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AQUATIC EFFECTS TECHNOLOGY EVALUATION PROGRAM

Notice to Readers

Aquatic Effects Monitoring
1996 Preliminary Field Surveys

The Aquatic Effects Technology Evaluation (AETE) program was established to review
appropriate technologies for assessing the impacts of mine effluents on the aquatic environment.
AETE is a cooperative program between the Canadian mining industry, several federal
government departments and a number of provincial governments; it is coordinated by the Canada

Centre for Mineral and Energy Technology (CANMET). The program is designed to be of direct
benefit to the industry, and to government. Through technical evaluations and field evaluations,
it will identify cost-effective technologies to meet environmental monitoring requirements. The
program includes three main areas: acute and sublethal toxicity testing, biological monitoring in
receiving waters, and water and sediment monitoring. The program includes literarure-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 srudy designs for detailed field evaluations.

Phase II: L997-Detailed field and laboratory studies at selected sites.

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

Phase I is the focus of this report. The overall objective of this project is to conduct
preliminary fïeld/laboratory 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@rucan. gc. ca
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PROGRAMME D'ÉVALUATION DES TBCHNIQUES DE MESI]RE
D'IMPACTS EN MILIEU AQUATIQUE

Avis aux lecteurs

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

Le Programme d'évaluation des techniques de mesure d'impacts en milieu aquatique 1ÉtIIrAe¡ vise
à évaluer les différentes méthodes de surveillance des effets des effluents miniers sur les
écosystèmes aquatiques. Il est le fruit d'une collaboration entre I'industrie minière du Canada,
plusieurs ministères fédéraux et un certain nombre de ministères provinciaux. Sa coordination
relève du Centre canadien de la technologie des minéraux et de l'énergie (CANMET). Le
programme est conçu pour bénéficier directement aux entreprises minières ainsi qu'aux
gouvernements. Par des évaluations techniques et des études de terrain, il permettra d'évaluer et
de déterminer, dans une perspective coût-efficacité, les techniques qui permettent de respecter les
exigences en matière de surveillance de I'environnement. Le programme comporte les trois grands

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

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

Le Programme ÉfM a pour mandat d'évaluer sur le terrain les techniques de surveillance de
la qualité de I'eau et des sédiments et des effets biologiques qui sont susceptibles d'être utilisées
par I'industrie minière et les organismes de réglementation aux fins de l'évaluation des impacts
des effluents miniers sur les écosystèmes aquatiques; de fournir des conseils et de recommander
des méthodes ou des ensembles de méthodes permettant, dans une perspective coût-efficacité, de
caractériser de façon précise les effets environnementaux des activités minières en eaux
réceptrices. Une étude-pilote réalisée sur le terrain en 1995 a permis d'affiner le plan de l'étude.

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

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

évaluations sur le terrain.

Étape II

ÉtapeIII

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

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



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

des échantillonnages préliminaires sur le terrain et en laboratoire afin d'identifier les sites

présentant les caractéristiques nécessaires pour mener les évaluations globales des méthodes

de surveillance en 1997 et de développer des plans d'études. Son objectif N'EST PAS de

déterminer de façon détaillée les effets d'un contaminant particulier, ni l'étendue ou

lr des effets des effluents miniers dans les sites.

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

évaluations sur le terrain

1) Myra Falls, V/estmin Resources (Colombie-Britannique)
2) Sullivan, Cominco (Colombie-Britannique)
3) Lupin, lac Contwoyto, Echo Bay (Territoires du Nord-Ouest)

4) Levack/Onaping, 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'éfudes ont été élaborés pour les quatres sites présentant les caractéristiques les plus

appropriées pour les travaux prévus d'évaluation des méthodes de surveillance dans le cadre de

l'étape II (Myra Falls, Dome, Heath Steele, Lupin). Toutefois, une étude de reconnaissance

supplémentaire au site minier de Lupin a révélé que ce site ne présentait pas les meilleures

possibilités. Le site minier de Mattabi (Ontario) a été choisi 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 nflU¿, qui sera publié en septembre 1998.

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

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

Diane E. Campbell
Gestionnaire, Programme des métaux dans I'environnement

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

Té1.: (613) 947-4807 / Fax : (613) 992-5172
Courriel : dicampbe@nrcan. gc.ca
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E]XECUTIVE SUMMARY

Information relevant to specific study elements for the Onaping/Levack mine site are
summarized in the following table.

Summary lnformation for Specific Study Elements for the Onaping/Levack Mine Site

Elemenl Summary/Comments

1,0 Hislorical Dala Review

1.1 Effluenl Characlerizalion

''l.2 Waler Chemislry

'1.3 Sedimenl Chemislry

'1.4 Benlhos

'1.5 Fisheries

1.s.1 Populalion

1.5.2 Tissue

2.0 Sludy Area
2.'l Sile Access

lnco and Falconbridge bolh have delailed effluenl chemislry dala in

background reporls

Good background waler chemislry dala available

Limiled sedimenl chemislry dala due lo erosional nalure of lhe
Onaping River

Good benlhic dala available back 1o lhe 1970's

Qualilalive calcft dala available in several reporls bul no populalion

esl¡males

No known lissue dala available

Sile is readily aæessible in Exposure area, difficull access in
Reference area

Mulliple Referenæ and Exposure areas are available on this river
syslem

Sewage lrealmenl planl discharges immedialely above mine

effluents. lnlerprelalion is conlused by discharge from lwo mines lo
one receiving localion

Falconbridge elfluenl available year round. INCO discharge is nol
conlinuous

Falconbridge and INCO effluent inhibiled reproduclion samples in

1996

Falconbridge eflluenl not loxic in 1996

INCO effluenl inhibiled growlh bul not survival

Falconbridge and INCO effluenl inhibiled grov'rlh in 1996

Falænbridge and INCO effluenl inhibiled growlh in 1996

Falænbridge and INCO effluenl were not loxic 1o lroul eggs

Reference and Exposure areas very similar in habilal

Waler æncenlraiions slalislically grealer in Exposure area relalive
lo Reference area lor several meials and general chemislry

2.2 Availabilily of Mulliple Relerence and

Exposure Areas

2.3 Confounding Discharges

3.0 Effluenl/SublelhalToxicily

3.1 Frequency of Eflluenl Discharge

3.2 Sublelhal Toxicily
3.2.1 Ceriodaphnia dubia

3.2.2 Falhead minnow

3.2.3 Selenastrum

capricornutum

3.2.4 Lemna ñtnor

3.2.5 Troul embryo

4.0 Habilals

Y

Y

Y

Y

Y

Y

Y

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Sampled 1996

5.0 Waler Chemislry
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Summary lnformation for Specific Study Elements for the Onaping/Levack Mine Site

Element Summary/Comments

6.0 Sedirnenls

7.0 Benlhos

8.0 Fisheries

8.1 Communilies

8.2 Tissues

Deposilional sedimenls are presenl bul nol common in eilher
Exposure or Reference area. Diflerences in sedinrenl chemistry nol
pronounced belween the areas

Exposure aea displayed more abundanl and diverse benlhic
communily compared with Reference area

lnsufficienl dala lo compare lish communilies in Exposure and
Reference areas

Sorne sensilive species (i,e, Rainbow troul) caplured in Exposure
atea

Melal and melallolhionein levels higher in while sucker in Exposure
area bul small sample sizes precluded stalislical analysis
No baniers lo fish migration

Y

Y

Y

Y

Sampled 1996

ll



Tableau ES-l. Suite.

SOMMAIRE

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

Résumé de I'information concernant certains éléments de l'étude relative à la mine

Oui4.0 Habitats Les habitats sont très similaires dans les zones de
référence et d'exposition.

Les effluents de I'INCO et de la Falconbridge
n'étaient pas toxiques pour les æufs de truite.

Oui3.2.5 Embryon de truite

Oui3.2.4 Lemna minor Les effluents de I'INCO et de la Falconbridge
ont inhibé la croissance de I'organisme en 1996.

Les effluents de I'INCO et de la Falconbridge
ont inhibé la croissance de I'organisme en 1996.

Oui3.2.3 Selenastrum
capricornutum

Oui3.2.2 Tête-de-boule L'effluent de la Falconbridge n'était pas toxique
en 1996.

L'effluent de I'INCO a inhibé la croissance de

l'orqanisme sans empêcher sa survie.

A cause des effluents de I'INCO et de la
Falconbridge, la reproduction a été inhibée dans

les échantillons prélevés en 1996.

Oui3.2 Toxicité sublétale
3.2.1 Ceriodaphnia dubia

3.0 Effluent et toxicité sublétale
3.1 Fréquence des rejets

d'effluent

La Falconbridge rejette son effluent à longueur
d'année, mais le rejet de l'effluent de I'INCO
n'est pas continu.

s.o.

2.3 Rejets au même endroit La station d'épuration des eaux usées rejette son

effluent immédiatement en amont des effluents
miniers. Comme les deux mines rejettent leurs
effluents au même endroit, I'interprétation des

résultats peut être faussée.

s.o.

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

s.o.2.2 Disponibilité de plusreurs
zones de référence et
d'exposition

2.0Zone d'étude
2.1 Accès au site

Le site est facilement accessible dans la zone
d'exposition, mais I'accès à la zone de référence
est difficile.

s.o.

1.5.2 Tissus Il n'existe pas de données connues sur les tissus.s.o.

Des données qualitatives sur les prises figurent
dans plusieurs rapports, mais il n'y a pas

d'estimations des populations.

s.o.1.5 Pêches

1.5.1Population

s.o.1.4 Benthos On dispose de données satisfaisantes remontant
aux années 70 concernant le benthos.

1.3 Chimie des sédiments Données restreintes sur la chimie des sédiments a

cause de la forte érosion dans la rivière Onaping.
s.o.

Bonnes données de base disponibles concernant
la chimie de l'eau.

s.o.1.2 Chimie de l'eau

Les sociétés INCO et Falconbridge possèdent

des documents de base renfermant des données

détaillées sur la composition chimique de

l'effluent.

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

Échantillons prélevés
en 1996

Elément Sommaire/remarques

ES-1



Tableau ES-l. Suite

Les concentrations de métaux et de

métallothionéine étaient plus élevées chezle
meunier noir de la zone d'exposition, mais à

cause de la petite taille des spécimens, I'analyse
statistique n'a pas été possible.
Aucun obstacle phvsique à la misration.

Oui8.2 Tissus

Données insuffisantes pour comparer les

communautés benthiques de la zone d'exposition
et de la zone de référence.
Certaines espèces vulnérables (p. ex., truite
arc-en-ciel) capturées dans la zone d'exposition.

Oui8.0 Pêches

8.1 Communautés

La zone d'exposition présente une communauté
benthique plus abondante et diversifiée que la
zone de référence.

Oui7.0 Benthos

Des sédiments déposés sont présents mais peu

abondants dans les zones de référence et
d'exposition. Les deux types de zones ne

présentent que de faibles différences dans la
chimie des sédiments.

Oui6.0 Sédiments

Statistiquement, les concentrations de plusieurs
métaux dans I'eau sont plus élevées dans la zone
d'exposition que dans la zone de référence;
même situation en ce qui a trait à la chimie
générale de I'eau.

Oui5.0 Chimie de l'eau

Sommaire/remarquesEchantillons prélevés
en 1996

Elément

ES-2
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I. IilTRODUCTIOil

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
Onapingllevack mine sites near Levack, 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.

J

I

t

t

f
I
¡t-

f
¡t-

I

Ít-



ECOLOGICAL SERVICES FOR PT.¿,NNING LTD.

2. SITE SPECIFIC BACKGROUND ¡NFORiIATION

2.1 Site Description

Mineral deposits in the Levack area were first discovered in 1887 by a prospector
who had studied the geological formations near Sudbury. The Levack mine was the
first mine to began operation in 1913. Subsequently, three other mines opened in the
area. The Intemational Nickel Co. (now INCO) was formed in 1929. The Levack mill
was opened in 1959, and another two mines, the Coleman mine and Levack west
mines were opened in l97I and 1974, respectively.

Falconbridge Nickel Mines Ltd. became interested in the area about 1935 and opened
the Hardy mine. In 1948, the Fecunis mine was developed, with opening of the
Strathcona mine a short distance away in 1951.

By 1977,9 mines and 4 concentrator plants were operating in the Levack area. Prior
to L954, all mining effluent was being discharged to the Onaping River untreated
@olger 1980). The first mill concentrator plant at Levack was built in 1954, and used
a tailings pond for removal of suspended solids. Treafinent of wastewater increased
during the 1970's toward removal of acidity and metals of effluent primarily through
use of limestone and settling ponds.

INCO Ltd. operates the Levack mine among several other properties in the Sudbury
area. Effluent from the Levack property is discharged into Grass Creek which flows
into Moose Creek and subsequently into the Onaping River. Efflucnt from two other
INCO properties (Coleman Mine, McCreedy Mine) is treated by Falconbridge at their
Onaping site, which includes the Moose Lake discharge. The Falconbridge effluent
is discharged in Moose Creek, which joins the Onaping River a short distance
downstream.

Effluent treatrnent for the Falconbridge Moose Lake tailings includes the addition of
crushed lime solution to help precipitate solids into the lake. CO2 is added before the
effluent is released into Moose Creek to lower the pH. Only trace amounts of cyanide
are used in the copper recirculation unit, therefore, additional effluent treatment is not
required.

The Onaping River is the ultimate receiver for effluent from the INCO and
Falconbridge operations (Figure 2.1). The Onaping River also receives input from the
town of Levack sewage treatrnent facilify in the vicinity of the mines. Nutrient input
has influenced water qualify in the area. Recent aquatic surveys below the mine
effluent indicated greater benthic biodiversity below the mine outfall compared with
upstream reference stations, possibly as a result of nutrient loading (ASI, 1995).

The Onaping River is a large, fast flowing river with an average gradient of 2mlkm.
In 1946, water from Onaping Lake was diverted to the Spanish River to generate
electricity for the E.B. Eddy paper mill at Espanola. As a result of the diversions, the
watershed of the onaping River was reduced by approximately 50% (from 1645

2



I

II

¡

ii

t

L

f

I

I

t

I

I
t-

E@IOGKAL
SERVICES
GROUP

Prepared for:

AQUATIC EFFECTS TECHNOLOGY
EVALUATION PROGRAM

Prcjact Namo:
AETE PROGRAM:
1996 FIELD EVALUATIO OF AQUATIC
EFFECTS MONITORING

oR1
Reference Area

I Active Tailings

ü Direction of water flow

COLEMAN MINE
(rNco)

Ir STRATHCONA MINE
(FALCONBRTDGE)

FALCONBRIDGE
TAILINGS POND

MISA
STATION
FALCONBRIDGE
EFFLUENT

Metres 500 0 500 I 1 500

Scale 1:50,000

Seal

LEVACK MINE
TAI

M3 WATER

LEVACK
STP

EFFLUENT

oR3
Exposure
Area

@

FILE: 96239_02 Figure to. 2.1Checked by: BD

01{APtl{G / TEVACT(

MII{E SITES STUDY AREARevision No

Revised

Date: OCT., 1996



ECOLOGICAL SERVICES FOR PI.A,NNING LTD.

to 845 sq.km.). Overflow from Onaping Lake into the river only occurs during periods
of high runoff in the early spring and sometimes in the autumn.

2.2 Historical Data Review

The background reports provided for this study are listed in Table 2.1 and their
primary findings summarized in Table 2.2. According to Bowman and Mise (l9gz),
three other studies of the Onaping River were undertaken in 1965 (Johnson and Owen
1966),1983 (Lindquist 1985) and 1991 (Jorgensen IggD,although these reports were
not provided as part of the AETE progrrrm. The latter two studies conducted benthic
suffeys which are briefly discussed in Bowman and Mise (ibid).

Table 2.1 Summary L¡st of Available Background Heports for the
Onaping/Levack Study Site, Ontario

Bolger, P. 1980. Ecological effects of liquid mining effluents on the Onaping River system in Ontario.
M.Sc. thesis, Department of Biology, Laurentian University. Sudbury, Ontario. 1g4 pp + appendices.

Bowman, A.B. and J. Mise. 1992. A water quality and biological survey of the Onaping River. Report
for Falconbridge Ltd. and |NCO Ltd.66 pp.

ASl. 1995. Onaping River and Moose Creek aquatic environmental assessment. Report by Aquatic
sciences lnc., st. catharines, Ontario. Prepared for lnco Ltd. and Falconbridge Ltd. 64 pp +
appendices.

Background Water Chemistry
The Ontario Water Resources Commission (OWRC, predecessor to the OMOEE) was
established in 1957. In 1960 the OWRC reported high fecal coliform and elevated
BoD @iochemical oxygen Demand) in the onaping River due to the sewage
treatrnent plants. The first chemical and biological study of the area to examine
impacts of mining activities was undertaken in 1965 (Johnson and Owen 1966). The
authors reported poor environmental conditions in Moose Creek, and impaired biota
and water quality of the Onaping River.

High metal levels and depressed pH in the Onaping River were still reported in the
1970's, and were the focus of graduate studies in 1977 @olger 1980). That study
provides a detailed documentation of chemical and biological conditions at 18 stations
in the Onaping River and tributaries. Sampling stations established by Bolger were
generally used in subsequent ecological surveys including this study (ORl - reference,
OR3- exposure).

4
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Table 2.2 Summary of Background lnformat¡on for the Onaping/Levack, Ontario

Source Summary

Bolger. 1980

Bowman and

Mise. 1992

ASt. 1995

Benthos, maøophyles and fish communilies
in Onaping River downslream of Levack
substanlially allered by mining effluenl.

Significant loading of copper, nickel and

sulphur compounds.

Nickel and copper loading 1o Onaping River

conlinues, bul proporlion from non-poinl
sources has increased. Upsfream reference

siles lhoughl lo be influenced by non-poinl
sources, Benlhic communily has improved
somewhal in response lo improved water
qualily in exposure area bul slill allered

relalive lo reference area. Area nol suilable

for sedimenl colleclion. Suilabilily of area for
fisheries habilal aflecled by waler diversion.

Point source loadings of metals conlinue lo
decrease resulling in improved waler quality

in exposure area. Observed seasonal

differences in levels of some waler qualily

paramelers. Benlhic communily generally

more diverse and more laxa in exposure

area. Reporled brook lroul lor first lime in

relerence area.

An important observation by Bolger was depressed pH levels (3.5-4.0) in the Onaping
River particularly during low flow periods downstream of the confluence of Moose
Creek. However, pH was not depressed at the first downstream station (OR3), only
at stations further downstream (OR4, OR5). It was subsequently discovered that it
took several hours for oxidation of partially oxidized sulphur compounds to occur in
the receiving environment, hence resulting in severe pH and oxygen depressions
further downstream.

In 1977, water concentrations of copper and nickel levels in the Onaping River were
substantially elevated downstream (OR3) of Moose Creek comparedwith the upstream
(ORl) refrence area (Table 2.3). The levels of several other parameters including
nitrogen, phosphorous, sulphate, chlorides and conductivity were also elevated
immediately below Moose Creek.

yes noyesyesn0no

yesnoyesyes n0yes

yesn0noyes yesyes

Toxlcity
Bioassays

Sediment

Quality
Water

Quality

Plankton

Macrophytes

BenthosFlsh
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Table 2.3

0R1

1977

1991

1995

oR3
1977

1991

1995

Summary of Average Goncentrations (mg/L) in Onaping
River from Background Studies

Conductivity
(t¡/s)

40

30

38

145

143

105

The water concentrations of many metals decreased appreciably in Moose Creek (M1,
M2) between 1977 to 1995 (Table 2.4 (Table 4.2 ftom ASI 1995). similarly, the
average, 1995 concentrations of iron, nickel, copper and nnc were lower in the
Onaping River at OR3 than in previous surveys (Table 2.4). The authors commented
that some comparisons with historical data, and even within-study comparisons were
difficult due to different analytical labs being used and different detection limits (ASI,
1995).

Table 2.4 Comparison of Chemical Parameters Among Years (units
in mg/L) from ASl, 1995

19773

Location Ml

lron 0.46

Nickel 11.7

Copper 0.59

Manganese

Aluminum

Location M2

lron 1.75

Nickel 6.29

Copper

0.86Tinc

0.42

71

64

21

0.022
0.02

0.003

0.254
0.15

0.041

14

8.3

6

0.005
<0.03

ND

0.004
<0.17

0.011

SulphateCopperNickel

0.0260.040.010

0.1410.050.037

0.7500.570.313

1.3800.340.753

0.2700.108

0.0960.013

0.0140.010.006

0.0350.020.005

0.400.110.034

0.510.180.097

19902199111995

Zinc 0.31
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Table 2.4 Comparison of Ghemical Parameters Among Years (units
in mg/L) from ASl, 1995

1977e

Manganese

Aluminum

Location G1

lron 17.79

Nickel 0.94

Copper 0.10

0.03

Manganese

Aluminum

Location 0R3

lron 0.46

Nickel 0.254

Copper 0.022

0.017

Manganese

Aluminum

' Bowman and Mise (1992); 2 
Jorgenson (1991);3 Bolger (1980); o 

between Moose Creek and OR3

Mass balance loading estimates undertaken in 1992 and 1995 strongly suggest that the
proportion of nonpoint loading of metals has increased substantially in the past several
years with up to 50% of the nickel in the Onaping River from non-point sources. The
Levack sewage treatrnent plant is considered to be a substantive source of copper to
the Onaping River.

Although nutrient loading is not an obvious problem from the concentrafions of
nitrogen and phosphorous actually measured in the river, several observations
demonstrate that primary and secondary productivity is clearly elevated immediately
below the Levack STP. Different studies have observed dense algal and plant growth
below the STP.

Sediment Chemistry
Very limited background sediment quality data are available for the study area. In
fact, Bowman and Mise (1995) note that "in general... the Onaping River is not suited

Zinc

Tinc

0.14540.040

0.07140.069

0.00940.010.007

0.02140.020.003

0.05440.150.041

0.36940.290.278

0.5200.207

0.7950.893

0.0230.220.014

0.0780.200.013

0.5350.850.210

3.1000.891.811

1.2050.250

0.1300.059

19902lgglr1995
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to the collection of sediment chemistry samples because of its erosional
characteristics." The authors collected sediments from fwo downstream depositional
locations; one in the Onaping River and one in Vermillion Lake. Results of metal
concentrations with comparison to the Provincial Sediment Quality Guideline (PSQG)
Severe Effect Level (SEL) are summarized in Table 2.5.

Table 2.5 Summary of Mean Metal Goncentrations (mg/g) in
Sediments from Study Area in 1991 (values are mean of
three replicate samples)

PSQG

Copper 110

Nickel 75

Lead 250

Tinc 820

lron (%) 4.0

Benthic Community Surveys
Results of the biological surveys by Bolger (1980) showed that the benthic and
aquatic macrophytes were altered downstream of Levack as a result of metal loading
and low pH. Bolger (1980) collected triplicate surber samples in riffle areas in June
and September. He reported a total of 118 different benthic taxa in the Onaping River,
with over 70 taxa present at the upstream station (ORl) alone. Immediately
downstream of Moose Creek, the number of taxa fell to I0 - 20.

Bowman and Mise (1992) used surber samplers to collect benthos in June of 1991,
and artificial substrates deployed for four weeks in late August. The change to
artificial substrates was considered appropriate due to the absence of suitable substrate
and low sampling efficiency of the Surber.

Caution must be used when making direct comparison of the Bolger data with
subsequent suryeys, however, as the raw data suggest that different lifestages (eg.
pupae, larvae, adult) for a particular organism may have been counted as individual
taxa. Even accounting for this anomaly, however, the number of taxa at the upstream
stations far exceeded the number of taxa reported in these a¡eas in later surveys.

Bowman and Mise (1995) noted a dramatic reduction in benthic organisms at ORl,
and suggest that non-point source loading of metals at the upsfieam reference a¡ea
could be contributing to this decline. However, the water quality data do not seem to
openly support this hypothesis. A secondary explanation put forth by the authors is
one of low water levels in the river leading to desiccation of the benthic community.

3.03.3

143153

3017

890726

143520

Vermillion LakeOnaping River
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This seems plausible, and detailed evaluation of flow data relative to water cover of
the river bottom would be required to evaluate this hypothesis.

Fisheries
None of the background fisheries surveys have caught high numbers of any single fish
species from more than one station. In fact, the sampling requirements for metal and
metallothionein analysis for this study were not achieved in any of the previous
background surveys despite fishing in more than one season. Bolger (1980) using
electroshocking gear and seine nets generally caught few fish with exception of very
high numbers of small white suckers at the first stations downstream of Moose Creek
and the Levack STP.

I
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3

3.1

IIETHODS

Study Area

The study area is situated on the Preca¡nbrian Shield. Photographs of sampling
locations in the Reference and Exposure areas are provided in Appendix B.

3.2 Etfluent Characterization and Sublethal Toxicity

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

The sublethal toxicity tests performed by BAR Environmental are as follows: I¿mna
minor growth inhibition, Ceriodaphnia dubia survival and reproduction, and fathead
minnow survival and growth inhibition and salmonid embryo tests. The sublethal
toxicity test performed by Eoo-CNFS was Selenastrum capricornutuz microplate
growth inhibition test.

Methods for receiving water and effluent collection are specified in Project # 4.1.2U
Extrapolation Study (August 23,1996). Receiving water samples for acclimation were
collected by mine personnel from the reference station prior to coÍìmencement of the
1996 field program. These samples were used to determine if receiving waters
(upstream of effluent discharge) cause toxicity to either Ceriodøphnia dubia or fathead
minnow and if so, to acclimate these organisms to the water before toxicity
evaluation.

Receiving water (840 L) was collected from the reference site and shipped cooled to
BAR Environmental to be used for dilution during the toxicity bioassays. Because two
effluents were involved at the Onaping/Levack area twice as much dilution water was
required (approximately 44 x20L pails). Approximately 0.2 L was shipped cooled to
Eco-CNFS.

Effluent samples for toxicity testing from INCO and Falconbridge were collected by
ESP staff on October 1. Falconbridge effluent was collected at the MISA sampling
location. It was subsequently determined that the INCO mill was not producing
effluent at that time and possibly only rain runoff from the tailings area was collected.
Therefore, the bioassays were halted, and were rescheduled following collection of the
effluent sample by INCO personnel on November 4,1996. Also, some of the effluent
samples collected for chemical analysis at Falconbridge froze in their laboratory
refrigerator. Some glass bottles broke and therefore, samples for total mercury,
dissolved organic carbon, dissolved inorganic carbon and ammonia were lost. Water
chemisfry samples for the Falconbridge effluent were collected again on October 5.

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.

t0
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3.3 Habitat Gharacterization, Classification and Sample Station
Selection

Objective
Habitat chaructenzation and classification were conducted to identiff substrate types
in both reference and exposure areas. This information was used to select benthic and
fish sampling stations of uniform habitat fype. Habitat cha¡acterization included
identification of depositional areas for sediment sampling.

Habitat Classiñcation Methods
Habitat was characterized and classified following the guidelines described in the New
Brunswick Stream Survey and Habitat Assessment Guide (DFO^IBDNR, 1994) which
is included in Appendix Fl. The approach to site selection and subsequent habitat
charactenzalon fo ll owed a watershed appro ach.

Habitat was classified for the reference and exposure sections in detail within the river
and extended 15 m on either bank. The linear extent of habitat classification for
reference and exposure areas contained all sampling sites for each area. Stream type
was determined from a list of fast water or pools as described in the guidelines.
Channsl type was described as main channel, side channel, split or bogan. The
average net width was measured from wetland perimeters perpendicular to flow at the
point of sampling. The width at the high water mark was meazured when feasible.
Depth was measured at Il4, Il2,3l4 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 surrounding larger particles (boulders)
was quantified to determine embeddedness. Banks were examined for undercuts and
overhanging vegetation and were quantif,red per bank.

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 Onaping River is a river with many pools and riffles. As such, attempts were
made to find study sections that contained pool habitat and depositional sediments.
The ASI (1995) report was used as a guide to selecting study sites. In this regard,
their reference site (ORl) remained as our reference site (also ORl). There was,
however, a slight difference in exposure sites between the two studies. ASI (1995)
used an area best described as run fype habitat (Station OR3). This a¡ea was absent
of sediment so a pool location was chosen approximately 200 m downstream @SP's
OR3) which contained similar type sediment as ORl for this study.

l1
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Photographs and detailed field notes were taken at each sampling station during the
habitat characterization.

3.4 Water Samples

Six wafer sample stations were established in the Reference area and six stations were
established in the Exposure a¡ea. Three water samples were also collected in Moose
Creek, downstream of the confluence of Grassy Creek, which carries INCO effluent
discharge and Moose Creek, which carries Falconbridge effluent discharge.

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
filter. The dissolved sample was filtered in the field according to standard methods
(APHA 1995 -Section 30308) using a rWhaünan 11 cm Filter, Ashless #42. Pnor to
use, each filter was washed with nitric acid and rinsed with distilled water in the field.

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

Sample Bottle Analyses

1 - 500 mL HDPE Total Suspended Solids (lSS) (Onaping/Levack only)

1 - 1 500 mL HDPE General Chemistry Cations and Anions (Alkalinity as
CaC1r, Chloride, Sulphate, Anion Sum., Bicarbonate as
CaC1r, Carbonate as CaC1o Cation Sum., Colour,

Conduclivity, Hardness as CaC1u lon Balance, Langelier
lndex at 20oC, Saturation pH at 4'C, Total Dissolved

Solids, Turbidity)

1 - 100 mL glass Dissolved organic carbon (DOC)

Dissolved inorganic carbon (DlC)

1 - 250 mL glass Nutrients
(Mtrate, Nitrite, Ammonia, Total Kjeldahl Nitrogen,
P hosphorus, 0 rthophosphate)

1 - 250 mL HDPE TotalMetals
(Numinum, Antimony, Arsenic, Barium, Beryllium, Bismuth,
Boron, Cadmium, Chromium, Cobalt, Copper, Calcium,
Free and Total Cyanide, lron, Lead, Magnesium,
Manganese, Mercury, Molybdenum, Nickel, Potassi um,
Reaclive Selenium, Silica (Si1), Silver, Sodium, Strontium,
Thallium, Tin, Titanium, Uranium, Vanadium, Zinc)

Dissolved Metals (as for total metals)HN03

HN03

H2304

n0ne

n0ne

n0ne

Preservative

1 - 250 mL HDPE

12
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Water samples were collected by submerging the container while removing the cap
below the surface to avoid any surface contamination, and completely filling.

In the laboratory, samples were analyzed for the following pammeters: total and
dissolved metals (a ICP_MS low level metals scan), 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 identiS other possible
sources of contaminants to the receiving environment.

Data Analysis
Several general water chemistry and water metal concentration parameters 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 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.

QA/QC
In addition to regular laboratory QA/QC procedures (described separately), field
QA/QC me¿ìsures included:

1) one field replicate
2) analysis of one transport or trip blank
3) one filter blank

Replicate Samples
Replicate samples were taken at OR3-6. Samples for filtered metal (1 per site) and
filtered mercury (1 per site) analysis were taken with a 500 ml, plastic jar (vIDS "C"
type). The container was filled 15 cm below the surface, rinsed 3 times and then a

sample taken. 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.

13
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The sample was then transfened to one MDS "D", l25ml plastic bottle with HN03
preservative and one MDS "8", 100m1 glass bottle with HN03 plus 5% K2CP.207
preservative. The complete set of 9 bottles per sample site were then labelled, stored
and maintained on ice until transfer to MDS. Replicate samples (i.e. Ð(P 6 and EXP
6 replicate) were obtained in the sarne manner, except that both filtered metals and
filtered mercury samples were split samples from filtering through one 500m1 "C"
plastic jar using the same filter.

Travel Blanks
Travel blanks were received from MDS for all requested analyses except filtered
metals (i.e.7 bottles). These six samples were taken to the bank of Moose Creek (M3)
where they were opened and immediately closed. These samples (already labelled
"Blank" by MDS) were then stored and maintained on ice prior to transfer to MDS.

Filter Blanlis
Two filter blanks were processed in the lab using commercial 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 5% nitric acid and the cover replaced. Approximately
200m1 is distilled water was poured and simultaneously filtered through the pump,
filter and collection apparatus. The sample was then transferred to one MDS "D",
l25ml plastic bottle with HN03 preservative and one MDS "8", l00ml glass bottle
with HN03 plus 5% K2CP.207 preservative. These samples were also taken to Moose
Creek (M3) and opened as travel blanks (the 8th and 9th bottles).

The transport blank water was provided by the analytical laboratory. Details of the

QA/QC procedures followed are included in the Quality Management Plan (Appendix
A).

