K, and of Fe, Al, zn, cu, and Mn is consistent with the background of
metals in glass fibre filters.

8.0 The filter data show some variation, which is also consistent with our
experience with most available filter media.

The water samples show some metals that one would not expect in a high
quality grade of lab water. The presence of Cu and Ni is unusual.

1,0.0 All of these samples were analyzed by both ICP-ES and ICP-MS. The positive
results for the metals are corroborated and confirmed.

Chris, I hope these cÒmments are helpful, and that the data helps you interpret the earlier
results. If I can assist in any way, please let me know.

Yours very truly,

9.0

fr-
t

J.N. Bishop
Vice President
New Business Development

JNB/no

L

L

i;:'i)t, t;')t't'!: 
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APPENDIX C3

Results



of codes and for water and sediment data

LOQ Limit of Quantification

Guideline for he protection of freshwater aquatic life (where availaUe)

lntedm Onhrio Provincial Water Quality Objective

ammonia conæntration at pH 7.5 and 20oC

nd

na not applicable/not available

not detected at LOQ (n.b. for statistics, nd ænræded to 7z Loe)

not rquested

TKN Total l{eldahl NiÍoçn

Drc Dissolved lnorganic Carbon

DOC Dissolved Organic Carbon

TDS Total Dissolved Solids

TSS Total Suspended Solids

NCALC Not Calq¡lated

+

I

t,



all units mg/L unless otherwise indicated)Table C3-l: General V/ater Chemisfry Analyses of Samples Collected From Reference and Exposure Areas at Dome Mine (

Reference Stations Exposure Stations Field

Parameter LOQ MAC 1 MAC 2 MAC 3 Van Dorn Van Dorn REF I REF 4 REF 6 EXP I EXP I EXP I EXP 2 EXP 3 EXP I EXP 2 EXP 3 Blank

Sampler Sampler E. on E. on E. on E. on E. on E. off E. off E. off

Blank Blank Field Lab

Lab Replicate Replicate Replicate

Nitrate 0.05 nd nd nd nd nd nd nd 0.12 0.57 0.6 0.58 0.s2 0.M 0.38 0.25 0.21 nd

Nitrite 0.01 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd

Ammonia 0.05 nd nd nd nd nd nd nd 4.29 4.27 3.37 3.58 3.72 2.9r 2.65 nd

TKN 0.05 0.54 0.55 0.53 0.4 0.16 l.06 0.76 4.s9 4.54 4.13 4.06 3.98 3,M 3.28 nd

Phosphorus 0.1 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd

Orthophosphate 0.01 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd

Total Phosphorus 0.004 0.024 0.023 0.026 0.026 0.03 0.026 0.021

Alkalinity I r21 103 115 nd nd 186 186 195 102 106 105 106 lll 111 t3'l 134 nd

Chloride 1 26 24 25 nd nd 37 39 38 34 JJ 34 34 34 JJ 32 32 nd

Sulphate 2 8 7 8 nd nd 16 l5 l5 247 244 247 240 230 229 205 192 nd

Bicarbonate 1 121 103 115 nd nd 186 186 195 102 106 106 111 111 136 t34 nd

Carbonate I nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd

Colour (TCU) 5 t2 1l 10 nd nd 24 27 25 21 23 27 22 24 2'1 30 3l nd

Conductivity (us/cm) I 30't 2t5 293 2 2 359 4t7 4',70 798 796 800 77t '159 764 145 729 nd

Ha¡dness 0.1 159 t22 130 0.1 0.2 222 221 221 208 208 218 211 217 221 220 nd

TurbidiW 0.1 0.3 0.2 0.1 nd nd 0.6 0;7 0.6 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.3 nd

Anion Sum (meq/L) na J.JJ 2.88 3.15 0.004 0.008 5.1 5.13 5.29 8.18 8. l8 8.1 1.98 1.94 7.91 't.59 0.001

Cation Sum (meq/L) na 3.53 3.12 3.3r 0.003 NCALC 5.5 5.56 5.52 8.62 8.64 8.74 8.7 8.63 8.53 8.43 0.001

Ion Balance 0.01 2.96 3.94 2.43 18.4 NCALC 3.18 3.95 2.18 2.66 2.',l3 3.19 4.21 4.1'7 3.73 5.23 26.4

pH (units) 0.1 6.8 7.2 7.5 7.4 7.4 7.4 7.4 7.4 7.5 7.5 '7.6 '7.5 7.5 7.5 7.7 7.6 7.2

DIC 0.5 26.3 23.5 24.t 0.6 42.7 42.7 M.1 21.8 29.3 29.8 31.1 32 35.8 31.5 nd

DOC 0.5 6.3 6 5.9 1.8 8.4 8.3 8.2 6.1 6.2 5.9 6.6 6."t 8.5 8.5 0.5

TDS I 178 155 168 nd NCALC z',t6 279 283 537 s36 534 526 s22 509 493 nd

TSS 5 nd nd nd nd nd nd nd



Table C3-2: Total Metals (me/L) in Water Chemistry Samples Collected from Reference and Exposure Areas at Dome Mine

Reference Stations Exposure Stations Travel

Metal (mg/L) LOO MAC I MAC 2 MAC 3 Van Dorn Van Dorn REF I REF4 REF 6 EXP I EXP I EXP I EXP 2 EXP 3 EXP I EXP2 EXP 3 Blank

Sampler Sampler E. on E. on E. on E. on E. on E. off E. off E. off
Blank Blank Field Lab

Lab Replicate Replicate Replicate

Aluminum 0.01 nd 0.01 nd nd nd 0.01 nd nd nd nd nd nd nd nd nd nd nd

Antimony 0.002 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd

Arsenic 0.002 nd 0.002 0.002 nd nd 0.085 0.064 0.063 0.012 0.012 0.012 0.016 0.018 0.017 0.019 0.024 nd

Barium 0.005 0.008 0.007 0.007 nd nd 0.014 0.013 0.013 0.028 0.027 0.02'7 0.028 0.03 0.028 0.027 0.031 nd

Beryllium 0.005 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd

Bismuth 0.002 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd

Boron 0.005 nd nd 0.007 nd nd 0.015 0.01 0.005 0.r72 0.1'76 0.178 0.116 0.179 0.164 0.152 0.162 0.008

Cadmium 0.000s nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd

Calcium 0.1 40.6 35 31.4 nd nd 63.2 62.9 63

0.007

68.2 68.1 68.8 68.5 70.6 6't.2 66.7 7l .1 nd

Chromium 0.002 0.003 0.003 0.006 nd nd 0.007 0.006 0.005 nd 0.007 nd nd nd nd nd nd

Cobalt 0.001 nd nd nd nd nd 0.001 nd nd 0.056 0.052 0.064 0.049 0.047 0.044 0.033 0.033 nd

Copper 0.002 nd 0.005 0.002 0.088 0.089 nd nd nd 0.013 0.011 0.015 0.012 0.015 0.014 0.018 0.021 nd

Iron 0.02 0.03 0.02 0.02 nd nd 1.45 1.01 0.96 0.26 0.26 0.28 0.29 0.3 0.36 0.22 0.37 nd

Lead 0.0001 nd nd nd nd nd nd nd nd nd nd nd 0.0004 nd nd 0.0004 0.0002 nd

Magnesium 0.1 8.8 7.7 8.1 nd nd 15.7 15.'1 15.7 t2.2 t2.5 12.9 12.6 13.3 12.8 13.3 14.2 nd

Manganese 0.002 0.019 0.005 0.006 nd nd 0.31 0.1 19 0.1,24 0302 0.26 0.316 0.369 0.436 0.316 0.399 0.657 nd

Mercury (ugll) 0.1

Molybdenum 0.002 nd nd nd nd nd nd nd nd 0.004 0.004 0.004 0.004 0.004 0.003 0.004 0.004 nd

Nickel 0.002 nd nd 0.003 0.006 0.006 0.005 0.007 0.005 0.027 0.023 0.032 0.021 0.032 0.029 0.039 0.0M nd

Potassium 0.5 0.8 1 0.6 nd nd 1.2 0.1 1.8 25.1 25.7 26.8 25.8 25.5 24.3 23.3 24.7 nd

Reactive Silica 0.5 nd

Selenium 0.002 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd

Silver 0.0003 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd

Sodium 0.1 16.5 14.7 r5. I nd nd 24.4 24.5 24.4 84.3 84.3 86.4 84.8 86.5 80.4 76.3 80.8 nd

Strontium 0.005 0.045 0.041 0.042 nd nd 0.083 0.081 0.082 0.125 0.128 0.125 0.128 0.132 0.123 0.1 18 0.128 nd

Thallium 0.0001 nd nd nd nd nd 0.0002 0.0002 0.0002 nd 0.000r nd 0.0001 nd nd nd nd nd

Tin 0.002 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd

Titanium 0.002 nd nd nd nd nd nd nd 0.002 0.019 0.004 0.019 0.004 0.004 0.004 0.004 0.005 nd

Uranium 0.0001 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd

Vanadium 0.002 nd nd nd nd nd nd nd nd 0.009 nd 0.0r2 nd nd nd nd 0.002 nd

Zinc 0.002 0.008 0.003 0.007 nd nd nd nd nd nd nd nd 0.004 0.002 nd 0.004 nd nd

Total Cyanide 0.002

Free Cyanide 0.002



Table C3-3: Dissolved Metals (mg/L) in Vy'ater Chemistry Samples Collected from Reference and Exposure Areas at Dome Mine

Reference Stations Filter

Metal (me/L) LOQ MAC I MAC 2 MAC 3 Van Dorn Van Dorn REF I REF 4 REF 6 EXP 1 EXP I EXP 1 EXP 2 EXP 3 EXP I EXP 2 EXP 3 Blank

Sampler Sampler E. on E. on E. on E. on E. on E. off E. off E. off
Blank Blank Field Lab

Lab Replicate Replicate Replicate

Aluminum 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.01 0.02 0.01 0.01 0.02

Antimony 0.002 nd nd nd nd nd nd nd nd nd nd nd ntl nd nd nd

Arsenic 0.002 nd 0.002 nd nd nd 0.053 0.055 0.057 0.015 0.02 0.021 0.018 0.024 0.021 nd

Barium 0.005 0.009 0.009 0.009 nd nd 0.015 0.015 0.0r5 0.018 0.019 0.019 0.018 0.019 0.019 nd

Beryllium 0.005 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd

Bismuth 0.002 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd

Boron 0.005 nd nd nd nd nd 0.006 0.01 nd 0.148 0.151 0.15 0.154 0.147 0.143 nd

Cadmium 0.0005 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd

Calcium 0.1 43.1 37.5 40.3 1.2 t.2 67.2 6s.8 65.4 58.5 59.9 59.8 58.6 59.8 60.8 1.2

Chromium 0.002 0.004 0.003 0.003 nd nd 0.005 0.005 0.006 nd nd nd nd nd nd nd

Cobalt 0.001 nd nd nd nd nd nd nd nd 0.05 0.041 0.042 0.043 0.032 0.028 nd

Copper 0.002 0.008 0.008 0.008 0.036 0.037 0.006 0.006 0.006 0.015 0.017 0.017 0.017 0.022 0.022 0.084

Iron 0.02 0.06 0.06 0.04 0.02 0.03 0.73 0.14 0;t'7 0.22 0.23 0.22 0.31 0.22 0.24 0.02

Lead 0.0001 0.0004 0.0005 0.0003 0.0004 0.0003 0.0003 0.0003 0.0003 0.0004 0.0001 nd 0.0003 0.0007 0.0016 0.0009