3.5 Sediment Samples

Samples were collected using an Ekman grab. Problems for sediment sample
collection were encountered in the Onaping River due to the very coarse nature of the
substrate and difficulty finding potential depositional areas. Therefore, only 3 sediment
samples were submitted for chemical analysis from each of the exposure and reference
areas.

Only the upper two cm of the sediment column was retained from each grab. A
composite sample wÍìs 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 acceptabilify of a grab sample: a) the sampler is not
over-filled, b) overlying water is present indicating minimal leakage, c) overlying
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i
!
i

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 Bafilett'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 ofvariance 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.

QA/QC
QA/QC for sediment sampling included: a) a split sample from the exposure station,
b) grab samplers cleaned between samples and stations using a phosphate:free
detergent wash and a rinse with de-ionized water, and c) a swipe blank collected to
determine the effectiveness of field decontamination procedures (e.9., an acid-wetted,
ashless filter paper was used to wipe down the mixing bowVspoon surfaces likely to
contact sample media). Details of the QA/QC procedures are included in the Quality
Management Plan (Appendix A).
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3.6 Benthos Samples

3.6.1 SampleGollection
Three samples from the Reference and Exposure areas were collected from similæ
habitat types using a Ponar sampler and the samples passed through 250 ¡rm mesh
sieve.

Due to the difficulty in finding depositional sediments, a Surber Sampler was also
used to collect benthos in riffle areas in the Onaping River. Three Surber samples
were collected from the Exposure area and three Surber samples were collected from
Reference area.

All benthic samples were placed into plastic containers and preserved in 10% buffered
formalin as recommended by our selected ta¡ronomist, Danuta Zarunko.

3.6.2 Sorting and Taxonomy

Sample Processing
Upon a:rival at the laboratory, benthic macroinvertebrate samples lvere logged and
inspected as a qualify 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 matcrial such as detritus and algae. Samples
were gently washed using a 500 pm 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 n¿une, date, station and replicate number.

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 identifïcation
of individuals to the genus or species level was not possible, (i.e., early instar and
immafure forms). As a result, these individuals were enumerated under the next higher
level of identification, (i.e., usually family). 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
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identification, up to a maximum of 100 individuals. Similarly, in samples with a large
number of chironomids, individuals that could be identified using a dissecting scope,
(e.g., Cryptochíronomus, and Chironomus), were enumerated and removed from the
sample. The remaining individuals were sorted into three groups: Tanypodinae,
Orthocladiinae (with Diamesinae), and Chironominae. A random sample of no less

than I0% of the individuals from each group were removed for identification, up to
a maximum of 50 individuals.

Subsampling
Of the twelve benthic invertebrate samples collected, subsampling was necessary in
five samples due to high organism abundance. Of these, hvo were sampled to Il2 and
three were sampled to Il4 (prior to calculation of subsampling error). Samples that
required subsampling included samples with large amounts of loose organic matter
(i.e. detritus) and samples with high densities (>100) of major taxa. 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 ¡rm sieve and divided
in two. The procedure rwas repeated until an appropriate subsample fraction remained.
In cases where organism density was high, a minimum of 200 organisms were sorted
from each sample, up to a maximum of 500.

Data Analysis
The total number of benthic invertebrates in each sample was divided by the area of
the Ponar or Surber sampler 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.

The 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. Only the density variable for benthos was suitable
for statistical analysis.

EPT Richness was reported separately for benthos samples collected using the Ponar
sampler and the Surber sampler. EPT Richness is the number of ephemeroptera,
plecoptera and trichoptera taxa in a sample and is a useful measure of water quality
(Wallace et al., 1996). The recognition of ephemeroptera (mayflies), plecoptera
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(stoneflies) and tricoptera (caddisflies) as intolerant ta:ra dates back to the early 1950s
(Gaufin and Ta¡zwell, 1952).

Quality Assurance/Quality Control
As part of the QA/QC measures, the sorted sediments and debris were represerved.
In conjunction with invertebrate sample processing, the following QA/QC procedures
were provided.

l) For a confirmation of sorting efficiency, l0% of the processed samples were
resorted by a second taxonomist to confirm 95% recovery of all organisms. In
most cases, 95o/o 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 (> l/2 litre) and a low densify of
organisms. In such a sample, if the sorter was to miss 1 or 2 out of 10 organisms,
this would mean a recovery of only 90Yo 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. 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.

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

3.7 Fisheries

3.7.1 Collection
The fish survey used gill nets, minnow traps and a modified hoop net (giant minnow
trap). Fishing effort at the areas is presented with the Results in Section 4.7. Two
types of minnow traps were used. A standard hap of opening diameter 1-2 cm was
used as was a modified trap of opening diameter 5-7 cm. Traps were placed at depths
of0.5 m to 2.0 m and placed evenly throughout both exposure and reference areas.
Minnow traps were baited with a combination of baits (i.e. bread, cheese and meat).
Depths were not sufficient to allow good coverage of the study reaches with gill nets.
Nets were placed at angles as close to perpendicular as possible to the flow without
causing loss of fishing efficiency (i.e. net billowing in current). Gill nets were set
from near shore 0.5 m to depths of 3.7 m. Nets were placed to sufficiently cover areas
potentially used by species (trout and sucker) which were known to occur in the
Onaping River at these locations. Deep areas and back eddy features were all sampled
to ensure appropriate fishing coverage of study areas.

3.7.2 Tissue Processing for Metal and Metallothionein (MT) Analysis
Processing of fish for metal and metallothionein analysis followed the revised protocol
of 29 August 1996. If the fish were large enough (> 15 cm), tissue samples were
dissected out and divided for metals and metallothionein analyses. Fish less than 10
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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 attempting to collect fish from the
reference and exposure areas, however, very few fish were caught. Two common
white suckers from the reference area and two from the exposure area'were dissected
out and the tissues frozen whole on dry ice. The samples were sent fo 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
Where appropriate, the mean and standard enor of MT and metal levels were
calculated. The small number of fish subject to MT and metal analysis (maximum of
2) precluded statistical analysis.

I

t_

l9



ECOLOGICAL SERVICES FOR PI-ANNING LTD.

4. RESULTS

4.1 Dates of Sample Gollection and Analysis

Ocl. 3,4

Ocl.3,4

Ocl,3,4

Ocl, 3,4

Ocl, 3,4

Reference Stalions

Table ¿.1 Dates of Sample Gollection

Sample Element Date Samples Collected

Exposure Stations

Waler Chemislry Ocl. 2

Sedimenl Chemislry Ocl. 2

Sedimenl Parlicle Size Ocl. 2

Swab Analysis Ocl. 2

Benthos Taxonomy Oc1.2,4

Fish Tissue Analysis Oclober 2,3,4,5

Sublelhal Toxicily

i) Dilution Waler Chemislry Ocl. 1

ii) Effluent Chemislry Ocl. 1

ii) Toxicity Assays (BAR) Falconbridge Ocl. | - INCO Nov. 4

4.2 Effluent Characterization and Sublethal Toxicity

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

Dilution water for toxicity testing was collected from the upstream Reference area
(ORl), so these results from one water sample provide some indication of \Mater
quality at the Reference station.

It should be noted t[at the INCO effluent results are for a sample collected on
October I, 1996.It was subsequently learned that INCO had not actually discharged
effluent for some time. Therefore, the "effluent" sample in this case may represent
surface runoff. Effluent samples for toxicity testing were collected by INCO personnel
on November 4,1996. Effluent samples for chemical analysis were not collected at
that time.

Mine water is continuously discharged from the mine into the tailings area.

Occasionally, during a dry spell, the demand for recycled water in the backfilling
operation equals or surpasses the discharge. When this occurs, there is no
overflow (effluent) from the tailings impoundment area.
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Table 4.2.1 General Chemistry of Effluent and Dilution Water from
Onaping/Levack site

nd5nd5TSS

2212401250I 1901540ITDS

5.92.5lost2.60.5DOC

2.14.9Iost3.50.5DIC
6.26.31.87.86.99.60.1pH (units)

12.42.7r3.324.52.860.0rIon Balance

0.37r19.519.816.923.8naCation Sum (meq/L)
0.28918.518.518.522.5naAnion Sum (meq/L)

0.50.40.10.20.20.10.1Turbidity

14.27767866579090.1Hardness

363616',t01670164019401Conductivity (us/cm)
3637ndnd6nd5Colour (TCU)

ndndndnd41Carbonate

72021l81tIBicarbonate

55651651642899ISulphate

I1159159t701121Chloride

772l2118l6IAlkalinity

ndndndndndnd0.01Orthophosphate

ndndndndndnd0.1Phosphorus

3.050.820.890.05TKN

nd0.79lost0.490.05Ammonia

ndndndnd0.230.01Nitrite

0. r00.110.500.500.544.320.05Nitrate

ReplicateReplicate

LabLab
5-Oct5-Oct1-Oct

RiverRiverEffluentEffluentEffluentEffluent
OnapingOnapingFalconbridgeFalconbridgeFalconbridgeINCOLOQParameter

From the Onaping/Levack Mine Sites

Table 4.2.1 : General Chemistry (mg/L) of Effluent and Dilution Water
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Free Cyanide

Total Cyanide

Zinc
Vanadium
Uranium
Titanium

Thallium
Tin

Sodium

Strontium

Selenium

Reactive Silica
Silver

Nickel
Potassium

Molybdenum
Mercury (ug/L)
Manganese

Magnesium

Lead

Iron
Copper

Cobalt
Chromium
Calcium
Cadmium
Boron
Bismuth
Beryllium
Ba¡ium

Arsenic

Antimony
Aluminum

Metal (mg/L)

0.002

0.005

0.002

0.002

0.0001

0.002

0.0001

0.002

0.1

0.005

0.002

0.-5

0.0003

0.002
0.5

0.002

0.1

0.002

0.1

0.0001

0.02

0.002

0.001

0.002

0.1

0.0005

0.005

0.002

0.005

0.005

0.002

0.002

0.01

LOQ

nd
nd

nd

0.015

nd

nd

nd

nd

109

1.09

nd
nd

1.6

0.019

33.1

0.002

nd

nd

t4
nd

nd
nd

nd

0.004

34r
nd

0.044
nd
nd

0.022

nd

nd
0.03

Dissolved

INCO Effluent
IIIEIL

0.059

0.012
nd
nd

nd

nd

125

1.04

nd

nd

0.027

37.5

0.002
nd

0.002
15.6

0.0018

nd

nd
nd

0.004

345
nd

0.056

nd

nd
0.022

nd

nd

nd

Total

nd

nd

0.167

nd

nd
nd

nd

nd

52.5

0.785

0.005

nd

4.8

0.r07
18.6

nd
nd

0.018

2.4

0.0001

0.05

nd

0.003

nd
259

nd

0.033

nd

nd

0.029
nd

nd

0.06

Dissolved
1-Oct

Falconbridge Effluent

0.005

nd
nd

nd

0.0003

nd

0.759

75.6

0.004

nd
5.2

0.102
t2.8

nd
lost

0.023
2.6

nd

0.14

0.020
0.004

nd
231

nd

0.023

nd
nd

0.028

nd

nd
0.1

Toøl

0.022

nd

nd

nd
nd

0.0003

0.858

81.6

0.004

nd

5.6

20

0.095

nd

0.016

2.9

nd

0.04

0.016

0.003

nd

309

nd

0.036

nd

nd
0.033

nd

nd
0.06

Dissolved
5-Oct

Effluent

nd
nd

nd
nd

nd

0.0002

0.858

79.1

0.004
nd

22.4

0.097

nd
nd

0.016

2.8

nd
0.06

0.013

0.003

nd
310

nd

0.037

nd
nd

0.032

nd
nd

0.05

Total

nd
nd
nd
nd
nd

0.0003

0.8s8
79.2

0.00s
nd

20.2

0.098

nd

0.0r6
2.8

nd
0.04

0.013

0.003

nd
306

nd
0.040

nd
nd

0.033

nd

nd
0.05

Replicate

Lab
Total

nd

nd

0.005

0.017

nd
nd

nd
nd

0.014
1.5

nd

nd

3.6

0.8

nd

nd
nd

0.003

1.1

nd

0.29

nd
nd

0.002
3.8

nd
nd
nd
nd

0.007

nd

nd
0.02

Dissolved

Onaping River

0.005

0.01

nd
nd
nd
nd

0.014

r.4
nd
nd
3.7

0.5

nd
nd

0.003

1.1

nd
0.3

nd
nd

0.002
3.7

nd
nd
nd
nd

0.006

nd

nd
0.02

Replicate

Lab
Dissolved

0.006

0.012
nd
nd
nd
nd

0.014

1.6

nd
nd

3.1

nd

nd
nd

0.01l
1.1

nd

0.34
nd
nd
nd
3.6

nd
0.006

nd
nd

0.006

nd

nd

0.03

Total
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4.2.2 Toxicity
The results of the effluent toxicity bioassays are zummarized in Table 4.2.3. Data are
presented for both INCO and Falconbridge. The two companies discharge at different
locations, but the effluents eventually combine in Moose Creek before flowing into
the Onaping River.

In preliminary screening tests the receiving water was not toxic to fathead minnows
or Ceriodaphnia, therefore, acclimation was not required.

The results suggest that both effluents exhibited greater toxicity to the two plant
species tested than to the other organisms.

Effluent from Falconbridge inhibited growth of both Selenøstrum and Lemna at less
than 500/0 effluent concenüation. There was a 250/o effect on Ceriodaphnia
reproduction, but a 50% effect (IC50) was not observed . The effluent did not affect
survival of Ceriodaphnia or fathead minnows. Growth rate of fathead minnows was
not measurably affected. Similarly, there was no measurable effect on development
of Rainbow trout embryos.

Effluent from INCO inhibited growth of Selenastrum and Lemna at concentrations
ranging from 37 to 72% by volume. The effluent elicited a 50% reduction in
Ceriodaphniø reproduction and also affected Ceriodaphnia suwival. A25% effect on
Fathead minnow growth was measured, but the effluent did not affect the survival of
fathead minnows. Rainbow trout embryos were not affected by the effluent.
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Table 4.2.3 Summary of Sublethal Toxicity Tests with INCO and
Falconbridge Effluent. Values expressed as o/o volume
effluent

Source Effect?

Falconbridge

INCO

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

No

No

No

No

No

Yes

Yes

Yes

Yes

Yes

No

No

No

No

No>100EC50Rainbow embryo

>100

>100lc25
LCs0survival

82.1

>100
lc25
rc50

Fathead minnow growth

>50LC50survival

67.0

85.2

lc25
tc50

Ceriodaphnia reproduction

37.0

72.1

lc25
rc50

Lemna

47.6

64.4

tc25
rc50

Selanastrum

>100EC50Rainbow embryo

>100

>100
LC50

tc25
survival

>100

>100
tc25
rc50

Fathead minnow growth

>100LC50survival

80.7
>100

lc25
lc50

Ceiodaphnia reproduction

14.2

19.8

tc25
lc50

Lemna

30.8

49.8

tc25
rc50

Selanastrum

Effect Value
(Yo ulu)

EndpointTest Organism
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4.3 HabitatCharacterizationandGlassification

Habitat characterization and classification for the exposure (OR3) and reference (ORl)
areas was conducted using the DFO/NIBDNR stream survey and habitat assessment
forms. Completed forms are included in Appendix Fl. Habitat was assessed in the
exposure and reference areas on October 3, 1996.

4.3.1 Reference Area
Habitat features of the Reference area in the Onaping River are shown in Figure 4.1.
Stream type in the reference area of the Onaping River was a combination of mid-
channel and eddy pools. Channel type was a combination of split and main channels.
Average wet width of the sþannel was 32 rn Average wet depth was 1.45 m.

Substrate particle size was a combination of 2o/o boulder, 30% rock, 35% rubble, ISV'
gravel, 15% sand and less than l% fines. Mean substrate particle size was rubble (54-
179 mm). Woody debris was present in half of the sampling sites with a cumulative
length of 9 m.

No undercut banks were present in the reference sites. Both river banks combined for
100% overhanging vegetation which provided 3Yo shade to this reach. Banks were
well vegetated with an average of 80% shrubs and 200/o tees. Bank stabilify totalled
rcD%. Sunounding land use attributes include: an inactive beaver danu ATV access
and trail access.

Field measurements are presented in Table C3-6 of Appendix C. Air temperature was
5.0oC and water temperature was 11.0oC. Dissolved oxygen ranged from 11.1 to 11.8
and measured pH ranged from 7.5 to 7.8. Discharge was calculated at 9.5 m3ls above
a riffle approximately 400 m upstream of the sampling sites.

4.3.2 Exposure Area
Habitat features in the Exposure area are presented in Figure 4.2. Stream type in the
exposure area of the Onaping River was an eddy of a large pool. Channel type was
a side channel where stream flow was diverted by an island. Average wet width was
30 m. Average wet depth was 2.1 m.

Mean substrate particle size was rubble (54-179 mm). Larger particle size dominated
the substrate (boulder, rubble, gravel) with sand and finer particles found in sparse
patches. No large woody debris was present within the exposure sites.

No undercut banks were present. No overhanging vegetation was present on the left
bank (island). All of the right bank had overhanging vegetation for a total coverage
of 50% providing less than 20/o shade. Banks were well vegetated with an average of
70% shrubs,20yo grasses and 10% trees. Bank stability totalled 100% for both banks.
Sunounding land use attributes include inactive beaver dam, mining and tmck/car
access.
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Field measurements are presented in Table C3-6 of Appendix C. Air temperature was
5.0"C and water temperature was 11.0"C. Dissolved oxygen ¡anged from 10.1-10.3
mglL and pH ¡anged between 7.8 and 7.9. River discharge as measured at a riffle
approximately 300 m upstream of the sampling sites was 10.S m3/s.

4.3.3 Summary
We are very confident that river geomorphology and habitat types were similar
between the Reference (ORl) and Exposure (OR3) areas in the Onaping River. Both
the reference and exposure areas had split and main channels and eddy pools.
Discharge rates were 9.5 and 10.5 m3/s in the reference and exposure areas
respectively. Substrates were very similar in both areas and bank stability was I00%.

4.4 Sample Station Selection

Sampling locations in the Reference and Exposure areas in the Onaping River are
presented in Figures 4.3 and 4.4, respectively.
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4.5 Water Ghemistry

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

Field QA/QC Checks

Replicate Samples
A replicate water sample was collected in the Exposure area (sample #OR3-6) for
analysis. The results are presented in Appendix C with separate tables for results for
general water chemistry, dissolved and total metals. For general chemistry pa.rameters

the replicate results are within x, 5% which is considered very good, with the
exception of nitrate and TKN, where the replicate results differed by 64 and 61V".
Both these parameters also exhibited the greatest rânge of concentrations within the
six samples collected within the Exposure area. Laboratory replicates for these
parameters were fine, indicating that there is potential for substantial spatial variability
and possible sampling error associated with these parameters.

Total metal levels did not differ between replicate field samples with the exception
of potassium (r28%). However, the actual difference in values (0.8 mg/L) is only
slightly higher than the routine detection limit (0.5 mglL) so the results are generally
considered acceptable.

Dissolved metal levels between replicate field samples were generally less than 80/o,

with the exception of sodium, which exhibited a 46Y" difference between samples.

Travel Blanks
Travel blanks containing ultrapure distilled water were provided by MDS
Laboratories. No substances were detected during analysis of the travel blanks with
the exception of very trace levels of sodium and nickel (Appendix C3).

Filter Blanks for Dissolved Metals
Samples of distilled water filtered in the field were shown to contain various levels
of calcium, zinc, magnesium, copper, lead and nickel. Subsequent analysis showed
that in fact the commercial grade distilled'water used for the field filtered blank did
contain calcium, copper, nickel and zinc at appreciable concentrations. MDS
conducted further testing using ultrapure distilled water, and demonsffated that some
metals were leached out of the filter during the filtering process, even after being
rinsed with acid.

Therefore, there may be some nonquantifiable error associated with the dissolved
metal results such that interpretation of these data should be made with caution.
Further attention should be devoted to this aspect of the sampling program in 1997.
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Laboratory QA/QC Checks

Replicate Analvsis
The laboratory replicate analysis for general chemistry, total and dissolved metals was
generally excellent with replicate results < tl0o/u

Snike Samples

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

4.5.2 Water Ghemistry
Water chemistry results are summarized n Tables 4.5.1 to 4.5.6 with individual
results presented in Appendix C. General water chemistry data are shown in Table
4.5.1 which summarizes the results (mean, standard enor) of six water samples
collected in each ofthe Exposure and Reference areas. In previous studies sponsored
by Iì,ICO and Falconbridge these sturiy locations were iabeiied ORl and OR3,
respectively. The levels of many nutrients and general water chemistry variables (eg.
nitrate, TKN, chloride, sulphate, conductivity, hardness, TDS) are much higher in the
Exposure area relative to the Reference area. Statistical analysis (Table 4.5.4)
indicated that parameters such as conductivity are significantly (p < 0.001) greater in
the Exposure area. Complete statistical analysis were not conducted on each
parameter. For some variables, the concentrations in the Reference area displayed no
variation at all, which invalidates statistical analysis.

The concentration of total metals is greater in the Exposure area compared with the
Reference area (Table 4.5.2) for several metals including Al, CA Co, Cu, Mn, Ni and
Sr. A similar pattern was observed for dissolved metals (Table 4.5.3) with substances
such as dissolved copper being significantly (p< 0.001) greater in the Exposure area
as presented in Table 4.5.4.

The concentration of total metals was greater than dissolved metals for most
parameters with the exception of iron and zinc. From a chemical speciation
perspective it is not possible to have dissolved levels greater than total. This anomaly
may be related to contamination from the filters used as discussed in Section 4.5.1.

The levels of some total metals (Al, Ba, Cu) in the Exposure area exceeded their
respective CCME guidelines;but in general, water quality in the Onaping river in the
Exposure area complied with federal guidelines.

Three water samples were collected in Moose Creek below the confluence of the
effluents from INCO and Falconbridge. The general water chemistry of Moose Creek
is presented in Table 4.5.5 with total and dissolved metal levels summarized in Table
4.5.6. As would be expected due to the high effluent content, the concentrations of
several pararneters and metals are very high. For example, conductivity is 1530 uVcm
and sulphate is 588 mgtL. The mean concentrations of Al, Co, Cu, Hg, Ni, Se and Zn
in Moose Creek exceed their respective CCME guidelines.
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Table 4.5.1 General Water Chemistry Analysis of Samples Collected from
Reference and Exposure Areas at the Onaping/Levack Mine
Site

Table4.5.1 : GeneralwaterchemistryAnalysis of samplesCollecædfromReference
and Exposure Areas at the Onaping/Levack Mine Siæ

L

0.021

0.017

0.031

1.432

0.076
0.128

0.142
0.775

na

0.433
1.153

r.232

3.842
7.267

1.733

5.4r7
79.000

nd

0.017

0.003

0.003

0.778
0.026
0.040

0.120

0.258

na

0.3t7
0.273

0.331

9.632

6.300

1.7t7

s.667

21.000

nd

0.1

na

na

0.0r
0.1

0.5

0.5

I
5

Turbidity
Anion Sum (meq/L)

Cation Sum (meq/L)

Ion Balance

pH (units)

DIC
DOC
TDS
TSS

0.224

0.t67
0.500

0.224

na

0.683

2.0r1
0.395

6.500

9.167

3s.500
6.500

na

41.000
13 I .333 |

46.050

0.447

0.167

0.000

0.447

na

0.511

0.543
0.109

5.000

t.167

6.000

5.000

nd

35.000

35.833

t2.333

I
I
2

I
1

5

1

0.1

Alkalinity
Chloride
Sulphate

Bicarbonate
Carbonate

Colour (TCU)

Conducúvity (us/cm)

Hardness

0.142

0

na

na

.097

na

na

0.289
nd

0.13

0.270

nd
nd

0.078

na

0.031

na

na

0.198

nd

0.090

nd
nd

0.0s
0.01

0.0s

0.05
0.1

0.01

0.004

Nitrate
Nitrite
Ammonia
TKN
Phosphorus

Orthophosphate

Total Phosphorus

SEMEANSEMEAN
LOQParameter

ExposureReference

f

["
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Table 4.5.2 Total Metals (mg/L) in Water Chemistry Samples Gollected
from Reference and Exposure Areas at Onaping/Levack Mine
Site

^f able 4.5.2: Total Metals (mg/L) in Water Chemistry Samples Collected from Reference
and Areas at Mine Siæ

0.003

na

na

0.0002

nâ

na

0.0014

na

0.09

na

0.0000

0.0005

0.0033

0.0001

0.05

0.0004

0.025
na

0.00

0.33

0.03

na

0.0002

0.03

0.0003

na

na

na

na

na

0.0009

0.078

nd
nd

0.0092

nd
nd

0.0043

nd
13.48

nd

0.0020
0.0085

0.2667

0.000r
1.55

0.0480

0.083

nd
0.06

2.43

4.22
nd

0.0012

5.80
0.052s

nd
nd
nd

nd
nd

0.0052

0.0000

na

na

0.0002

na

na

0.0011

na

0.03

na

na

na

0.002

0.0010

0.017

0.0004

0.0083

na

na

0.21

0.03

na

na

0.02

0.0002

nâ

na

na

na

na

0.0013

0.0400

nd

nd

0.0072
nd

nd

0.0040

nd

2.93

nd

nd

nd

0.218

0.0011
. 1.017

0.0r38
0.0583

nd

nd

1.87

3.67

nd

nd

3.r7
0.0148

nd

nd

nd

nd

nd

0.0028

0.01

0.002
0.002
0.005

0.005

0.002
0.005

0.000s
0.1

0.002
0.001

0.002
0.02

0.0001

0.1

0.002
0.1

0.002
0.002

0.5

0.5

0.0003

0.002

0.1

0.005

0.0001

0.002
0.002

0.000r
0.002
0.002

0.002

0.002

Total Cyanide
Free Cyanide

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

Mercury (ug/L)

Molybdenum
Nickel
Potassium

Reactive Silica
Silver
Selenium

Sodium
Strontium
Thallium
Tin
Titanium
Uranium
Vanadium
Zinc

SEMEANSEMEAN
LOQMetal (mg/L)

ExposureReference
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Table 4.5.3 Dissolved Metals (mg/L) in Water Chemistry Samples Collected
from Reference and Exposure Areas at Onaping/Levack Mine
Site

Table 4.5.3 : Dissolved Metals (mg/L) in Water Chemistry Samples Collected from
Reference and Areas at Mine Site

0.002

na

na

0.000

na

na

0.00r3
na

0.14

na

0.000

0.000

0.009

na

0.02

0.000

na

na

0.001

na

0.04

na

na

t.23
0.0005

na

na

0.000

na

na

0.0t2

na

na

0.0045

nd

t6.20
nd

0.001

0.007

0.288

nd
1.38

0.033

nd

nd

0.059

nd

4.30
nd

nd
'7.10

0.0528

nd

nd
0.001

nd

nd

0.024

nd

nd

0.055

nd

nd
0.010

nd
nd

0.002

na

na

0.000

na

na

0.001

na

0.781

na

na

0.000

0.006

0.0000

0.02

0.000

0.008

na

na

na

0.0

na

na

0.02

0.000

na

na

na

na

na

0.010

0.0025

na

0.032
nd
nd

0.007

nd

nd

0.003

nd

2.5t7
nd

nd

0.001

0.242

0.0001

0.12

0.004

0.058

nd

nd

nd

3.6

nd

nd

r.82

0.015

nd
nd

nd
nd

nd

0.040

0.0035

nd

0.01

0.002
0.002
0.005

0.005

0.002
0.00s

0.0005

0.1

0.002
0.001

0.002
0.02

0.0001

0.1

0.002

0.1

0.002

0.002
0.5

0.5

0.002

0.0003

0.1

0.005

0.0001

0.002
0.002

0.0001

0.002

0.002

0.002
0.002

Cadmium

Calcium
Chromium
Cobalt

Copper
Iron
Lead
Magnesium
Manganese

Mercury (ug/L)
Molybdenum

Nickel
Potassium

Reactive Silica
Seienium
Silver
Sodium

Strontium
Thallium
Tin
Titanium
Uranium
Vanadium
Zinc

Total Cyanide
Free Cyanide

Aluminum
Antimony
Arsenic
Barium
Beryllium
Bismuth
Boron

SEMEANSEMEAN

ExposureReference

LOQMetal (mg/L)
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Table 4.5.4 Statistical Analysis Results for Selected Water Chemistry
Parameters from Reference and Exposure Areas at
Onaping/Levack Mine Sites

Parameterl p-value

Conductivity (¡rs/cm)

Sulphate

Total Copper

Dissolved Copper .000

Total Nickel

Dissolved Nickel

1 
all values in mg/L unless otherwise statedu 
t-value calculated from log transformed data

na t-test not valid due to absence of variance in reference area

.000

na.0593 (r0.00067).0010 (10.00)

na.0592 (10.00048).0010 (10.00)

12.728.00733 (10.0033).00133 (10.003)

na.085 (r0.005).0010 (10.00)

na35.5 (10.5)6.0 (r0.0)

60.996'131.3 (r2.0)3s.8 (10.54)

Mean (ts.e.)Mean (ts.e.)

t - value
(d.f.=10)

oR3
Exposure Area

oRl
Reference Area
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Table 4.5.5 General Water Chemistry in Moose Creek; Onaping/Levack
Mine Sites

Table 4.5.5 General IVaær Chemistry in Moose Creek:
Onaping¡Levack Mine Sites

f-
t

f-

t

t

1.3

t6.7
18.0

3.8

7.0
3.8
1.9

1130.0

nd

0.0
0.0
0.3
0.7
0.0
0.0
0.1

5.8
na

109o drange

na
na
na

6.5 - 9.0
na
na
na

incrcase of 10

0.1
na
na

0.01
0.1

0.5
0.5
I
5

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

15.0

146.3

588.0
15.0

nd
15.7

1530.0
7t5-7

0.0
0.9
1.2

0.0
na
1.9

5.8
1 1.1

na
na
na
na
na
na
na
na

I
I
2
1

I
5
1

0.1

Alkalinity
Chloride
Sulphate
Bica¡bonaæ
Carbonate
Colou¡ (TCI¡
Conductivþ (us/cm)
Flardness

0.49
nd

0.62
0.76
nd
nd

0.01
na

0.01

0.02
na
na

na
0.06
1.5**

na
na
na

0.05
0.01
0.05
0.05
0.1

0.01

Nirate
Nitrite
Ammonia
TKN
Phosphorus

Orthoohosohate

Error
SrdMean

M3CCME
Guideline+

LOQ
Parameter

I
Ì

L-

3'l
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Table 4.5.6 Metal Concentrations in Moose Creek; Onaping/Levack Mine
Sites

na
na

nd
nd

na
0.005

0.005
0.002

Total Cyanide
Free Cyanide

na
na

39.r
0.347

na
na
na
na

0.005
0.012

nd
nd

68.8

0.604

nd
nd
nd
nd

ffiìffi
0.021

0.1
0.000

na
0.8

0.004
0.0000

na
na
na

0.001
0.m2

7,7

iiïiT.ll!.S..íS,l:.itlllli

nd
79.7
0.&5

0.0003

nd
nd
nd

0.002

na

0.001

0.000r
na

na
0.0003*

na
na

0.005*
0.005*

0.03

0.5
0.002

0.0003
0.1

0.005
0.0001
0.002
0.002
0.0001
0.002
0.002

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

0.001

0.002
0.01
na

0.12
0.00
na
na

0-422
8.2

nd
5.3
0.r2
nd
nd

14.7

0.000
0.003
0.01

0.0000
0.0

0.003
0.02
na

0.043
0.3

0.27
0.0008

5.8

0.132
i1-liliiì:6ifÍ$räääl

nd
iililirÐäS$iãÌäi,.4r

2r.4

0.0006*
0.004

0.3
0.007

na
na

0.0001
0.01*
0.15

na

0.001

0.002
0.02

0.0001
0.1

0.002
0.1

0.002
0.002

0.5

Cobalt
Copper
Iron
I-ead
lvlagnesium
Manganese

Mercury (ug/L)
Molybdenum
Nickel
Potassium

0.00
na
na

0.0003
na
na

0.001

na
2.4
na

nd
nd

0.0267
nd
nd

0.0n
nd

277.7
nd

0.00
na
na

0.001
na
na

0.001

na
14.3

na

nd
nd

0.M2
nd
nd

0.033

nd
255.7

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
Bismuth
Boron
Cadmium
Calcium
Chromium

Std
Error

MoanStd
Error

Mean

CCME
Guideline+

LOQ

Metat (mg/L)
M3M3

Dissolved Meals Toøl Metals

Table 4.5.6 Meøl Concentrations in Moose Creek Onaping/Lævack Mine Siæs

38



r'

ECOITOGICAL SERVICES FOR PIANNING LTD.