Magnesium 0.1 8.5 7.4 8 0.1 0.1 15.2 14.9 14.1 10.8 tl.2 11.3 1't.2 12 12.3 0.2

Manganese 0.002 0.012 0.004 0.004 nd nd 0.068 0.083 0.t2 0.29 0.391 0.454 0.39',7 0.432 0.564 nd

Mercury (ug/L) 0.1 nd nd nd nd nd nd nd nd nd nd nd nd nd nd

Molybdenum 0.002 nd nd nd nd nd nd nd nd 0.004 0.004 0.004 0.003 0.003 0.003 nd

Nickel 0.002 0.002 0.002 0.002 0.003 0.003 0.005 0.005 0.005 0.02 0.025 0.027 0.025 0.032 0.034 0.009

Potassium 0.5 0.1 0.6 0.6 nd nd 1.1 0.7 1 21.3 22.3 21.-l 21.5 2l 20.9 nd

Reactive Silica 0.5 3.2 2.4 2.9 nd nd 8 8 7.9 5.1 5.1 5.2 5.4 5.6 6.2 6.9 7.1 nd

Silver 0.0003 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd

Selenium 0.002 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd

Sodium 0.1 17.5 15.8 16.4 0.2 0.2 25.9 2s.8 25.2 '72.3 73.3 '72.2 7A.6 69.2 68.9 0.3

Strontium 0.005 0.048 0.043 0.045 nd nd 0.085 0.085 0.086 0.152 0.15 I 0.152 0. i51 0.153 0.15 1 nd

Thallium 0.0001 0.0002 0.0001 0.0001 nd nd 0.0001 0.0002 0.0002 nd nd nd nd nd nd nd

Tin 0.002 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd

Titanium 0.002 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd

Uranium 0.000r 0.0002 0.0002 0.0001 nd nd 0.0001 0.0001 0.0001 nd nd nd 0.0001 nd nd 0.0001

Vanadium 0.002 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd

Zinc 0.002 0.035 0.054 0.014 0.02 0.017 0.015 0.013 0.026 0.027 0.008 0.017 0.01 8 0.013 0.013 0.1 07

0.009Total Cyanide 0.002 nd nd 0.002 nd 0.002 0.002 nd 0.007 0.007 0.01 0.007 0.007 0.009 nd

Free Cyanide 0.002 nd nd 0.002 nd 0.002 0.002 nd nd nd nd nd nd nd nd nd



I

0.5

6.62
7.29
4.77
8.2

57.2

8.5

368
nd

0.6
6.61
7.17
4.01
8.3

60.1

10.3

354

0.6
6.74
7.26
3.74

8.3

61.7

10.0

360

0.r
na
na

0.01

0.1

0.5

0.5
I
5

Turbidity
Anion Sum (meqll)
Cation Sum (meq¡L)

pH (units)
DIC
DOC
TDS
TSS

Balance

237

L4

69
234

3

36

573

316

256
t2
55

252
4
27

568
325

259
t2
58
254
5

27

sffi
33t

1

1

2
1

1

5
I

0.r

Alkaliniry
Chloride
Sulphate
Bicarbonate
Carbonate
Colour CICU)

(us/cm)

nd
nd

0.2t
0.91
nd
nd

nd
nd

0.20
0.91
nd

nd
nd

0.10
0.79
nd

I

0.05
0.01

0.05
0.05
0.1

Niraæ
Nirite
Ammonia
TKN
Phosphorus

B3
REF

B2
REFRgF

BI
LOQParameter

Site
Waûer BAreaof ReferenceAnalysisChemistryc3-4: GeneralTable

I
It-

L



Table C3-5 : Dissolved and Total Metals (mg/L) of Reference Area B Samples; Dome Mine Site

0.014

nd

0.014

nd
0.011

nd

0.005
0.002

Total Cyanide
Free Cyanide

";nd
20.2

0.r20
nd
nd

0.0ûr
nd
nd

0.006

nd
nd

15.8

0.129
nd
nd

0.004

nd
nd
nd

nd
nd

15.1

0.t24
nd
nd

0.@r
nd
nd
nd

9.1

nd
nd
t7.0

0.143
nd
nd
nd

0.0001

nd
0.018

8.8
nd
nd

13.4

0.146
nd
nd
nd

0.0002
nd

0.014

8.5

nd
nd

13.2

0.143
nd
nd
nd

0.0001
nd

0.003

0.5
0.002
0.0003

0.1

0.00s
0.0001
0.002
0.002

0.0001
0.m2
0.002

Reactive Silica
Selenium

Silver
Sodium
Strontium
Thallium
Tin
Titanium
Uranium
Vanadium
Zinc

0.007
0.005
0.47

0.0032
33.6

0.081

nd
0.014

2.8

0.002
0.007
0.79

0.0005

36.3

0.118

nd
0.016

1.8

0.001
0.006
0.65
nd

36.1

0.090

nd
0.014

1.1

0.006
0.011
0.30

0.0005
27.8

0.078
nd
nd

0.011

2.r

0.002
0.011

0.44
0.0004

29.9

0.109

nd
nd

0.0r2
1.1

nd
0.010
0.43

0.0002
30.9

0.086
nd
nd

0.011
r.4

0.001

0.002
0.02

0.0001
0.r

0.002
0.1

0.002
0.002

0.5

lCobalt
Copper
Iron
Lead
Magnesium
Manganese

Mercury (ugil)
Molybdenum
Nickel
Potassium

nd
nd

0.044

0.02t
nd
nd

0.088
nd

79.9
0.002

0.01
nd

0.M2
0.026

nd
nd

0.w2
nd

82.3
nd

nd
nd

0.059
0.0u

nd
nd

0.093

nd
80.4
nd

0.01

nd
0.046
0.014

nd
nd

0.083
nd

65.7

nd

0.01

nd
0.059

0.016
nd
nd

0.077
nd

67.3

nd

nd
nd

0.060
0.016

nd
nd

0.080
nd

68.4
nd

0.01

0.002
0.002
0.005
0.005
0.002
0.005

0.0005
0.1

0.002

Aluminum
Antimony
Arsenic
Barium
Beryllium
Bismuth
Boron
Cadmium
Calcium
Chromium

REF'

B3

REF'

B2

REF'

B1

REF
B3

REF
B2

REF'
B1

LOQMetal (mg,ll)
Toøl MetalsDissolved Metals



Table C3-6 : Field Measurements Taken at Reference and Exposure Stations; Dome Mine Site

pH (units)
Conductivity (us/cm)

Air Temperature ("C)

Water Temperature (oC)

Oxygen (mg/L)
Depth (m)
Velocity (m/s)

Measurement

8.3
278
T9

10

6.5
6.5

still
unk

MAC I MAC2 MAC 3 REF I REF4 REF

8.8
229

t9
18

6.3

3

srill
unk

8.5
228
20

16

6.7
5

still
unk

7.9

507

2l
15

1.9

0.15
nm
ho

7.9

517

2l
t6
r.9

0.15
nm
o

7.8
497

2I
t4
,t

0.15
nm
o

7.9

829

t9
13

2.4

0.15
nm

Ð(P1
E. on

Ð(P2
E. on

Ð(P3
E. on

Ð<P I
E. off

Bre2
E. off

Ð(P3
E. off

8

803

t9
t3
2

0.15
nm

I
845

t9
t3
2

0.15
nm
s/m

8

908

25

16

2
0.15
nm

7.9

8@

25

t8
2.1

0.15
nm
s/m

7.8

828

25

18

r.9
0.15
nm

lnH 
(units)

Conductiviry (us/cm)

Air Temperature fC)
Water Temperature ("C)
Dissolved Oxygen (mg/L)
Depth (m)
Velocity (m/s)
Substrate Type

Measurement

8.3
æ9
25

t6
5.5

0.15
nm

ore silt

Reference St¿tions Immediately
Above Effluent

REF REF RnF

8.1

633

25

t6
3.6

0.15

nm
ors silt

8.3
619

25

11

3.7

0.15
nm

ors silt
nm = not measured
ho = high organic
unk = unknown
s/m = silt/muck
org sil = organic silt
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MDS
Environmental Selvices Limited

Client: Fæological Services for Planning
361 Southgate Drive
Gueþ, ONT, CANADA
NlG 3M5

Fax: 519-836-2493

Attn: Barbara Dowsley

Analysis Performed:

Methodology:

Certificate of Analysis

Boron(hot water soluble) by ICp
ICP-MS, Contaminated Sites Guidelines
Mercury, Cold Vapour AA, Digestion Required
Loss on Ignition
Acid Digestion
Moisture Content

l) Analysis of hot water soluble boron in soil by
performing a hot aqueous extraction prior to
the analysis using ICpAES.
U.S. EPA Method No. 6010
Canadian Council Min.Environ. Criteria

2) Analysis of trace metals in soil by Inductively Coupled
Plasma Mass Spectrophotometry.
U.S. EPA Merhod No. 6020(Modification)

3) Analysis of mercury in soil by Cold Vapour Atomic
Absorption.

U.S. EPA Method No. 7471
(Reference - Varian Method No. AA-51)

Date Submitted:

Date Reported:

MDS Ref#:
MDS Quote#:

Client Ref#:

Sampled By:

September 25196

October 16196

966572
96{97-cS

I
I

96239
Geoff Carnenie
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MDS
Environmental Services Limited

Client: Ecological Services for Planning
361 Southgate Drive
Guelph, ONT, CANADA
NlG 3M5

Fax: 519-836-2493

Attn: Barbara Dowsley

Methodology: (Cont'd)

Instrumentation:

Certifïcate of Analysis

4) The determination of the loss on ignition of organic
matter by heating to constant weight @420.C.
McKeague Methods of Soil Analysis # 3.gl

5) Acid digestion of soils for metals determination by
inductively coupled plasma atomic emission spectrometry
and/or flame or furnace atomic absorption spectroscopy.
U.S. EPA Method No. 3O50(Modiñcarion)

6) Determination of the moisture content of soil by weight.
ASTM Method No. D2216-80

1) Thermo Jarrell Ash ICAP 6lE plasma Spectrophotometer
2) PE Sciex ELAN 6000 ICP-MS Specrromerer

3) Varian SpectrAA 400 Plus AA/Vapour Accessory VGA 76
4) Precision Mechanical Convention Oven/Neytech Fumace
5) Thermolyne Hotplate/Hor Block
6) Precision Mechanical convention oven/Sartorius Basic Balance

Date Submitted:

Date Reported:

MDS Ref#:
MDS Quote#:

Client Ref#:

Sampled By:

September 25196

October 16/96

966572
96-697-cS

96239

Geoff Carnenie
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{' MDS
Environmental Services Limited

Client: Ecological Services for Planning
361 Southgate Drive
Guelph, ONT, CANADA
NlG 3M5

Fax: 519-836-2493

Athr: Barbara Dowsley

Instrumentation: (Cont'd)

g¡mFle Description:

QA/QC:

Results:

CertifTcate of Analysis

Soil

Refer to CERTIFICATE OF QUALITY CONTROL reporr.

Refer to REPORT of ANALYSIS atrached.

Certified By
Brad Newman
Service Manager

Certified By
T. Munshaw, M.Sc.,C.Chem
Director, Laboratory Operations
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Date Submitted:

Date Reported:

MDS Ref#:

MDS Quote#:

Client Ref#:

Sampled By:

September 25196

October 16/96

966572

96-697-cS

96239

Geoff Carnenie

Page 3



MDS
Environmental Services Limited

ClienÍ Ecological Services for planning
361 Southgate Drive
Guelph, ONT, CANADA
NlG 3M5

Fax: 519-836-2493

Attn: Barbara Dowsley

Analysis Performed:

Methodology:

Instrumentation:

Certificate of Analysis

20 Element ICp Scan(lg Scan * Ti and p)
ICP Alkaline Scan(Ca, Mg,Na,K,Sr), Digestion Required
Acid Digestion

1) Analysis of trace metals on a swab by Inductively
Coupled Plasma Spectrophotometry, following an acidic
extraction.

MDS Internal Method No. 96_MET-1
(Reference - NIOSH Merhod No. 7300)

2) Analysis of alkaline metals in a swab by Inductively
Coupled Plasma Spectrophotometry.
U.S. EPA Method No. 6Ot0
(Ministry of Environment ELSCAN)

3) Acid digestion of swabs for metals determination by
inductively coupled plasma atomic emission spectrometry
and/or flame or furnace atomic absorption spectroscopy.
U.S. EPA Merhod No. 3O50(Modif,rcation)

1, 2) Thermo Jarrell Ash ICAP 6lE plasma Spectrophotometer
3) Thermolyne Hotplate/Hot Block

Date Submitted:

Date Reported:

MDS Ref#:
MDS Quote#:

Client Ref#:
Sampled By:

September 25196

October 16/96

966572
96{97_cs

96239
Geoff
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I
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MDS
Environmental Services Limited

Client: Ecological Services fe¡ Planning
361 Southgate Drive
Guelph, ONT, CANADA
NlG 3M5

Fax: 519-836-2493

Ath: Barbara Dowsley

Sample Description:

QA/QC:

Results:

Certificate of Analysis

Swab

Refer to CERTIFICATE OF eUALITY CONTROL reporr.

Refer to REPORT of ANALYSIS attached.

Certified By
Brad Newman
Service Manager

Certified By
T. Munshaw, M.Sc.,C.Chem
Director, Laboratory Operations

Date Submitted:

Date Reported:

MDS Ref#:
MDS Quote#:

Client Ref#:

Sampled By:

September 25196

October 16/96

966572

96-697-cS

96239

Geoff Carnenie
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APPENDIX D2

QA/QC



Client : Ecological Services for planning

Contact: Barbara Dowsley

Analysis of Soil, expressed on a dry weight basis

LoQ = Ljmit of Quantitation_=_lowest level of the parameter thar can be quantified with confidence* = Unavailable due to dilution required for anaìysis
na = Not Applicable
ns = lnsuffrcient Sample Submitted
nd = parameter not detected
TR = trace level less than LOe
(b) = Analyte results on REPORT of ANALYSß have been background corrgcred for the process blank.

MDS Environmental Services Limited

Certificate of Quality Control
Date Reported:

MDS Ref # :

MDS Quote#:

Client Ref#:

October 16/96

966572

96{97-cS

96239

Bm(Hot mtcr colublc)

A¡timry

Arcnic

Ba¡iu

Bcryllim

Cadoiu

Cb¡øiu

Cobalt

Coppt

Id

Molybdæ

Nicbl

Sob¡im

Silwr

Tblliw

V¡mdiu

âæ

Mcnuy

Iar o lg¡iti@

Parameter

ú
E(Pl-Cq¡ç Pcp

Þ<Pl-Cøp Fcp

Þ(Pl4o,q Rcp

Þ(Pl-Cocp Rcp

Þ<Pl-Ccnp Fcp

Þ(Pl4c-r Rcp

Þ(Pl-Comp Pcp

ÞQl-CæpRop

Þ(Pl-CoqFcp

Þ(Pl-CoryFcp

Þ(P14øup Rcp

ÞQl-Cøp Rcp

E(Pl-CooÞ Fú?

Þ(Pl4q¡p Pcp

Þ(Pt{o,q Rrp

Ð{Pl.Coop Rcp

r

E

SAMPLEID

(spike)

0.2

2.0

2.0

0.5

0.5

0.1

0.5

0.8

0.5

2.5

1.0

1.5

1.0

0.15

0.1

0.5

0.8

0.01

0.1

LOQ

mg/kg

mg/kC

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mc/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mglkg

mg/kg

%

Units

nd(b)

Dd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

"d(b)
nd(b)

Dd(b)

nd(b)

ndo)

nd(b)

nd(b)

nd(b)

nd(b)

1.0(b)

Dd

nd

Resr¡lt

Process Blank

2.0

4.0

4.0

1.0

1.0

1.0

1.0

1.6

1.0

5.0

2.0

3.0

2.0

1.0

1.0

1.0

1.6

0.02

0.2

Upper

Limit

yc8

y4

ye8

ye

ys

ys

yes

y€
ys

vg

yæ

ys

vg

ye8

ys

yes

yes

yes

ye

Accept

108

95

94

89

1t4

97

r08

108

r08

95

96

110

96

93

94

105

t12

93

100

Result

Process % Recovery

80

80

80

80

80

80

80

80

80

80

s0

80

80

80

80

80

80

80

74

Loryer

Linit

120

120

t20

t20

120

t20

t20

120

t20

120

120

t20

t20

t20

120

120

120

123

13E

Upper

Limit

vg

ys

vg

y€

yeÁ

ys

ycs

ys

vg

ys
y€

vg

yc8

ycs

y€

yes

yes

ys
ycs

Accept

nâ

12.2

10.1

10.9

13.4

t2.t

12.9

12.4

t2.o

t2.5

9.7

t2.0

ll.9
t2.t

12.9

t2.9

nt

n¡

Res¡rlt

Matrix Spike

¡¡
t2.5

t2.5

12.5

12.5

t2.5

t2.5

t2.5

t2.5

t2.5

t2.5

12.5

12.5

t2.5

t2.5

t2.s

na

na

Target

m

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

1.5

7.5

/.)

Dû

m

Lower

Liü¡it

m

17.5

t7.5

17.5

17.5

r7.5

17.5

t7 .5

t7.5

t7 .5

t7 .5

r7.5

t7.5

17.5

t7.5

17.5

na

.m

Up¡ær

Lim¡t

¡a

ye8

ye8

ys

yes

yes

ys

ys

yæ

Vg

ys
ys

yes

yes

ys
ys

na

m

Accept

ye€

ys
vg

y*
ye8

yæ

ys

ys

ys
vg

yca

y*

ys

ys

ye3

yes

yes

yes

ye8

Overall

QC

Acceptable
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MDS Environmental Services Limited.

Report of Analys¡s

Client : Ecological Services for Planning

Contact: Barbara Dowsley

Analysis of Soil, expressed on a dry weight basis

= Limit of Quantitation : lowest level of the pâramrter that can be quantified with confidence.

= Not Requested

: paramster not detected ! : LOQ higher than listed due ro dilution ( ) Adjusred LOe

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

October 16196

966572
96{97-cS

96239

LOQ

2.5

nd

415

22.5

nd

nd

76.3

65.4

r060

8.0

6.7

427

nd

3.90

rld

30.1

¡01

.0.12

10.9

78.8

t.9

nd

295

16.2

nd

nd

76.5

47.0

8U

8.0

4.9

365

nd

2.90

nd

28.3

88.8

0. l4

7.4

69.2

4.0

¡d

46E

28.5

nd

nd

70.0

102

1270

8.3

7.7

508

2.3

4.80

nd

26.7

104

81.0

3.8

nd

438

27.5

nd

nd

63.5

91.8

I 160

9.6

7.1

4&

1.1

4.89

nd

24.9

9t.7

0.1 6

14.4

82.5

3.8

Dd

460

28.7

nd

nd

66.9

96.4

1190

8.5

7.4

480

nd

4.57

nd

26.5

9ó.0

0.21

17.6

84.8

nS/kC

mS/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mc/kg

mg/kg

mg/kg

mg/kg

rng/kg

mglkg

%

o.2

2.O

2.O

0.5

0.5

0.1

0.5

0.8

0.5

2.5

1.0

1.5

1.0

0.15

o.l

0.5

0.8

0.0 t

0.r

0.01

Boron(Ilot watcr rclublÐ

Antimy

Ancnic

B¡¡im

Bcryllium

l¡dmiu
lhromim

lob¡lt

)opper

'rÃ

VfolyMaum

tlickcl

Selenim

Silvcr

Th¡llium

Vmadim

Zinc

Mercury

frs on Ignition

Moishrre Content

Þ(Rl-CompE(P2-CompÞ(Pl-Comp

Rcp

Replicate

Þ(Pl-Comp

Rcp

Þ(Pl-Coop
UnitsLOQParsm€ter

nd
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MDS Environmental Services Limited.

Report of Analysis

Client : Ecological Services for Planning
Contact: Barbara Dowsley

Analysis of Soil, expressed on a dry weight basis

= Limit of Quantitation = lowest level of the parameter that can be quantified q,ith confidence.
: parameter not detecred ! : Loe higher than listed due ro dilution ( ) Adjusred Loe

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

October 16/96

966572
96{97-GS

96239

LOQ

0.8

Dd

157

ffi.4

0.5

0.1

83.8

18.7

r68

20.1

2.0

55.2

nd

o.2t

rld

38.9

176

0.06

8.1

54.4

1.0

nd

190

35.3

nd

0.2

62.7

t9.7

274

15.9

3.9

52.6

rd

0.26

nd

35.3

221

0. 14

7.1

61.ó

4.9

Dd

508

43.4

nd

¡d

103

91.9

I 150

t2.4

8.9

492

nd

5.03

¡d

4r.6

128

0.14

10.9

79.2

4.9

nd

340

26.3

nd

nd

79.1

66.7

947

8.2

6.5

39

!d

3.66

nd

30.4

t02

0. l3

7.9

77.2

4.2

nd

363

18.9

nd

nd

66.6

69.3

tt70

E.0

7,1

437

t.l
4.75

nd

26.t

107

0. l3

I r.6

76.6

mg/Lg

mg/kg

mg/kg

mC/kC

mg/kg

mg/kg

mg/kg

nûg/kC

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kc

mg/kg

mg/kg

mg/kg

mg/kg

%

%

o.2

2.0

2.0

0.5

0.5

0.1

0.5

0.8

0.5

2.5

1.0

1.5

1.0

0.15

0.1

0.5

0.8

0.01

0.1

0.01

REF2-CompREFI-CompÞ(PGCo¡rpÞ(P5-CompÞ(P¿l-Comp

UnitsLOaParameter

nd
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MDS Environmental Services Limited.

Report of Analysis

Client : Ecological Services for Planning
Contacü Barbara Dowsley

Analysis of Soil, expressed on a dry weight basis

: I-imit of Quantitation : lowest level of th¿ paran]eter that can be quanti{ìed with confidence.
: Not Requested

: parameter not detected ! : LOQ higher than listed due to dilution ( ) Adjusted LOe

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

October 16/96

966572
96-697-cS

96239

LOQ

o.7

nd

185

26.8

nd

0.2

53.4

16.3

287

16.8

4.6

43.8

nd

0.46

nd

32.6

287

0.41

'7.5

ó0.4

2.3

nd

20t

28.3

nd

0.1

46.5

18. I

228

t3.6

3.5

44.5

nd

0.20

rd

28.2

19.1

0.ü9

ó.8

61.5

0.8

nd

156

32.5

nd

0.1

41.4

13.5

203

10.ó

2.3

36.1

nd

0. l7

nd

27.2.