4.6 Sediment Chemistry

4.6.1 QA/OC
The sediment chemistry QA/QC results are discussed below with detailed information

and analytical results presented in Appendix D.

Fietd QA/QC Checks

Replicate Samples
A replicate field sample was collected in the Exposure Area (OR3-6). The results of
the analysis on replicate the sample axe presented in Appendix D3. The comparison

of results with the replicate samples suggests that analytical results are generally

consistent, with differences < I0%. A few exceptions were noted, with replicate

copper analysis differing by 23% and silver by a6%. For most parameters, however,

the difference between replicate samples was no greater than the difference observed

between laboratory duplicate analysis. This indicates that the method of compositing

five grab sediment samples was valuable to accurately characterize sediment

chemistry.

Results of Swab Analvsis
Paper swabs were used to wipe down the bowls used to mix the composite sediment

samples after each sample was prepared. The swabs were subsequently sent for
analysis, with results presented in Table 4.6.1. The concentration of most parameters

was below detection limits, with the exception of trace levels of barium, boron and

copper. However, the concentration of zinc in the swabs was notable, with levels

ranging from 2.3 to 75.3 ¡tgltot. Since only zinc was present in significant quantities,

we are confident the methods of field washing the sampling equipment was effective.
However, some source of zinc contamination was present.

The suspected source of zinc was the powder present in the latex gloves used by the

field personnel. The talc powder is known to contain zinc which is used as a
bactericidal agent. To test this suspicion, we rinsed the latex gloves with clean

distilled water and submitted the solution for analysis. The results revealed the
potential for some contamination by magnesium, calcium, potassium, sodium andzinc
(data Appendix C).

The swab metal levels were lower than the levels measured in the actual sediments
(see below). This, coupled with the relative proportion of powder that would likely
be present in the samples, suggests that it is unlikely this source of potential
contamination would mask or invalidate any trends observed in the sediment data.

Laboratory QA/QC Checks

Replicate Analvsis
The results of the laboratory replicate analysis are, for the most part < 1.0Yo, and
considered very acceptable. A few exceptions were noted including duplicate cobalt
results which differed by tlYo, nickel by 13% and silver by 33%.

F

t

I
É
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Laboratory QA/QC Checks

Replicate Analvsis
The results of the laboratory replicate analysis are, for the most part < 10%, and
considered very acceptable. A few exceptions were noted including duplicate cobalt
results which differed by IIo/o, nickel by 13% and silver by 33%.

4.6.2 Chemistry
Sediment chemistry results are summarized (mean, standard enor) in Table 4.6.2.Due
to the limited availability of depositional sediments only three sediment samples were
collected from each of the Exposure and Reference areas. Results are presented for
both "raw' data, as well as results that were normalized for percent fines. The
proportion of fine particles did differ substantially between some samples. For
example, the percent fines in sediments from the Reference area ranged from about
0.9 to I5.4Yo, while in the Exposure area it ranged from 1.8 to 31.9%. Similarly, the
mean Total Carbon in the Reference Íìrea was only 0.89% compared with 6.9% in the
Exposure area. The latter value was strongly influenced by one sample with a carbon
content of t9.2V'.

The data show that the "uncorrected" concentrations ofcobalt, copper, zinc and nickel
in the Exposure area was much higher than in the Reference area. However, when the
data were normalized for percent fines, this difference either disappeared, or in some
cases the trend reversed itself (e.g. lead). For example, the mean concentration of
copper in the Exposure arca (146.6 mdkg) was significantly greater (p <0.05, table
4.6.3) than in the Reference area (12.3 mglkg). When normalized for percent fines in
the samples, the mean copper level in the Exposure area (1188 mg/Ð was not
significantly different (p > 0.05) than in the Reference area (689 mg/kg). The large
variability between samples, coupled with small samples sizes makes it difficult to
measure statistical differences.
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Zinc
Vanadium
Silver
Nickel
MolyMenum
Lead
Copper

Cobalt
Chromium
Cadmium
Boron
Beryllium
Barium

Meøl (ue/tot)

0.3

0.5

0.2
0.5

0.5

1.3

0.2
0.3

0.3
0.2
0.5

0.3

0.1

LOO

2.3

nd
nd
nd
nd
1.4

0.6
nd
nd
nd
0.8

nd
0.1

REF2
oR1

Reference Stations

4.6
nd
nd
nd
nd
nd
0.6
nd
nd
nd
nd
nd
0.2

REF 3

oRl

5.2
nd
nd
nd
nd
nd
0.4

nd
nd
nd
2.2
nd
0.1

REF5
oR1

72.3
nd
nd
nd
nd
nd
0.9

nd
nd
nd
r.2
nd
0.2

EÆ2
oR3

ExDosure Stations

75.3

nd
nd
nd
nd
nd
0.8

nd
nd
nd
1.0

nd
0.2

Replicate
I¿b

Êre2
oR3

2.4

nd
nd
nd
nd
nd
0.8

nd
nd
nd
nd
nd
0.1

Ð(P4
oR3

51.8
nd
nd
nd
nd
nd
0.5
nd
nd
nd
nd
nd
0.2

Ð(P5
oR3

1.0

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

I
Blank
Swab

t.2
nd
nd
nd
nd
nd
0.5

nd
nd
nd
2.4

nd
0.4

Replicæe

Lab
1

Blank
Swab

1.1

nd
nd
nd
nd
nd
0.4

nd
nd
nd
0.9
nd
0.2

2
Blank
Swab
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Table 4.6.2 Metal Concentrations in Sediments (mg/kg) from the Onap¡ng River

Parameter Exposure

Normalized (0,6 lines)

SE

Barium 126.8

Cadmium 0.29

Chromium 157,2

Coball 83.3

Copper 432.7

Lead 38.4

Mercury 0.08

Nickel 776

Situer 8.09

Vanadium 146.4

Tinc 286.5

Tolal Organic Carbon nla

nia: nol applicable

nla5.957.46n/ania0.971.35

602.117.9884.87't051.41915.36.5743J7

257.24.9824.13760.91238.30.7823.20

10.390.100.6538,879,90.331.94

24ß6374.66374,67M7.1805.81.0416.87

0.220.010.030.621.0300.02

8s.82.909,63156.6273.41.246.33

1188,348.06146,57845,3689.91.7712,27

298.113.5439,83199.1353.50.827.70

273.15.7025.57561,31008.91.7719.87

1.020.080.151.223j20.080.13

263.65.7427.30576,61010,93.2322.53

MeanSEMeanSEMeanSEMean

Nomalized (% fines)

Reference
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Table 4.6.3 Statistical Analysis Results for Selected Sediment from Reference and Exposure Areas at Onaping/Levack
Mine Sites

Parameter Normalized to mg/kg Fines

p-value

Copper 0.487

Lead 0.297

Nickel 0.137

' t-value calculated from log tnnsformed data

na failed assumption of equal varianæs

)

6.33 (r1.24)

12.3 (!1.77)

Reference

Mean (Ès.e.)

16.9 (r1.0) 374.7 (x216.3)

9.63 (12.90)

146.6 (148.1)

Exposure
Mean (Ès.e.)

1.046

5.973'

t value (d.f,=4)

na

0.355

0.004

p-value

mg/kg

805.8 (1447.1)

273.4 (r156.6)

689.9 (1488.0)

Reference
Mean (ts.e.)

2466.2 (1776.3)

85.8 (138.4)

1188.3 (r432.i)

Exposure Mean
(ts.e.)

1.853

-1.199'

0.764

t-value
(d.f.=4)
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4.7 Benthic lnvertebrate Gommunity Structure

4.7.1 oÁ/QC
Four of the twelve benthic samples were subsampled in the laboratory due to the large
number of organisms present. Either a 1/¿ or a % sanple was taken for sorting and
enumeration (Appendix E2). Two of the samples @ef ORl-l, Exp OR3-6),
representing approximately 20Yo of the samples, were dividied, and then both fractions
processed to determine potential subsampling error. The coefficients of variation
between the sorted fractions were9.5Yoand2.80/o, indicating very good representation
of the subsamples.

Two samples (Ref ORl-4, Exp Surber-3) were sorted a second time by a different
person to determine if organisms were missed during the first sorting process. The
second resort showed that the original sorting was >95Yo complete, indicating
excellent recovery of organisms by the benthic technician.

4.7.2 Community Structure
Results of the invertebrate survey (Table 4.7.I) show how sampling method and
location can influence results. Ponar samples were collected in comparatively slow-
moving water, while Surber samples were collected in gravel riffle areas. Ponar
samples had higher overall density of organisms but a lower number of taxa. The
number of chironomid taxa was higher in the Ponar samples than in Surber samples.
The EPT Richness was lower among Ponar samples compared with Surber samples
(Table 4.7.I). These differences reflect habitat differences.

Mean organism density and the total number of ta:ra were significantly lower in
upstream reference area compared with downstream exposure area for both sample
methods (Table 4.7.I). The EPT Richness was also lower in the reference area
compared with the exposure area for both sample methods. However, the number of
chironomid taxa was higher in the exposure area for both sample methods, which can
be indicative of a stressed benthic community.

The presence of shess-sensitive and stress-tolerant organisms in the Onaping River
is presented in Tables 4.7.2 and 4.7.3 respectively. Of the seven stress-sensitive
organisms found in the reference area, only one, Pseudorthocladius, was not found
in the exposure area. Glossosma and Xenochíronomus, both considered sensitive to
stress, were found in the exposure area but not the reference area. Xenochironomus,
is considered indicative of clean water as it feeds on freshwater sponges which require
clean water. However, it only occurred in one of the three Ponar samples collected
in the exposure area.

Caenis, Cladopelma, Cryptochironomus and Stictochironomus are stress tolerant
organisms which were found in the exposure area (Table 4.7.3). They were not
represented in the reference area samples. Only one stress-tolerant organism, Physella,
was present in the reference area and not represented in the exposure area samples.
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Table 4.7.1 Summary of Benthic lnvertebrate Data from Onaping/Levack Mine Sites,
October, 1996

p-value

Organism Density (per mJ 0.021

0.018

Total No. of Taxab

Mean No. of ïaxa

EPT Richnessb

No. of Ephemeroptera Taxab

No. of Chironomid Taxab

t-value calculated from log transformed data

pooled replicates

a

b

Surber na2213

15Ponar na26

5Surber naI
1Ponar na1

20Surber na35

4Ponar na7

23.0 (r8.9)Surber 51.0 (r1.0)

Ponar 31.0 (i5.2)18.3 (16.0)

Surber na8046

na5734Ponar

3.895'5,618.5 (r1,487.3)1,103.7 (t369.3)Surber

3.714^42,938.2 (111,764.6)6,271.6 (13,021.8)Ponar

Sampler t-values
(d.f.4)

Exposure Mean

(ts.e.)
Reference Mean

(rs.e.)

t

t

I
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/

SurberPonarSurber

Reference

Table 4.7.2 Occurrence of selected stress-sensitive organisms
in the Onaping River

Taxa Exposure

Ponar

Annelids

Lumbriculidae /
Ephemeroptera

Stenonema vicarium

lsonychia

Plecoptera

Acroneuria

Taeniopteryx

Trichoptera

Glossosoma

Hydropsyche dicantha
Lepidostoma

Di ptera (C hi ronomi dae)

Pagastiella-

Xenochironomusr

Pseudorthocladius

-Pagastiella:

higher absolute numbers downstream (ponar) but higher relative abundance upstream
*Xenochironumus

feeds on freshwater sponges which require clean water, therefore Xenochironomus is an indicator
of clean water - only occunence was at EXP station in one of three ponar grabs
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Table 4.7.3 Occurrence of selected stress'tolerant organisms
in the OnaPing River

Taxa Exposure

Ponar

Tubificids

Ephemeroptera

Caenis

Di ptera (C hi r onomi daej

Cladopelma

Cryptochironomus

Micropsectra

Parachironomus

Polypedilum.

Stictochironomus

Ablabesmyia

Procladius

Molluscs (Gastropoda)

Physella

- 
Polypedilum

had greatest relative abundance downstream with Ponar

;

SurberPonarSurber

Reference

t
I
I

t
I

i_

iL,
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4.8 Fisheries

4.8.1 Community
In generaly, very few fish were caught during the survey. The fish catch in the
exposure area consisted of white sucker (Catostomus cownersonl), yellow perch
(Percaflavescens) and rainbow trout (Oncorhynchus mykiss). All fish were captured
by gill net. All fish were measured, weighed and kept for further analysis.

The fish catch in the reference area consisted of white sucker, northern pike (È'sot
lucius), brook trout (Salvelinus þntínalis) and pearl dace (Margariscus margarita).
All fish were captured by gill net except one pearl dace. All fish were measured,
weighed and kept for further analysis.

Exposure Area
Relative abundance for fish captured by gill net in the expozure area are presented in
Table 4.8.1.

Table 4.8.1. Relative Abundance of Fish Captured by Gill Net in the
Exposure Area of the Onaping River, October, 1996

Species Relative
Abundance (70)

White sucker 50

Yellow perch

Rainbow trout

100

A total of 74 hours was expended on fishing minnow traps in the exposure area
yielding no catch.

Reference Area
The relative abundance offish captured by gill net in the reference area are presented
in Table 4.8.2. Northern pike made up 72.7% of the catch, white sucker and brook
trout made up 18.2 and9.lVo, respectively.

25

25

Total 4

6015 m 1.5" gill net
15 m 2.5" gill net

1

6015 m 1.5" gill net

15 m 2.5" gill net

1

6015 m 1.5" gillnet
15 m 2.5" gill net

2

Effort
(hours)

Method of Capture# Caught
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11

4815 m 1.5" gillnet
15 m 2.5" gill net

1

4815 m 1.5" gillnet
15 m 2.5" gill net

I

4B15 m 1.5" gill net

15 m 2.5" gill net

2

Effort
(hours)

Method of Capture# Caught

Table 4.8.2. Relative Abundance of Fish Captured by Gill Net in the
Reference Area of the Onap¡ng River, October, 1995

Species Relative
Abundance

White sucker 18.2

Northern pike 72.7

Brook trout 9.1

Total 100

A total of 96 hours was expended on fishing minnow traps in the reference area with
only one pearl dace captured.

A total of 189 hours was expended on fishing modified minnow traps in the reference
area yielding no catch.

4.8.2 Tissue Analysis
Two white suckers were submitted from the reference and exposure areas,

respectively, for MT analysis. The size of these fish were:

Age (yrs)

Exposure
E-01
E-03

Reference
R-01
R-02

The results of metal and metallothionein analysis of white sucker liver, kidney and gill
tissues are summarized in Table 4.8.3 (raw data Appendix F3). Although statistical
analysis could not be conducted on these small samples sizes, metallothionein levels
appear higher in liver, kidney and gill tissues from fish collected in the exposure area
compared with fish collected in the reference area.

The metal values in Table 4.8.3 are expressed as uMoles/g tissue. This value
represents the sum of the concentrations of zinc, cadmium and copper which were
analyxed separately. Although statistical analysis could not be conducted on these
small sample sizes, the tissue metal levels in kidney are not very different between

I
3

4
I

47r
47

336
158

53.5
285.7

173
281

Weight (g)Length (mm)

I
å

Ë
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the reference and exposure areas. However, fish collected in the exposure a¡ea had
higher tissue metal levels in liver and gill samples compared with fish collected in the
reference area.

Table 4.8.3 summary of Metal and Metallothionein Results (Means
ts.e.)

Species/Parameter Exposure

Gommon White Sucker

Liver

Metallothionein (¡rg/g) 480 r 193 (n=2)

Metals (¡rM/g) 0.64 t 0.04 (n=2)

Kidney

Metallothionein (pg/g) 406 (n=t¡

Metals (pM/g) 0.62 (n=t ¡

Giil

Metallothionein (pg/g) 49.7 + 2.1 (n=2)

Metals (pM/g) 0.35 r 0.02 (n=2)

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
incurred during the study. The effort summarized below does not include time spent
comparing the Onapingllevack site for suitability for testing hypotheses in 1997 or
scoring the site criteria.

Reference

0.24 r 0.01 (n=2)

28.5 t 0.8 (n=2)

0.66 (n=1)

115 (n=1)

0.39 (n=t)

103 (n=1)
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Table 4.9.1 Estimated Level of Effort for Each Program Element in the Onaping/Levack
Mine Sites to October 18, 1996

Task Level Effect (person hours)

Project lnitiation Meeting 11.0

Literature Review and 1996 Study Design 37.0

Field Surveys 142 (includes 32 hours of safety
and orientation trainíng at INCO)

54

28

25

66

53

28

35

Data Analysis lnterpretation 58

Preliminary Surveys and Recommendations Report 75

Final Survey Report 95

Progress Reports 10.5

Conference Calls 13.5

Table 4.9.2 Expenses and Disbursements ($) for the Preliminary Field Survey at the
Onaping/Levack Mine Sites

Expense Fish

Travel

Accommodationsl

Mealsl

Miscellaneous

Supplies

Shipping

Tissue Processing

PopulationFish

Benthos

Sediment Chemistry

Water Chemistry

Sublethal Toxicity Sample Collection

Site Reconnaissance, Habitat Characterization and Station
Selection

Planning and Preparation of Field Logistics

240013855545na

906

1745

789

738

1944

BenthosSediment
ChemistryChemistry

WaterSublethal
Toxicity Sample

Collection

Analyses

51
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5.

5.1

DrscussloN

Gomparison of Results with Historical Data

Select water chemistry from the Reference area are compared with historical water
quality data for the reference area (Table 5.1.1).

Table 5.1.1 Summary of Select Water Chemistry Parameters (mg/L) at
Reference Area (OR1)

1996

Conductivity (¡r/s) 36

Sulphate 6

Copper <.002

Nickel <.002

These data would suggest that water quality in the Reference area has not changed in
the past 20 years. Detection limits in this study are also likely much lower than
previous surveys.

The concentrations of a few water chemistry variables for Moose Creek from different
studies are summarizedinTable 5.1.2. The results show that substantial reductions in
loading of most parameters (eg. sulphate, iron, nickel, copper) were realized between
L977 and 199 1. Water chemistry from 199 1 to the 1996 study was relatively constant.

Table 5.1.2 Summary of Select Water Chemistry ln Moose Creek (M3). Values
are means (mg/L) of replicate samples. Metals are total metal
levels

1996

1 535

588

0.37

0.74

0.094

Sul

lron

Nickel

0.011<0.17004

ND<0.03.005

68.314

383040

199519911977

.0250.050.21

0.2830.563.23

0.670.344.73

5596121470

013112401337

199519ft11977
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Water chemistry for some parameters in the Exposure area from background studies
are compared with the 1996 results in Table 5.1.3.. The data suggest that conditions
in the Onaping River have responded to decreased loading from Moose Creek, with
notable reductions in the levels of sulphate, iron, nickel and copper since 1977.
Previous studies that sampled frequently during a several week or month period noted
substantial fluctuations in the levels of some parameters in the Onaping River. These
fluctuations are attributed to changes in effluent chemistry, changes in water flow (and
hence dilution) in the Onaping River, and changes in surface and groundwater runoff
which would affect loading rates from nonpoint sources. Since this study only
sampled on one occasion, comparisons with previous studies should be made with
caution.

Table 5.1.3 summary of select water Ghemlstry (mg/L) in onaping River
Below Mine Effluent

1996

S/cm 131

35

lron

Nickel

There are limited historical sediment quality data in the Onaping River. Table 5.1.4
presents a comparison of mean sediment concentrations of some parameters from this
study with those of Bowman and Mise (1992). The results a¡e from our exposure area
and from another depositional site further down river for the 1991 data, There appears
to be a trend toward decreasing sediment metal concentrations during the past 5 years
but the results are based on limited sampling and are from different areas.

Table 5.1.4 Comparison of Downstream Mean Sediment Metal
Concentrations (pg/g)

1996

146

375

9.6

0.267

.06

.008

Copper

Nickel

Lead

.003.020.022

.u1150.254

278.290.46

226460

105130135

199519911977

153

17

726

520

r991

Zinc

53

65

I

t
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The results of benthic data in the Exposure area from different background studies are
compared with the 1996 results in Table 5.1.5. Data from the background reports were
selected that were as comparable as possible to the timing (eg. fall) and method
(Surber or Ponar) to the 1996 study. A number of benthic indicator measures
including total number of taxa, mean number of taxa and EPT index demonstrate a
clear improvement in the benthic comrnunity frorn 1997 to the present time.

Some caution must be exercised when attempting to directly compare studies as
results are sometimes reported differently, or organisms are grouped differently
depending on the level of expertise of the person sorting and identiffing the benthic
organisms. For example, the number of benthic taxa possibly reported in a study is
directly dependant upon the level of identification. From the background reports there
do seem to be differences as indicated by the following:

Study # of taxa categories considered
Bolger (1977) 72
Bowmand and Mise (1991) 46
Aquatic Sciences (1995) 76
ESP (1996¡ tzs

Notwithstanding these concerns, the benthic community in the Exposure area of the
Onaping River appeats to have responded to decreased loading of metals in the water,
and possibly in the sediments as well.

Table 5.1.5 summary of Benthic Invertebrate Data collected ln onaplng Rlver
Below Mine Effluent

P

127

ïotal # Taxa

Mean # Taxa
31

# of

EPT index

Shannon Weiner

% chironomids by 37.3

data are from September, Surber, n=g reps

September, Surber, n=6 reps

October: air-lift n=3 reps

reos: P = Ponar.

7

I

2

J

4

n.432.4

3.44.08

35101.0

513110.2

803318

5,6199201223

s

1995319fi21gnl

Lrft¡t

October:S=Surber.n=3

54

n=3 reps
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A comparison of fish species caught in the study area from four different surveys is
presented in Table 5.1.6. With the exception of white suckers, there are few
similarities in species composition either between years or between Reference and
Exposure areas. Our study caught fwo species (although only 1 specimen each) of fish
(Rainbow trout, yellow perch) in the exposure area not previously recorded. This may
be a result of improved water quality in the Exposure area. Gamefish caught in the
Reference area in this study included Brook trout and Northern pike.

Table 5.1.6 Summary of Fish Species Captured in Study Area

Collection Year (source)

1977^

(Bolger,1980)

1gg1b

(Bowman and .Mise, 1992)

1 995'
(ASl, 1996)

1 gg6d

(ESP, 1996)

Exposure Area (0R3)

White sucker

Brook stickleback

Brown bullhead

Finescale dace

Lake chub
White sucker

Lake herring

Creek chub

White sucker

Common shiner

Chub

Mottled sculpin

White sucker

Rainbow trout
Yellow perch

July survey

July and September results

June and September

0ctober

Brook trout
White sucker

Northern pike

Pearl dace

Trout perch

White sucker

Brook trout

Shiners

Common shiner

Central mudminnow

Lake chub

White sucker
Ling

Finescale dace

Reference Area (ORl)

5.2 Gomparison of Reference Versus Exposure Areas

The data presented in Section 4.5.2 clearly show that the concentration of several
metals and general water chemistry parameters a¡e elevated in the Exposure area
relative to the Reference area. The sources of these substances will include the INCO
and Falconbridge effluents into Moose Creek, the Levack sewage treatment plant
(STP) and nonpoint sources from groundwater discharge and surface runoff.

'We are very confident that river geomorphology and habitat types were similar
between the Reference (ORl) and Exposure (OR3) areas in the Onaping River. Both
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the reference and exposure areas had split and main channels and eddy pools.
Discharge rates were 9.5 and l0.S m3/s in the reference and exposure areas
respectively. Substrates were very similar in both areas and bank stability was 100%.

The sediment chemistry results indicate some metals are elevated in the Exposure area
relative to the Reference area @igure 5.2.1). The mean nickel concentration is also
much higher in the Exposure area (374 x.375 pglg) than the Reference (16.8 r 1.g
pglg) wea (also see Table 4.6.2).

The clifferences in metal levels between the Exposure and Reference area were less
pronounced when the data were normalized for percent fines. From an ecological
perspective, however, it may not be important to normalize for percent fines since
benthic organisms will be exposed to the total metal concentrations present. It may
be appropriate to determine biologically available metal concentrations through
analysis of acid volatile sulphides (AVS) or other indicators of availability.

Results of the invertebrate survey (Table 4.7.1) show how sampling method and
location can influence results. Ponar samples were collected in comparatively slow-
moving water in substrates composed largely of sand, while Surber samples were
collected in gravel riffle areas. Ponar samples had higher overall density of organisms
but a lower number of taxa. The number õf chirono-id ta*a was highôr in the Ponar
samples than in Surber samples. The EPT Richness was lower among Ponar samples
compared with Surber samples (table 4.7.1).

Mean organism density and the total number of ta¡ra were significantly lower in
upstream reference area compared with downstream exposure area for both sample
methods (Table 4.7.I). The EPT Richness was also lower in the reference area
compared with the exposure a¡ea for both sample methods, suggesting better water
quality in the exposure area compared with the reference area. However, the number
of chironomid taxa was higher in the exposure area for both sample methods, which
can be indicative of a stressed or nutrient enriched benthic community. These
indicators suggest a healthier benthos community in the Exposure area compared with
the Reference area.

The most likely explanation for the observed pattern in the benthic community is the
sewage treatment plant (STP) at Levack. The STP could influence the benthic
communify directly in two ways: 1) provide nutrients and organic substrate to act as
a food base to stimulate the benthic invertebrates, and 2) loading of organic material
could act to scavenge and bind metals in the water, thereby reducing their toxicity.
It is well established that the toxicity of some metals, especially copper, is greatly
reduced by the presence of organic material (rvinner et. a. l9B4; 1985; Borgmann
and Ralph 1983). Elevated water hardness in the Exposure area could also be acting
to ameliorate some of the potential metal toxicity (eg. Sprague 1985).

The total fish catch per unit effort (CPIJE) for gill nets was higher in the Reference
area (5.5 frsh/24 hr/30 m net) than the Exposure area (I.6/24 hr/30 m). However, the
overall fisheries catch was low considering the arnount of effort and little information
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Figure 5.2.1 Comparison of select metal concentrations (ug/g)

in sediments from the Onaping Rlver
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is provided on relative abundance of species or fish community structure.

The fish tissue analysis did suggest that both metals and metallathioneins were higher
in fish from the Exposure af,ea compared with the Reference area. This trend is
consistent with the pattern of environmental exposure in water and sediments.
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6. COIICLUSIOI{S AND RECOMiI ENDATI OIIS FOR FUTURE
SAMPl.I1{G

Evaluation of the suitability of the Onaping/Levack site for testing hypotheses in 1997
was presented in a separate report. In that document, the site specific characteristics
of the site are summarized and the site is compared against specific selection criteria
and individual hypotheses. The site has many positive attributes but these must be
weighed against confounding factors including the presence of the sewage treatment
plant at Levack, and combined effluents from INCO and Falconbridge. It would be
difficult to isolate the relative effects of these influences.

The 1996 preliminary field survey shows that the Onaping Site meets some of the
criteria for hypothesis testing in 1997. The river geomorphology and habitats are
very similar between the Exposure and Reference area. The site is readily accessible
by road, particularly the Exposure area. There is good potential for multiple sampling
stations in both the Exposure and Reference areas. There is a good database of
background information. Both INCO and Falconbridge will have e.ffluent
charactenzafion for toxicity and chemistry under the Ontario MISA prograrn, although
that information was not used as part of this study.

The effluents from both INCO and Falconbridge demonstrated sublethal effects on
the test organisms. In particular, growth of both Lemna and Selenastrum were
inhibited. The effluents both inhibited reproduction of Ceriodaphnia to some degree,
while the INCO effluent also affected Ceriodaphnia survival as well as growth of
fathead minnows. Repeated sublethal toxicity testing, simulataneously for both
effluents, at different times would better characterize the potential toxicity of these
effluents.

There is a clear difference in metal concenfrations and water chemistry parameters
between the Exposure and Reference area. Metals are being contributed from both
point and nonpoint sources. Detailed mass balance investigations would be required
to identiff the relative contributions of these sources to the Onaping River in the
vicinity of the mines. From comparison with background reports, it appears that
metal levels in the Exposure area have decreased during the past 20 years as a direct
result of decreased discharge in the mine effluents.

Depositional sediments are not coÍrmon within the Onaping River due to its relatively
sfeep gradient and erosional nature of the watercourse. However, sediments were
located during the 1996 flreld survey and sampled for chemistry and benthos using a
Ponar sampler. The "raw" sediment chemistry results clearly indicated higher metal
levels in the Exposure area compared with the Reference area. However, when
normalized for percent fines, some of these differences dissappeared. There was
substantial between sample variability in some of the sediment metal concentrations,
percent fines, and organic carbon content. A greater number of sediment samples
would have to be collected and anulyzed to better detect differences or gradients in
sediment chemistry in future studies.
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The benthic invertebrate survey results were interesting in that the expected effect of
exposure to mining effluent was not observed. In fact, by most indicators and
measures, the benthic community in the Exposure area was more diverse and more
abundant than in the Reference area. This may largely be attributed to the Levack
sewage treatÍnent plant which contributes nutrients and organic matter to the Onaping
River near where the effluents are discharged. In addition, the benthic community in
the Reference area may be affected by periodic low water levels due to water
regulation and water diversion of the Onaping River upstream of the study area for
hydroelectric purposes.

Comparison of the benthic survey results with historical data suggcsts that the benthic
community in the Exposure has improved substantially during the past 20 years. This
is likely a response to decreased metal levels in water and possibly in sediments.

The results of the 1996 benthic survey were also interesting in that two collection
techniques were used; Ponar sampler in soft depositional sediments, and a Surber
sampler in coarser substrate in riffle areas. The data were summarized and presented
separately for both methods. The results showed similar trends and gradients between
the Exposure and Reference areas, but the data clearly reflected the different types of
habitat sampled. For example, the Ponar sampler tended to collect more chironomids,
while the Surber sampler clearly contained more taxa and organisms within the EPT
groups. The results emphasized the importance of comparing benthic data collected
by similar techniques. We would recommend any fufure studies to utilize both
techniques to capture as wide a variety of benthic organisms as possible.

The fishing surveys yielded relatively few fish, and greater effort would be required
to better cbaractenze the fish community in the Onaping River. The 1996 survey did
capture yellow perch and rainbow trout which had not previously been reported in the
Exposure area.

Samples of white sucker were submitted for metals and metallothionein analysis in
1996. Based on a small sample size, the data showed elevated metals and
metallothionein in fish tissues from the Exposure area. Future studies should consider
sampling fish at a different time of the year. An early spring survey shortly after
ice-out and before spawning would be ideal. Suckers are schooling for spawning at
this time and it would be possible to capture large numbers once spawning
congregations were located. Also; the gonads would be fully developed making it
possible to destablish goodmeasures of fecundity and other reproductive performance.
Future studies would have to take into consideration the lack of major obstacles to
fish migration which allows fish to travel freely along the length of the river.

Overall, the Onaping/Levack is clearly suitable for future testing of a few hypotheses,
while it is partially suitable for several of the proposed hypotheses in the AETE
program.
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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 quality 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 (DaOs) have been set
where applicable. Data quality objectives are defined by the US EPA as 'Qualitative and
quantitative statements of the level of uncertainty that a decision maker is willing to accept
in decisions made with environmental data" (QUAMS; 1986, lggo). 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 ol 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 establ¡shed before the
field work was underway. Detection limits for field inslruments (Hydrolab, ysl etc.) and the
gravimetric measurements for biological analyses (e.g. fish organ weights ) were also sent
to each team.

QUALITY CONTROL OFFICER

The quality control officer (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 laboratories 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 conducted,
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
under control. The QCo will also be made aware of all outliers.

FIELD PROTOCOLS FOR WATER, SEDIMENT AND BENTHIC
SAMPLING

R eSpoTISIBILITIES AT{D TRANING

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 fotlowed.

SreruonnD OpERATtNc 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 landmarks. The tocation 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
o field crew members
. habitat descriptions
. sampling methods
. depth
o wind and climatic conditions
o water temperature
o substrate type (sand/gravel/cobble/silVclay)
o water velocity (rivers)

This information was recorded on field data sheets

Benrnrc Seupunc



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 cla¡ 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
preferable to the ponar because the latter tends to fill ent¡rely with sediments, thereby
obliterating the sediment-water ínterface. 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 certain amount of trial and error may be required to determine the
most appropriate sampler.

The Surber sampler was used in shallow (<32 cm), flowing waters on rocky substrates
where a grab sample cannot be taken. The Suber 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 otf
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 of 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:

r 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

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 occtJr along the
edge of the Hess/Su¡Oer sampler frame by shifting of rocks and gravel along the outside
edge of the sampler.

o 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.