153

0.07

ó.1

48.0

0.6

nd

205

30.6

nd

0.1

44.5

15.8

269

10.7

3.1

40.0

nd

0.19

nd

27.8

179

0.08

6.4

5r.4

mg/kg

mg/kg

mg/kg

mgftg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

ng/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

rng/kg

nrg/kg

0.2

2.0

2.O

0.5

0.5

0.1

0.5

0.8

0.5

2.5

1.0

1.5

1.0

0. l5

0.1

0.5

0.8

0.01

0.1

0.01

Bor,on(llot water eoluble)

Am¡c

Barium

Bcryllim

Cadmim

Chmmim

Cob¡lt

Copper

ltad

Molybdenm

Nickel

Selenim

Silver

Thallim

Vmadim

Zínc

l\lcrcury

Lrar on Ignition

Moißture Content

REFGComp

Replicate

REF6-CompREF5-CompRERÍ-CompREEI-Comp

UnitsLOQParameter

nd
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Client : Ecological Services for Planning
Contact: Barbara Dowsley

Analysis of Swab

LOQ = Limit of Quantitation = lowest level of the parameter that can be quantified wirh confidence* = Unavail¡ble due to dilutìon required for anaiysis
na = Not Applicable
ns = Insufücient Sample Submitted
nd = parameter not detected
TR = trace level less than LOe
(b) = Analyte results on REPORT of ANALYSß have been background corrected for the process blank.

MDS Environmental Services Limited

Certificate of Quality Control
Date Reported:

MDS Ref # :

MDS Quote#:

Client Ref#:

October 16/96

966572

96{974S

96239

Alminm

B¡rim

Boryllìm

Bi¡nuth

Bom

Cdniw

C1¡oniu

Cobalt

cqpr

Im

lâd

Mrngare

Molyklcnm

Niclcl

Pbephoru

Silw¡

Tin

Tituiq

V¡udim

Zìñ

Parrmeter

Þ

E

ú
m

E

B

E

n

É

a

m

M

E

m

E

B

m

E

n

m

SAMPLE ID
(spike)

1.0

0.1

0.3

2.5

0.5

0.2

0.3

0.3

0.2

0.3

1.3

0.3

0.5

0.5

3.0

0.2

2.5

2.5

0.5

0.3

LOQ

ug/totl

ug/ûotl

ug/tod

ug/øtl

ug/øtl

ug/øtl

ug/ød

ug/totl

ug/øtl

ug/totl

ug/tod

ug/øtl

ug/¡otl

ug/tod

ug/totl

ug/totl

ug/totl

ug/øtI

ug/øtl

Units

2.3(b)

ncl(b)

nd(b)

nd(b)

nd(b)

ncl(b)

ncl(b)

n(l(lt

ncl(b)

0.9(lr)

ncl(b)

ncl(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nrl(b)

0.6(lr)

Result

Process Blank

4.0

0.3

0.6

5.0

r.5

0.4

0.6

0.6

0.4

0.9

2.6

0.ó

1.0

1.0

9.0

0.4

5.0

5.0

1.0

0.9

Upper

Limit

ycs

ycc

ys
yes

ye¡

ys

ys
y6

ys

y6
ys

y4

ys

vg

ye8

yq

yes

ye8

yæ

Accept

y2

100

101

101

9t

104

to2

100

99

95

r02

98

LOz

104

95

97

104

99

102

96

Res¡dt

Process % Ræovery

t0

EO

80

EO

80

80

EO

80

80

80

80

80

80

EO

70

EO

EO

EO

EO

EO

[¡wer
Limit

t20

120

120

t20

r20

120

120

120

t20

t20

120

t20

120

120

130

720

120

120

t20

120

Upper

Limit

yc8

yet

yc8

y€8

y4

y4

ys

vg
ys

yê

v4

ys
y6

y6

ys

yâ

yâ

ye€

ye5

AcceÉ

¡¡
D¡

nl

D¡

DI

D¡

n¡

m

u
D!

ú
m

Di

!¡
.Dâ

n¡

Di

na

na

m

Re$lt

Matrix Spike

û¡

n¡

m

m

n¡

!!

m

ni

m

m

m

m

ai

D¡

D¡

n¡

n¡

m

nl

n¡

Target

n¡

nl

DI

D¡

trâ

m

m

m

m

m

m

DI

na

ü
.nâ

n¡

a¡

m

m

na

l¡wer
Limit

na

n¡

tÀ

ni

na

na

m

m

n¡

ûa

nû

m

m

tra

n¡

n¡

na

m

m

na

Upper

Limit

n¡

nâ

ns

Itû

nt

no

na

¡i

n¡

nl

n¡

m

n¡

nt

m

na

DA

m

na

m

AccepÉ

ycr

yct

ya

ycr

ye

y€r

ycr

yct

yâ

ycr

yã

y6
yc.

yâ

yc.

yc8

yct

y€3

ycs

ycr

Overall

ac
Acceptable
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Client : Ecological Services for Planning

Contact: Barbara Dowsley

Analysis of Swab

LOQ = Limit of Quantiøtion = lowest level of the parameter that can be quantified with confidence
* = Unavailable due to dilution required for analysis
na : Not Applicable
ns = Insufficient Sample Submitted
nd = parameter not detected
TR = trace level less than LOQ

MDS Environmental Services Limited.

Certificate of Quatity Control
Date Reported:

MDS Ref # :

MDS Quote#:

Client Ref#:

October 16/96

966572

96-697-cS

96239

Calcim

Magniu

Poteiu

Sodim

Suetim

Parameter

B

D

r

ú
d

SAMPLE ID

Gpike)

0.5

1.0

20

0.5

0.3

LOQ

ug/rwb

ug/ewb

ug/swb

ug/swb

ug/swb

Units

0.8(b)

nd(b)

nd(b)

1. 1(b)

nd(b)

Resr¡lt

Process Blank

2.0

4.0

80.0

2.0

1.2

Upper

Limit

y4

ycr

ycs

yd

ys

Accept

96

108

E7

t06

9E

Resr¡lt

Process % Recovery

80

EO

80

80

t0

[¡wer
Limit

120

120

120

t20

120

Upper

Limit

ycE

ys
ys
ys
ye

Accept

m

¡¡
¡¡
m

D¡

Result

M¿trix Spike

m

Ita

ni

nr

m

Ta¡get

ûa

D¡

m

m

D¡

I¿wer

Limit

ni

¡!

n¡

¡¡
m

Upper

Linit

nr

n¡

n¡

n¡

D¡

Accepú

yer

yc.

ycs

yc8

yc.

Overall

ac
Accegable
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MDS Environmental Services Limited.

Report of Analys¡s

Client : Ecological Services for Planning
Contach Barbara Dowsley

Analysis of Swab

: Limit of Quantitation = lorvest l¿vel of the parameter that can be quanrified rvith confi<i¿¡¡e.
: paramùter not delected ! = LoQ higher rhan listed due to dilLrtion ( ) At{justed Loe

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

October 16/96

966572
96-697-cS

96239

LOQ

2.3

o.2

nd

nd

nd

nd

228

rd

trd

0.4

l 1.3

nd

9.2

1.0

nd

nd

nd

nd

nd

35.0

Dd

nd

nd

nd

20.3

8.6

0.3

nd

¡¡d

¡rd

nd

234

nd

nd

0.6

31.6

nd

t9.1

5.8

¡rd

nd

nd

ntl

nd

58.1

nd

nd

nd

nd

10.4

10.8

0.2

nd

nd

nd

nd

620

0.4

rid

0.5

32.t

nd

23.5

3.0

nd

nd

nd

nd

nd

45.6

0.3

nd

nd

nd

27.9

7.7

0.3

nd

nd

nd

nd

1400

nd

nd

0.ó

27.9

nd

26.0

2.9

nd

nd

3.2

nd

nd

46.8

0.7

nd

nd

nd

42.0

7.8

0.3

nd

¡¡d

nd

nd

1380

nd

nd

0.6

27.6

nd

25.7

2.9

nd

nd

3.2

nd

nd

46.1

0.6

nd

nd

nd

39.2

ug/tot

ug/tot

ug/ûot

ug/ûot

ug/tot

ug/tot

ug/rwb

uglto¡

ug/tot

ug/tot

ug/tot

ug/øt

ug/rwb

ug/tot

ug/tot

ug/tot

ug/tot

ug/swtr

ug/tot

ug/swb

ug/swb

ug/tot

ug/tot

ug/ûot

ug/tot

1.0

0.1

0.3

2.5

0.5

o.2

0.5

0.3

0.3

0.2

0.3

1.3

1.0

0.3

0.5

0.5

3.0

20

0.2

0.5

0.3

2.5

2.5

0.5

0.3

Magnaium

Cadmim

Potassium

Silver

REFI-CompEXPGCompÐ(P5-CompÞ(E|-Comp

Replicate

Ð(El-Comp

UnitsLOQ

nd
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MDS Environmental Services Limited.

Report of Analys¡s

Client : Ecological Services for planning
Contact: Barbara Dowsley

Analysis of Swab

: Limit of Quantitation = lowest lèvel of the farameter that cBn be quantified ç,irh confidence.
: pararneter nor detected ! = LOe higher than listed due ro dilurion ( ) Adjusred LOe

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

October 16196

966s72
96-697_cs

96239

LOQ

nd

2.2

0.1

¡d

nd

nd

nd

t7t

nd

nd

0.2

12.6

nd

8.8

0.9

nd

nd

nd

nd

nd

5J-I

nd

nd

nd

nd

lt.4

2.6

0.1

nd

nd

rd

r¡d

702

nd

nd

o.4

t2.4

nd

t0.7

0.8

nd

nd

nd

nd

nd

25.r

0.3

nd

nd

nd

33.8

ug/tot

ug/tot

ug/tot

ug/tot

ug/tot

ug/tot

ug/ewb

ug/tot

ug/ûot

ug/tot

ug/tot

uEltot

ug/owb

ug/tot

ug/øt

ug/øt

ug/tot

ug/swb

ug/tot

ug/swb

ug/swb

ug/tot

ug/tot

ug/tot

ug/tot

1.0

0.t

0.3

2.5

0.5

0.2

0.5

0.3

0.3

0.2

0.3

1.3

1.0

0.3

0.5

0.5

3.0

20

0.2

0.5

0.3

2.5

2.5

0.5

0.3

Tiraniu

Silver

Molybdmm

Ircn

REF5-CompREEI-Comp

UnitsLOQ

/
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APPENDIX D3

Results



of forwater sediment data

LOQ Limit of Quantiftcation

Guideline br üre protedion of freshwater aquatic life (wtereavaihile)

nd

na

It

+

t

not appliæbldnot ava¡labte

nd ænrærled b 1zz LOQ)

lntedm OnÞrio Provincial Water Quality Objeclive

ammonia æncentration at pH 7.S and 20oC

notdetected at LOQ (n.b. for shtistiæ,

not requested

TKN ToH {eldahlNitoçn

Drc Disolræd lnorganic Carbon

DOC Dissolved Organic Carbon

TDS Tohl Dissolved Solids

TSS TohlSuspended Solids

NCALC NotCalølated

i

I
t



Table D3-l: Sediment Chemistry (mg/kg) from Reference and Exposure Areas, Dome Mine

StationsReference Stations
EXP 4 EXP 5 EXP 6EXP 1 EXP I

Field
licate

EXP I
Lab

EXP 2 EXP 3REF 3 REF 4 REF 5 REF 6LOQ REF I REF 2Metal (mg/kg)

nd

s40
26.3

nd

4.9

nd

79.1

66."1

941

nd

s08

45.4

nd

4.9

nd

103.0

9r.9
l 150

nd

438

27.5

nd

3.8

nd

63.s

91.8

l 160

nd

468

28.5

nd

4.0

nd

70.0

102.0

l2'70

nd

295
16.2

nd
1.9

nd
'76.5

47.0
824

nd

4r5
22.5

nd
)<
nd

76.3

65.4

1060

nd

363

18.9

nd

4.2

nd

66.6

69.3

l170

nd

201

28.3

nd

2.3

0.1

46.5

18.1

228

nd

185

26.8

nd

0.7

0.2

53.4

16.3

28',1

nd
460
28.7

nd

3.8

nd

66.9

96.4

I 190

nd

190

35.3

nd

1.0

0.2

62.7

t9:7
2',74

nd

r57

66.4
0.5

0.8

0.1

83.8

18.',7

168

nd

205

30.6

nd

0.6

.0.1

44.5

15.8

269

nd

156

32.5

nd

0.8

0.1

4t.4
13.5

203

Antimony
Arsenic

Barium
Beryllium
Boron

Cadmium

um

2.0

2.0

0.5

0.5

0.2

0.1

0.5

0.8

I
8.0

0.14
4.9

365
nd

2.90
nd

28.3

88.8

4.71
l.78
2.99

7.4
69.2

8.0

0.12

6.7

42',7

nd

3.90

nd

30. l
101.0

6.59

1,65

4.94
10.9

78.8

8.0

0.r3
7.t
431

1.1

4.75

nd

26.1

107.0

1.31

1.55

5.82

11.6

76.6

8.2

0.13

6.5

399
nd

3.66

nd

30.4

102.0

5.23

1.64

3.s9
7.9

7',7.2

12.4

0.14

8.9

492
nd

5.03

nd

41.6

128.0

6.25

1.57

4.68

10.9

79.2

8.5

0.21

7.4
480
nd

4.57
nd

26.5

96.0

l 1.78

L20
10.58

t'7.6
84.8

9.6

0.16
'7.r

464
1.1

4.89

nd

24.9

9t;l

8.16

1.40

6.76

14.4

82.5

7.7

508

2.3

4.80
nd

26.7

104.0

8.5

81.0

10.6

0.07

2.3

36.1

nd

0. l7
nd

21.2
153.0

3.32
0.70

2.62
6.t

48.0

13.6

0.09

3.5

M,5
nd

0.20

nd

28.2

t94.0

3.52

0.89

2.63

6.8

61.5

16.8

0.41

4.6

43.8

nd

0.46

nd

32.6

28',t.0

4.82

0.94

3.88

7.5

60.4

2.5

0.01

1.0

1.5

1.0

0. l5
0.1

0.5

0.8

0.1

0.0

15.9

0.14
3.9

52.6

nd
0.26

nd

35.3

221.0

3.83

1.16

2.67

1.1

61.6

20.1

0.06
2.0

55.2

nd

0.2r
nd

38.9

t't6.0

4.01

0.89

3.12
8.1

54.4

10.7

0.08

3.1

40.0

nd

0. l9
nd

z'.t.8

1'79.0

3.48

0.90

2.58

6.4

51.4

Total Carbon (7o)

Total Inorganic Carbon (7o)

Organic Carbon (7o)

on Ignition (7o)

Moisture Content

Silver

m

Mercury
Molybdenum
Nickel

Vanadium
Zinc

Particle Size Distributlon
0.00

26.12

56.86

16.42

0.16

23.20

57.41

19.23

0.04
14.87

14.04
I 1.05

0.00

20.61

59.31

19.96

0. l0
21.26

62.'17

r 5.87

1.49

25.93

63.80

8.7'l

0.07

r6.60
51.38

25.96

0.34

19.22

53.34

27.10

Ll4
49.',73

45.94

3.20

0.46

49.57

46.-t4

3.22

0.23

31.19

59.29

3.29

0.02

26.87

68.03

5.08

0.02
26.38

68.91

4.69Vo

7o Gravel
7o Sand

7o Silt

nd = Parameter not detected at LOQ (n.b. for statistics, nd = l/2 LOQ)

na = Not available/applicable
- = fìOt uested

= Limit of Quantification



Table D3-2 Sediment chemistry (mg¡kg) from Reference and Exposure Areas; lab values and values normalized for percent fines, Dome Mine Site

Cobalt
Copper

I.aad

Nickel
Silver

Metat (mglkg)

FINES

2.0

0.1

0.5

0.8

I
2.5

0.01

1.0

1.5

0.15

0.8

I.,OQ

274

i5.9
0.14

62.

19.

190

0.2

0.74

256.8

0.27

84.7

26.6

0.1

2r.5
370

5.3

7L.1

0.35

TAB NORMAL.

20.t

2.0

55.2

0.21

0.1

83.8

r8.7

0.49

320

0.1

4t

l7

4.L

TT2.7

0.43

38.2

342.9

I-{B NORMAL
2

205

0.1

44.5

15.8

0.08

3.1

40.0

0.19

10.

0.50

41.0

0.1

6.2

80.0

0.38

89.0

31.6

538

2l

LAB NORMAL
REF 3

4t

36.1

0.L7

13.5

203

10.6

156

0.1

0.63

65.7

2L.4

322.2

0.11

3.7

57.3

0.27

247

0.1

IAB NORMAL
REF4

20t
0.1

46.5

t8.l

13

44.5

3.5

0.73

3i

265

275

0.27

6l
4.8

0.1

18

63.7

24.8

I.ÁB NORMAL.
REF 5

16.3

287

16.8

0.41

185

43

0.73

0.27

73.2

22.3

393.2

253

6.3

60.0
0.63

I-{B NORMAL.
6

Reference Statlons

c \.Vanmet\ed_f ine. xls

Page 1



Table D3-2 Sediment chemistr¡r (mg/kÐ from Reference and Exposrue Areas; lab values and values normali zei.forpercent fines, Dome Mine Site

c\.V¿nmeñed_fine.xls

0.83

lArsenic
lc"¿-ir-
lcn o-i,rrn
Cobalt
Copper

I-eaA

Mercr¡ry

Moþbdenum
Nickel
Silver
Znc

Metal (mg/ke)

460

66

96.4

I r90
8

0.21

7.4

480

4.57

96

LAB NORMAL.

Ståtions
1 EXP2 3 Ð(P4 5 Ð(P

554

80.6

i 16.i
1433

o.25

578

5.5r

0.8s

295

nd
76.5

47

824

8.0

0.

4.

365

2.90

I.-AB NORMAL.

347.1

55.3

9
0.1

5.8

429.4

3.41

t04.5

0.79

415

76

1060

8.0

0.1

6.7

427

3.90

LAB NORMAL.

525.3

nd
96.6
82.8

1341.8

10.1

0.15

8.5

540.5

4.%l
wRl

o.79

363

nd

66.6

69.3

Lt70
8.0

0.13

7.1

ß71
4.7s!

107.01

LAB NORMAL.

459.5

nd
84.3

87.7

1481.0

10.r

0.16

9.0
553.2

6.01

1.35.4

0.73

540

79.1,

66.7

947

8

0.1

6.5

399

3.66

I..AB NORMAL.

739.7

nd

108.4

9t.4
t297.3

tl.2
0.18

8.9
546.6)

s.011

ßs.71

0.76

508

nd

103.0

91.9

1150

t2.4
0.14

8.9

492

5.03
128.O

I-AB NORMAL.

668.4

135.5

120.9

151

1

0.18

tt.7
&7.4

Page 2
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MDS Environmcntal Scrvicc¡ Limited

WRKMET ANALYTICAL WORK SHEET - Metal/Conventional Analysis

SAMPLETYPE:
TESTCODE:

str
COUR.HSöO

Pase I of 1

wc
RUN f:
DAlE:

CRH
tlt066
96n0n6

STAT: COUR

TEST CODE SOP ID: ubsamole for Halifax
N 966572 Ecoloeical Rev (96/10/l l): Ten more samples for MET-3OR-WT. MDt-s to l/lOth of CCME guidelines wherE possible. Sn (Tin) to be added to SO 3C samDles a

16-966572 SO EC 76596

t5-966572 S() Ec 7õ595

t4-966572 SO EC 7ó594

t3-966572 SO EC 76593

t2-966572 SO EC 76592

tt-966572 SO EC 7659¡

to-966572 SO EC 7ó590

9-966572 SO EC 76589

8-966572 SO 8C 765EE

7-966572 SO 8C 765E6

6-966572 SO EC 7ó5E5

5-966572 Q4 -76584

4-966572 SO EC 765E4

3-966572 Q3 -765E4

2-Q2 41066_l

r-Qr 41066_l

REF6Cqtp

REF.!Cøp

RIJf.rcñp

REF3-Ccrp

REF24oap

REt'l-cøp

Þ(reCor¡p

Þ(P5'Cc¡p

Þ(P,l-Co¡¡p

Þ(P2-Corp

Þ(Pl4q¡p

Þ(Pl4üp Rcp

CLIENT
SAMPLE ¡D

996t09t25

996t09t25

996tútzs
996tO9125

996tcp125

996t09t25

996t09t25

996t@125

996t09t25

996ß9n5

996t09t25

996tút25

996t09t25

996tcpt25

t996t09tZ5

1996t09t25

t996t09t25

1996tWt25

t996t09t25

t996t09t25

t996t09t25

t996/09t25

t996t09t25

1996t09t25

1996t09t25

1996t09tzs

Proc¿ss
By dote

96/10/r l
96/10/r I

96/10/l I

96/10/l I

96tt0tn
96n0nl
96n0ln
96/10/l I
96/r0/t I

96n0nt
96ir0/lt

96nonl

Di¡e .

Dato

: : ii.:::.' l

PrgccsS. ,

''Date, 
'

Samþlc.
. Wt/Vol

:: tlnal:: .

Erc.Vol .

':t:t::.r:ttat:i t, i ..:

:':i,t:ti. a¡ód.: :, : 
.,

.',',i.t,: Dil¡
%H20 Fict.

CALTBRATION STANDARD 5:

CALIBRATION STANDARD 4 :

CALTBRATION STANDARD 3 :

CALIBRATION STANDARD 2:

CALTBRATION STANDARD I
INTERNAL STANDARD
FORTIFICATION STANDARD :

SURROGATE:

coNc
CONC:

CONC:

CONC:

coNc
CONC:
CONC:
CONCr

UNITS:
UNITS
UNITS

UNITS

UNITS:

UNITS:
UNITS:
UNITS:

VOLT.IME ADDED:
VOLTJME ADDED:
VOLI'ME ADDED:
VOLUMEADDED:
VOLIJMEADDED:
VOLUME ADDED:
VOLI'ME ADDED:

VOLI'ME ADDED:

SAMPLE CALCULATION:
ANALYZED BY: DATE:

DATE

IJRKSHT.HDF 95/02/
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APPENDIX E1

Detailed Methods



Sauple PRocesslnc

All benthos samples were processed and analyzed by Zaranko Environmental Assessment Series
(æAS), Guelph, ON.

Upon arrival, samples were immediately logged and inqpected to ensure adequate preseivation to a
minimum level of 107o buffered formalin and correct labeling. No problems wittr preservative or
labeling were identified. All benthic samples were sorted with ttre use of a stereomicroscope. A
magnification of 10X was used for macrobenthos (invertebrates > 500 tun) and 20X for meiobenthos
(invertebrate size from 200 to 500 pm). To expedite sorting, prior to processing, all samples were
st¿ined with a protein dye ttrat is absorbed by aquatic organisms but not by organic material such æ
detitus and algae. The stain has proven to be extemely effective in increasing sorting accuracy and
efficiency.

Prior to sorting, samples were washed free of formalin in a 250 pm sieve. Benthic invertebrates and
associated deb,ris were elutriated from any sand and gravel in the sample. Eluniation techniques
effectively removed almost all organisms. The remaining sand and gravel fraction was closely
inspected for the odd heavier organism such as Pelec¡'poda Gast¡opoda and Tlichoptera with stone
cases that may not have all been washed from this fraction. After elutriation, the remaining debris and
benthic invertebnates were washed through a series of nvo sieves, 500pm and 250 pm reqpectively.