O Hold the sampler with one hand or brace with the knees from behind.

o Heavy gloves should be required when handling dangerous debris; for example, gtass
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 sofi brush to dislodge the organisms and pupal cases, etc.,
clinging to them before discarding.

. Wash larger components of the substrate within the enclosure with stream water; water
flowing through the sampler should carry dislodged organisms into the net.

o 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 maY 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 fíxative.



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 sampre.

Rinse the sampler net after each use.a

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.

Sievlng of Benthic *mples

Samples were sieved in the field using a mesh size of 250 pm, and preserved with sufficient
buffered formalin to produce a 10 o/o concentration. lf further sieving was required (e.g., S00
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 klentiîication

lnvertebrate samples were sorted on a low power microscope and keyed to the generic
level. A reference collection of identifíed organisms will be maintained for both the receiving
and reference environments. Taxonomy will be verified by an independent expert. Sorting
efficiency will be est¡mated by recounts of the sorted material on 10% of the samples. lf
subsampling is deemed necessary, an estimate will be made of the subsampling error. Alt
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.

Waren GnennrsrRv

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. In 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, @nductivity, dissolved oxygen and pH were atso taken
at each station using a Hydrolab HzO or ySl meters. The analytical methods for calibration
and use of each field instrument were those outlined in each respective instrustion manual.



A log was kept of each field instrument indicating 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 collection 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 boüle filled
with distilled deionized water in the laboratory. The transport blank was brought to the f¡eld,
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 of an Analyticat 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 officer
. Adequate and training of personnel
. Good Laboratory Practices (GLps)
. Sample preservation and storage protocols
. Sample tracking system (e.9., LIMS system)
. Use of QC samples to ensure control of precision and accuracy (Blanks, replicates,
spikes, certified reference materials (minimum etfort should be 1 s-2C'/o)
. Maintenance of control charts and control limits on each ec sample
o Data handling and reporting (blanks, replicates, spike recovery, significant figures)
. Policy for reporling 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 statistical control at the time of
analysis. The QCO also ensured that the analytical laboratory aüained the required
detection limits or had a valid technical reason when these limits were not atta¡ned. These
values were flagged in the analytical report. The OCO examined all outliers and can
request repeat analysis ¡f the data are questionable.

Seoruenr SalvlpL¡r,lc

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 depositionat 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 penetrat¡on was a minimum of
4-5 cm depth to ensure the upper two cm was not disturbed. One composite sediment
sample, consisting of five grab samples was collected per station. The upper two cm of
substrate from each of the 5 grabs were placed in a glass or plastic mixing bowl. The
composite sample was then homogenized in the bowl with a plastic spoon. Sample jars
provided by the laboratory fi.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 contamination.



Quality Control Protocols îor *diment &mpling

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 turÖid indicating minimal distubance, d) the desired
penetration depth is achieved (i.e., 4-5 cm lor a 2 cm deep surficial sample). lf any of the
above criteria were not met, the sample was rejected. The samples were placed in sample
jars provided by the analytical laboratory (precleaned glass, teflon lined lids). The giab
samplers were cleaned between stations using a phosphate-free detergent wash and a
rinse with deionized water. The plastic utensils and bowls were cleaned between sampling
stations using the following protocol: 1) a water rinse,2) a phosphate-free soap wash,3) a
deionized water rinse, 4) a 5/" HNO3 rinse and 5) a final rinse in deionized water. Three
swipe blanks were collected, each in the reference and atfected 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 líkely to contact sample media. These samples were ptaced 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 anatysis. Each
sample was analyzed for site specific metals, total organic cabon (TOC), part¡cle 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.

ToxcrY Snuples

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 outlined in the document Aquatic Effeas Technotogy
Evaluation Program Proiect #4.1.2a Ertrapolation Study. B.A.R. is expected to compty with
the following QA/QC protocols:

o Written or referenced SOPs for each test
o Adequate training of personnel
. Appropriate instrument calibration and maintenance
o GLPs
o Dilution watercontrols
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 falt
within control limits, control mortality is limited etc.

Fsn Sen¡PLEs

Metallothionein and metals anal¡¿sis were, where possible and appropriate, conducted on a
minimum of I 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 lrozen on dry ice
and forwarded to the laboratory for analysis.

Standard operating procedures for gill netting, trap nett¡ng 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 nett¡ng
was 2 days per station (reference and exposed; total 4 days). Gill nets were checked
frequently to collect living fish.

Protocol îor 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 which 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 maked on an
appropriate map ancUor 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 aocording to the requirements
of the sampling program.

Protocol lor fiap 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 hotes and
signs of excessive wear (broken ancl/or frayed lines or attachment po¡nts) 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 aocess point opening. All damages
were repaired, the house opening was secured and the net was repacked to facilitate ease
of deployment.

2) Netting sites were selected that are relatively smooth bottomed, of a substrate suitable
for anchoring (i.e. mud, sand, and/or 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 4So angle
to the lead, and lightly tensioned. The date, time of day, water temperature and other
appropriate information were recorded in the field book.

4) When servicing the net, the house float was lifted and the boat was pulled under the
anchor line between the house and the house anchor. The boat was then manually pulled
sideways to the house 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 access point was then opened
and the fish were removed, identified and enumerated. The fish required for analysis were
retained, while the remainder were released live. The catch and the ancillary environmental
data (as above) were recorded in the field book. The house opening was then closed and
the boat backed out from beneath the net. Anchors were lifted and reset to re-tension the
net as required.



Protocols îo r Back-Pack Electroîishing

The operators of the electrofishing gear will follow procedures outlined ¡n 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 standad text
books.

Analysis oî 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 external/internal conditions
O SEX

. age
o gorìâd weight
o kidney weight
. egg size and mass (if appropriate)
o 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 *2 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 5/" of total body weight.

An external examination was conducted for lumps and bumps, secondary sexual
characteristics, missing fins or eyes, opercular, fin or gill damage, external lesions,
presence of parasites, and other anomalous features. All external lesions were recorded as
to position, shape, size, colour, depth, appearance on cut surface and any other features of
note. Photographs were taken of lesions to aid in their interpretatíon. The external
conditions were assessed according to the health assessment index of Adams et al. (1993);
or Goede (1993) on data logging sheets.



Age were determined by the appropriate structure (scales, otoliths, pectoral spines)
following established protocols. A single person ( John Tost; North Shore Environmental)
will perform the age determinations on all the fish. Aging structures were archived for future
reference. Fish age will be confirmed by a second expert (minimum 10/o).

The body cavity were opened to expose the internal organs. The internal examination of
each fish included the recording and/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 ditfuse, it was
teased from the intestines starting from the posterior and proceeding anteriorly. The liver
was weighed, divided in half and trozen in separate plastic bags for metats 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 ot +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 contain¡ng a known volume of water.
The cylinder was placed on a balance so that the mass of the 100 eggs could be
measured. The volume of the eggs was then determined from the displacement of the water
in the cylinder.

The kidneys were removed by making lengthwise incisions along each edge of the tissue
and then detached using the spoon end of a stainless steel weighing spatula by applying
firm but gentle pressure against the upper abdominal cavity wall (dorsal aorta). 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 frozen on dry
ice for both metals and metallothionein analysis.

The gills arches and attached filaments were removed by severing the dorsal and ventral
cartilaginous attachment of the arches to the surrounding orat cavity. The gill arches were
placed in whirlpack bags and frozen on dry ice for metals and metallothionein analysis.
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ECOLOGICAL SERVICES FOR PLANNING LTD

Photo 1, Moose Creek - combined lnco/Falconbridge effluent, Site M3-1
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Photo 2. Moose Creek - combined lnco/Falconbridge effluent, Site M3-2
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ECOLOGICAL SERVICES FOR PLANNING LTD.

Photo 3, Moose Creek - combined lnco/Falconbridge effluent, Slte M3-3
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Onaping River - upstream of 0R3, flow measurement site (pool tail) and Surber

sampling site (riffle)
Photo 4.
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ECOLOGICAL SERVICES FOR PLANNING LTD.

À Flow measurement upstream of 0R3

Photo 6, Onaping River - 0R3 - Exposure sites (1-6)
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ECOLOGICAL SERVICES FOR PLANNING LTD.

Photo 7. Onaping River - 0R3 - upstream view, note gill net set buoy

Photo 8. Flow measurement upstream of OR1
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ECOLOGICAL SERVICES FOR PLANNING LTD.

Photo 9. Onaping River - downstream view to 0R1 from Surber sampling site

Photo 10, Onaping River - Reference 0R1 (sites 1-6)
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Detailed Methods
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- Client: 

lgoloeical Services for planning

I 361 Southgate Drive
Gueþ, ONT, CANADA

r . Nlc 3M5

MDS
Environmental Services Limited

Certifïcate of Analysis

Date submitûed:

Date Reported:
MDS Ref#:
MDS Quore#:

Client Ref#:
Sampled By:

October 2/96
October 10196

966847
96-697_GS

96239
Mike Zimner

lf\Vo\dÅ

# rtotu,

Fax: SL9-836-2493

Attn: Barbara Dowsley

Amlysis perfonned:

Methodology

Alkalinity

gi:ï(Cl,NO2,NO3, o-po4 & sO4)

ICAP MS package, 8 Elemenr tCpÁ¡S Scan
Reactive Silica

lgAP MS package, 22EtementICp_MS Scan
RCAP Calculations
Manual Conventionals(pH,Tiubidity,Conductivity,Color)

ffercurl, Cold Vapour aa, oigestion *ãJ*U
Ammonia

l:tat -Kjeldaht 
Nirrogen, Digestion Required

Dissolved Inorganic Carbon, 
". 

C".Uoo@ìtoanalyzer)
Dissolved Organic Carbon, as Carbon(Autoanalyzer)
Total Suspended Solids
Cyanide, Free
Cyanide, Total(UV_Visible)

1) Determination of alkalinity in water by automated
colorimetry.
U.S. EpA Merhod No. 310.2
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MDS
Environmental Services Limited

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

Fax: 519-836-2493

Attn: Barbara Dowsley

Methodology: (Cont'd)

Certificate of Analysis

2) Analysis of anions in water by ion clromatography and/or.by 
colorimetry.

U.S. EPA Method No. 300.0 or
U.S. EPA Method No. 350.1, 354.I, 353. 1,
365.1 and 375.4.

3) Analysis of trace met¿ls in water by inductiveþ coupled
plasma atomic emission spectrometry.
U.S. EPA Method No. 200.7

4) Analysis of silicon in water by ICpAES and conversion to
silica.

Stendard Methods(l7th ed.) No. 4500-Si c
5) Analysis of trace metals in water by Inductively Coupled

Plasma Mass Spectrophotometry.

U.S. EPA Method No. 200.8(Modification)
6) Determination of theoretical RCAP parameters by

calculation.

EPL Intern¿l Reference Method
7) Analysis of water for pH(by electrode), conductivity(by

measuring resistance in micro siemens/cm), turbidity(by
nephelometry) and colorþy UV Visible Spectrometry).
U.S. EPA Method No. 150.1, 120.1, 1g0.1
and 110.3

Date Submitted:

Date Reported:

MDS Ref#:

MDS Quote#:

Client Ref#:

Sampled By:

October 2196

Octobet 10/96

966847

96-697-cS

96239
Mike Zimme¡
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¡

I

t

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

Fax: 519-836-2493

Attn: Barbara Dowsley

Methodology: (Cont'd)

Date Submitted:

Date Reported:

MDS Ref#:

MDS Quote#:

Client Reff:
Sampled By:

Octobet 2196

October 10/96

966847

96-697-cS

96239
Mike Zimmer

Certificate of Analysis

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

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

9) Analysis of ammonia in water by colourimetry in a
continuous liquid flow.
ASTM Method No. D1426-79 C
Refer - Method No. 1100106 Isxte l222gg

10) Amlysis of tor¿l Kjeldahl Nitrogen in water by
colourimetric determination in a continuous liquid flow.
ASTM Method No. D3590-84AFD
Refer - Method No. 1100106 fsslue 122289

11) The determination of dissolved inorganic carbon by
converting species to carbon dioxide and measuring the
decrease in absorbance ofa colour reagent.
MOE Method No. ROM - I}ZAC2.|
(Refer Method No. 1102106 Issue 122989)

12) Sample is filtered, followed by the colourimetric
determination of dissolved organic carbon in a
continuous liquid flow.
MOE MethodNo. ROM - L02AC2
Refer - Method No. 1102106 Issue 122989

Page 3



MDS
Environmental Services Limited

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

Fax: 519-836-2493

Attn: Barbara Dowsley

Methodology: (Cont'd)

Instrumentation:

Date Submitted:

Date Reported:

MDS Reû#:

MDS Quote#:

Client Ref#:

Sampled By:

Certificate of Analysis

13) The detennination of Tot¿l suspended Solids by weight.
u.s. EPA Merhod No. 160.2

14) Determination of free cyanide in water by UV-Visible
Spectrophotometry.

15) Analysis of cyanide in water by Ultra Violet
Spectophotometry.

U.S. EPA Method No. 335.2

1) Cobas Fara Centrifugal Analyzer
2) Dionex lon Chromatograph, 4500i/4000i or Cobas Fara II Analyzer
3, 4) Thermo Janell Ash ICAP 6lB plasma Spectrophotometer
5) PE Sciex ELAN 6000ICP-MS Spectrometer
6) Calculation from existing results; no instrumentation required.
7) orion pH meteriRadiomete¡ conductometer/Turbidity meter/uV-visible
8) Varian SpectrAA 400 Plus AA/VGA 761MrCA90 Mercury Analyzer
9) Skalar Segmented Flow Analyzer, Model SAZOI40

10, L l, 12) Technicon Autoannlyzer
13) Precision Mechanical convention oven/sartorius Basic Balance
14,15) Hach UV - Visible Spectrophotometer, Model DR/3000

October 2196

October 10/96

966847

96-697-cS

96239
Mike Zimmer

Page 4
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MDS
Environmental Services Limited

f
I
t
t

t'
t
I

- Client: Ecological Services for planning

361 Southgate Drive
Gueþh, ONT, CANADA

- NlG 3M5

Fax: 519-836-2493

Attn: Barbara Dowsley

Sample Description:

QA/Qc

Results:

Certificate of Analysis

Water

Refer to CERTIFICATE OF QUALITY CONTROL report.

Refer to REPORT of ANALySIS attached.

Ne'¡man
Manager

By

T. Munshaw, M.Sc.,C.Chem
Director, l,aboratory Operations

Date Submitted:

Date Repofted:

MDS Ref#:

MDS Quote#:

Client Ref#:

Sampled By:

October 2/96
October 10/96

966847

96-697-cS

96239
Mike Zimmer

t

t

É

Page 5
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Í' MDS
Environmental Seryices Limited

CIient: Ecological Services fq¡ Planning
361 Southgate Drive
Gueþh, ONT, CANADA
NlG 3M5

Fax: 519-836-2493

Attn: Barbara Dowsley

Analysis Performed:

Methodology:

Certifïcate of Anaþis

Alkalinity
Anions(Cl,NO2,NO3,o-PO4 & SO4)
RCAP MS Package, 8 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
,Ammonia

Total Kjeldahl Nitrogen, Digestion Required
Dissolved Inorganic Carbon, as Carbon(Au toanalyznr)
Dissolved Organic Carbon, as Carbon(Autoanalyzer)
Total Suspended Solids
Cyanide, Free
Cyanide, Total(UV-Visible)
Acid Digestion

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

Date Submitted:

Date Reported:

MDS Ref#:
MDS Quote#:

Client Ref#:

Sampled By:

Octaber 2196

October 15/96
96684

96-697-cS

96239

Mike Zimmer

t^vû&

?$ taa

fr

I

t

-. . 
ii5ril.i (.;t'! ('rr',\. 1)r.i ¿,¿, r1,1¿ss¿.ss.tt¡1r1, Ont.ctt.it¡, {..ictnrtL!ct t,,iY ipt'l'(i :90ï*6;;i":ì)iíii l:a.t:9ûõ"i)7iii7,lgt:ì,1,,¡!lJ¡l?c...7!s/.)rJc7i)1,70!)2
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MDS
Environmental Services Limited

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

Fax: 519-836-2493

Attn: Barbara Dowsley

Methodology: (Cont'd)

Certificate of Analysis

.2) Analysis of anions in water by ion chromatography and/or
by colorimetry.

U.S. EPA Method No. 300.0 or
U.S. EPA Method No. 350.1, 354.1,353.1,
365.1 and 375.4.

3) Analysis of trace metals in water by inductively coupled
plasma atomic emission spectrometry.

U.S. EPA Method No. 200.7
4) Analysis of silicon in water by ICpAES and conversion to

silica.

Standard Methods(l7th ed.) No. 4500-Si c
5) Analysis of trace metals in water by Inductively Coupled

Plasma Mass Spectrophotometry.
U.S. EPA Method No. 200.8(Modificarion)

6) Determination of theoretical RCAP parameters by
calculation.

EPL Internal Reference Method
7) Analysis of water for pH(by electrode), conductivity(by

measuring resistance in micro siemens/cm), turbidity(by
nephelometry) and color(by UV Visible Spectrometry).
U.S. EPA Method No. 150.1, 120.1, 1g0.1
and 110.3

Date Submitted:

Date Reported:

MDS Ref#:

MDS Quote#:

Client Ref#:

Sampled By:

October 2196

October 15/96

966847

96-697-cS

96239

Mike Zimmer

.._ .6950 (.;!)r!u.:fl.,\, 1)r.i¿'¿, rltl¡ssissttuqcr. Onlrtr.ío. Oa¡:rtcltt L4\t Ipt'li' 1 . : 90 5. (i7 :; ",i 2 ii 5 F-a.t : 90 b. 67 :J ;' 7,ti 0!t,f ttl l I.- rc,. ; 1 . S0û " 7 0 1 " 7 09 2 Page2



t' MDS
Environmental Services Limited

| - Client Bcological Services for planning

å 361 Southgare Drive
Guelph, ONT, CANADA

i 
. Nlc 3M5

' Fax: Stg-g36-24g3

Attn: Barbara Dowsley

Methodology: (Cont,d)

Date Submitted:
Date Reported:
MDS Ref#:
MDS Quote#:

Client Ref#:
Sampled By:

October 2/96
October 15196

966847

96-697_cs

96239
Mike Zimmer

Certifïcate of Analysis

8) Cold Vapour Atomic Abso¡ption Analysis of water formercury.

U.S. EpA Method No.245.2
(Reference - Varian Method No. AA_51)

9) Analysis of ammo
conrinuous liqrid fli;: 

water by colourimetry in a

ASTM Merhod No. D1426-79 C
Refer - Method No. 1100106 Issue 1222g9l0) Analysis of toüal Kjeldahl Nir.og"o l*ä", tycolourimetric determination ¡o 

" 
ãootio*is liquid flowASTM Merhod No. D3590-84AFD

Refer - Method No. 1100106Issue 1222g9
11) The derermination of dissolved ioorg-;l-""rto., Uyconverting species to carbon dioxide LJmea.u.ing th"decrease in abso¡ba¡

MoE Merhoo *". ìä;t_",;;Tä.*r*'.
(Refer Merhod No. 1102106 tssue tZZeAe¡

l2)-Sample is fittered, foltowed by il;;í.;merric
determination of dissolved organic .".ùoî ucontinuous liquid flow.
MOE Method No. ROM _ tOZACz
Refer - Method No. 1102106 Issue 1229g9

É

t.
... . 

ôòrì¿l (ì,tt.t,¿¿¡¡1, 1)tit¡ :l[i,.r:is.sut.t!(t, (in!ut.i,,, (.ttntt¡ltt Ì .l \, J/, 1
t!t. !)t!16i;',:.;..,1.ì,j f.i;r: s,,.s"r;¡.ìì;,:À,i i,,,i),ì,,., !.,st),t";.(t!d7t):).:
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MDS
Environmental Services Limited

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

Fax: 519-836-2493

Attn: Barbara Dowsley

Methodology: (Cont'd)

Instrumentation:

Certifrcate of Analysis

f 3) The determination of Total Suspended Solids by weight.
U.S. EPA Merhod No. 160.2

14) Determination of free cyanide in water by UV-Visible
Spectrophotometry.

t5) Analysis of cyanide in water by Ultra Violet
Spectophotometry.

U.S. EPA Method No. 335.2
16) Acid digestion of water for met¿l determination by

Inductively Coupled plasma Emission Spectrometry
and,lor flame or fumace Atomic Absorption Spectroscopy.
U.S. EPA Merhod No. 3020

Client:

1) Cobas Fara Centrifugal Analyzær
2) Dionex Ion Chromatograph, 4500i l4,O,ior Cobas Fara II Analyzer
3, 4) Thermo Jarrell Ash ICAP 618 plasma Spectrophotometer
5) PE Sciex ELAN 6000ICP_MS Spectrometer
6) Calculation from existing results; no instrumentation required.
7) orion pH meter/Radiometer conducrometer/Turbidity mei"./uu-ur.r¡r"
8) varian spectrAA 400 plus AA/'GA 76rMcA90 Mercury Anaryznr
9) Skalar Segmented Flow Analyzer, Model SAZO/4O

Date submitted:
Date Reported:
MDS Ref#:
MDS Quote#:

Client Ref#:
Sampled By:

October 2196

October 15/96

966847

96-697-cS

96239
Mike Zimmer

t;,\',;(t (-;t)!Ìu'aI l)t.it,,, ,1.[í-s,:issutigrr. Otti.ttt.i¡¡. (.inittrlu ],1\: iplI't'1.,t.ì¡t:\"tit lê;i!:;.t lttr.t ,,1;.,;¡;:ii;:t:.¡:i ':¡.,,i; 
,,: , t.,\o!tâ1i)1.70!):!
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I Client: Ecological Services for planning
å ¡61 Sourhgate Drive

Guelph, ONT, CANADA
i 
_ Nrc 3M5

Fax: 519-936_2493
I
I
¡i Attn: Barbara Dowsley

Instrumentation : (Cont'd)

Sample Description:

' QA/QC:

Results:

MDS
Environmental Services Limited

Water

T

Date Submitted:
Date Reported:
MDS Ref#:
MDS Quote#:

Client Ref#:
Sampled By:

October 2/96
October 15/96

966847

96-697_cs

96239
Mike Zimmer

Certificate of Analysis

70, I l, lZ) Technicon Autoanalyzer
13) Precision Mechanica-l convention oven/sartorius Basic Barance14,15) Hach UV _ Visible_Spect."pn"tr_ätUo¿"t 

DR/300016) Thermolyne Hotplate/Hot Block

t

Refer ro CERTIFICATE OF eUALITY CONTROL reporr.

Refe¡ to REPORT of ANALySIS arûached.

Certiñed By
Newman

Manager

Ã
M.Sc.,C.Chem

Director, Laboratory Operations

.,. ,!;.\;j() (;,!)t.t,.ttr,/.¡r;r¡, 
.l1isris...;utt.4ti. ()tttut.i,). (,unutitt i.lY ll,lt, t.;:rt;ì.t:;;in.t!,j:i /..,:t. i,,t.-,",;;.:i..;.:tìíj 

,i:l,ii 
t!,,, /e i¡,rj.7t)t.^¡1,¡.t
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f' MDS
Environmental Serviees Limited

Client: Ecological Services fs¡ Planniag
361 Southgate Drive
Gueþh, ONT, CANADA
NlG 3M5

Fax: 519-836-2493

Attn: Barbara Dowsley

Analysis Performed:

Methodology:

Certificate of Analysis

30 ELEMENT ICPAES AND ICP-MS SCAN
Alkalinity
Anios(C1,NO2,NO3,o-PO4 & SO4)
RCAP MS Package, 8 Element ICPAES Scan
Reactive Silica
RCAP MS Package, 22 Blement ICP-MS Scan
RCAP Calculations
Manual Convention¿ls(pH, Turbidity, Conductivity, Color)
Mercury, Cold Vapour AA, Digestion Required
Ammonia

Total (eldabl Nitrogen, Digestion Required
Dissolved Inorganic Carbon, as Carbon(Autoanalyzer)
Dissolved Organic Carbon, as Carbon(Autoanalyzer)
Total Suspended Solids
Cyanide, Free

Cyanide, Total(UV-Visible)
Acid Digestion

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

Date Submitted:

Date Reported:

MDS Ref#:

MDS Quote#:

Client Ref#:

Sampled By

Octobet 2196

October 15/96

96-697-cS

96239

Mike Zimmer

tf,ú01¿¿
#"zt z-tro

i, Page 1



MDS
Environmental Services Limited

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

Fax: 519-836-2493

Attn: Barbara Dowsley

Methodology: (Cont'd)

Date Submitted:

Date Repofted:

MDS Ref#:

MDS Quote#:

Client Ref#:

Sampled By:

October2196

October 15/96

96686s

96-697-cS

96239

Mike Zimmer

Certificate of Analysis

2) Analysis of anions in water by ion chromatography and/or
by colorimetry.
u.s. EPA Merhod No. 300.0 0r
U.S. EPA Method No. 350.1, 354.1,353.I,
365.1 and 375.4.

3) Analysis of trace metals in water by inductively coupled
plasma atomic emission spechometry.
U.S. EPA Method No. 200.7

4) Analysis of silicon in water by ICpABS and conversion to
silica.

Standard Methods(l7th ed.) No. 4500-Si c
5) Analysis of t¡ace metals in water by Inductively Coupled

Plasma Mass Spectrophotometry.

U.S. EPA Method No. 200.8(Modification)
6) Determination of theoretical RCAP parameters by

calculation.

EPL Internal Reference Method
7) Analysis of water for pH(by electrode), conductivity(by

measuring resistance in micro siemens/cm), turbitlityþy
nephelometry) and color@y UV Visible Spectrometry).
U.S. EPAMethodNo. 150.1, 120.1, 180.1
and 110.3

Page2



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)

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 ammonia in water by colourimetry in a
continuous liquid flow.
ASTM Method No. D1426-79 C
Refer - Method No. 1100106 Issae 122289

10) Analysis of total Kjeldahl Nitrogen in water by
colourimetric determination in a continuous liquid flow.
ASTM Method No. D3590-84AFD
Refer - Method No. 1100106 Issue 122289

11) The determin¿tion of dissolved inorganic carbon by
converting species to carbon dioxide and measuring the
decrease in absorbance of a colour reagent.
MOE Merhod No. RoM - I02AC2.I
(Refer Method No. 1102106 Issue 122989)

12) Sample is filtered, followed by the colourimetric
determin¿tion of dissolved organic carbon in a
continuous liquid flow.
MOE Method No. ROM - l02AC2
Refer - Method No. 1102106 Issue 122989

Date Submitted:

Date Reported:

MDS Ref#:

MDS Quote#:

Client Ref#:

Sampled By

October 2196

October 15i96

96686s

96-697-cS

96239
Mike Zimmer

Page 3



MDS
Environmental Services Limited

Client: Ecological Services for Planning

361 Southgate Drive
Gueþh, ONT, CANADA
N1G 3M5

Fax: 519-836-2493

Attn: Barbara Dowsley

Methodology: (Cont'd)

Instrument¿tion:

Date Submitted:

Date Reported:

MDS Ref#:

MDS Quote#:

Client Ref#:

Sampled By

Certificate of Analysis

13) The determination of Total Suspended Solids by weight.
U.S. EPA Method No. 160.2

14) Determination of free cyanide in water by UV-Visible
Spectrophotometry.

15) Analysis of cyanide in water by Ultra Violet
Spectophotometry.

U.S. EPA Method No. 335.2
16) Acid digestion of water for metal determination by

Inductively Coupled Plasma Emission Spectrometry

and/or flame or furn¿ce Atomic Absorption Spectroscopy.
U.S. EPA Method No. 3020

1) Cobas Fara Centriftigal Amlyzer
2) Dionex Ion Cbromatograph, 4500i/4000i or Cobas Fara II Analyzer
3, 4) Thermo Jarrell Ash ICAP 61E Plasma Spectrophotometer
5) PE Sciex ELAN 6000ICP-MS Spectrometer

6) Calculation from existing results; no instrumentation required.
7) orion pH meter/Radiometer conductometer/Tirbidity meter/uv-visible
8) Varian SpectrAA 400 Plus AA/VGA 76lMC1^90 Mercury Analyzer
9) Skalar Segmented Flow Analyzer, Model SA 20140

October 2196

October 15/96

96686s

96-697-GS

96239

Mike Zimmer

Page 4



r MDS
Environmental Services Limited

f

{
¡

I

Client:

Sample Description:

QA/QC:

Results:

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

Fax: 519-836-2493

AtUr: Barbara Dowsley

Instrument¿tion:

Ii

Date Submitted:

Date Reported:

MDS Ref#:

MDS Quote#:

Client Ref#:

Sampled By

Octobet 2lg6
October 15/96

966865

96-697-cS

96239
Mike Zimmer

Certificate of Analysis

I0,ll,l2) Technicon Autoanalyzer
13) Precision Mechanical convention oven/sartorius Basic Balance
L4,L5) Hach UV - Visible Spectrophotometer, Model DR/3000
16) Thermolyne Hoþlate/Hot Block

Water

Refer to CERTIFICATE OF eUALITY CONTROL reporr.

RCfEr tO RBPORT Of ANALYSIS AttAChEd.

Certified By
Brad Ner:r¡man

Service Manâger

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

I

{

i,
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MDS
Environmental Services Limited

.,' -lJ-'t'

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

Fax: 519-836-2493

Attn: Barbara Dowsley

Analysis Performed:

Methodology:

Certificate of Analysis

Alkalinity
Anions(Cl,NO2,NO3,o-PO4 & SO4)

RCAP MS Package, 8 Element ICPAES Scan

Reactive Silica
RCAP MS Package,2?Element ICP-MS Scan

RCAP Calculations

Manual ConventionalsþH,Turbidity,Conductivity,Color)
Mercury, Cold Vapour AA, Digestion Required
Ammonia

Dissolved Inorganic Carbon, as Carbon(Au toanaly znr)
Dissolved Organic Carbon, as Carbon(Autoanalyzer)

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

2) Analysis of anions in water by ion chromatography and/or
by colorimetry.

U.S. EPA Method No. 300.0 or
U.S. EPA Method No. 350.1, 354.1,353.L,
365.1 and 315.4.

{ìi.1iì t ì'¡tt:i,¡.' í,)tti i, .i1¡'¡;;rissr¡¿¿¡'tt, (.)¡irtt.í,t. i.i¿....,'lr, !,J\' ll'!
'l ti :t¡t.i"tit:¡n;ì'.j..5 !:,¡.';.9i):;.t.;7,rø7;ì!.tr) 'l'0!i l;ru,: i.Sljí1"70i,70{)r!

Date Submitted:

Date Reported:

MDS Ref#:

MDS Quote#:
Client PO#:

Sampled By:

October 8/96

October 16/96

967005

96-697-cS
96239

Irene Uddelaad

f
i

ìf'Vo tC¿'
4 z¿zttú

I
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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)

Date Submitted:

Date Reported:
MDS Ref#:

MDS Quote#:
Client PO#:

Sampled By:

October 8/96

October 16/96

967005

96-697-GS

96239

Irene Uddelaad

Certificate of Analysis

3) Analysis of trace metals in water by inductively coupled
plasma atomic emission spectrometry.

U.S. EPA Method No. 200.7
4) Analysis of silicon in water by ICPAES and conversion to

silica.

St¿ndard Methods(l7th ed.) No. 4500-Si c
5) Analysis of trace metals in water by Inductively Coupled

Plasma Mass Spectrophotometry.

U.S. EPA Method No. 200.8(Modification)
6) Determination of theoretical RCAP parameters by

calculation.

EPL Internal Reference Method
7) Analysis of water for pH(by electrode), conductivity(by

measuring resistance in micro siemens/cm), turbidity(by
nephelometry) and color(by UV Visible Spectrometry).
U.S. EPA Method No. 150.1, 120.1, 180.1

and 110.3

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

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

,;...)íi |,,,,, t. ii, i)¡ i.
. '-r.';r,';..;'. :::,'.' i.:

l,'1';.-,¡.,..¿1,..--,. í ;¡:1¿!';,¡. ( ìr,.,t.:'. !, l\ i j' !
í)t):.è i; r';is', ;ì:::j 1',,!¡ !,'r,, . t,'!ír:). ;:¡) ! ! ;'i):i..a Page2



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:

Date Submitted:

Date Reported:

MDS Ref#:

MDS Quote#:
Client PO#:

Sampled By:

Certificate of Analvsis

9) Analysis of ammonia in water by colourimetry in a
continuous liquid flow.
ASTM Method No. D1426-79 C

Refer - Method No. 1100106 Issue 122289

10) The determination of dissolved inorganic carbon by
converting species to carbon dioxide and measuring the
decrease in absorbance of a colour reagent.