SugsAMpr-lruc

Benthic samples were sorted entirely (both 500 and 250 ¡rm) except in the insance of large amounß
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 pm and 250 ¡rrn 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 nvo. A minimum subsample volume of 25Vo was the criteria set for this study. The same
fraction was sorted from the 500 pm and the 250 ¡rm sieve. On average, each sample took benveen
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 n70%o ethanol for morc detailed tanonomic analysis by
senior staff. Each vial was labeled with the survey nÍtme, date, station, and replicate number. For
QA/QC evaluation, sorted sediments and debris were represerved and will be reained for up to a



period of six months following the submission of the finat report For those samples that were
subsampled, sorted and unsorted fractions were represerved sepamtely.

Derelleo lo¡rurrrcATþN

All invertebnates were identified to the lowest practical level, usually.genus, with the exception of
bivalves (Splwerfun), and oligochaetes which were identified to qpecies. Nematodes were 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 ¡g identification
using a compound microscope. In samples with large numbers of oligochaeæs, a random sarrple of
no less than ?-07o of the picked individuals, up to a ma:rimum of 50, were mounted on slides for
identification. Similarly, in samples wittr a lmge number of chironomids, individuals ttrat could be
identified using a dissecting scope, (e.g., Cryptochirornmtn, Chironomils, Morndianæsa, procladùn,
Heterotrissocladíus), were enumerated and removed from the sample. The remaining individuals
were sorted into sub-families and tribes. A random sample of no less ¡han 20o/o of the individuals
from each goup were mounted on slides for identification, up to a maximum of 50 individuals.

VoucneR Cou-ecnou

The standard operating procedures for ZFAS's Benthic Ecology Laboratory requires the compilation
of a voucher collection for all benthic invertebnate projects. Representative specimens for each taxon
are placed in labeled glass vials. Mounted chironomids and oligochaetes remain on ttre initial slides
and representatives of each tåxon are circled with a permanent marker. A voucher collection is one
way of ensuring continuity in uxonomic identifications if different taxonomists process future
samples. The voucher collection is either maintained in our files indefiniteþ or returned to the client.
æAS also maintains a masterreference collection of all taxa which have been identified by the lab.



Quaurv AssuRAltcE Ar{D Qual-ny Cournol Mensunes

ZEAS incorporates the following QA/QC procedures for all benthic studies to ensure reliability of
data:

all samples were stained to facilitate accurate sorting;a

o

a

the most updated and widely used taxonomic keys are referenced;

o L0Vo of all sorted samples were resorted by a second taxonomist to ensure 95Vo ræovery of all
invertebrates;

a voucher collection was compiled and will be kept indefinitely or returned to the clienq

o bottr sorted and unsorted sample fractions were represerved in 10 Vo formaln and will be
maintained for six months after submission of the final report;

o ¿ll tabulated benthic data were cross checked against bench sheets by a second person to ensr¡re
there have been no daø enuy errors or incorrect spelling of scientific nomenclature;

o subsampling error was calculated for I07o of the samples requiring subsampling.

REpORrn¡G B ENTHIc MAcRoII.IVERTEBRATE Dern

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 wæ prepared using
Excel5.0.
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TABLE 1.

TABLE 2.

CALCULATION OF SUBSAMPLING ERROR FOR BENTHIC INVERTEBRATE
SAMPLES EROM PLACER DOME, ONTARIO (1996).

T-EIgTITAGE RECOVERY OF BENTHIC INVERTEBRATES FROM SAMPLESFROMPLACERDOME, ONTARIO (1996) -__*

TABLE 3. SAMPLE FRACTION SORTED FOR PLACER DOME, ONTARIO (1996)

" two quarters sorted for subsampling error calculations

8.2%"- -97109REF5-1 8.17o2.833733REF2-1

Coefficient of
Variation

Standard
Deviation

Number of
Animals in
FractÍon 2

Number of
; dnimals in :

Fraction 1Station

95.47o8167REF 1
95.8Vo8

3-1
Percent

Number of Animals in
Re-sort

Number of Animals
RecoveredStation

t/4EXP 6-1
r/4EXP 5-1
1/4

EXP 4-1
t/4EXP 3-1
1/4

2-1

REF 6-1

REF5-1
REF4-1
REF3-1

REF 1-1
SortedFraction
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BENTHIC MACROINVERTEBRATES AT DOME MTNE STTE (].996)

i ! r ! : ! ! 
i i l l i i; l : i : j j : ! : : r r i . . , , .

,,1::,1:,, . ::ll,:,,:';',:::i;ili:1,
'.,:.::iiiì:;:,r:

Surion
Replicate

lRderence lExposedr | 2 | 3 I 4 | 5 l 6-l r12lffif
i
!
i
I

P. Nematoda
P. Anndida

Cl. Oligochaeta
F. Enchytraeidae
F. Naididae

C laeto gaster diap lanus
Dero nivea
Nais barbata
?Nais corurunis
Naís simplex
Nais variabilis

F. Tubificidae
immau¡res with hair chaet¿e

P. Arthropoda
C'1. Arachnida

O. Hydracarina
Cl. Maxillopoda
O. Ilarpacticoida
Cl. Ostracuda
C:1. Entognatha
O. C.olle¡nbola

Cl. Insecta
O. Coleopúera

F. Haliptidae
Haliphts

O. Epherneroptera
F. Baetidae

Callibaetis
F. Caenidae

Caenis
O. Lepidoptera

F. Pyralidãe
O. Odonata

F. Coenagrionidae
indeærminaæ

Enallagtna
O. Hemiptera

F. Corixidae
Sigara hubbelli

O. Trichoptera
indeterminate

O. Dipterà
F. Ceratopogonidae
F. Chaoboridae

Chaoborus flavicans
C løob or us p unct ip e nnis

F. Chironomidae
SJ'. Chironominae

Chironomus
Cladopebna
Dicrotendipes
Einfeldia
Endochirono¡ws
Parachironomus
Paralanylarsus

844 4880

2044t2164

44482868

32

4

4

4

66

6

6

8

60

4
8

r
ti
I
l 4

4

9

r7t50

t2
t2

t2

4

224

2

I

t 44

t2

4

36

4

28

14482424

4

4

.,

52 10 32 72 12 16

122-

16

4

4

,,

4

4

t-

r

4

4

8

4

4

l6

4

l6

2;
24

2;

32
36
28

24
aa4

8

8

4

o:

4

224
40 84

-8
186 128
632
-t2

44
96

196

8

8

I
I

L

f

L

24 192

BEN DOME.XLS

t2



BENTHIC MACROTNVERTEBRATES AT DOME MTNE STTE (1996).

Station
Replicate

lneerencer f 2 | 3 l4fr-f6-l
Polypedilwn
Tanytarsus
Tribe Chircnomini

SJ'. Orfhocladünae
indeteminate
Acricotopus
Corynoncura
Cricotopus
Parakiefferiella
Psectrocladius
Thien¿mannia

SJ'. Tanypodinae,
indeærminate

Ablabesmyia
Procladius
Tanypus

F. Dixidae
Dixella

P. Mollusca
Cl. Gastropoda

F. Planorbidae
Gyraulus

F. Physidae
Physela

Cl. Pelecypoda
F. Sphaerüdae

Pisidium
Musculiun partum¿ium

4

4

8

I
t2

E

32

t2

I

4

2. 4 4 t2 ;
4

4

4

4

24

8

4

t2

;
4

I4

4

4

72
24

2

a

4

64 40 20

,,

4 a

8

a

4

442 16

4

TOTALNUMBEROFORGANIS 140 136 724 416 418 668 108 40 324 100 88 212

TOTAL NUMBER OF TAXA 9 t7 t7 t2 r7 20 14 8 19 g 7 t2

BEN DOME.XLS



TABLE 1

TABLE 2.

CALCULATION OF SUBSAMPLING ERROR FOR BENTHIC INVERTEBRATE
SAMPLES FROM PLACER DOME, ONTARIO (1996).

PERCENTAGE RECOVERY OF BENTHIC INVERTEBRATES FROM SAMPLES
FROM PLACER DOME, ONTARIO (1996).

8.27o8.4997109REF 5.1
8.17o2.8333REF 2-1

Coefficient of
Variation

Standard
Deviation

Number of
Animals in
Fraction 2

Number of
Animals in
Fraction 1Station

95.47o8167REF6.1
95.87o8181REF 3-1

Percent Recovery
Number of Animals in

Re-sort
Number of Animals

RecoveredStation

TABLE 3. SAMPLE FRACTION SORTED FOR PLACER DOME, ONTARIO (1996)

' two quarters sorted for subsampling error calculations

1/4EXP 6-1
t/4EXP 5-1
114EXP 4-1
u4EXP 3-1
U4EXP 2-l
t/4EXP 1-1

t/4.REF 6-1

l/2"REF 5-1
lt4REF4-1
t/4REF 3-1

l/2"REF 2-1
lt4REF 1-1

Fraction SortedStation
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Fish Eabitat Assessment Methodotogr for DNREIDF o Table

sun'q'ui.reachol eachpointpoult cndto the
stBrtone, ticfromsialingnuÍit wit¡cons€cu[i-v.rb* red65 a BI¡Cunitdiscretc

survcy ¡sstrcam dcnotcdthcve duringfype encountercdstresmdistinctiEachColumn 2
gl l,- !¿ i._ . tt

reach numbcr one starts 500 m upstrcam ofthe proposed
crossing and continues dow¡rstnegrq terninating at the
proposed crossing.

reach numbcr two starts at the proposed crossing and
continues downst¡eam 500 m.

Column I
sReach No.t

Rules fcr fill-r:-.g out tl: i:::bl.::
. foc somcilìi:g sssessed, but not obscrveC put (0). for sornething not assessed put (_). sp€ci$ orienüatiors as:

R=right
L= left
M=middle

Strc¡m OrdcrNo.:

- ifknowr¡ fill in the Forcst Inventory Map number pe'taining to ar€s on
rivcr/st¡eam being suwcyed

GIS Map No.:

- fiU in date onwhich surveyis perforrredDate:

- ñll in cactr sr¡n'eyoß initialsPer¡ouncl:

Strean¡.lRiver No.:

Drainage Code:

- 500 m dor¡nsùcam of the proposed crossingEnd Point:

- 500mrpstreamofthe proposed crossingStrrt Point:

- the name ofthe river or skeam being surveyed

SIDE 1IPAGE 1

This

may ofthe river/stream.turnarea:; the qua¡ityatrectas;as rnwhichprobleæid€"tifywellproductioo,fishpot€otial for
strealnssurvey theto determinehelpwillthefromprovidedThc infonnationAssess¡nenLHabitatSurvey and

Stearr¡Bnmsr¡rickTable- Newthe DNRPDFOwlren completingfor inførratimuscdto beÍ;methodolory



tr'ish Hab itat Assessment Methodology (conti nu ed)

Ler¡gth of the strcam typc bcing measu¡cd (i.e. the length of the unit)Column 5
*Lcngth (m)"

Two or morc stncarn typcs may occupy the width of a rivcr/sream. In such
cases lhe loc¿tion of the'stncam t¡rpc must be de¡ioted as R, L or lvl

Right arid left are with respect to the right and left sides ofthe surveyor, as the
suweyor is moving from upstresm to downstream.

Mrin Ch¡nncl: r¡scd when the stream identified cncompasses the
entire width of the river,

Slde Ch¡nnel: used wher¡ an isla¡rd divides the river into two or
morc channels. Onc channel would be identified as the Main (l) and
the otl¡er as a Side channel (2).
- spec{y dthe side channel ís to the left (L) or the ríght @)

of theMalnChannel.

Split: used when there are two or more stream types arcompassing
the entirc uidth of tire river/skes.Tr use R, L to dilide right and left
sides.