MOE Method No. ROM - I02AC2.L
(Refer Method No. 1102106Issue 122989)

11) Sample is filtered, followed by the colourimetric
determination of dissolved organic carbon in a

continuous liquid flow.
MOE Method No. ROM - l02AC2
Refer - Method No. 1102106Issue 122989

1) Cobas Fara Centrifugal Analyzer
2) Dionex Ion Chromatograph, 4500i/4000i or Cobas Fara II Analyzer
3, 4) Thermo Jarrell Ash ICAP 61E Plasma Spectrophotometer
5) PE Sciex ELAN 6000ICP-MS Spectrometer

6) Calculation from existing results; no instrumentation required.
7) Orion pH meter/Radiometer Conductometer/Turbidity meter/UV-Visible
8) Varian SpectrAA 400 Plus AA/VGA 76|MCA 90 Mercury Analyznr
9) Skalar Segmented Flow Analyzer, Model SA 20/40

October 8/96

October 16/96

967005

96-697-GS

96239

Irene Uddelaad

'¡.,.;1; t ,.1', :, ,,

' .t ..ri.: rit, i,: ;
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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

Sample Description

QA/QC:

Results

Certificate of Analysis

10, 1 1) Technicon Autoanalyzer

Water

Refer to CERTIFICATE OF QUALITY CONTROL report

Refer to REPORT of ANALYSIS attached.

Certified By
Brad Newman

Manager

#,
M , M.Sc.

Director, Laboratory Operations

Date Submitted:

Date Reported:

MDS Ref#:

MDS Quote#:
Client PO#:

Sampled By

October 8/96

October 16/96

967005

96-697-cS

96239

Irene Uddelaad

Ii r.t¿J {;r,,i't: rrì l)i-i t t'. riy'¡ss¿ssi/,,,1., ( illt t;,'. \ í!it.í:t 1., I i\' l P l
1",j...,!¡..:rtì'.ì3.i:).1 ; ¡,.ir.ì-:.ìiJ:i"¿ì;:..13;<():1 1ìJr'i'¡,..: iù,.¡,'tÉirtj,70!j:ì; Page 4
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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

Analysis Performed

Methodology:

Cerfificate of Analysis

Alkalinity
Ammonia

Anions(Cl,NO2,NO3,o-PO4 & SO4)'
RCAP MS Package, 8 Element ICPAES Scan

Reactive Silica
RCAP MS Package,22Blement ICP-MS Scan

RCAP Calculations

Manual Conventionals(pH,Turbidity, Conductivity, Color)
Mercury, Cold Vapour AA, Digestion Required
Ammonia

Total Kjeldahl Nitrogen, Digestion Required

Dissolved Inorganic Carbon, as Carbon(Autoanalyzer)
Dissolved Organic Carbon, as Carbon(Autoanalyzer)
Total Suspended Solids
Cyanide, Free

Cyanide, Total(UV-Visible)
Acid Digestion

1) Determination of alkalinity in water by automated

colorimetry.
U.S. EPA Method No. 310.2

Nol/ a t, 
1g.-Ç,ô

Date Submitted:

Date Reported:

MDS Ref#:

MDS Quote#:
Client PO#:

Client Ref#:

Sampled By;

October 6/96
October 23196

966957

96-697-GS

CANMET
96239Onapíng

Geoff

\v1V#i{{
-i ¿lol|-L

, ,t i,ii
i-ll,

I

;l

j l-.-_f_>-.r/L:ü

I

t,;.',t: ¡i¡',,..,r,.r jlr:i.., .Ì,jl.jsiji..r.t.r.i¿. {)ttiCtt-it,. (',,;.,,,it: !.},¡ ii'!
'i ,'i. :tt ;i,.Í;;':ì".;'::);.: i:t!t.:j!)')2í;:;j,7.:jí)Íi 7.'rti! !'i,,.1ti\it!)c:í) íø::)!);)

I
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MDS
Environmental Services Limited

Client: Ecological Services for Planning

361 Southgate Drive
Guelph, ONT, CANADA
NlG 3M5

Fax: 5L9-836-2493

Attn: Barbara Dowsley

Methodology: (Cont'd)

Date Submitted:

Date Reported:

MDS Ref#:

MDS Quote#:
Client PO#:
Client Ref#:

Sampled By:

October 6/96

October 23196

966957

96-697-GS

CANMET
96239Onaping

Geoff Carnegie

Certificate of Analysis

2) Analysis of ammonia in water by colourimetry in a
continuous liquid flow.
ASTM Method No. D1426-79 C

Refer - Method No. 1100106 Issue 122289

3) Analysis of anions in water by ion chromatography and/or
by colorimetry.

U.S. EPA Method No. 300.0 or
U.S. EPA Method No. 350.1, 354.1,353.1,
365.1 and 375.4.

4) Analysis of trace metals in water by inductively coupled

plasma atomic emission spectrometry.

U.S. EPA Method No. 200.7

5) Analysis of silicon in water by ICPAES and conversion to
silica.

Standard Methods(l7th ed.) No. 4500-Si c
6) Analysis of trace metals in water by Inductively Coupled

Plasma Mass Spectrophotometry.

U.S. EPA Method No. 200.8(Modification)
7) Determination of theoretical RCAP pararneters by

calculation.

EPL Internal Reference Method

¡f.ir.jli {i,,r.1,¡¡¡;i ,¡)¡:1.,,. _'ì;iis;t;..ri:¡;.t./, t)t¡lutitt. I't1utt¡it¡ L j\, !l}l
'! :,!.: :)t):j"{í7,.!c;lr:;.a t;',,.,: :)i)a"íiì.:ì"7;l!jl) '1'r,ii ,i,'r.ri,: Jot¡/i)r Ti'ilaT0{t) Page2
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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)

Date Submitted:

Date Reported:

MDS Ref#:

MDS Quote#:
Client PO#:

Client Ref#:

Sampled By:

October 6196

October 23196

966957

96{97-cS
CANMET

96239Onapng
Geoff Carnegie

L

t

Certificate 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. EPA Method No. 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 Method No. AA-51)

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

Refer - Method No. I100106 Issue 122289

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

Refer - Method No. 1100106Issue 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 - |02AC2.I
(Refer Method No. 1102106Issue 122989)

ir:.\;tt,.ì,:ì,¡i ¡'.,. i) tit.;iiis,ri.rsrrti.qit. ()ttÍuri¡¡, ('tu¡ctiu l,l\,' !Pi'¡'t'i.:9tr:;"(i ;:j..'l:15.-,: 1"ar.... 9{)õ*67.}c'i:],99 'l'ûll !,-rc,,. lø80 )a7(}¡"7'{jí}:.!

i

t_
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MDS
Environmental Services Limited

Client: Ecological Services for Planning
361 Southgate Drive
Guelph, ONT, CANADA
N1G 3M5

Fax: 519-836-2493

Attn: Barbara Dowsley

Methodology: (Cont'd)

Instrumentation

Certificate of Analysis

13) Sarnple is filtered, followed by the colourimetric
determination of dissolved organic carbon in a
continuous liquid flow.
MOE Method No. ROM - l02AC2
Refer - Method No. 1102106 Issue 122989

14) The determination of Total Suspended Solids by weighr.
U.S. EPA Method No. 160.2

15) Determination of free cyanide in water by UV-Visible
Spectrophotornetry.

16) Analysis of cyanide in water by Ulrra Violet
Spectophotometry.

U.S. EPA Method No. 335.2
17) Acid digestion of water for metal determination by

Inductively Coupled Plasma Emission Spectrometry
and/or flarne or furnace Atomic Absorption Spectroscopy.
U.S. EPA Method No. 3020

l, 2) Cobas Fara Centrifugal Analyzer
3) Dionex I<¡n Chromatograph, 4500i/4000i or Cobas Fara II Analyznr

{jbi l ) ( ir' : t t ta.y 1l¡¿¿.¡r. i1¿¡;s¡ssr¡¿¿rlrr. ( ) n tt¡ rìt¡. (.' ü ti tt, i, t L j Y I I' l
''l-',1 : !)05.67.:),.32.55 f¡u.r: 90:¡"t;?':1.'i;J9tt 'l'olt ItrLt,: i'.:(i().70t.7092

Date Submitted:

Date Reported:

MDS Ref#:

MDS Quote#:
Client PO#:
Client Ref#:

Sampled By:

October 6/96
October 23/96

966957

96{97-cS
CANMET

96239Onaping

Geoff Carnegie
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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

Instrument¿tion: (Cont'd)

Sample Description

QA/QC

Results:

Date Submitted:

Date Reported:

MDS Ref#:

MDS Quote#:
Client PO#:

Client Ref#:

Sampled By:

Certificate of Analysis

4, 5) Thermo Jarrell Ash ICAP 618 Plasma Spectrophotometer

6) PE Sciex ELAN 6000ICP-MS Spectrometer

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 76|li.{CA 90 Mercury Analyznr
10) Skalar Segmented Flow Analyzer, Model SA 20140

I I, L2, 13) Technicon Autoanalyzer

l4) Precision Mechanical Convention Oven/Sartorius Basic Balance

15,16) Hach UV - Visible Spectrophotometer, Model DR/3000
17) Thennolyne Hotplate/Hot Block

Water

Refer to CERTIFICATE OF QUALITY CONTROL reporr.

Refêr to REPORT of ANALYSIS attached.

Certified By
Brad Newman

v
M. Hartwell, Sc.

Director, Laboratory Operations

iitllj() i]¡t; ¿ti it.t l)¡ it:,:. ,lftssi'ss(lri...;ri. ()nit¡t-i¡:. t :¡¡¡¡,¡¡1,,, L-1,,' ¡ 1' ¡
'l\'!.: !,)()¡.:"(i7|]+;]!ij Ji'¡¡.t; 9()!t&67;l''/,:l:)!) 'I'itll Ìt'n,tt: !"*i)(¡¿ ,.,ût "î1itl

October 6/96

October 23/96
966957

96-697-cS
CANMET

96239Onapng
Geoff Carnegie

!
I
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MDS Environmental Services Limited

Certificate of Quality Control

Client: Ecological Services for Planning
Contact: Barbara Dowsley

Amlysis of Water

Date Reported:

MDS Ref # :

MDS Quote#:

Client Ref#:

Ocrober 10/96

96684',7

96-697-GS

96239

Alka¡inity(8 CaCO3)

Chløide

Nitrat{æ N)

Nitrit{æ Ð

Onhopb6phÅt{ð P)

SulpbÂte

Bm

Calsiu

IM

Mrgßim

ÌhoqphG

Pot8sim

Sodim

Ziw

Rsctire Silio(Sio2)

Ah¡ninh

AntiMy

Anøic

B¡rirrn

Berylliu

Parameter

ü
u

ON.DIL

u

ON.DIL

u

ON-DIL

ON.DIL

ON-DIL

ON.DIL

ON-DIL

ON-DIL

ON-DIL

ON.DIL

ü
ON.DIL

ON.DIL

ON-DIL

ON.DIL

ON-DIL

SAMPLE ID

Gpike)

L

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

mglL

ßglL

mglL

mglL

mglL

mgtL

mglL

ûgtL

mglL

mglt-

mglL

ûEtL

ûglL

m.elL

ûglL

øgtL

úglL

mglL

ûglL

Units

nd(b)

nd(b)

nd(b)

ndo)

nd(b)

nd(b)

Dd(b)

ndo)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

0.003o)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

Result

Process Blank

ô

I

0.1

0.03

0.03

3

0.02

0.2

0.03

0.2

0.2

1.0

0.2

o.o2

1.0

0.03

0.004

0.004

0.01

0.01

Upper

Limit

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

Accept

n
110

109

89

103

t02

102

101

100

108

y)

100

r00

101

96

103

L03

It1

105

103

R€$¡lt

Process % Recovery

87

90

88

80

90

90

85

85

85

85

85

85

85

85

80

85

85

85

85

85

Lower

Limit

r13

LL3

114

116

110

LL3

115

115

115

115

115

115

115

115

120

115

115

11s

115

115

Upper

Limit

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

Accept

¡a

na

0.32

na

0.94

na

0.y5

0.6

0.v2

0.9

0.8

4.1

0.9

1.01

na

0.07

0.086

0.082

0.089

0.060

Result

Matrix Spike

na

na

0.30

na

1.0

n¡

1.00

1.0

1.00

1.0

1.0

5.0

1.0

1.00

TIA

0.100

0.100

0.100

0.100

0.100

Tùget

n¡

¡ta

0.18

n¡

0.6

nt

0.60

0.2

0.60

0.2

0.4

1.0

0.2

0.60

Ilt

0.050

0.050

0.050

0.050

0.050

Lower

Limit

n¡

na

0.42

nå

L,4

¡ra

L.40

1.8

L.40

1.6

1.6

8.0

1.6

1.40

na

0.140

0.140

0.140

0.140

0.140

Upper

Limit

lt¡

¡tâ

yes

n¡

yes

n¡

yes

ye8

yes

yes

ye8

yes

yc8

yes

¡r¡

yes

yes

yes

yes

yes

Accept

yes

ves

yes

yes

yes

yes

yes

yca

yes

y€8

ye8

yes

yes

yes

ve3

yes

yes

yes

yes

yæ

Overall

QC

Acceptable

LOQ : Limit of Quantitâtion = lowest level of the parameter that can be quantified with confidence* = Unavailable due to dilutioa required for analysis
na : Not Applicable
ns : Insufficient Sample Submitted
nd : paxameter flot detected
ïR = trace level less than LOQ
(b) = Analyte results on REPORT of ANALYSß have been background corected for the process blank.
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MDS Environmental Services Limited.

CertÍfTcate of Quality Control

Client : Ecological Services for planning

Cont¿ct: Barbara Dowsley

Analysis of Water

Date Reported:

MDS Ref # :

MDS Quote#:

Client Ref#:

Octobe¡ 10i96

966847

96-697-cS

96239

Mangæe

Molybdm

Nickel

Seløim

Silvq

St¡mtiu

ft¿üim

Tin

Tlrt¿nim

UmiE

Bi@th

C¡dñim

C1¡mim

Cobalt

Copper

Lqd

Va¡¡dim

Coltr

Cductivity - @25"C

Ë

Parameter

ON-DIL

ON-DIL

ON.DIL

ON.DIL

ON.DIL

ON.D¡L

ON-DIL

ON-DIL

ON.DIL

ON.DIL

ON.DIL

ON.DIL

ON-DIL

ON-DIL

ON-DIL

ON-DIL

ON.DIL

u

u

m

SAMPLE ID

Gprke)

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

I
0.1

LOQ

mglL

úglL

ûglL

ûglL

ÃglL

ÃglL

mElL

ûglL

úglL
mg/I-

ûglL

ûglL

ñglL

mglL

mglL

ÁglL

ûglL

rcU
us/cm

Units

U¡dts

nd(b)

nd(b)

nd(b)

rd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

ndo)

ndo)

nd(b)

nd(b)

nd(b)

nd(b)

na(b)

Result

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

10

na

na

Upper

Limit

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

na

na

Accept

Process Blnnk

101

7M

106

106

106

99

105

105

106

105

t04

106

103

99

104

t02

106

94

96

99

Re$¡It

85

85

85

85

85

85

85

85

85

85

85

85

85

85

85

85

85

85

91

98

Lorrer

Limit

115

1ß

115

115

115

115

115

115

115

115

115

115

115

115

115

115

11-<

115

109

102

Upper

Linit

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

Accept

Process % Recovery

0.082

0.0859

0.087

0.084

0.084

0.0828

0.085

0.084

0.083

0.076

0.0802

0.085

0.0887

0.081

0.085

0.0878

0.0E3

n¡

n¡

¡¡a

Result

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

nâ

na

m

Target

0.050

0.050

0.050

0.050

0.050

0.050

0.0s0

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

na

na

n¡

Lowe¡

Limit

0.L40

0.L40

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

na

n¡

na

Upper

Limit

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

na

na

na

Accept

Matrix Spike

yes

yes

yes

ye8

yes

yes

yes

yes

yes

ye3

yes

yes

yes

yes

yes

yes

yes

yes

yes

QC

Overall

Acceptable

LoQ = Limit of Quantitation-:.lowest level of the parameter that can be quantified with confidence* : Unavailable due to dilution required for anaîysisna = Not Applicable
ns = Insufficient Sample Submitted
nd = pammeter not detected
ïR : trace level less thân LOe
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MDS Environmental Services Lim¡ted

CertÍficate of Quatity Control

Client: Ecological Services for planning

Cont¿ct: Barbara Dowsley

Amlysis of Water

Date Reported:
MDS Ref # :

MDS Quore#:

Clienr Ref#:

October 10/96

966847

96-697-cS

96239

î¡¡bidity

Merory

Ami¿(æN)

A@mia(sN)

TotEl Kjeldshl Nit¡og@(8 N)

Tot¿t Kjeld¡hl Nitrog@(8 N)

Dissotved l¡o4üic Cü@æ C)

Dissolv€d O¡geic Cüb@(DOC)

Dissoh€d Orgeic Cubø(DOC)

Tot¡l S\¡spdod Solids

Çyuide, Fæ

quide, Total

CYuide, Total

Parameter

@

u
E

ü
u

ø
u

M

u
u

u

u

u

SAMPLE ID
(spike)

0.1

0.1

0.05

0.05

0.05

0.05

0.5

0.5

0.5

5

0.002

0.005

0.005

LOQ

NTU

nglL

mglL

ûglL

mg/L

mglL

ûg/L

ÃglL

mg/I-

mglL

mglL

mglL

mglL

Units

nd(b)

nd

nd

nd

0.07

nd

nd

nd

nd

nd

nd

nd

nd

Result

0.5

0.2

0.1

0.1

0.1

0.1

1.0

1.0

1.0

)

0.004

0.010

0.010

Upper

Limir

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

Accept

Process Bl¡nk

96

103

704

104

95

96

n¡

102

98

99

92

90

90

Result

81

79

79

79

77

77

na

80

80

82

77

82

82

Lowe¡

Limit

129

120

7r9

119

122

t22

na

116

tt6
118

t?:7

115

115

Upper

Limir

yes

yes

yes

yes

yes

yes

na

yes

yes

yes

yes

yes

yes

Accept

Procçs % Recovery

na

na

na

na

na

na

na

na

¡a

na

DA

na

n&

Result

ût

nÂ

na

na

nå

n¿

na

nÂ

na

n¡

na

na

na

Target

na

¡a

nt

na

na

¡¡â

¡ìa

n¡

n¿

na

na

na

n¿

Lower

Limit

nâ

na

na

nâ

na

na

na

n¿

n¡

na

na

n¡

na

Upper

Limit

n¿

nå

¡r¡

n&

nâ

na

nâ

n¡

n¿

ûr

na

na

m

Accept

Matrix Spike

yes

yes

ycs

yes

yes

yes

yes

ycs

yes

yês

yes

ycs

ycs

QC

Overall

Acceptable

Lga = Limit of Quantitation.:. lowest level of the parameter thât can be quantified with confidencer = Unavailable due to dilution required foi,n.'fyri,na : Not Applicable
ns : Insufficient Sample Submitted
nd : parameter not detected
ïR = trace level less than LOe
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MDS Environmental Services Limited

Report of Analysis

Client : Ecological Services for planning
Contact: Barbara Dowsley

Report Date:
MDS Ref # :

MDS Quore #:

Ref#:

October 10/96

966847

96-697-cs

96239

LOQ

1,

Analysis of Water t{ 64 rÞ

= Limit of Quantitation : Iowest lever of the parâmeter that can be quantified with confidence.
= Not Requested

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

7

I
0.10

nd

nd

5

nd

3.7

0.30

1.1

nd

0.5

5- t

t.4

0.005

0.02

nd

nd

0.006

nd

nd

trd

0.002

nd

ûd

nd

0.003

7

1

0.11

nd

nd

5

nd

3.8

0.29

1.1

nd

0.8

3.6

1.5

0.005

0.02

nd

nd

0.007

nd

nd

nd

0.002

nd

nd

nd

0.003

t6

tt2

4.32

0.23

nd

899

0.044

34L

¡d

14.0

¡d

33.1

1.6

109

trd

0.03

nd

nd

0.022

nd

nd

nd

0.004

nd

nd

nd

nd

ûgIL

mglL

ñglI-

mgIL

ñglL

mglL

ÃglL

ûglL

mglL

mglL

úglL

mglL

mglL

mglL

mglL

ñglL

øElL

mglL

ûglL

ûglL

mglL

mglL

ñglL

mglL

øglL

ûglL

1

1

0.05

0.01

0.01

j

0.005

0.1

0.02

0.1

0.1

0.5

0.5

0.1

0.002

0.01

0.002

0.002

0.005

0.005

0.002

0.000s

0.002

0.001

0.002

0.0001

0.002

Ð
N)

Chromium

Silica(SiO2)

P)

CaCO3)

ON.DILUFI

LT.

96n0t0tRep¡icåte

ON.DIL

96n0tDt

ON.DILINCO.BFFLU

ENTUEILT.

96n0tlt

INCO.EEELU

ENT

96n0tût

UnitsLOQ
Date Sampled >

nd
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MDS Environmental Services Limited.

Report of Analysis

Client : Ecological Services for Planning
Cont¿ct: 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

Repott Daúe:

MDS Ref # :

MDS Quote #:

Client Ref#:

October 10/96

966847

96-697-cS

96,,39

LOQ

na

nd

nd

nd

nd

nd

nd

0.014

nd

nd

nd

nd

0.010

36

36

6.2

0.5

¡d

nil

nd

nd

0.014

nd

nd

nd

nd

0.017

0.289

7

nd

0.31t

37

36

14.2

12.4

-3.74

4.14

6.3

9.99

10.4

aa

0.4

nd

nd

nd

0.w2

0.019

nd

nd

1.09

nd

nd

nd

nd

0.015

22.5

11

4

23.8

nd

1940

909

2.86

L.73

1.33

9.6

7.82

8.22

1540

0.1

nd

0.49

mglL

ßgIL

mglL

ûg[L

mglL

ûglL

mglL

ñglL
ßglL

mglL

meqlL

mElL

mglL

meqll-

TCU

us/cm

mglL

na

na

Units

u¡rits

units

mglL

NTU

\gTL

melL

0.002

0.002

0.002

0.0003

0.005

0.0001

0.002

0.002

0.0001

0.002

It¡

1

1

na

5

1

0.1

0.01

na

na

0.1

na

nâ

I
0.1

0.1

0.05

Titanium

Sum

CaCO3, calculaæd)

CaCO3, calculaæd)

Sum

Conductivity - @25"C

CaCO3)

Balance

Index at 20'C

Index at 4'C

pH ât 20"C

pH at 4"C

Dissolved Solicls(Calculated)

Turùidity

ON-DIL I]FI

LT.

96n0t0t

ON-DIL

Replicâte

ON.DIL

96n0t0l

INCO-EEFLU

BNTUFILT.

96n0t0l

INCO.EFFLU

ENT

96n0t0t

UnitsLOQParameter

Date Sampled )
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MDS Environmental Services Limited

Report of Analys¡s

Client: Ecological Services for planning

Cont¿ct: Barbara Dowsley

Analysis of Water

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

= Not Requested

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

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

October 10/96

966847

96-697-cs

96239

LOQ

3.05

2.L

5.9

nd

nd

nd

0.89

3.5

2.6

nd

nd

nd

mgtL

rûd;gll-

úglL

mglL

øglL

mglt,

0.05

0.5

0.5

5

0.002

0.005

Kjeft lahl Nitrogen(as N)

Inorganic Caúon(as C)

Organic Carbon(DOC)

Suspended Solids

F¡ee

Total

ON-DILUFT

LT
96tr0t0t

ON-DIL

Replicate

ON-DIL

96tt0t0t

INCO-EFFLU

BNTUFILT,

96nU0t

INCO.EFELU

BNT

96n0t0t

UnitsLOQParameter

Date Sampled )

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

slg-836-2493

Attn: Barbara Dowsley

Daæ Submitted:
Date Reported:

MDS Ref#:

MDS Quote#:

Client Ref#:

Sampled By:

October 2196

October 10/96

966847

96-697-cS

96239
Mike Zimmer

Fax:

Certifïcate of Analvsis
Í

Additional Comments:

NOTE:
Ion balance in excess of 5To due to the low ionic strength of the sample.

t
L

L

I

L



Client : Ecological Services ¡ot planning

Contact: Barbara Dowsley

Analysis of Water

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 = lnsufficient Sample Submitted
nd : parameter not detected
TR : trace level less than LOe
(b) = Analyte results on REPORT of ANALYSIS 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 15/96

966847

96-697-GS

96239

Allali¡ity(æ CaCO3)

Cblqido

Nitr¡to(æ N)

Nitrirc(æ N)

Orhcph6pbâb(8 P)

Sulpbsto

Bm

Calciq

Im

Magæiu

Pbo6phoß

Potsiu

Sodiu

Zìæ

Rcacrirc SiU€(SiO2)

Alui^-

Antiruy

Amic

Bæim

Parameter

r

&

ON-DIL

ú
ON.DIL

r

ON.DIL

ON.DIL

ON.DIL

ON.DIL

ON-DIL

ON.DIL

ON.DIL

ON.DIL

B

ON-DIL

ON.DIL

ON.DIL

ON-DIL

ON-DIL

SAMPLE ID
(spike)

I
I

0.05

0.01

0.01

2

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

mglL

mg/L

mglL

úglL

mg/L

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

nglL

mglL

mslL

Units

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

ndo)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

0.003(b)

nd(b)

ndo)

nd(b)

nd(b)

ndo)

nd(b)

Reult

Process Bl¡nk

2

2

0.1

0.03

0.03

3

0.02

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

ys
vß

ys

ys

ys

y€3

ys
vg

ys

ys
ys
ys

ys
yæ

ys

ys
ye3

yæ

y6
ys

AcceÉ

97

110

109

89

103

t02

r02

101

100

108

92

100

100

101

96

103

103

107

105

103

Result

Process % Recovery

87

90

88

80

90

90

E5

E5

85

85

85

85

E5

85

80

85

85

E5

85

85

Lówer

Limit

tt3

113

714

116

110

tt3

115

115

115

115

115

115

115

115

120

115

115

115

115

115

'Upper
Limit

yes

ys
yc8

ye8

ys
yæ

ys
ys

ys
ys
ys
ye8

ys

ys

ye8

ys

y€8

ys
ys

Ys

Acce¡É

na

ûÂ

0.32

nÂ

0.94

n¡

0.975

0.6

o.v2

0.9

0.E

4.7

0.9

l.0r

nt

0.07

0.08ó

0.082

0.089

0.060

Result

Matrix Spike

na

m

0.30

na

1.0

n¡

1.00

1.0

1.00

1.0

1.0

5.0

1.0

1.00

n¡

0.100

0.100

0.100

0.100

0.100

Target

ni

m

0.18

na

0.6

na

0.60

o.2

0.60

0.2

0.4

1.0

0.2

0.60

n¡

0.050

0.050

0.050

0.050

0.050

Lower

Limit

m

m

0.42

m

1.4

na

1.40

1.E

1.40

1.6

1.6

8.0

1.6

1.40

n¡

0.140

0.140

0.140

0.140

0.140

Upper

Limit

m

m

yes

na

ys

n¡

ys
v6

vg

vg

v6

yð

ys
yc8

na

yes

ys
yes

vê

yes

Accept

yæ

ys
ye3

vg

ycr

yer

yeE

ycr

v6
ye

yc8

y€6

ys

yeE

y€s

yer

ys

ys

ys

ye8

Overall

ac
Accefrable
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Client : Ecological Services for Planning
Contact: Barbara Dowsley

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 L¡mited.

Certificate of Quality Control
Date Reported:

MDS Ref # :

MDS Quotøf:

Client Ref#:

October L5196

966847

96-697-GS

96239

/:
.)i

I

I

Bisør¡h

Cadnim

Chroiu

Cobalt

CcEDc¡

t¡sd

Maagæ

Molybdcm

Nicl¡ol

Scþoiw

Silw¡

Stdim

Th¡llim

Tin

TitÂoie

Umi@

V¡Edi@

Colw

codüivity-@25"c

pH

Parameter

ON-D¡L

ON-DIL

ON-DIL

ON.DIL

ON.DIL

ON-DIL

ON-DIL

ON-DII,

ON.DIL

ON-DIL

ON-DIL

ON-DIL

ON.DIL

ON.DIL

ON-DIL

ON.DIL

ON.DIL

B

ú
E

SAMPLE II)
(spke)

0.002

0.0005

0.002

0.001

0.002

0.000r

0.002

0.002

0.002

o.w2

0.0003

0.005

0.0001

0.002

0.002

0.0001

0.002

5

I
0.1

LOQ

mglL

mglL

mglL

nglL

mglL

mg/L

mglL

mglL

mglL

mglL

mglL

mglL

nglL

nglL

mg/L

mglL

mglI'

TCU

us/cm

Unib

Units

nd(b)

nd(b)

nd(b)

nd(b)

¡d(b)

nd(b)

nd(b)

ndO)

ùol
nd(b)

ndo)

rldO)

nd(b)

Dd(b)

nd(b)

nd(b)

Dd(b)

Dd(b)

m(b)

na(b)

Resilt

Process Blank

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

10

na

na

Upper

Limit

vg

ye8

yæ

yes

ys
ys
yð

y6

vg

y6

yq

ys

yes

ys

ye8

yes

yes

v6

m

m

Accept

101

104

10ó

106

r06

99

105

r05

106

105

104

r06

103

99

1ût

r02

106

94

96

99

Result

Process % Recover¡'

85

E5

E5

85

85

E5

85

85

85

85

85

85

85

E5

85

85

E5

E5

9l

98

Lower

Limit

115

115

r15

115

r15

1r5

115

115

115

115

115

115

r15

r15

115

115

115

115

109

r02

Upper

Limit

vg

ye8

y6

yes

yã

y€8

vg

ys

y6

y4

y6

vg

vg

y4

yes

ye8

ye8

yâ

vg

ye3

Accep

0.082

0.0859

0.0E7

0.084

0.0t4

0.082E

0.085

0.084

0.083

0.076

0.0802

0.085

0.08E7

0.0E1

0.085

0.0878

0.083

nÂ

D¡

m

Result

Matrix Spike

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

0.100

0.100

0.r00

0.100

m

m

m

Tareet

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

nå

na

na

Lower

Limit

0.140

0.140

0.r40

0.140

0.140

0.140

0.140

0.140

0.140

0.f¿lo

0.140

0.140

0.140

0.140

0.140

0.140

0.140

na

m

m

Upper

Limit

ye8

ye8

yæ

y€s

ye8

y6

ys
v6

ys

va
y€

yæ

y€8

y6

ye8

yq

ye8

m

m

m

Accept

ys
ys
ys
yes

ys
yâ

yc8

ye

v€

ycr

y6

ye

ys

ycr

ys
ys

y6

ye8

vg

Ys

Overall

QC

AcceSable
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MDS Environmental Services Limited

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
= Unavailable due to dilution required for analysis
: Not Applicable
= Insuffrcient Sample Submitted
= parameter not detected

= trace level less than LOQ

Certificate of Quality Control
Date Reported:

MDS Ref # :

MDS Quote#:

Client Ref#:

October 15/96

966847

96{97-cS

96239

LOQ

na
ns
nd
TR

Turbidity

Mcrcury

Amøia(æN)

A*øia(æ N)

Total Kjcldahl Nitrcga(æ N)

Total KjolCahl Nitroga(æ N)

Dimlwd laorgoic Caràø(æ C)

Dimltd Orgoie Caùo(DOC)

Dislrd Orgæic Cartø(DOC)

Tæl Swpe¡dcd Solide

Cyoiclc, Fæ

Cyoid., Tæl

CyeidÊ, Totat

Parameter

B

E

E

@

m

ß

E

F

ú
t

E

ú
ú

SAMPLE ID

(spike)

0.1

0.1

0.05

0.05

0.05

0.05

0.5

0.5

0.5

5

0.002

0.005

0.005

LOQ

NTU

tglL

mglL

nglL

mglL

mglL

mglL

mglL

mglL

mglL

mg/L

mglL

mg/L

Units

nd(b)

nd

nd

nd

0.07

nd

nd

nd

nd

nd

nd

nd

nd

Result

Process Blnnk

0.5

0.2

0.1

0.1

0.1

0.1

1.0

1.0

1.0

2

0.004

0.010

0.010

Upper

Limit

ys
ys
ys

ys

ys
yæ

ys
ys
yes

vg

vg

ys
ys

Accept

96

103

104

104

95

96

na

t02

98

99

y2

90

90

Resr¡lt

Process % Recovery

8l

79

79

79

,,17

77

m

80

80

82

77

82

82

Lower

Limit

t29

720

119

119

t22

122

na

116

116

tl8
tn
lt5
115

Upper

Limit

ys
ys
ys

ye8

ys

yes

m

yes

v6
y6

vg

y6

ys

Accept

na

na

na

na

na

na

na

m

ni

¡a

¡a

tr¡

na

Resr¡It

lrfatrix Spike

m

m

na

n¡

n¡

n¡

m

m

m

n¡

û¡

n¡

m

Target

n¡

m

n¡

na

m

n¡

ûa

n¡

m

m

m

na

m

Lower

Limit

m

m

m

nÊ

m

DA

n¡

na

nÀ

n¿

m

m

ni

Upper

Limit

na

na

na

na

m

m

m

m

m

¡a

t¡

úa

nû

Accept

yæ

yeE

yæ

yæ

ye8

y€s

ys
y€

vê

ye8

ycE

yes

yc8

Overall

QC

Acceffable
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MDS Environmental Services Limited.

Report of Analys¡s

Client : Ecological Services for Planning

Contach Barbara Dowsley

Analysis of Water

LOQ : Limit of Quantiøtion : lowest level of the parameter that can be quantified with confidence.

: Not Requested

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

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

October 15/96

966847

96-697-cS

96239

0.006

3.6

0.34

1.1

nd

3-l

1.6

0.006

0.03

nd

nd

0.006

nd

nd

nd

nd

nd

nd

nd

0.011

7

I

0.10

rld

nd

5

nd

3.7

0.30

1.1

nd

0.5

3.7

t.4

0.005

o.02

nd

nd

0.006

nd

nd

nd

0.002

nd

nd

nd

0.003

7

I
0. ll
nd

nd

5

nd

3.8

0.29

1.1

nd

0.8

3.6

1.5

0.005

0.02

rd

nd

0.007

nd

nd

nd

0.002

nd

nd

nd

0.003

0.056

345

nd

15.6

nd

37.5

t25

0.059

nd

nd

nd

0.022

nd

nd.

¡td

0.004

nd

nd

0.0018

0.002

l6

tt2
4,32

0.23

nd

899

o.044

341

nd

14.0

nd

33.1

1.ó

109

nd

0.03

nd

nd

0.022

nd

nd

nd

0.004

nd

nd

nd

nd

mglL

mg/L

mglL

mglL

mglL

nglL

mglL

mglL

mglL

mg/L

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

mglL

melL

1

I
0.05

0.01

0.01

2

0.005

0.1

o.o2

0.1

0.1

0.5

0.5

0.1

o.oo2

0.0r

0.002

0.002

0.005

0.005

0.002

0.0005

0.002

0.001

0.002

0.0001

0.002

Alkalinity(as CaCO3)

Chlorkle

Nitntc(u N)

Nitrite.(u N)

Ofhophosphate.(u P)

Sulphaø

Bo¡on

Calciu

Iron

Magneim

Phosphcru

Potassim

Reactive Silica(SiO2)

Sodiu

Zinc

Aluinu

Antimony

Anenic

B¡rium

Beryllim

Bi¡muth

Cadmiu

Ch¡omium

Cobalt

Copper

Lfåd

Mmgmee

ON-DIL

UNFILTERED

96n0t01

ON.DIL

Replicate

ON.DIL

96tr0t0t

INCO.EFFL

UNFTLTERED

96tt0t0L

INCO

.EFFLUENT

96ft0t01

UnitsLOQParameter

Drte Sampled >

nd
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MDS Environmental Services Limited

Report of Analys¡s

Client : Ecological Services for Planning

Contact: Barbara Dowsley

Analysis of rvly'ater

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

= Not Requested

= Not Applicable

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

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

October 15/96

966847

96-697-cS

96239

LOQ

na

nd

nd

Dd

nd

nd

0.014

nd

rld

nd

nd

0.012

nd

nd

nd

nd

nd

0.014

nd

nd

nd

nd

0.0r0

36

36

6.2

0.5

nd

d
nd

nd

0.014

nd

nd

nd

nd

0.017

0.289

7

nd

0.371

tt

36

14.2

12.4

-3.74

-4.14

6.3

9.99

10.4

22

0.4

nd

lrd

0.002

0.027

nd

¡d

1.04

nd

nd

nd

nd

0.012

nd

0.002

0.019

nd

¡d

1.09

nd

nd

nd

nd

0.0r5

22.5

11

4

23.8

nd

1940

909

2.86

1.73

r.33

9.6

7.82

8.22

1540

0.1

nd

0.49

mglL

nglL

mgIL

mglL

mg/L

mglL

mglL

mglL

mglL

nglL

neqlL

mg/L

mglL

meq/L

TCU

u/cm

mglL

%

na

na

Units

uits

units

mglL

NTU

ug/L

ms/L

0.002

0.002

0.002

0.0003

0.005

0.0001

0.002

0.002

0.000r

0.002

na

I
I

na

5

1

0.1

0.01

na

na

0.1

na

na

I
0.1

0.1

0.05

Molybdau

Nickel

Selqium

Silver

St¡ontiu

Thallim

ln

Titanium

Umim

Vanadim

Anion Sm

Bicarüonate(u CaCO3, calculated)

Cartonate(u CaCO3, calculated)

Cation Sum

Colour

Conductivity - @25'C

Hardnes(æ CaCO3)

Ion Balmce

lngelier Index at 20'C

Ingelier Index at 4oC

pH

Saürntion pH at 20'C

Sauration pH at 4"C

Total Dissolved Solide(Calculated)

Turùirtþ

Mercury

A^monia(u N)

ON-DIL

UNFIUTERED

96t10t0t

ON.DIL

Replicate

ON.DIL

96n0toL

INCO-EFFL

TJNFILTERED

96n0t0t

INCO

.EFFLUENT

96n0t0L

UnifsLOQParameter

Date Sampled >
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MDS Environmental Services Limited.

Report of Analys¡s

Client : Ecological Services for Planning

Contach Barbara Dowsley

Analysis of Water

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

: Not Requested

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

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

October 15/96

966847

96-697-GS

96239

3.05

2.t

5.9

nd

nd

nd

0.89

3.5

2.6

nd

nd

nd

mglL

mglL

mglL

mglL

mglL

mglL

0.05

0.5

0.5

5

0.002

0.005

Total KjcHahl Nitrogeû(as 19

Dimlved lnorganic Caôon(as C)

Dimlved Organic Carbon(DOC)

Total Supended Solftle

Cyanidc, Fre

Cymide, Total

ON.DIL

UNFILTERED

96ft0t0L

ON.DIL

Replicate

ON.DIL

96tL0t0t

INCO-EFFL

UNFILTBRED

96n0t0t

INCO

.EFFLUENT

96tL0t0t

UnitsLOQParameter

Date Sanpled >

nd
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n

t-
:

Client:

Fax:

Ecological Services for Planning

361 Southgate Drive
Guelph, ONT, CANADA
NlG 3M5

519-836-2493

Attn: Barbara Dowsley

Date Submitted:

Date Reported:

MDS Ref#:

MDS Quote#:

Client Ref#:
Sampled By:

October 2196

October 15/96

966847

96-697-cS

96239
Mike Zimmer

t'
I

I

i

i

CertifÏcate of Analysis

Additional Comments:

NOTE:
Ion balance in excess of 5% due to the low ionic strength of the sample.

t

t
L

t

t

I
I

t-

L



MDS Environmental Services Limited

Certificate of Quality Control

Client: Ecological Services for Planning
Contact: Barbara Dowsley

Analysis of Water

Dâte RepoÍed:
MDS Ref # :

MDS Quote#:

Client Ref#:

ocrober 15/96

96686s
96-697-GS

96239

AIb¡isM8 C¿Co3)

Chtqide

Nit¡st{s N)

Niail{dN)

Orthc8hßfùåtq8 P)

Sì¡þù¿te

Bm

Bm

Cslcim

C¿lsim

I¡ú

Im

Mågßim

Maguiu

Ph6pbru

Phæ¡ùoro

Potsssim

Pot¡$im

Sodim

Sodiu

Paxameter

q

u
lYf|-l

E

E

E

M3-l

ùf3.r flotsu

Iflt

lvf3-1 ltot¿U

M3-l

Ivl3-1 lrorat]

ùfa.1

M3-r [totÂU

M3-l

M3-1 [total]

tÁ3-r

À/ß-l ttotsu

M3-1

ùß-r [totsl]

SAI\{PLE ID
(spike)

I
1

0.05

0.01

0.01

a

0.005

0.005

0.1

0.1

0.02

o.o2

0.1

0.1

0.1

0.1

0.5

0.5

0.1

0.1

LOQ

tgtL
ÃglL

ûBlL

mglL

mglL

mgIL

ûgIL

ÃglL

ûglL

mglL

ûgtL

mglL

mglL

r'glL

ûglL

mgIL

mSIL

ßglL

mglL

mslL

Units

nd(b)

r¡d(b)

trdo)

nd(b)

nd(b)

trd(b)

nd(b)

nd(b)

nd(b)

nd(b)

Dd(b)

trdo)

nd(b)

nd(b)

nd(b)

nd(b)

Ddp)

nd(b)

ndo)

Re$lt

Process Blank

,
n

0.1

0.03

0.03

5

0.v)

0.u)

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

yes

yes

ye8

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

ye8

yes

yes

Accept

n
110

108

86

100

102

106

ro2

102

101

101

100

110

108

9t

92

92

100

103

100

Res¡ùt

Procæs % Recovery

87

90

88

80

90

90

85

85

85

85

85

85

85

85

85

85

85

85

85

85

Lower

Limit

tt3

113

lI4
116

110

113

115

115

115

115

115

115

115

115

115

115

115

115

115

115

Upper

Limit

yes

yes

ycs

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

Accept

na

nå

0.32

m

na

na

1.05

0.998

1.03

0.97

0.9

0.9

1.0

s.2

4.8

0.9

Result

Matrix Spike

nÂ

na

0.30

na

na

n¿

1.00

1.00

1.00

1.00

1.0

1.0

1.0

5.0

5.0

1.0

Target

ûå

n¿

0.18

¡¡t

na

nÂ

0.60

0.60

0.60

0.60

0.2

0.4

0.4

1.0

1.0

0.2

Lower

Limit

n¡

¡la

0.42

na

na

na

1.40

1.40

1.40

1.40

1.6

1.6

1.6

8.0

8.0

1.6

Upper

Limit

Ila

Då

ye8

na

¡À

¡t¡

yes

yes

yes

yes

ye.s

yes

yes

yes

yes

yes

Accep,t

yes

ye8

yes

yes

yes

yeE

yec

yes

ye3

ye8

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

Overall

QC

Acceptable

LOQ = Limit of Quantitation = lowest level of the parameter tåat can be quantified with confidence* = Unavailable due ûo dilution required for analysis
na = Not Applicable
ns = Insufficient Sample Submitted
nd = parameter not detected
ïR = trace level tess than LOQ
O) = Analyte results on REPORT of ANALYSß have been background correcûed for the process blank.
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MDS Environmental Services Limited.

Client : Ecological Services for Planning
Contact Barbara Dowsley

Amlysis of W¿ter

= Limit of Quantitation = lowest level of the parameter that can be quantified with confidence
= Unav¿ilable due to dilution required for analysis
= Not.{pplicable
= Insuffcie¡rt Sample Submitted
= parameter not deûected

= t¡ace level less than LOQ

Certifîcate of Quality Control
Date Reported:

MDS Ref # :

MDS Quote#:

Client Ref#:

October 15/96

96686s

96-6n-GS

96239

LOQ

trå
ûs
nd
TR.

7iñ.

Zirc

R*tive Siliq(Sioz)

AlDilln

Aùminm

ADfnccy

AûtiEqy

A6@io

Aßaic

Beim

B&ie

B€rytliu

Bery¡¡i@

Bimth

Biffi'lb

Cdñin

C¡dmiu

Chmi@

Cbmim

Cob¡lt

Parameter

1,f31

Ivflr [toråIl

u
ll13.1

ü
l/Í]-1

E

M3-1

u

ÀÁ3-1

4

tú3-1

E

M3-1

ü
trt3-t

B

Ivf3-1

ü
Ivf}l

SAI\{PI,E ID
(spke)

0.002

0.002

0.5

0.01

0.01

0.002

0.002

0.002

0.002

0.005

0.005

0.005

0.005

0.002

0.002

0.0005

0.000_{

0.002

0.002

0.001

LOQ

mgÌL

mgIL

mglL

r.EtL

mglL

mglL

mglL

mglL

oglL

mClL

mglL

mElL

mglL

mglL

mglL

mgll

ÃglL

mgIL

mglL

mglL

Units

0.003(b

0.003(b

nd(b)

nd(b)

ndo)

trd(b)

nd(b)

nd(b)

nd(b)

nd(b)

ndo)

trd(b)

nd(b)

nd(b)

nd(b)

nd(b)

n{t)
nd(b)

nd(b)

rd(b)

Result

Process Blank

0.02

0.02

1.0

0.03

0.03

0.fix

0.004

0.004

0.004

0.01

0.01

0.01

0.01

0.004

0.004

0.0010

0.0010

0.0{t4

0.004

0.002

ûpper

Limit

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

Accept

L02

101

96

88

LL4

108

101

90

106

LL3

LM

100

107

94

98

107

104

96

LU

t02

Result

Process % Recovery

85

85

80

85

85

85

85

85

85

85

85

85

85

ú5

85

85

85

85

85

85

Lower

Limit

115

115

L20

115

115

115

115

115

115

115

115

115

115

115

115

115

115

115

115

115

tïpper

Limit

yes

yes

yes

yes

yes

yes

ye6

ycs

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

Accept

L.04

0.908

Ila

n¿

0.135

¡n

0.100

na

nå

0.103

n¡

0.099

na

0.L290

n¿

0.098

n¿

Result

Matrix Spike

1.00

1.00

n¡

na

0.100

D¿

0.100

l¡a

na

0.100

n¡

0.100

nå

0.100

ll8

0.100

na

Target

0.60

0.60

TIA

nå

0.050

na

0.050

n¿

u
0.050

na

0.050

IN

0.050

na

0.050

na

Lower

Limit

1.40

t.40

nå

nÂ

0.140

¡n

0.140

na

na

0.140

na

0.140

na

0.140

na

0.140

n¿

Upper

Limit

yes

yes

na

na

yes

n¡

ycs

na

na

yes

nÂ

yes

na

yes

na

yes

m

Accept

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

Overall

QC

Acceptable
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MDS Environmental Services Limited.

Certificate of Quality Control

Client : Ecological Sen¡ices for Planning
Contact: Barbara Dowsley

Analysis of Water

Date Reported:

MDS Ref # :

MDS Quote#:

Client Ref#:

October 15/96

96686s

96-697-GS

96239

Cobalt

Coeeer

cq4s

IÆd

Iæåd

M¿¡gæe

I\4aúgæe

Motybdmm

Molybd@

Nickef

Nickd

Seføim

S€lqiu

Silw

Silvq

Str@tim

St¡eliE

ïhsUim

1!¡tlim

Tia

Pârameter

u

I,fll

D

¡,13-l

u

lvf3.1

ü
lvfll

&

M3-1

u

lvl3-1

D

tvf3-1

E

lelrl

tu

lvßl

g

Nf!1

SAJ\{PLE ID
(sp¡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

0.005

0.0001

0.0001

0.002

LOQ

mglL

mglL

ÃglL

mglL

mglL

mgIL

mSlL

mglL

mSfi-

mglL

ÃglL

ÃglL

mglL

ßglL

ßgIL

ÃgtL

ûglL

ûglL

mgtf,

mElL

Units

nd(b)

ndo)

nd(b)

nd(b)

I]d(b)

nd@)

ndo)

nd(b)

nd(b)

nd(b)

nd(b)

ndo)

nd(b)

ndo)

nd(b)

nd(b)

nil@)

n<1@)

nd(b)

ndo)

. Resült

Process Blank

0.002

0.004

0.004

o.oo2

o.w2

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

Uppe¡

Limit

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

Accept

105

106

t04

94

100

94

1M

94

105

103

104

90

L04

LL4

96

90

105

94

100

109

Re$lt

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

11s

115

115

115

115

115

115

115

115

115

115

115

115

115

115

115

115

115

115

Upper

Limit

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

ye3

yes

yes

Accept

¡l¿

n¡

o.tt20

nÂ

DA

0.114

Il¡

na

0.t26

n¿

0.1310

n¡

na

0.1060

na

0.130

Result

I\{atrix Spike

n¿

na

0.100

n¡

ll¡

0.100

nÂ

TIA

0.100

n¿

0.100

rur

na

0.100

na

0.100

Target

n¿

DA

0.050

na

tl¡

0.050

na

n¿

0.050

na

0.050

n¡

nÂ

0.050

n¡

0.050

Lower

Limit

na

n¡

0.140

Ila

m

0.140

¡ul

n¡

0.140

¡¡å

0.140

n¿

tu¡

0.140

¡¡a

0.140

Upper

Limit

ûa

¡¡¡

yes

n¡

n¡

yes

n¡

Ill

yes

n¡

yes

u

t¡Â

yes

n¡

Àccept

yes

ye8

yes

yes

yes

yes

yes

yes

ye6

ye8

yes

y6

yes

y9s

yes

yet

yes

yes

yes

Overall

QC

Acceptable

LOQ = Limit of Quantitation = lowest level of the parameler that can be quantified with confidence
analysis

na
ns
nd
TR

= Unavailable due to dilution required for
= Not Applicable
: Insufficient Sample Submitted
= parameter not detected
: trace level less than LOQ

Page 3 of 5



MDS Environmental Services Limited.

Client : Ecological Services for Planning

Contact: Barbara Dowsley

Analysis of Water

LOQ = Limit of Quantit¿tion = lowest level of the parameter that can be quantified with confideoce* = Unavailable due ûo dilution required for analysis
na = Not Applicable
¡ls = Insuffcient Sample Submitted
nd = parameternotdetected
TR = trace level 1ç5s than LOQ

Certificate of Quality Control
Date Reported:

MDS Ref # :

MDS Quote#:

Client Ref#:

October 15/96

96686s

96-6n-GS

96239

lln

Tltsnim

Tlunm

Uruim

ltroim

V¿¡¡dim

V¡¡¡dim

Colü

CæÁ¡crivil - @5'C

Ë
thùidity

Merury

Ami¡iæN)

Amø¡Â(8N)

Tol¡f lqeHrhl Nitrog@(8 N)

Tobf IÇeldahl Nitrogø(æ N)

Disolved llo¡geic C¿rb@(6 C)

Disohred O¡geic C¿¡b@(DOC)

Totål Sìrsp@ded Solids

Cyeide, FE

Parameter

E

l\,13-1

ü
M}'l

E

À,tll

u

u

u

u

E

E

ü
u
u
u
B

ü
Ë

u

SAMPI,E ID
(sPike)

0.002

0.002

0.002

0.0001

0.0001

0.002

0.002

5

1

0.1

0.1

0.1

0.05.

0.05

0.05

0.05

0.5

0.5

5

0.o02

LOQ

ûglL

mgIL

meIL

mglL

mglL

mgIL

úglL

TCU

us/cm

Unils

NTU

lglL

ßglL

ÃgIL

E€'lr-

ßglL

miglL

øglL

mglL

ûclL

Units

ndo)

nd(b)

nd(b)

nd(b)

ndo)

ndo)

nd(b)

nd(b)

nÂ(b)

n¡(b)

nd(b)

nd

nd

nd

nd

¡d

nd

nd

nd

nd

Re$¡lt

Process Bla¡k

0.004

0.004

0.004

0.0002

0.0002

0.004

0.004

10

D¿

na

0.5

0.2

0.1

0.1

0.1

0.1

1.0

1.0

t

0.004

Upper

Limit

yes

yes

yes

yes

yes

yes

yes

yes

na

l¡å

yes

yes

ye8

yes

yes

yes

yes

yes

yes

yes

Accept

99

95

100

90

101

96

t04

100

96

99

96

99

98

98

100

96

¡l¡

98

99

92

Result

Process % Recovery

85

85

85

85

85

85

85

85

9L

98

81

79

79

79

77

77

¡ra

80

82

77

Lower

Limit

115

115

115

115

115

115

115

115

109

L02

L29

L?N

119

119

L22

r22

DÂ

116

118

127

Upper

Limit

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

DA

yes

yes

yes

Accept

¡la

0.L07

¡IA

0.1000

na

0.138

n¿

m

nå

n¿

na

na

n¡

DA

nå

tur

nÂ

nå

na

m

Re$¡lt

Matrix Spike

t!¿

0.100

n&

0.100

na

0.100

n¡

m

na

nÂ

ûÀ

n¿

nÀ

na

na

¡rå

tra

nå

na

m

Target

NA

0.050

¡t¡

0.050

n¿

0.050

tra

m

n¿

na

n¡

nÂ

D¡

n¿

nå

n¿

na

DA

nt

m

Lower

Limit

na

0.140

t¡a

0.140

n¿

0.140

nå

m

n¿

n¡

na

na

¡u

DA

nÂ

na

na

DA

na

m

Upper

Limit

na

y€s

na

yes

na

yes

¡ra

DA

n¿

n¿

m

na

¡u

n¿

¡n

n¿

tr¿

Då

na

M

Accept

yes

yes

yes

yes

yes

yes

yff

yæ

yes

yes

ycs

yes

yes

yes

yes

yes

yes

yes

yes

yes

Overall

QC

Acceptable

Page 4 of 5



Client : Ecological Services for Planning
Contact: Barba¡a Dowsley

Analysis of Water

LOQ = Limit of Quantitation = lowest level of tåe parameûer that can be quantifíed with confidence* = Unavailable due ûo dilution required for analysis
na : Not Applicable
ns = Insuffcient Sample Submitted
nd = parameter not deûected
TR = hacelevel lessthanLOQ

MDS Environmental Services Limited.

Certificate of Quality Control
Date RepoÍed:
MDS Ref # :

MDS Quote#:

Client Ref#:

October 15/96

966865

96-697-GS

96239

Cyuide,Fru

Cyei&, Total

Cyuide, Tohl

Parameter

D

E

u

SAI\{PLE ID

(sp¡ke)

0.002

0.005

0.005

LOQ

mglL

mgIL

mglL

U¡rits

nd

nd

nd

Result

Process Bl¿nk

0.004

0.010

0.010

Upper

Limit

yes

yes

yes

Accept

92

90

90

Result

Process % Recovery

77

82

82

Lower

Limit

tn
115

115

Upper

Limit

ycs

yes

yes

Accept

n¡

¡¡å

lr&

Result

Matrix Spike

¡¡a

r¡¿

n¡

Target

IN

n¡

n¿

Lower

Limit

n¿

n¡

n¡

Upper

Limit

na

IIâ

m

Accept

v6

yes

y€s

Overall

QC

Accepøble
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MDS Environmental Services Limited.

Report of Analys¡s
Client : Ecological Serr¡ices 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 lisûed due to dilution ( ) Adþsted LOe

t\
{

ùüt
Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

Octobel 15196

96686s

96-6n-cS

96239

LOQ

lô,{3-2

Fota!

96t09t30

0.028

28t

0.36

5.2

nd

16.4

67.9

0.020

0.?5

nd

nd

M3-2

96t09t30

15

L45

0.49

nd

nd

588

0.033

270

0.28

5.8

nd

2L.t

7.0

80.4

0.039

0.t4

nd

nd

M3-1

lrotaf]

Replicâte

0.031

285

0.39

5.6

nd

16.9

74.2

0.023

M3-1

ltot¡!
96t09t30

0.029

279

0.38

5.5

nd

16.2

72.0

0.022

0.25

nd

nd

M3-1

Replicate

15

148

0.48

nd

nd

586

0.036

270

0.26

5.8

nd

20.8

7.0

78.9

0.034

0.13

nd

nd

M3-1

96t09t30

15

148

0.48

nd

nd

586

0.035

277

0.26

5.8

nd

2L.t

7.2

78.2

0.033

o.l4

nd

nd

Bl¡nk

FotåÜ

96t09t30

nd

nd

nd

nd

nd

nd

0.2

¡d

nd

nd

nd

Blånk

96t09t30

nd

nd

nd

nd

nd

nd

nd

0.8

nd

0.1

nd

nd

nd

0.3

0.047

nd

nd

nd

Un¡ts

mg,ll,

mg.L

mg,ll

ßg;!-

mgiI-

mgiL

mgiL

ûgtL

mgtL

rngil,

mglL

úglL

r'glL

mglf-

ûglL

ÃglL

úgtL

mg1L

LOQ

I
1

0.05

0.01

0.01

u

0.005

0.1

0.02

0.1

0.1

0.5

0.5

0.1

0.002

0.01

0.002

0.002

Parameter

Date Såmpled >

CaCO3)

Ð
Ð

Ð

Silica(SiO2)

nd

Page I of8



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

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

Report Date:
MDS Ref # :

MDS Quote #:

Client Ref#:

October 15196

96686s
96-697-cS

96239

LOQ

Parameter

Date Sanpled >

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

mgtL

mglL

ÃgtL

mglL

mglL

mglL

ûBlI-

mglL

ßglL

úglL

ûglL

mglL

mglL

mglL

ûgIL

mglL

mglL

øglL

Units

ûd

nd

nd

nd

nd

nd

0.048

0.0003

¡d

nd

0.003

nd

nd

nd

nd

nd

nd

nd

Blå¡k

96t09t30

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

0.002

nd

nd

nd

nd

nd

nd

nd

Blank

ttotaü

96t09t30

0.041

nd

nd

nd

nd

0.024

0.092

0.0007

0.138

nd

0.885

0.003

nd

0.654

0.0003

nd

nd

¡d

M3-1

96t09t30

0.044

nd

nd

nd

nd

0.0'24

0.094

0.0007

0.L32

nd

0.886

0.003

nd

0.62L

0.0002

nd

nd

nd

M3-1

Replicate

0.0n

nd

nd

nd

nd

0.02L

0.096

nd

0.t2Ã

nd

0.749

nd

nd

0.615

nd

nd

nd

nd

M3-1

tlot¿[

96t09t30

M3-1

lrouU

Replicate

0.042

nd

nd

nd

nd

0.023

0.092

0.0008

0.131

nd

0.869

0.003

nd

0.641

0.0003

nd

nd

nd

M3-2

96t09t30

0.0n

nd

nd

nd

nd

0.020

0.096

nd

0.L25

nd

0.748

nd

nd

0.613

nd

nd

nd

nd

ltt43-2

ItoÈll

96t09t30

nd
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MDS Environmental Services Limited

Report of Analys¡s
Client: Ecological Services for Planning
Cont¿ct: Barbara Dowsley

Amlysis of Water

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

= Not Requested

= Not Applicable

: Not Calculated

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

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#

October Lsl96

96686s

96-6n-GS

96239

:oo
na

NCALC

nd

Sum

CaCO3, calculaæd)

CaCO3, c¿lculated)

Sum

- @25oC

CaCO3)

Balance

Index at 20"C

Index at 4oC

pE at 20'C

pII at 4'C

Dissolved Solids(Calcul¿red)

Ð

Para¡neter

Date Sampled >

0.002

t¡¿

1

1

nÂ

5

I
0.1

0.01

na

n¡

0.1

na

na

1

0.1

0.1

0.05

LOQ

ßglL

meq/'L

mglL

ûglL

meqll.

TCU

us/cm

úglL

%

n¿

ûr

Unils

units

unils

mglL

NTU

u;glL

mElL

Units

nd

0.000

nd

nd

0.000

nd

3

nd

NA

NCALC

NCALC

6.8

NCâLC

NCALC

nd

nd

nd

nd

Bl¡¡k

96t09t30

0.006

nd

Bl,mk

tror¡tl
g6t0gt3o

nd

16.7

15

nd

L7.5

1E

L540

698

2.4L

-0.947

-1.35

7.0

7.93

8.33

LLaO

1.3

0.1

0.63

M3-r

96t09t30

0.002

L6.7

15

nd

NCALC

18

1540

722

NCALC

NCALC

NCAÏ,c

7.0

NCALC

NCALC

I\-CAI¡

1.3

M3-l

Replicate

0.008

nd

M3-1

lror¿U

96t09t30

M3-1

trot¿ll

Replicate

0.003

16.6

15

nd

t8.2

L7

1520

713

4.54

4.928

-1.33

7.0

7.92

8.32

1130

1.3

nd

0.60

lô'{3-2

96t09t30

0.008

nd

M3-2

fto1Âü

96t09t30
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MDS Environmental Servíces Limited.

Report of Analysis
Client : Ecologicat Sewices for Planning
Contact: Barbara Dowsley

Analysis of Water

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

= Not Requested

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

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

Ocrober 15196

96686s

96-697-cS

96239

LOQ

Kjeklahl Nitrogen(as N)

lnorganic Carbon(as C)

Organic Carûon@OC)

Suspended Solids

Free

Tot¡l

Paramete¡

Date Sampled >

0.05

0.5

0.5

0.002

0.005

LOQ

mg/L

ßcIL

mglL

úgtL

úglL

mgtL

Units

nd

0.8

nd

nd

nd

Blank

96t09t30

Bla¡k

ltotau

96t09t30

0.77

3.8

2.0

nd

nd

nd

M3-r

96t09t30

M3-1

Replicate

M3-1

trora¡l

96t09t30

M3-1

[toi¡U

Replicate

0.78

5.1

2.0

nd

nd

nd

M3-2

96t09t30

M.3-2

trota!

96t09t30

nd
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MDS Environmental Services Limited

Report of Analys¡s
Client : Ecological Services for Ptanning
Cont¿ct: Barbara Dowsley

Analysis of Water

: Limit of Quantitation : lowest level of the parameter t¡at can be quantified with confidence.

= Not Requested

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

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

October 15/96

96686s

96-697-cS

96239

LOQ

CaCO3)

Ð
Ð

Ð

Silica(SiO2)

Sodirrn

Zhc

Aluminum

Antimony

A¡se¡ic

Parâmeter

Date Sampled >

I
1

0.05

0.01

0.01

,
0.005

0.1

0.02

0.1

0.1

0.5

0.5

0.1

0.002

0.01

0.002

0.002

LOQ

mglL

øgtL

mgll.

mglL

mglL

ßgtL

mglL

mglL

ßglL

mglL

mglL

ûglL

mglL

mglL

ñglL

ûgtL

mglL

ûgIL

Units

l5

t46

0.51

nd

nd

590

0.030

270

0.26

5.8

nd

22.L

7.0

80.5

0.040

0.13

nd

nd

M3-3

96/09t30

M3-3

Replicate

0.025

n3

0.36

5.1

nd

11.5

66.6

o.o2L

0.25

nd

nd

M3-3

ltotâU

96t09t30

nd
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MDS Environmental Services Limited

Report of Analys¡s
Client: Ecological Sen¡ices for Planning
Cont¿ct: Barbara Dowsley

Amlysis of Water

= Limit of Quantitation = lowest level of the parameter tåat 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#:

Octobet 15196

96686s

96-6n-GS

96239

LOQ

Bâdum

Berytrium

Bis¡n¡th

Cadmft¡m

Cb¡omium

Cob¿lt

Cq:per

L€ad

Mmgmese

Moþbdenum

ñickel

Seleniuo

Silver

Strontium

ïhallft¡m

îin
îitmir¡m

Urâûium

Parameter

Date Sampled >

0.005

0.005

0.002

0.0005

0.002

0.001

0.002

0.0001

0.002

o.oo2

0.002

0.002

0.0003

0.005

0.0001

0.0v2

0.002

0.0001

LOQ

mglL

ûglL

ßglL

mgtL

ûglL

ßglL

mgIL

ûglL

mglL

Digfi-

ûglL

mgIL

mglL

mglL

mgtL

mglL

mglL

mglL

Utrits

0.044

nd

nd

nd

nd

0.023

0.084

0.0008

0.L28

nd

0.870

0.003

nd

o.øt
0.0003

nd

nd

nd

M3-3

96t09t30

M3-3

Replicate

0.t26

¡d

nd

nd

nd

0.019

0.091

nd

0.120

nd

0.711

nd

nil

0.585

nd

nd

nd

nd

M3-3

ttoûrl

96t09t30

nd
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MDS Environmental Services Limited.

Report of Analysis
Client : Ecological Services for Planning
Cont¿cl Barbara Dowsley

Analysis of Water

= Limit of Quantit¿tion = lowest leve1 of the parameter that can be quantified with conûdence.