Bogen; used when therc is a backdrop of watcr due to an incoming
tributary. Subsbatc normally consists of sands and fines
- specify if the bogan is on the lrft (L) or on the n{.tß)

(e.g., The surveyfor reach one has jusr begun. The river or strcam has rhree
strcam typeE encompassing the entíre wídth of the river or stteam. To the le/t
k a ríflle (sùzom type 3, 4 oi 5, depending on substrate compoìnion); In thie
míddle ls a pool (steam type 14 to 24, depending on poor characteríst¡cs);
To the ríght ts a ntn (strcam type 8). The riJfle would be unir I, rhe pool
would be unít 2 and the ntn would be unit 3. The channel type of uiu t
would be wñuen as 3L The number designates the rifJle as a split, wìth the
unit beìng on the'leftside af thi;e strcam (L). The channel typeforunit 2
would be written as 3M, and thatfor unit j would be 3R.)

Column 4
cChrnnclT¡pe'

l0.Mdch¡nncl
I l. Conwrgcncc
12.Itûcr8l
l3tcavcr
l4.Tnnch
15. Ptungc
t6.
17. Bogüt

6. Shcct(cdgc)
7. Chutc
8. Run
9.Rapid

ls.Eddy
19. Gabion
20. Iog Slructurc
21. Road Crossing
22. Id¡ood Dcbris
23. M¡n-lvfadc Dam
24. Natural Dcadwatcr

FASTWâ,TER

STREAMTYPE

POOI.s

l.Fall
2. Cascadc
3.Rif[c(Gr/Rb)
4.Rifltc(RtB)
5. Rifllc(Sand)

Idcntify and record str€am t]?c by nr¡rrber from the "stream T¡pe- table
below. Dcûnitions are presented in the attached Glossary.

Column3

"lStreamType'



Fish Eabitat Assessment Methodolog5r (continued)

The bank ovcrhang above the water edge for each st¡eam type, bascd on lowwater' 
-:^-

The left and right sides each rçresent 50/o of the total stream type. -:,.

Identify the perccnt ofthe length ofeach side (eft and righQ that is undercuL
Q.e:, ita stteam type is I0 m long and 5 m of rhe lelt síãe i* orùndercut
ayd 4 m of the .ríght side has an undetrut baùk then 2s% (5m / I 0n x Swo) of
the left hand bänk¡s undercut and 2wo (4m / Ihm x SMo) of the ríght hand
bank is undercut)

Column 9
(O-ffiy. Undercut Bank'

Thc wet dcpth is me¡su¡ed in metes fom the stream bed to rhe water surface-

Meesu¡e wet dçth throughout each stream gpc, within the bounrarics of the
iefi a-qo ri¡,irt bark ri'aierlines (a; iiel.-rni:ii dull3 ri." ¡¡i¿¿-,u,rir;enl of the
avcr¿ge u'ci uid.h). An avcragc ;s calculaied f¡om the meas.rcc *'et dcpths.

ColumnS
'Avcrage Depth -
WctWidth (m).

I. Bodrocþ Lcdgc
2. Bouldcr
3. Rock
4. Rubblc
5. Gravcl
6. Sand
?. Fincs

>461 mm
180 -460 mm
54 - l79mm
2.6 -53 mm
0.06 -2.5 mm
0.0005 -0.05 mm

SUBSTRATE AND CR.TTERJA

Bascd on the chart bclow, use the criteria to idcnti$ the pcrccot (zo) ofcach
substratc within tbc sEeâm t¡'pe.

cqual 100/oThe total of all subsbatc t)?€s must

Column 7
cSubltretc ('Z)'

-The width of thc river/stream systc,m, in metes-
ûromthe edge oftheelcistingwaterline ofone bik
to the cdge of the existing water line ofthe
opposiæ bank Measure,rrent is based on low
water. The wet width is measr¡rcd tbroughout the
mit sndtlrc average is calc¡¡tated.

-The channel width ofrivcr/stcam qystem in,
mctes, based on the high waûer mark ûom one
bæk to ttre oppositc bank The channel width is
mcasurcd througboqt ttre r¡nit and an avcrage is
catcutated.

WctWidth:

BrnkChenncl
\ilidrh:

Column 6
cAvcregeWidth (m),



FÍsh Habitat Assessment Mcthodolory (continued)

The additive leogth ofin-stneam woody debris for each steam type.

Onþ considcr woody debris that is t0 cur in diametiror greater,

Column 11
slarge \iloody Deb¡ir in
Strcem (m),

Vegetation at ornearthe waùer surface.

The Ieû and right sides each represent 50Øo ofthe total stean t¡pe.

Ideotify the pcrccot ofthe area ofboth the reft side and the right side ofthe
st¡eam tj"€ infl ucnccd by ovøtranging vcgetation
Q.e,, ífdsfieam type is I0 m tong and S m olthe left sìde is influenced by
overhangingvegeøtion and 2 m of the right side * influenced by 

r

gwrhangingvvgetarion then 2s % (5m / Ihn x 50%o)-of the teftiand bank
has overhangingvegetation and ltg6 (2n / Iùn x sw"¡ of tie right hanà
bank has owrhanging ve ge tatton)

Column l0
r{'-50Y. Overhanging Bank
Vegetation'



F¡sh Habitat Assessment Methodolory (continued)

Typc: - determined ûom the.Flow T¡pe - table preseirted below:

FlowType:
l. SurveyStream
2. Spring
3.. Tributary
a. Spring Secp

Flor (cmr): to dctccminc flow, firr fill out lhe water Flow Measr¡rcment
Table on side 2 ofthe form:

Unit no.- is thc uit numbcr for which the flow is being dctcrmincd
(ñomside l).

Sbcamt''pc - ¡sthc stcan t)?e forwhich the flow is bcingdeternined
(ûomSide l).

Wet width (m) (\Ð - record corresponding data from Side I

Dcpth (m) @) - the wet dçth is t¡kcn at %, %and % of the distance across rhc
v/ct width, and me¿sured Êom the strean bed to thc water
s¡rface

- the average of rbc depth is calculated (dçth srm divided by a)

cocfficient (A) - 0.9 (srnooth) is used whcn sheam bcd is mud, sand, bedrock
- 0.8 (rough) is used for all other stream bed tJ"€s

Lstglh (n) (L) - thc distancc ovcr which an object is floated (not tess than. 3m), andshouldbedoneoveranhomogenousarea

Float Time (sæonds) cD - timc it t¡res for a floatabre object (r.e., a c'ry stick, a
wbiffle ball) to travel the desigrated length

- taken at V,, % and % of the distance across the wet
width
the average is calculated (float time zum AUãea Uyth¡ee) -:'

com¡nqnts - using the' checklist of lÆd usc and Athibutcs- on side l,
ryo{ th9 numbcr(s) which will bcst describe the location and/ø þrobl-enrsaffecting it If no codcs apply tirør write any obsernations tl¡at can acc,roi"ry
describc the a¡ea or location where the flow wls measu¡Ed.

Flow is calculated using the equation at rhe bottom of side 2:rrl/xDxAxUT.

Ti¡¡¡e: the ti¡^re at which L¡e flo.,v is ¡nea::i::.c.:

Temperature: the ambient¿nd *'ater temperairrres, mcasured in degrccs
Celsius, at the time the flow is mcasured

Column 12
sFlowst



Fis h Eabitat Assess ment Methodologr (continu ed)

Vcgetetion (%):
-pcrcent ofbarc ground, grsss€s, shrubs e¡rd trees ofboth the left aqdright
side from the cha¡rncl ba¡k and l5 m back (the shrubs categcry includes alders
and willows). The tot¡l amount of steam bank vegetation should cquar I00%.

Eroriou (%j:
- the left and right sides each rcprescnt 50plo of the total steam tlpe.

- idcntify thc percent of tl¡e lenglh of each side that is stable, bare stable,
eroding (bare stable refers to a banlc that is stable but that has no vegetation on
iÐ:

(e.g., if a stream q,pe is I 0 m long and 5 n of the teft bank is eroded cnd the
rcmaining 5 m is stable with vegetation, and I 0 m of the right bank is stable
with no vegetation then the le/r bank k 25% (s m / I 0m x 50/o) stabre. Fz6
barc stable and 25% (5m / t0m x 5096) ercding. and the rìght bank rs s0g6
(l0m / I0m x 50%o) barc stable.)

Column 5
tStream Bankst

Determine the pcrcent of the stream type (fom Side I ) which is shaded.

This valuc will bc based on the emount of the stream tyTre which would be
shaded by the sun bctween l0 am and 2 pm.

Column 4
(Shade (?â)'

RiñIe/Run
- dete¡¡rine what perc€ntage ofcach reach is riffle (graveUrubble or
rock/bouldcror sand), and what pcrcent ofeach reach is run

Poolr
- determinc wtut perccntage of cach reach surveycd was pool habitat

Column3
soz site"

Columu 2
*Site (5{) m lnterval)'

As in Side IColumn I
sRe¡ch No.'

Using the'Chccklist of L¡nd Use Atkibutes", record the number(s) which will
t¡'pc location and/orproblems atrecting itbestdesffibelhe steasr

Column 14
sComments'

The pcrccnt of sands or fine material surrounding larger zubstate (gravel
through borlder).

Record the numbcr, from the chart beloq which best represents the
crrbeddedness of the large zubstrate in the steambed

Embeddedness Cr¡ter¡a
l. s2Ú/o
2. 2ú/o-35%
3. 35o/o - SU/o

4. > SU/o

Column 13
scZ Substrate Embeddedness'



Column l0
'PoolTriI'

Fish Eabitat Assessment Methodologr (continued)

The lower or downste¿m eud of ttre pool.

Embeddednesr: the pcrccnt of sands or fine materiar zurrounding rarger
substate (gravel tlrcugh boulder).

- record the numbcr Êom the column chart, prc'sented belorv, * irich best
r'J;)rriciÌis ti:¿ emiæCdeC"rcss of tire large subsfi-ate in tl:c pco. tail

Embeddednes¡ Criter¡a
I s2ú/o
2 2æ/o -35%o
3 35% - SU/o --'
4 > SU/o

Me¡n Substr¡tc SÍze:
- the me¡n size of ttre substate within the pool tail column

7. Finc:
- how much of the zubsrate is fine matcrial (diameter 0.0005 - 0.05 mn\ from*Subsúate" 

table, Side l)
Cr:i;-',::ll 11
*fí, 'f ¡¡þulcncç s

llmUcn assigp an çpropriate number from the criteiia col,,mn of the..pool
Rating' table from the bottom of Side I to each pool encountered.

Lctten

Column 9
slPool Ratlng'

\ilct: tbc wet dcpth is takcn" for cach. steam t¡pe, at %,vt and/t of ¡he
distancc across the wct widtb a¡rd mcasr¡rc¿ aorn thc steun bc¿ to the watcr
s¡rface, in mehes.

Ch¡nnek the channel depttr is takø¡ for each stream type, at /,, % and% of
the disa¡rce across the channel v'¡idür The depttr is measured in metres from
the strcam bcd to thc uppcr limit of ttre channàl wi¿rh-

ColumnS
cDcpth'

calcir¡m and alkalinityarctwoparameters thatneed to be tested in
criterion' however, thesc valucs are necessary in order tro complete
Sunrey and}labitatAsscss¡nenf 

.Only onc grab saurple isrcquirø
alkatinity and calciutrL

the laboratory. Ther,e is no space for these
Table E2, DNRE/DFO - NewBrunswick Steam
ûom cachrcachto completc the analysis forpfl

- the pH for each re¿cb mc¿sured with a calibratd field pH meter

- meas¡red in a laboratoryfrom a grab surveysample taken at the time of the

ColumnT
*ph'

(or equivalent)Metera OrygenDissolvedYSIcatibratdwith
fieldthemeasuredoxygen tneach reach,(nùL) fordissolvedlevel oftheColumn6

"Qr(mgl\'
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Do me_Ex¡¡os ure - Fis heri es_

Gear Sel Checked Effort ihul Calsh.