: NotRequested

= Not Applicable

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

Report Date:

MDS Ref # :

MDS Quote #:

Client Re#:

Octobel 15/96

966865

96-697-cS

96239

LOQ

na

nd

Sum

CaCO3, calculated)

CaCO3, calculaætf)

Sum

-@25'C

CaC03)

Bal¿nce

Index at 20'C

Index at 4"C

pH at 20'C

pE at 4"C

Dissolved Solids(Calculat€af)

Ð

Parameter

Date Sampled >

0.002

na

1

I
na

5

1

0.1

0.01

na

û¡

0.1

n¡

n¿

1

0.1

0.1

0.05

LOQ

mglL

meqlL

ûgtL

ûglL

neqll,

TCU

us/cm

mglL

%

na

n¿

Units

unils

units

mglL

NTU

,JgtL

ûctL

Units

0.003

16.1

15

nd

18.3

L2

1530

736

4.48

-0.913

-L.3L

7.0

7.90

8.30

L140

L.3

nd

0.62

M3-3

96t09t30

M3-3

Replicate

0.008

nd

M3-3

Itotall

96t09t30
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MDS Environmental Services Limited.

Report of Analys¡s
Client: Bcological 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 dilution ( ) Adjusted LOe

Report Date:

MDS Ref # :

MDS Quote #:

Client Ref#:

Ocrober 15/96

966865
96-6n-cS

96239

LOQ

KjeLlahl Nitrogen(as 1rI)

lnorganic Carbon(as C)

Orga¡ic C¿rton(DOC)

Suspended Solids

Free

Total

Paramete¡

Dåte Sampled >

0.05

0.5

0.5

5

0.002

0.005

LOQ

mglL

mgtL

mglL

ûglL

úgtL

mglL

Units

0.73

3.8

1.8

nd

nd

nd

M3-3

96t09t30

M3-3

Replicate

M3-3

ttor¡¡l

96t09t30

nd
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Client: Ecological Services fo¡
361 Southgate Drive
Gueþh, ONT, CANADA
NIG3M5

Date Submitted:

Date Reported:

MDS Ref#:

MDS Quote#:

Client Ref#:

Sampled By:

October 2196

October 15/96

966865

96-697-cS

96239
Mike Zimmer

Fax: srg-836-2493

Attn: Barbara Dowsley

Certificate of Analysis

Additional Comments:

NOTE:
Ion balance not reported on samples with low ionic stength.



Client : Ecological Services for Planning
Contact: Barbara Dowsley

Analysis of rùy'ater

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 = Insuf{icient Sample Submitted
nd = parameter not detectèd
TR = trace level less than LOe
(b) = Analyte results on REPORT ofANALYSß have been background corrected for the process blank.

MDS Environmental Services Limited.

Certificate of Quality Control
Date Reported:

MDS Ref # :

MDS Quote#:
Client PO#:

October 16/96

967005

96-697-cS

96239

Alkalhity(æ CaCO3)

C¡¡løidc

Nitab(æ N)

Nibitc(8 N)

Onhophæphaæ(as P)

Sulpheb

Bom

Calcim

lm

Megruim

Phcphoru

PGsiq

Sodiw

7nrc

Raaivc Silie(SiO2)

Alminm

Antimøry

AIgic

Earim

Bcryllim

Para¡neter

ú
m

FALC-EFFL

m

FALC.EFFL

E

:ALC-EFFL U¡fiIerc

iALC.EFFL UnfilþÞ

TALC.EFFL U!filbÉ

:ALC.EFFL Unfilæe

:ALC-EFFL Unfilrp

rALC-EFFL U¡IilbÉ

iALC-EFFL U¡JìlËù

iALC-EFFL Unf.lÈÉ

B

iALC-EFFL UnJilrs

IALC-EFFL UnJil¿e

IALC-EFFL

.ALC-EFFL

'ALC.EFFL

UnJilbd

U"n,.J
l

Unlilæni

SAMPLE ID

(spike)

I

I

0.05

0.01

0.01

z

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

mg/L

mg/L

mg/L

mglL

mg/L

mg/L

mg/L

mg/L

mglL

mglL

mglL

mglL

mg/L

mg/L

mglL

mg/L

mg/L

mg/L

mg/L

mslL

Units

nd(b)

nd(b)

nd(b)

nd(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)

ndo)

nd(b)

nd(b)

Res¡¡lt

Process Blank

)

2

0.1

0.03

0.03

3

0.02

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

ys

ys

yß

ys

ys

ys

yð

ys

yes

ys

ys

ys
yð

y*
yq

vg

ye3

ys

ys

yes

Accept

97

r11

108

83

102

103

106

106

106

109

97

108

104

108

99

88

l0l
9l

108

95

ResuIt

Process % Recovery

87

90

88

80

90

90

85

85

85

85

85

85

85

85

80

85

85

85

85

85

l¡wer
Linr¡t

r13

113

tL4

116

110

113

115

lt5

ll5
115

lt5

115

115

115

r20

1t5

115

115

115

115

Upper

Limit

ye8

ys

y6

ys

ys

ys

y*
ys

ys

ye8

y6

y6

yq

ys

yes

y6

yes

ys

ys

ys

Accept

na

na

0.31

na

0.80

m

1.03

1.02

1.0

0.9

3.9

0.5

1.07

na

0.10

0.102

0.099

0.106

0.095

Result

Matrix Spike

m

na

0.30

na

1.0

m

l.00

1.00

1.0

1.0

5.0

1.0

1.00

na

0.100

0.100

0.100

0.100

0.100

Target

m

na

0.18

na

0.6

m

0.60

0.60

0.2

0.4

1.0

0.2

0.60

m

0.050

0.050

0.050

0.050

0.050

Lower

Limit

ûa

nâ

0.42

na

1.4

n&

1.40

1.40

1.6

1.6

8.0

l.ó

1.40

na

0.140

0.140

0.140

0.140

0.140

Upper

Limit

m

na

y€

na

ys

na

ys

ys

ye8

y*
vg

ys

vg

na

yeE

yes

ye8

ys

yes

Accept

ys

yð

v6

ys

y€

ye8

ye8

y6

y4

ys

ye

y€

y6

ve

ye8

v6

yes

ys

y€
yes

Overall

QC

Acceptable
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Client : Ecological Services for Planning
Contact: Barbara Dowsley

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 # :

MDS Quote#:
Client PO#:

October 16/96

967W5
96-697-GS

96239

Bignuth

Cadmim

Ch¡qnim

Cobalt

Cop'pc¡

Itad

Malgæ

Molybdøm

Niclol

Sclcnim

Silwr

Stmtim

Thallim

Tin

Timim

Unim

Verrdim

Colu

c@duivity - @25'c

pH

Parameter

rAt C-EFFL Unñlep

IALC-EFFL UnfìlÞÉ

|ALC-EFFL U¡iilærc

IALC-EFFL Uniilrp

IALC-EFFL U¡frlam

)ALC-EFFL UniilæÈ

ÌALC-EFFL UnfilþÈ

|ALC-EFFL UnJilarc

rALC-EFFL UnJìlap

'ALC-EFFL U¡filap

'ALC.EFFL U¡rjìleo

'ALC-EFFL Unfilap

'ALC-EFFL U¡filbù

ALC-EFFL UnfilÈÈ

ALC-EFFL UnfilEÉ

ALC-EFFL U¡filbÈ

ALC-EFFL Unf¡læÉ

û
Þ

M

SAMPLE ID

(spike)

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

I
0.1

LOQ

mg/L

mglL

mg/L

mglL

mg/L

mglL

mglL

mglL

mglL

mglL

mglL

mg/L

mglL

ng/L

mglL

mglL

mg/L

TCU

w/m

Units

Units

nd(b)

nd(b)

ndo)

ndo)

nd(b)

0.0007(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

na

na

na

ResuIt

Process Blank

0.004

0.0010

0.004

0.002

0.0û1

0.002

0.004

0.004

0.004

0-004

0.0006

0.01

0.0002

0.004

0.004

0.0002

0.0û1

m

m

m

Upper

Limit

ys

ys
ys

ys

y6

ys

ys

yq

y6

yæ

ys
ys

ys

y6

ys
yq

ys

na

na

na

Accept

100

102

105

107

tt2
98

l0ó

99

104

91

r02

10r

99

103

103

99

t07

106

96

100

Result

Process % Recovery

85

85

85

85

85

85

85

E5

85

85

85

85

85

85

85

85

85

85

91

98

Low,er

Li¡t¡t

l15

115

115

115

115

115

115

115

115

115

l15

115

115

115

115

ll5
il5
1I5

109

102

Upper

Limit

yes

'yes

ys
ys

ys
ys

ys

y6

yð

vg

ys
yq

vq

vg

v*

ys
ys
yð

yß

ys

Accept

0.100

0.1020

0.103

0.104

0.1 14

0.1000

0.104

0.100

0.099

0.100

0.0705

0.096

0.0993

0.103

0.102

0.1020

0.104

m

m

m

Resr¡lt

Nlatrix Spr:ke

0.100

0.100

0. r00

0.100

0. r00

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.r00

0.100

0. r00

m

m

na

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

na

m

na

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

0.140

0.140

0.140

0.140

m

M

tra

Upper

Limit

ys

v6

yes

ys
ys

ys

y6

vg

ys

yeE

vq

ys
ys

vg

yæ

ys
ys
na

na

na

Accept

y6

yæ

ye8

y6

ys

ys

ys

vg

væ

yë

vd

ycE

vg

vg

vg

y6
ys

yd

vg

ys

Overall

QC

Acceptable
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MDS Environmental Services Limited

Client : Ecological Services for Planning
Contact: Barbara Dowsley

Analysis of Water

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

Certificate of Quality Control
Date Reported:

MDS Ref # :

MDS Quote#:
Client PO#:

October 16196

96',lOO5

96-697-cS

96239

Tubidity

ñlerory

A¡m6ia(a N)

Dlssolvêd Inorgeic Ca!bø(æ C)

Dissolvcd Or¡mic Carbø(DOC)

Parameter

ú

É

ü

SAMPLE ID

(spike)

0.1

0.1

0.0s

0.5

0.5

LOQ

NTU

ug/L

mglL

mg/L

rng/L

Units

nd

nd

nd

nd

nd

Result

Process Bla¡k

0.5

0.?

0.1

1.0

1.0

Upper

Limit

ys

yæ

ys

ys

ys

Accept

95

103

99

na

101

Result

Process 9o Recovery

8l

79

79

na

80

Lorr'er

Limit

129

r20

119

m

ll6

Upper

Limit

ys

yes

y4

na

yes

Accept

na

na

na

na

na

ResuIt

Matrix Spike

m

na

na

na

m

Target

na

na

na

na

na

Lower

Limit

na

m

m

na

na

Upper

Limit

m

na

na

na

na

Accept

yq

v6

ye

ys

y€

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 Water

: Linrit ofQuantitation : lowest level ofthe parameter lhat can be quantified with confidence.

: Not Requested

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

Report Date:

MDS Ref # :

MDS Quote #:

Client PO#:

October 16/96

967005

96-697-GS

96239

LOQ

0.040

306

0.M

2.8

nd

20.2

79.2

nd

0.05

nd

nd

0.033

nd

nd

nd

nd

0.003

0.013

nd

0.016

0.037

310

0.06

2.8

nd

22.4

79.1

nd

0.05

nd

nd

0.032

nd

nd

nd

nd

0.003

0.0r3

nd

0.016

0.036

309

0.04

2.9

nd

20.0

81.ó

0.022

0.06

nd

nd

0.033

nd

nd

nd

nd

0.003

0.01ó

nd

0.016

2l

t59

0.50

nd

nd

d5r

5.ó

2t

159

0.50

nd

nd

651

5.ó

mglL

mg/L

nglL

mglL

mglL

mg/L

mglL

mg/L

mglL

mg/L

mglL

mg/L

mglL

mglL

rng/L

mglL

mglL

mglL

rng/L

mglL

rnglL

mglL

mglL

mglL

mglL

mglL

mplL

I

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

0.005

0.002

0.0005

0,002

0.001

0.002

0.0001

0.002

CaC03)

Nitmte(il 19

N)

P)

Phosphoruo

Potaseium

Ructive Silica(SiO2)

Sodim

Zinc

Alminm

Antimony

Amenic

Barim

Beryllim

Bismuth

Cadmim

Chromium

Cobalt

Copper

IÆd

Mmgmee

FAI-C-EFFL

Unfilter€d

Replicate

FAI¡.EFFL

Unñltered

96L0t0s

FAI,C.EFFL

Filþred

96n0t0s

FArc.EFFL

Replicate

FArc.EFFL

96/10/05

UnitsLOQParameter

Date Sampled >

nd
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MDS Environmental Services Limited.

Report of Analys¡s

Client : Ecological Services for Planning

Contact: Barbara Dowsley

Analysis of rùy'ater

Report Date:

MDS Ref # :

MDS Quote #:
Client PO#:

October 16/96

967005

96-697-GS

96239

I

nd

0.098

0.005

nd

0.858

0.0003

nd

nd

nd

nd

nd

0.097

0.004

nd

0.858

0.0002

nd

nd

nd

nd

nd

0.095

0.004

nd

0.858

0.0003

nd

nd

nd

nd

18.5

20

nd

19.5

nd

7670

'776

2.71

-0.010

-0.400

7.8

7.80

8.20

t240

0.1

18.5

2l

nd

19.8

nd

16'.10

786

3.32

0.020

-0.3 80

7.8

7.79

8.19

1250

0.2

nd

0.79

mglL

mglL

mglL

mg/L

mg/L

mglL

mglL

nglL

mglL

mglL

ne4lL

mglL

mglL

meqlL

TCU

us/cm

mglL

%

na

na

Unilj

mits

units

mglL

NTU

ug/L

mglL

0.{02

0.002

0.002

0.0003

0.005

0.0001

0.002

0.002

0.0001

0.002

na

1

1

na

5

1

0.1

0.01

na

na

0.1

na

n&

I

0.1

0.1

0.05

MolyMenm

Nickel

Selenim

Silver

Strontim

Thallim

Tin

Titanim

Umim

Vmodium

Anion Sum

Bicârbonate(Es CaCO3, calculated)

Carbonate(as CaCO3, calculated)

Cation Sm

Colour

Conductivity - @25"C

Ha¡dness(æ CaCO3)

Ion Balmce

l:ngelier Index at 20'C

Ingelier Index at 4'C

pH

San¡råtion pH at 20oC

Sah¡mtion pH at 4"C

Total Dis¡olved Solids(Calculated)

Turbidity

Mercury

Ammonia(ag Ð

FAIJC-EFFL

Unñltered

Replicate

FALC-EFFL

Unfilæred

96tL0t05

FAIX.EFFL

Filter€d

96/L0/05

FAI-C-EFFL

Replicate

FAT.C.EFFL

96/10/05

UnitsLOQParameter

Date Saupled >

LOQ

na

nd

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

= Not Requested

= Not Applicable

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

Report Date:

MDS Ref # :

MDS Quote #:

Client PO#:

October 16/96

967005

96-697-cS

96239

LOQ

4.9

2.5

mglL

mg/L

0.5

0.5

Inorgmio Carbon(m C)

Orgmic Carbon(DOC)

FAI,C.EFFL

Unfiltcred

Replicate

FAI-C.EFFL

Unfilt€red

96n0t05

FAIX.EFFL

Filtered

96n0t05

FALC-EFFL

Replicatb

FArc-EFFL

96tL0t05

UnitsLOQParameter

Date Sampled )
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MDS Environmental Services Limited.

Client : Ecological Services for Planning
Contact: Barbara Dowsley

Analysis of Water

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
(b) = Analyte results on REPORT of ANALYSIS have been background corrected for the process blanli.

Certificate of Quality Control
Date Reported:

MDS Ref # :

MDS Quote#:
Client PO#:

Client Ref#:

October 23196

966957

96{97-cS
CANMET

96239Ompng

Alkalinity(âs CaCO3)

Amøia(as N)

Chloride

NilÉE(æ N)

NitriE(æ N)

Ofhoph6phaÈ(æ P)

SulphâÈ

Bo@

Borø

Calcim

Celcim

lrø

Im

Màgßi@

Magmiu

Phæphoru

Phøphoro

Potæsim

Potæsim

Sodim

Paranreter

M

oR3-l

ú
oR3-l

É

oR3-l

m

oR3-l

OR3-2 [tdall

oR3-t

OR3-2 ltoblì

oR3-1

OR3-2 [tdau

oR3-l

OR3-2 ltdal]

oR3-l

OR3-2 ltdalj

oR3-t

OR3-2 ltorall

OR3.I

SAMPLE ID

(spike)

I

0.05

I

0.05

0.01

0.01

2

0.005

0.005

0.1

0.1

0.02

0.02

0.1

0.1

0.1

0.1

0.5

0.5

0.1

LOQ

mg/L.

mg/L

mglL

mg/L

mg/L

mg/L

mg/L

mg/L

mglL

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mglL

mg/L

mglL

mg/L

me/L

Units

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

0.007(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

ndo)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

Result

Process Blank

2

0.10

2

0.1

0.03

0.03

3

0.02

0.02

0.2

0.2

0.03

0.03

0.2

0.2

0.2

0.2

1.0

1.0

0.2

Upper

Limit

ys

y*
ys

ys

ys

ys

ys

y*
ys

ys
ys

y6

y6

y*
ys

yæ

vß

ys

yc'e

yes

Accept

97

103

111

r08

83

102

103

106

93

107

95

101

r00

97

106

92

108

100

95

104

Result

Process % Recovery

87

81

90

88

80

90

90

E5

E5

85

85

85

85

85

85

85

85

E5

85

85

Low,er

Lim¡t

113

118

113

7t4

ll6
110

113

ll5
115

115

115

115

r15

115

115

115

ll5
u5

115

115

Upper

Linit

ys

ve3

ys
ys
ys

ys
ys
ys
ys

ys

yes

ys

y6

yes

ys

ys

ys
ys

ye8

ys

Accep

na

0.93

na

0.32

na

0.90

na

t.t4

0.u7

0.4

1.0

1.05

0.90

1.0

1.0

0.9

1.0

5.1

3.3

0.9

ResuIt

Matrix Spike

na

1.00

m

0.30

na

1.0

m

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

Target

m

0.ó0

m

0.18

m

0.6

na

0.60

0.60

0.2

0.2

0.60

0.60

0.2

o.2

0.4

0.4

1.0

1.0

o.2

Lower

Limit

m

1.40

na

0.42

na

1.4

m

1.40

1.40

1.8

l.E

1.40

1.40

1.6

1.6

1.6

1.6

8.0

t.0

1.6

Upper

Lindt

na

vg

na

ys

m

ys

na

yeE

ys

yð

ye

yâ

ys

vg

yË

ys

ys

vg

y6

ys

Accept

vg

væ

y6

va

yes

y€

ys
ye8

ys

ys

ys

yq

vg

vg

ys

vq

ye8

yes

yes

ycs

Overall

QC

Acceptable
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MDS Environmental Services Limited

Client : Ecological Services for Planning
Contact: Barbara Dowsley

Analysis of Water

LOQ : Limit of Quantitation = lowest level of the parameter that cân 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

Certificate of Quality Control
Date Reported:

MDS Ref # :

MDS Quote#:
Client PO#:

Client Ref#:

October23196

966957

96-697-cS

CANMET
96239Onapng

Sodim

Zjæ

Zrc

Rceciw Silic(SiO2)

Rectivc Sili€(SiO2)

Alminm

Almi¡m

Anti,My

Adiæny

Aænic

AIgic

B¡rim

Bs¡iu

Bcryllim

Bcryllim

Bi¡muth

Bimutb

Cadmim

Cadmiw

Chmim

Para,meter

OR3"2 lrülÌ

oR3-l

OR3-2lrülì

M

û
oR3- r

OR3.2 ltotall

oR3-t

OR3.2 ftotall

oR3-r

OR3-2 hotall

oR3.r

OR3-2 ltotâll

oR3-l

OR3-2 [tdal]

oR3-l

oR3-2 hell
oR3-l

Ott3.2 ltotal]

oR3-l

SAMPLE ID

(spike)

0.1

0.002

0.002

0.5

0.5

0.01

0.01

0.002

0.002

0.002

0.002

0.005

0.005

0.005

0.005

o.oo2

0.002

0.0005

0.0005

0.002

LOQ

mg/L

mg/L

mglL

mglL

mglL

mg/L

mg/L

mg/L

mglL

mglL

mg/L

mg/L

mglL

mg/L

mg/L

mglL

mglL

mglL

mglL

mplL

Units

ndo)

nd(b)

: 0.002(b)

nd(b)

nd(b)

nd(b)

nd(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 Bl¿nk

0.2

0.02

0.02

1.0

1.0

0.03

0.03

0.004

0.004

0.004

0.004

0.0r

0.01

0.01

0.01

0.004

0.004

0.00r0

0.0010

0.004

Upper

Limit

v€

y*
yes

ys

ys

y6

y*
ys

ys

ys

ys

y6

yæ

ys

ys

ys

vg

vg

ys

yet

Accept

105

101

106

101

99

92

105

l0t

104

96

t02

lo7

105

97

108

103

103

103

105

r03

Result

Process % Recovery

85

85

E5

80

80

85

85

85

85

85

85

85

85

85

85

85

85

85

85

E5

Lower

Limit

115

1r5

115

t20

120

ll5
ll5
il5
115

ll5
115

il5
1r5

115

ll5
ll5
115

115

ll5
115

Upper

Limit

yë

y6

vg

v6

ys

ys

vg

ys

ys

yð

ys

y6

ye

yæ

vg

yð

ys

yq

vg

yc8

Accept

0.8

1.03

0.951

m

na

0.1I

0.1I

0. r04

0.107

0.104

0.107

0.106

0.106

0.103

0.104

0.r04

0.106

0.1030

0.1070

0.101

Result

Matrix Spike

t.0

1.00

1.00

m

m

0.1 00

0. r00

0.100

0.100

0.100

0. r00

0.100

0.r00

0.100

0.100

0.100

0.100

0.100

0.100

0.100

Target

0.2

0.ó0

0.60

na

na

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

Linlit

1.6

t.40

L40

m

na

0.140

0. r40

0.140

0.140

0.140

0.140

0. t40

0.140

0.140

0. t¿10

0.140

0.l¿m

0.140

0.140

0.140

Upper

I.iñit

vg

ys

ye8

m

nÀ

yB

y6

y6

vg

y€3

yë

vg

y6

yë

yë

y€8

y6

y6

y6

ycs

Accepú

ys
vg

ys

vg

ys

ys
ys
v4

y6

vg

ys
ys

yð

vg

vg

VG

yê

ys
yca

ye8

Overall

QC

Acceptable
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MDS Environmental Services Limited

Client : Ecological Services for Planning
Contact: Barbara Dowsley

Analysis of Water

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

Certificate of Quality Control
Date Reported:

MDS Ref # :

MDS Quote#:
Client PO#:

Client Ref#:

October 23196

966957

96497-GS

CANMET
96239Onapng

Ch¡mim

Cobah

Coùalt

Coppcr

Coçpcr

LaÅ

t!âd

Mangær

lr,logæ*

ñtoly'bdanm

Molybdcnm

Nicbl

Nìctcl

Sclcnim

Sêtcn¡m

Silwr

Silwr

Stmtim

Strøtim

Thallim

Parameter

OR3-2 ltúl]

oR3-1

OR3-2 húll

oR}.l

OR3-2 ltotâU

oR3-l

OR3-2 ltotal]

oR3-l

OR3-2 ltobu

oP3-l

OR3-2 hotall

oR3-t

OR3-2 ltotÀll

oR.ll

OR3-2 hotell

oR3-l

OR.!2 hùll

oR3-l

OR12 hotall

oR3-l

SA]VPLE ID

(spike)

0.002

0.001

0.001

0.002

0.002

0.0001

0.000r

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

LOQ

mglL

mg/L

mg/L

mglL

mg/L

mglL

mg/L

mg/L

mg/L

mglL

mglL

mg/L

rng/L

mg/L

mglL

mg/L

mglL

mg/L

mglL

me/L

Units

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

ndo)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

ndÕ)

Result

Process Blank

0.004

0.002

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

0.000ó

0.0006

0.01

0.01

0.0002

upper

Limit

yes

ys
ys

ys
ys

vs

yes

ye8

y6

ye

ys

ys
y6

yæ

yß

yæ

ys

yes

y*
y6

Accept

l04

105

tm

104

104

l0t

103

103

t02

99

104

103

99

98

101

90

107

104

to7

100

Res¡¡lt

Process % Recovery

85

85

85

85

85

85

85

85

85

85

85

85

85

85

85

85

85

85

E5

85

Lorver

Lilnit

115

ll5

115

r15

ll5

ll5

ll5

ll5

ll5

115

ll5

ll5
l15

n5

ll5

u5

ll5

r15

115

115

Upper

Limit

yes

ye

ys

ys
ys

vg

ye's

ye-e

ys

y€s

ye

yë
y€

vg

vg

yec

ys

ys
ys

ys

Accept

0.105

0.101

0.103

0.101

0.102

0.1040

0.1060

0.103

0. l0E

0.103

0. 106

0.098

0.100

0.104

0.105

0.1080

0.1 I 10

0.105

0.1 10

0.1020

Result

Matrix Spr'ke

0.100

0.100

0.r00

0.100

0.100

0.100

0.100

0.100

0.100

0. t00

0.100

0.100

0.100

0.r00

0.r00

0.100

0.100

0.100

0.100

0.100

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

0.050

0.050

0.050

Lower

Limit

0.140

0.140

0.140

0.r40

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

0.140

Upper

Limit

yes

ye

ya

yð

ys

ycs

vg

y€8

ycs

ye8

ys

y€

yë

vg

ys

yca

y6

yes

yë

yeE

Accept

ye3

yB

ye8

ys

yd

vë

yc5

yæ

ycr

ye8

vð

vd

ys

yeð

y6

vg

ye8

ye3

ys

Overall

QC

Acceptable
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Client : Ecological Services for Planning
Contact: Barbara Dowsley

Analysis of Water

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 : Insuffìcient Sample Submitted
nd : parameter not detected
TR : trace level less than LOQ

MDS Environmental Services Limited.

Certificate of Quality Control
Date Reported:

MDS Ref # :

MDS Quotøf:
Client PO#:

Client Ref#:

October23196

966957

96497.c5
CANMET

96239Onapng

Thalliu

Ti¡

Tin

Titmim

Tituim

Umim

Uruim

Varndiw

Vâ!âdiu

Colu

Cq¡düivity - @25"C

pH

tmßily

Merory

Merery

Mcrcu¡y

Antmi¿(sN)

Amøia(æ N)

Tæl KjclCahl Nitrogø(æ N)

Tord KþHahl Nitrcgcn(æ N)

Par¿meter

OR3-2 [totâU

oR3-l

OR3-2 ftobll

oR3-l

OR3.2 [tobu

OR},I

OR3-2 [tdal]

oR3-r

OR3-2 ltobl]

M

É

m

M

ú
ú

d

ú
m

E

M

SAI\.ÍPLE ID

(spike)

0.0001

0.002

0-002

0.002

0.002

0.0001

0.0001

0.002

0.002

5

I

0.1

0.1

0.1

0.1

0.t

0.05

0.05

0.05

0.05

LOQ

mglL

mg/L

mglL

mg/L

mg/L

mglL

mg/L

mg/L

ng/L

TCU

u/cm

Units

NTU

uglL

uglL

uglL

mg/L

mglL

mglL

mg/L

Units

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

na(b)

na(b)

nd(b)

.nd

nd

nd

nd

nd

na

nd

Result

Process Blank

0.0002

0.004

0.004

0.004

0.004

0.0002

0.0002

0.004

0.004

10

na

na

0.5

0.2

0.2

0.2

0.1

0.1

nâ

0.1

Upper

Lindt

y6

ys
ys
ye

vg

y*
ys

ys
ys
ys

na

na

ys

ys

yes

ys

y6

y4

m

Ys

Accept

r02

104

t04

101

102

103

104

104

102

106

96

100

95

r03

103

95

98

98

102

93

Res¡¡It

Process % Recovery

85

85

85

85

85

85

85

85

85

85

9t

9E

8l

79

79

79

79

79

77

't7

Lolver

Limit

115

115

115

115

115

l15

ll5
115

115

115

109

102

129

l?0

t20

120

il9
119

r22

t22

Upper

Limit

ys

ys

vg

yes

ys
ys

y6

yq

vg

yes

ys

vð

yð

vð

ys

y€8

ys
ys

vð

Y6

Accept

0.1040

0.102

0.107

0.101

0.103

0.1070

0.1080

0.100

0.104

n¡

na

na

m

m

na

na

na

na

na

na

Resr¡It

Matrix Spike

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

m

na

na

na

n&

m

na

m

m

na

na

Target

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

nû

m

na

n¡

m

m

D'

m

na

na

m

Lower

Limit

0.140

0.140

0. r40

0.140

0.140

0.140

0.140

0.140

0.140

na

m

na

m

m

m

n¡

na

n¡

m

m

Upper

Linit

ye

ys
yð

yë

vg

ys

y6

yq

ys

m

na

m

m

na

m

na

na

na

na

m

Accept

ys
v6

ys
ve

ys

ys

yæ

ye8

ys

ys

yeE

ye

ys
vg

v6

yes

vg

v6

ye

ys¡

Overall

QC

Acceptable
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Client : Ecological Services for Planning
Contact: Barbara Dowsley

Analysis of tü/ater

LOQ = Limit of Quantitation = lowest level of the parameter that can be quantified with confidence* = Unavailable due to dilution rcquired 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 Quality Control
Date Reported:

MDS Ref # :

MDS Quote#:
Client PO#:

Client Ref#:

October 23196

966957

96497-cS
CANMET

96239Onaping

Þissolvcd Inøgmic Caôoo(æ C)

Dissohed Orgoic Carb@(DOC)

Tel Supc¡dcd Solids

Cymictc, Fe

Cyæide, Fe

Cyæi<tc, Fæ

Cymidc, Fæ

Cymide, Fe

Cyaid¿, Total

Cyaide, Tqal

Parameter

ü
ú
ß

ú
m

û
m

M

m

É

SAl\4PLE II)
(sPike)

0.5

0.5

5

0.002

0.002

0.002

0.002

0.002

0.005

0.005

LOQ

mg/L

mglL

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

U¡rits

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

Result

Process Blank

1.0

1.0

2

0.004

0.004

0.004

0.004

0.004

0.010

0.010

Uppet

Lin¡t

ys

ye

ys

yæ

ys

ys

ys
ys

yes

ye

Accept

m

101

93

9ó

96

96

96

96

89

89

Result

Process 7o Recovery

na

80

82

77

a1

77

E2

82

Lower

Li¡rit

na

iló

ll8

r27

127

127

127

t27

115

115

Upper

Lirllit

m

ys
ys

ys
yæ

yes

yes

ye9

ye3

y4

Accept

m

m

na

na

m

na

m

m

m

na

Result

Matrix Spike

na

m

m

m

na

na

na

na

n¡

m

Target

na

m

na

na

m

m

na

na

m

m

Lower

Limit

na

na

m

na

na

na

na

n¡

m

m

Upper

Limit

na

m

m

na

m

m

na

m

na

m

Accept

ye3

ys
vg

vg

yæ

ye8

y€

vg

ys

ycE

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 Water

LOQ

Report Date:

MDS Ref # :

MDS Quote #:

Client PO#:

Client Ref#:

October 23196

966957

96-697-GS

CANMET
96239Onqing

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

: Not Requested

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

nd

2.9

0.22

1.0

nd

0.8

3.6

3.2

0.003

0.04

nd

nd

0.007

nd

nd

nd

nd

nd

nd

0.0060

6

I

0. l3

nd

nd

6

0.005

3.7

o.26

0.7

nd

nd

3.6

1.8

0.045

0.03

nd

nd

0.007

nd

nd

nd

nd

nd

nd

nd

0.023

231

0.14

2.6

nd

12.8

5.2

52.5

0.005

0.10

nd

nd

0.028

nd

nd

nd

nd

0.004

0.020

nd

t8

t70

0.54

ul

nd

&2

0.033

259

0.05

2.4

nd

18.6

4.8

75.6

0.t67

0.06

nd

nd

0.029

nd

nd

nd

nd

0.003

nd

0.000t

mg/L

tng/L

mgiL

mglL

nrg/L

mg/L

mg/L

mg/L

m/L

mglL

mg/L

mglL

mglL

mg/L

mglL

mglL

mg/L

mg/L

mg/L

rng/L

mglL

rng/L

mg/L

mg/L

nglL

rng/L

ms/L

I

0.05

I

0.05

0.01

0.01

2

0.005

0.1

0.02

0.1

0.1

0.5

0.5

0.1

0.002

0.0t

0.002

0.002

0.005

0.005

0.002

0.0005

0.002

0.001

0.002

0.0001

Alkalinity(u CaCO3)

Ammonia(u N)

Chlofie

Nitratc(s l.I)

Nirritc(¡s lÐ

Orthophosphaæ(u P)

Sulphate

Borcn

Calcim

Ircn

Magneim

Phoaphoru

Pota¡sim

R*ctive Silica(SiO2)

Sodim

Znc

Alminm

Antimony

Ar¡enic

Barim

Beryllim

Bi¡muth

Cadmim

Chromim

Cobalt

Copper

Iæsd

oRl-1

[ûotÀ[

96n0t03

oRl-l

96n0t03

FALC-EFFL

[tot¡U

96tI0t0t

FAIC-EFFL

Replicate

FAIX.EFFL

96n0t0t

UnitsLOQPârâmeter

Date Sarnpled )

nd
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MDS Environmental Services Limited.