Octg
Oct 10
Oct 11

OclfT -

O
CI
r-å

I

co
I

co
ct)
ãÐ

:T
(Jl

Þd

=
Iri,
<12>d

'€
==
<n

24
24
24
17

24

24

24

17

MT1

MT1

MT1

MTl

É
><

.O

-{
O(-tl

¡\)o)

C¡)

u)
Lr)

GLOz

G¡.r02

GLOz

GLO2

MT2

MT3

MT4

MT5

MT6

MT7

BMTl

Oct I
Octg
Oct 10
Oct 16

OctS Oct g

1 White Sucke¡
1 Yellow Perch
1 Yellow Perch
nil

2 Northern Red Belly Dace
3 Pearl Dace
2 Brook Sticklebacks
1 Northern Red Betly Dace
3 Pearl Dace
3 Northern Red Belly Dace
4 Pearl Dace
2 Brook Sticklebacks
6 Northern Bed Belly Dace
1 Pearl Dace

7 Northern Red Belly Dace
2 Pearl Dace
f Stickteback

Commenùs

15.6 crn (dissec'ted)
12.9 crn {reteased)
13.7 crn {released)

modified opening ol MT - made larger

modified opening of MT - made larger

Oct 16 Oct f 7

Oct9

Oct 10

Octg

Octg

Octf0

Oct 16

Oct f6

Ocl 16

Oct I
Oct 9
Oct 10

Oct l0

Oct 11

Oct 9

Oct 10

Oct 1'1

Oct 17

Ocl 17

Oc'|17

Oct I
Ost l0
Oct 11

24 nil

24

24 nil

17 nil

17 1 unkn

18 1 PearlDace

nil
nil
nil

24
24
24

gillnet - 89 irours
small minnow traps - 213 hours
bþ minnow trap - 72 hours

lp

I
,ó

I

P

,l

Ncr)
,/

t1

PS

/
t4

..7, t (¿-
{
5

:Ë
t\)

?J

-,J

Total hours lished with:
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MacDonald l-ake - Referen_çg

Gear

GLOl

MT1

set checked efton (hrs) catch

OctS Oct I
commenb.

30 were <10mm

dissected

dissected

To: (H?s urRs¡J

Cøq?*ulv : G ESf

33 RockBass

1 Srnaflmouth Bass

11 WhiteSucker

2 Northern Redbelly Dace
4 PaarlDace
10 Brook Sticktebacks

13 Northern Red Befly Dace
I Pearl Dacre

f 0$untnese minnows
F"\W"J.

nil

o
C':
Èå

I

æ
I(o

(J)
4x)

:T
Ltr

rt,

tq,
arnrË

-à

==z
a¿n

4
><

z
.o

{
O(Jl
t\)
ct)

u)
u)(r)

Rú

MT2

MT3

MT4

BMTl

Total hours fished with:

OstS Oct 9

OctB Oct I

Oct I Oct 10

Octg Oct lO

OctS Oct 9

nil

nìl

28

27

n

24

24

27

Ê Sth l po È5å

r Í
rô lL ID rù

I /
--

giltnet - 28 hrs B5

small minnow traps - 103 hours ø

big minnow trap - 27 hours 
p

+ -' t ln. ß6,21Í13
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Tissue Processing Methods
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FÊx No. ¡ 6t39gl.5t?2 50-0e-96 tSsOS p.øz

Revis ed P rotocol fo r Metalloth ionein Analys es
on lish collected during tbe f¡eld trip for the preliminary survey

(Vcrsion: August 29. 1996J

Pan of the biological monitoring compônerrt of .¡{.ETE progrâ¡r¡ consigts of metallothionein
analyses of tissues Êom largc ûsh, c.g., troutr pikg suckers- This protocol prcscnts the on-sitc
sampling requiremcnts. If the contracter is not fa¡nilia¡ with conducting prcparaúon of ñsh,
edvice in the dissccrion and handling of tissurs should be obtairred from the Frech*atcr Insiitute.

Semplc s¡ze end samptiog effort

1. Liver, kidney, gill ñlamems, a¡rd ¡keletât musclc should be dissected from the E ¡o l0
(cigth to ten) individu¡l livìug ûsh Êom cach of the two large specics from r reference
sitc and an earposed site- The two qptf,.abundant.large fish.sDecies co$rñon to the
sampling sites are targened.

2. TheJírgest specimcns from cach species should be selected.

3. \then possibla 4 ms.les and 4 females Êom the sme species should be coltected, No
edditionnal sampling cffort shoutd be given to meet rhe above sex requírement for the
Phase I of the Scld study.

.Â minimurn ,numbcr oL8 fish from the same species is required r¡ri¡h a reasonable level
of effort for sampling. The sampling gear and method should not be destructive: gilt ners
should bc frcquently tended ro avoid over6shing and sacrificc fewcr fish-

s The tissues from the same 6sh ca¡r bE splir ínto two to serve for merallothiorrein and metat
analyses.

6- These tissues should be immediady placed in marked individual potyethylene ("Whirþak")
bags, frozen on dry ice, and submitted for mecallorhionein analyscs_

7 - When fish capturc is pcrformcd usirlç a seine net, I small fish (c.g- young-of-the-yoar of
each specics or Forage specics) should be collccted pcr sitc, as well- In ttus case no
dissection is required (aMominal conteors will be removed ar the laborarory). Whole 6sh
are placed in ma¡ked individu¿t polyethyteae ("lVhirlpak'r) bags and frozenin dry ice.

Othcr information required

Forthe luge Ëstç informarion shoutd be ob¡aincd on fish se.:r, body teugth (*l mm), body weight
(ÈI.O g), livcr and gonadal wcights (+o,Ì Ð srd collestion should be msde qf appiopriare aging
stn¡stures (scales, ün r¿yç, operarlum, cleithrum or otolíths, depcndirrg upon specics). All ñsh
should atso be checked for crcernal and intcmal anomalies (a useful gr¡idc can be found in Goede
and Barton¡ Amer. Fish. Soc- Sympos. &:93-108, t990; othôr analogous method¡ can be used).
These data strould be analysed to provide informadon on average (with variability) paramerers¡

4.
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gÍowrh (size at age), thc relationship bctrv'ccn body lcnglh and wcitht. arrd the relationships

E.t*"en Uody size ä¿ ü""t s.cight, gondd weight and fecundity. AJf anelyses should be

conducted separatety for each icx.

On-¡ itr sarn pling requ ircments

t. For metallothionein analyses, it is essentiat to obuin tissuc samples fi'om 6sh that are¡lirc
afrer collection and irnmcdiatcly bebre tissuc res¡oval-

z. A eample numbering sysrêrri must be desþed a¡rd used to facilitate tracking of all tissu¿

srb-samples taken &om ttrç same ñsh. All tissue sarnples must be appropriatety tabcUcd.

3. Áftcr capì¡re,.the followiqg ¡nersurements should bc obtained o¡r cach large fish: total
body wcíghr (g), g¡tted carcass s'e[ght [g] afrer rcmoval of viscera), go$d wcigl¡l G),
livei t*eight Gù fórk length (cm), ss; and appropfatc structure(s) for dcternrininS, fish
agc should be rcrnowed.

4- Sampling of fish rissues should begin immediately aft.cr the whole body rneazufemeots

freve bedo madc. Fish should be cuthanised vía concussiorL ccnrical dislocatíon or with an

overdose of anesthesic.

5. GiII, liver and kidney ftom rhe same fish shoutd þc divided inrq¡+atu¡çdlaf,
meratlothionîin an$lyses and .nothcr fanJ¡sed for metal analyseq .Work mug progress

quickly on the er¡thanised 6sh with tissue-

6. Dissection and prcscrving procedures

4 Gitls: Remove the gill arches and attached fitaments by swering the dorsal and

ventral cartilaginous atrachme¡t of the a¡ches to the surroundiog oral cavity- Placc

thc gitl arches in a potyc*hytcncbag ("Whidpak"), label and Êee¿'c on dq¡ ice. GiII

"t.h.* 
a¡e to be rcmoved &omthe fisb a¡rd frozen es soon a.frer death as po*sible-

b) Opcn rhe 6sh ventrally to cr(pose the abdominal contenrs!; usinÀ scissors to cut' 
Êãm the a¡ru$ to ihe È¡se ofthc pectofal fi¡u- Csre shoutd be uken not to çut into

intemal orgal¡s when opcning the fish-

c) Liver: Removc the liver using éa¡e not to ruptuÍÊ the gall bladdcr. Remove the

gall bladder from tivcr using câre to prcvent bile leakage fro¡n contacting the liver.

Weigh and record weigfrt ofliver to the nearesl 0- l g if possible- Placc the pan o[
the liver in a "Whirlpak",labet and Êcsze on dry ice.

d) Kidney:Rcmove the liidneys by rnaking length*ise incisions along cach edge of
the tisJuc and then'detach using'rhe rspoon" end of a stair¡less steel weighing
'spatula by applying ñrm, but gãnüe, piessure againrt thc uppcr abdominal cavity

walt (i.e-, 
"gaiosr 

the dorsal aorta) In this procedurg the kidne'y is scraped away
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from thc dorsal aorta and all associatcd conncctivc tissue, Thc kidney is then to be
placcd in a "lÃhirlpakn, Iabelled arrd Êozer¡ on dry ice. The kidncy is ro be
removed from thc ñsh and &ozcn es soon ¿ftcr dearh as possiblc.

Sarnples fìor mctallothionein (on dry ice) should be senr ro

Dr. J.F- Klavcilcamp
Frcshwate( I¡¡sritute
5Ol llnivcrcþ Crcsccnt
rrünnlpeg Maniroba
n¡T z116
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Descrlptîon

Jacqus Whitford

- _ GaspE slle referenoe
___Gaspesite-exposure.- _ .

Gaspa slte reference
Gaspe site exposure
Heath Sleele exposure . _
Heath Steele reference site l
Heath Steele reference site Z
Heath Steele exposur€
Heaih Steele reference
Heath Steele reference

Surnrnary

Sample lD x
MTpdg

s.E.

c;
f::t
s>

I

n x
XtMxl pmoUg

1.14
2.24
3.63
4.64
3.95
s,5l
4.01

4.47
5.85
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0.84
1.87
0.78
f .4s

2.28
2.9Í]

o.14
0.16 - --
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f 83.7 r 37.9 - s

73.0
1',17,?

81.5
15s.6
50,3
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Þ
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ECOLOGICAL SEBVICES GROUP
SOUTH PORCUPINE RIVER

Pearl Dace refe¡ence sile
Pearl Dace exposure site
Bedbelly Dace æference site
Redbelly Dace exposure site

EVS ENVIRONMENT CONSULT.
SULLIVAN MINE

Sculph reference site
Sculpln exposure site

SURCC
SUECC

98,5
112.6
207.1
218.2

136.4
135.0
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19,2
64.9
28.O
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13
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fish

1.835.79.139.8IExposure
4.147.16.618.57Exposure
2.856.36.468.66Exposure
1.725.68.939.75Exposure
1.234.657.94Exposure
1.3857.62I3Exposure
1.635.33.717.42Exposure
1.615.22.366.71Exposure
1.145.11.725.58Reference
3.146.82.126.17Reference
3.896.17.488.8bReference
1.014.22.95.85Reference
1.454.97.539.14Reference
1.034.84.617.83Reference
2.355.32.836.62Reference
14.83.371Reference
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