Report of Analys¡s

Client : Ecological Services for Planning

Contact: Barbara Dowsley

Analysis of Water

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

= Not Requested

: Not Applicable

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

Report Date:

MDS Ref # :

MDS Quote #:

Client PO#:

Client Ref#:

October 23196

966957

96-697-cS
CANMET

96239Onapng

na

nd

0.015

¡!d

nd

nd

nd

0.014

nd

nd

nd

nd

nd

nd

0.004

nd

nd

nd

nd

0.0r5

nd

nd

nd

nd

nd

0.275

6

nd

0.329

3ó

35

t2.3

8.97

-3.72

-4.12

6.4

10. l

10.5

21

0.3

nd

0.023

nd

0.r02

0.004

nd

0.759

0.0003

nd

nd

nd

nd

0.0tE

nd

0.107

0.005

nd

0.7.85

nd

nd

nd

nd

nd

18.5

l8

nd

16.9

6

t640

657

4.50

-0.965

-1.37

6.9

7.87

8.27

I 190

0.2

nd

mg/L

mg/L

nglL

nglL

mg/L

mglL

mglL

mglL

rrglL

nglL

mglL

rneq/L

mg/L

mglL

meq/L

TCU

us/cm

nglL

/o

n&

nfl

Units

uniLs

units

rng/L

NTU

ug/L

0.002

0.002

0.002

0.002

0.0003

0.005

0.0001

0.002

0.002

0.0001

0.002

na

I

I

na

5

I

0.1

0.01

nt

na

0.1

nû

nn

I

0.1

0.1

Thallim

Tin

Tit¡¡ium

Umim
Vmadim

Anion Sm

Bicarbonate(as CaCO3, calculated)

Carbonatdæ CaCO3, calculatod)

Cation Sm

Colour

Conductivity - @25"C

Hadnet(æ CaCO3)

Ion Balmce

lngelier Index at 20'C

I-angelier Index at 4'C

pH

Satumtion pH at 20'C

Satuntion pH at 4"C

Total Dissolved Solids(Calculated)

Turôidity

Mercury

oRl-r

[totaû

96n0t03

oRl-1

96tL0t03

FArc.EFFL

ItotÂll

96L0t0t

FAT.C.EFFL

Replicate

FALC-EFFL

96/10/01

Un¡tsLOQParameter

Date Sarnpled >
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MDS Environmental Services Limited.

Report of Analys¡s

Client : Ecological Services for Planning

Contact: Barbara Dowsley

Analysis of Water

= Limit ofQuantitation : lowest level ofthe paranreter that can be quantified with confidence.

: Not Requested

: parameter not detected ! = LOQ higher than listed due to dih¡tion ( ) Adjusted LOQ

Report Date:

MDS Ref # :

MDS Quote #:

Client PO#:

Client Ref#:

October 23196

966957

96-697-cS

CANMET
96239Onaping

LOQ

0.06

nd

1.ó

5.8

¡rd

nd

nd

0.77

0.82

5

nd

nd

mg/L

mg/L

mglL

nglL

mg/L

mg/L

mglL

0.05

0.05

0.5

0.5

5

0.002

0.005

Ammonia(as N)

Total Kjeldahl NitroC€n(ü Ì.¡)

Disolvcd Inorganic Carbon(as C)

Dissolved Orgmic Carbon(DOC)

Total Supended Solidr

Cymile, Fræ

Cymide, Total

oRl-l

[totaI

96ß0t03

OR¡.I

96tr0t03

FATX.EFFL

ltot¡U

96n0tût

FAT.c.EFFL

Replicate

FALC.EFFL

96n0t0l

UnitsLOQPmameter

Date Sarupled >

nd
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Í

t- MDS Environmental Serv¡ces Limited

Report of Analys¡s

Client : Ecological Services for Planning

Contact: Barbara Dowsley

Analysis of Vy'ater

LOQ : Limit of Quantitation = lowest level of the parameter th¡t can be quantified with confidence.

: Not Requested

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

r

I

Report Date:

MDS Ref # :

MDS Quote #:

Client PO#:

Client Ref#:

October 23196

966957

96-697-cS
CANMET

96239Onapng
(

6

2

0.06

nd

nd

6

nd

3.7

o.23

0.7

rld

nd

3.6

1.8

0.47

0.03

nd

nd

0.007

nd

nd

nd

nd

nd

nd

nd

nd

2.8

0.22

1.0

nd

2.1

3.6

3.2

nd

0.04

nd

nd

0.007

nd

nd

nd

nd

nd

nd

0.0003

5

I

0.09

nd

nd

6

nd

3.7

o.25

0.7

nd

nd

3.ó

1.8

0.082

0.03

nd

nd

0.007

nd

nd

nd

nd

nd

nd

nd

0.005

?o

0.22

1.0

nd

2.O

3.7

3.2

0.002

0.04

nd

nd

0.008

nd

nd

nd

nd

nd

nd

nd

5

I

0. l9

nd

nd

6

rrd

3.9

0.25

0.8

nd

nd

3.6

1.9

0.044

0.03

nd

nd

0.007

nd

nd

nd

nd

nd

nd

nd

mg/L

mglL

mglL

mglL

mg/L

mglL

mg/L

nglL

mglL

mglL

mg/L

mg/L

mglL

mglL

mglL

mg/L

mglL

rng/L

mglL

rng/L

mg/L

mg/L

rng/L

nglL

mg/L

rng/L

melL

I

0.05

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

0.005

0.002

0.0005

0.002

0.001-

0.002

0.0001

Alkalinity(u CaCO3)

Ammonia(or N)

Chloride

Nitraæ(u N)

Nitrite-(u N)

Orthophoephate(as P)

Sulphaæ

Boron

Celcim

Ircn

Magnerium

Phosphoru

Potasim

Rectivc Silica(SiO2)

Sodim

Znc

Alminm

Antilnony

Anenic

Barim

Beryllim

Bismuth

Cadmim

Chromim

Cobalt

Copper

IÆl

oRl-4

96n0t04

oRl-3

Itotaü

96tt0t03

oRl-3

96n0t03

oRl-2

ltot¡U

96tr0t03

oRl-2

96n0t03

UnitsLOQParâmeler

Date Sampled >

nd
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MDS Environmental Services Limited.

Report of Analysis

Client : Ecological Services for Planning
Contact: Barbara Dowsley

Analysis of rrlVater

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

: Not Requested

= Not Applicable

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

Report Date:

MDS Ref # :

MDS Quote #:

Client PO#:

Client Ref#:

October 23196

966957

96{97-cS
CANMET

96239Onaping

LOQ

na

nd

0.003

nd

¡d

nd

nd

0.015

nd

nd

nd

nd

nd

0.286

6

nd

0.327

33

38

12.2

6.77

-3.76

-4.16

6.3

10.1

10.5

2l

0.3

nd

0.015

nd

r¡d

¡rd

rxl

0.015

nd

nd

nd

nd

nd

nd

0.filt

nd

r¡d

nd

¡xl

0.016

nd

nd

nd

nd

nd

0.269

5

nd

0.327

34

35

12.3

9.87

-3.82

-4.22

6.3

10.1

10.5

20

0.3

0.1

0.014

nd

nd

nd

nd

0.015

nd

nd

nd

nd

nd

0.1

0.004

nd

nd

nd

rvl

0.015

¡rd

nd

nd

rd

nd

0.271

5

nd

0.346

37

35

12.8

12.0

-3.78

-4.18

6.3

l0.i

10.5

2l

0.3

nd

mg/L

mg/L

mglL

mglL

mg/L

mglL

mglL

mglL

mg/L

mg/L

mg/L

meq/L

mg/L

mglL

meq/L

TCU

u/crn

rng/L

na

nû

Units

units

unit¡

ng/L

NTU

ug/L

0.002

0.002

0.002

0.002

0 0001

0.005

0.0001

0.002

0.002

0.000r

0.002

nt

I

¡

na

5

I

0.1

0.01

na

na

0.1

na

na

I

0.1

0.1

Manganese

Molybdenum

Nickel

Selenim

Silver

Strontim

Thallium

ln

Tit¡niu

Umim

V¡nadim

Anion Sum

Biærbonate(æ CaCO3, calculated)

Carbonaæ(æ CaCO3, calculated)

Cation Sm

Colour

Conductivity - @25"C

Hadnesr(æ CaCO3)

Ion Balmce

langelier Index at 20'C

Iangelier Index at 4'C

pH

Satumtion pH at 20oC

Saarmtion pH at 4"C

Total Dissolved Solids(Calculated)

Turbidity

Mercury

oRl-4

96n0t04

oRl-3

[total
96t10t03

oRr-3

96L0t03

oRl-2

ltotåU

96tL0t03

oRl-2

96n0t03

UnitsLOQParameter

Date Sarnpled >

Page 5 of 21
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MDS Environmental Services Limited.

Report of Analysis

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 dilution ( ) Adjusted LOQ

Report Date:

MDS Ref # :

MDS Quote #:
Client PO#:

Client Ref#:

October 23196

966957

96{97-cS
CANMET

96239Onaping

t
L

LOQ

I

L"

f
I

L

0.05

0.09

1.8

5.5

nd

nd

nd

0.06

nd

1.8

5.9

nd

nd

nd

0. t0

0.09

1.8

5.6

nd

nd

0.01ó

mg/L

mg/L

mglL

mg/L

mglL

mglL

mglL

0.05

0.05

0.5

0.5

5

0.002

0.005

ln -oniol" tg

Total Kjeldahl Nitrcgen(ar N)

Disolved Inorgmic Carbon(m C)

Di¡solved Orgmic Carbon(DOC)

Tofal Surpended Solids

Cymile, Fre

Cymftle, Total

oRt4

96110t04

oRl-3

[tot¡[
96ft0t03

oRl-3

96n0t03

oRl-2

[tot¡U

96tLU03

oRl-2

96n0t03

UnitsLOQParameter

Date Sampled >

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 Quantiøtion : lowest level of the parameter that can be quantified with confidence.

= Not Requested

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

Report Date:

MDS Ref # :

MDS Quote #:

Client PO#:

Client Ref#:

October 23196

966957

96-697-cS

CANMET
96239Onaping

LOQ

3

I

0.58

nd

¡rd

6

0.005

3.6

0.24

0.7

nd

nd

3.6

1.8

0.015

0.03

nd

nd

0.007

nd

nd

nd

nd

nd

rd

0.0002

nd

3.0

0.22

1.0

rd

2.4

3.8

3.1

nd

0.04

nd

nd

0.007

nd

nd

rid

nd

nd

nd

nd

5

I

0.14

nd

nd

6

nd

3.8

0.22

0.7

nd

nd

3.6

1.8

0.024

0.04

nd

nd

0.008

nd

nd

nd

nd

nd

0.003

nd

0.009

3.0

0.22

1.0

nd

1.4

3.6

3.2

nd

0.04

nd

nd

0.007

nd

nd

nd

nd

nd

nd

nd

mglL

mg/L

mg/L

mglL

nrg/L

mglL

mglL

mglL

mg/L

mglL

mg/L

mglL

mg/L

mglL

mglL

mglL

mglL

nglL

mg/L

mg/L

mgll-

mg/L

mglL

mglL

mg/L

mg/L

mg/L

I

0.05

I

0.05

0.01

0.0t

2

0.005

0.1

0.02

0.1

0.t

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

Alkalinity(ae CaCO3)

Ammonio(ar N)

Chlofie

Nitrate(u N)

Nit¡irdu Ð
Orlhophæphatdas P)

Sulphate

Boron

Calcium

Iron

Magneium

Phosphoru

Potassim

Ractívc Silica(SiO2)

Sodim

Zinc

Aluminm

Antimony

Amenic

Barim

Beryllim

Bi¡muth

Cadmim

Chromím

Cobalt

Copper

tÆd

oRr-6

96n0t03

oRl-5

[tol¡U

96n0t04

oRl-5

Replicate

oRl-5

96tt0t04

oRl-4

ltotaD

96n0t04

UnitsLOQParameter

Date Sarnpled >

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 perameter that can be quantified with confidence.

= Not Requested

: Not Applicable

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

Report Date:

MDS Ref # :

MDS Quote #:

Client PO#:

Client Ref#:

October 23196

966957

96-697-cS

CANMET
96239Onaping

LOQ

na

nd

0.005

¡d

nd

nd

nd

0.015

nd

ßl

nd

r¡d

nd

0.269

3

nd

0.321

35

37

t2.0

8.78

-4.2r

-4.61

6.2

10.4

10.8

22

0.3

nd

0.013

rd

nd

r¡d

nd

0.015

nd

nd

nd

nd

nd

nd

0.004

nd

nd

nd

nd

0.015

nd

nd

nd

nd

nd

0.265

5

nd

0.333

35

35

12.4

11.4

-3.84

-4.24

6.3

10. I

10.5

2l

0.4

nd

0.013

nd

nd

nd

nd

0.015

nd

nd

nd

nd

nd

nd

mglL

mglL

mg/L

mglL

mg/L

rng/L

mglL

mglL

mg/L

mglL

mg/L

meq/L

mglL

mglL

meq/L

TCU

us/crn

rng/L

%

nî

nt

Unirs

uniLs

units

rng/L

NTU

uslL

0.002

0.002

0.002

0.002

0.0003

0.005

0.0001

0.002

0.002

0.0001

0.002

na

I

I

nfl

5

I

0.1

0.0r

na

na

0.1

na

na

I

0.1

0.1

Mmgmee

MolyMenm

Níckel

Selenium

Silver

Strontium

Thallium

Tin

Iitanium

Umium

Vmadim

Anion Sm

Bicarbonatdar CaCO3, calculated)

Carbonate(æ CaCO3, calculated)

Cation Sum

Colour

Conductivity - @25"C

Hardnes(æ CaCO3)

Ion Balmce

Iagelier Index at 20'C

lngelier Index at 4"C

pH

Satumtion pH at 20'C

Satumtion pH at 4oC

Total Dissolved Solids(Calculated)

Turbidity

Mercury

oRl-6

96/10/03

oRl-5

[!otaû

96n0t04

oRl-5

Replicate

oRl-5

96n0t04

oR1-4

ltotÂU

96Ã0t04

UritrLOQParameter

Date Sarnpled >

Page 8 of21



MDS Environmental Services Limited.

Report of Analys¡s

Client : Ecological Services for Planning

Contact: Barbara Dowsley

Analysis of Water

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

: Not Requested

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

Report Date:

MDS Ref # :

MDS Quote #:

Client PO#:

Client Ref#:

October 23196

966957

96-697-cS

CANMET
96239Onaping

0.06

0.08

1.7

5.2

nl

nd

nd

0.0,ó

0.23

1.6

6.0

fll

nd

nd

mglL

mglL

mg/L

mg/L

mg/L

rng/L

mgll,

0.05

0.05

0.5

0.5

5

0.002

0.00.5

Ammonia(as N)

Total Kjcldåhl Nirrogen(as N)

Dissolved Inorgmic Carbon(m C)

Disolvod Organio Cotbon(DOC)

Toul Surpended Sollde

Cymkle, Fræ

Cyankle, Total

oRl-6

96n0t03

oRt-5

ltotsU

96n0t04

oRr-5

Replicate

oRl-5

96n0t04

oRr-4

lûot¡[

96t10t04

U¡útsLOQPârÀmeter

Date Sanpled >

nd
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MDS Environmental Services Limited

Report of Analysis

Client : Ecological Services for Planning

Contact: Barbara Dowsley

Analysis of Water

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

= Not Requested

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

Report Date:

MDS Ref # :

MDS Quote #:

Client PO#:

Client Ref#:

October23196

966957

96-697-cS
CANMET

96239Onaping

0.01I

t3,7

0.28

1.3

nd

3.7

4.2

5.7

0.006

0.08

nd

nd

0.010

nd

nd

nd

nd

0.002

0.008

0.0006

7

o.t2

9

0. l0

nd

nd

35

nd

16.4

0.29

1.4

nd

nd

4.4

5.9

0.057

0.05

nd

nd

0.009

nd

nd

nd

nd

0.001

0.007

nd

6

0. l3

9

0. l0

nd

nd

35

nd

I6.5

0.29

t.4

nd

nd

4.4

5.9

0.059

0.0ó

nd

nd

0.009

nd

nd

nd

nd

0.001

0.007

nd

nd

3.0

0.21

l l

nd

2.5

3.7

3.t

0.009

0.(X

nd

nd

0.007

nd

nd

nd

nd

nd

nd

nd

mg/L

mg/L

mg/L

nglL

rng/L

nglL

mg/L

mglL

mglL

rng/L

mg/L

rng/L

rng/L

mglL

mglL

rng/L

mglL

mglL

rng/L

mglL

rng/l-

rng/L

rng/L

mg/L

mglL

mglL

rne/L

I
0.05

I

0.05

0.01

0.01

2

0.005

0.1

0.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

Alkalinity(æ CaCO3)

Ammoni¡(æ N)

Chlofie

Nitr¡te(a¡ N)

Nitrite(æ N)

Orthophosphaæ(u P)

Sulphaæ

Boron

Calcim

Iron

Magneim

Phoephoru

Potassim

Rqctive Silica(SiO2)

Sodim

Znc

Alminum

Antimony

Anenic

Barim

Beryllim

Bi¡muth

Cadrnim

Chromim

Cobalt

Copper

Isd

oR3-1

[,olaI
96n0t02

oR3-l

Replicate

oR3-l

96n0t02

oRt-6

[totaU

96/10t03

oRl-6

Replicate

UnitsLOQParameter

nd
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MDS Environmental Services Limited.

Report of Analys¡s

Client : Ecological Services for Planning

Contact: Barbara Dowsley

Analysis of Water

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

= Not Requested

= Not Applicable

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

Report Date:

MDS Ref # :

MDS Quote #:

Client PO#:

Client Ref#:

October 23196

966957

96{97-cS
CANMET

96239Onaping

na

nd

0.049

¡d

0.061

0.002

nd

0.054

nd

trd

nd

nd

nd

nd

0.934

¡¡d

0.059

nd

nd

0.053

nd

nd

,nd

nd

nd

4t

138

7.6

0.5

0.033

nd

0.060

nd

nd

0.053

nd

nd

nd

nd

nd

l. l1

ó

nd

t.2l

42

138

46.9

4.25

-1.87

-2.27

7.6

9.44

9.84

0.5

nd

0.013

rd

nd

nd

nd

0.015

nd

nd

nd

rìd

nd

nd

mg/L

mg/L

mg/L

mg/L

mC/I:

mglL

rng/L

mg/L

mglL

mglL

mglL

meq/L

mglL

mglL

meq/L

TCU

us/cm

rng/L

trû

na

Uni¿s

uniLs

unils

mg/L

NTU

ue/L

0.002

0.002

0.002

0.002

0.0003

0.005

0.000r

0.002

0.002

0.0001

0.002

nâ

¡

I

nû

5

I

0.1

0.01

nt

nå

0.t

nû

na

I

0.t

0.1

Manganee

Molybdmm

Nickel

Selenim

Silver

Strontim

Thallim

Tin

Titanim

Umim
Va¡adium

Anion Sm

Bicrrbonate,(ae CaCO3, calculated)

Carbonaæ(æ CaCO3, calculatal)

Cation Sm

Colour

Conductivity - @25"C

Hardner(ar CaCO3)

Ion B¿lmce

Ingelier Index at 20"C

langelier Index at 4"C

pH

Sotr¡ration pH at 20oC

Satuntion pH at 4oC

Iotal Dissolved Solids(Calculated)

Turbidity

Mercury

oRt-1

liot¡ll
96n0t02

oR3-l

Replicate

oR3-l

96n0t02

oRl-6

[totsU

96n0t03

oR1-6

Replicate

UilitsLOQParameter

Page l1 of21



MDS Environmental Services Limited.

Report of Analys¡s

Client : Ecological Services for Planning
Contact: Barbara Dowsley

Analysis of rùy'ater

: Limit of Quantitation : lowest level of the parameterlhat 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 PO#:

Client Ref#:

October23196

966957

96-697-cS

CANMET
96239Onaping

L

LOQ

I

t-

I
ït-

0.t7

2.1

5.3

nd

nd

nd

mglL

mglL

mg/L

mglL

mglL

mg/L

mglL

0.05

0.05

0.5

0.5

5

0.002

0.005

Amonia(as N)

Total KjcHahl Nitrogen(u lÐ

Di¡mlved Inorgmic Carbon(æ C)

Di¡¡olved Organic Carbon(DOC)

Totnl Supended Solids

Cyanide, Fre

Cyanide, Total

oR3-l

ttotrl
96n0t02

oR3-l

Replicate

oR3-r

96tr0t02

oRl-6

[total]

96n0t03

oRl-6

Replicate

UnitsLOQParameter

nd
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MDS Environmental Services Limited.

Report of Analys¡s

Client : Ecological Services for Planning

Contact: Barbara Dowsley

Analysis of Water

LOQ : Limit of Quantitation : lowÈst level of the parBmeter that can be quantified with confidence

= Not Requested

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

Report Date:

MDS Ref # :

MDS Quote #:

Client PO#:

Client Ref#:

October 23196

966957

96-697-cS

CANMET
96239Onapng

7

10

0.98

nd

nd

35

r¡d

16.6

0.33

1.4

nd

nd

4.3

5.8

0.044

0.06

nd

nd

0.010

nd

nd

nd

nd

0.001

0.007

nd

0.01r

14.0

0.27

L',l

nd

2.5

4.3

6.0

0.006

0.07

nd

nd

0.009

nd

nd

nd

nd

0.002

0.008

nd

0.005

13.5

o.27

1.6

nd

2.5

4.3

5.8

0.005

0.08

nd

nd

0.009

nd

nd

nd

nd

0.002

0.008

nd

7

9

0.22

nd

nd

35

0.008

t6.4

0.26

1.4

nd

nd

4.4

5.8

0.031

0.06

nd

nd

0.01I

nd

nd

nd

nd

0.001

0.007

nd

mglL

mg/L

mg/L

mg/L

mglL

rng/L

rng/L

rng/L

rng/L

rng/L

mglL

mg/L

nglL

mglL

nglL

rng/L

rng/L

nglL

mg/L

rng/L

rng/L

rng/L

mglL

mglL

rng/L

mglL

ms/L

t

0.05

I

0.05

0.01

0.01

2

0.005

0.t

0.02

0.1

0.1

0.5

0.5

0.1

0.002

0.01

0.002

0.002

0.005

0.005

0.002

0.0005

0.002

0.001

0.002

0.0001

Alkalinþ(u CaCO3)

Amonia(u N)

Chloride

Nitrate(m N)

Nitriæ(æ N)

Orthophosphate(ae P)

Sulphaúe

Boron

Calcim

Iron

Magneim

Phoephoru

Potassium

Rmctive Silica(SiO2)

Sodium

Znc

Alminm

Antimony

Amenic

Barium

Beryllium

Bismuth

Cadmium

Chromim

Cobalt

Copper

tãl

oR:t-3

96n0t02

oR3-2

ltot¡lI
Replicate

oR3-2

[totaI
96n0t02

oR3-2

Replicate

oR3-2

96n0t02

UnitsLOQParameter

Date Sarupled )

nd
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MDS Environmental Services Limited.

Report of Analysis

Client : Ecological Services for Planning

Contact: Barbara Dowsley

Analysis of Water

= Limit of Quantitation = lowest level of the parameter lhat can be quantifiecl with confidence.

: Not Requested

= Not Applicable

: parameter not detected ! = LOQ higher than listed duc to dilt¡tion ( ) Adjusted LOQ

Report Date:

MDS Ref # :

MDS Quote #:

Client PO#:

Client Ref#:

October 23196

966957

96-697-cS

CANMET
96239Onaping

t

L

LOQ

na

nd

0.033

nd

0.0ó0

nd

nd

0.053

nd

nd

nd

nd

nd

t.2l

7

nd

t.2t

40

r29

46.9

0.07

-) la

-2.52

7.3

9.37

9.77

81

0.4

nd

0,049

nd

0.059

nd

nd

0.053

nd

nd

nd

nd

nd

0.048

nd

0.058

¡rd

nd

0.052

nd

nd

nd

nd

nd

rd

0.032

¡ld

0.056

nd

nd

0.05r

nd

nd

0.003

nd

nd

l. l3

7

nd

1.26

44

t26

46.8

5.41

-2.09

-2.49

9.39

9.79

7g

0.5

nd

mglL

mglL

mglL

mglL

mglL

mg/L

mg/L

mg/L

mglL

mglL

mg/L

rneq/L

mg/L

mglL

meq/L

TCU

us/cm

ng/L

n0

na

Units

units

units

rng/L

NTU

uslL

0.002

0.002

0.002

0.002

0.0003

0.005

0.0001

0.002

0.002

0.000t

0.002

na

¡

I

n&

5

I

0.1

0.01

nû

n&

0.t

n&

na

I

0.1

0.1

Mmganae

Molybdmm

Nickel

Selenim

Silver

Strontim

Thallium

Tin

Titanium

Umim

Vmadim

Anion Sm

Bicarbonate(æ CaCO3, mlculated)

Carbonaæ(æ CaCO3, calculatcd)

Cation Sm

Colour

Conductivþ - @25'C

Hardnæs(u CaCO3)

Ion Balmce

langelier Index at 20oC

langelier Index at 4"C

pH

Saurmtion pH at 20'C

Satumtion pH at 4"C

Tot¡l Di¡¡olved Solids(Calculated)

Turbidity

Mercury

oRt-3

96ft0t02

oR3-2

[totaU

Replicate

oR3-2

[tolâU

96n0t02

oR3-2

Replicate

oR3-2

96tr0t02

U¡útsLOQParameter

I Date Sanrpled >
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MDS Environmental Services Limited.

Report of Analys¡s

Client : Ecological Services for Planning

Contact: Barbara Dowsley

Analysis of Water

LOQ : Limit of Quantitation : lowest level of the parameter lhât cân be quantified with confidence.

: Not Requested

= parameter not detected ! = LOQ higher rhan lisred due ro dilution ( ) Adjusred LOQ

Report Date:

MDS Ref # :

MDS Quote #:
Client PO#:

Client Ref#:

October 23196

966957

96{97-cS
CANMET

96239Onaping

0.u

0.63

t.7

5.3

nd

nd

nd

0.El

0.5r

1.9

5.9

nd

nd

nd

mg/L

nglL

mg/L

mglL

mg/L

mg/L

mg/L

0.05

0.05

0.5

0.5

5

0.002

0.005

A¡n¡ronia(a¡ N)

Toral Kjcldahl Nitrogm(æ N)

Dimlved Inorgmic Ca¡ùon(æ C)

Disolved Orgmic Carbon(DOC)

Total Surpendal Solida

Cymide, Fræ

Cymide, Total

oll:ì-3

96n0t02

o[ti-2

ltota[
Replicate

oR3-2

Itot¡[
96L0t02

oR3-2

Replicate

olu¡-2

96n0t02

UnitsLOQParameter

Date Srurrpled )

nd

Page l5 of2l



MDS Environmental Services Limited.

Report of Analys¡s

Client : Ecological Services for Planning

Contach Barbara Dowsley

Analysis of Water

: Limit of Quantitation : lowest level of the parameter thot can be quantified with confidence,

= Not Requested

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

Report Date:

MDS Ref # :

MDS Quote #:
Client PO#:

Client Ref#:

October 23196

966957

96-697-cS
CANMET

96239Onaping

LOQ

nd

13.3

0.26

1.6

nd

2.5

4.2

5.8

0.008

0.09

nd

nd

0.009

nd

nd

nd

nd

0.002

0.011

nd

6

9

0.31

nd

nd

35

rd

16.1

0.28

1.4

nd

nd

4.3

5.9

0.015

0.05

nd

nd

0.009

nd

nd

nd

nd

0.001

0.007

nd

nd

t3.2

0.26

l.ó

nd

1.ó

4.1

5.8

0.005

0.07

nd

nd

0.009

nd

nd

nd

nd

0.002

0.008

nd

9

0.25

nd.

nd

38

0.009

r5.8

0.28

t.4

nd

nd

4.3

5.8

0.014

0.05

nd

nd

0.009

nd

nd

nd

nd

0.001

0.009

nd

nd

13.8

0.26

1.6

nd

1.5

4.2

5.8

0.003

0.07

nd

nd

0.009

nd

nd

nd

nd

0.002

0.008

nd

mg/L

mg/L

mg/L

rng/L

mglL

nglL

mgiL

mg/L

mglL

mg/L

mglL

mg/L

mg/L

mg/L

mg/L

rng/L

mg/L

nglL

nglL

mglL

mglL

mglL

nglL

mg/L

mglL

mglL

mglL

I

0.05

I

0.05

0.01

0.01

2

0.005

0.1

0.02

0.1

0.1

0.5

0.5

0.1

0.002

0.0r

0.002

0.002

0.005

0.005

0.002

0.0005

0.002

0.001

0.002

0.000¡

Alkalinity(as CaCO3)

Ammonia(æ N)

Chloride

Nitrate(ffi 1.{)

Nitrite{u N)

Orihophosphaf€(as P)

Sulphate

Borcn

Calcim

Iron

Magneium

Phosphorus

Potasim

Rqctive Silica(SiO2)

Sodim

Zinc

Alminum

Antirnony

Anenic

Barim

Beryllium

Bismuth

Cadmium

Chromium

Cobslt

Copper

Iisd

oRl-5

ltolaI
96n0t02

oF|:t-5

96n0102

oR3-4

[ûotaü

96n0t02

oF3-4

96n0t02

oRt-3

[úot¡I
96n0t02

UnitsLOQParameter

Date Sampled >

nd
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MDS Environmental Services Limited

Report of Analysis

Client : Ecological Services for Planning

Contact: Barbara Dowsley

Analysis of rJy'ater

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

= Not Requested

= Not Applicable

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

Report Date:

MDS Ref # :

MDS Quote #:

Client PO#:

Client Ref#:

October 23196

966957

96{97-cS
CANMET

96239Onaping

LOQ

na

nd

0.u8

nd

0.059

nd

nd

0.053

nd

nd

nd

nd

nd

nd

0.033

nd

0.060

nd

nd

0.052

nd

nd

nd

nd

nd

t.t4

6

nd

l.l8

40

t29

45.9

1.83

-2.29

-2.69

7.t

9.43

9.83

77

0.4

nd

0.049

nd

0.059

nd

nd

0.052

nd

nd

nd

nd

nd

nd

0.035

rd

0.0ó0

nd

nd

0.054

nd

nd

nd

nd

nd

t.20

7

nd

l. l6

40

r29

44.9

l.ó6

-2.21

-?.6t

7.2

9.4t

9.81

EO

0.4

nd

o.M7

nd

0.058

nd

nd

0.052

nd

nd

nd

nd

nd

0.1

mglL

nglL

mglL

mglL

mglL

mglL

tng/L

mglL

mg/L

mg/L

mgiL

meq/L

mg/L

mg/L

meq/L

TCU

us/cm

nglL

nû

na

Units

units

units

rng/L

NTU

uplL

0.002

0.002

0.002

0.002

0.0003

0.005

0.0001

0.002

0.002

0.000r

0.002

nn

I

I

n&

5

I

0.1

0.01

nû

lì&

0.1

no

nfl

I

0.1

0.1

Mmgmæ

Molybdenum

Nickel

Selcnium

Silver

Strontim

Thallium

Tin

Tit¡nim

Uranium

Vmadim

Anion Sm

Bicarbonaæ(m CoC03, calculated)

Carbonaæ(u CaCO3, calculated)

Cation Sum

Colour

Conductivity - @25"C

Handnesr(æ CaCO3)

fon Balance

lngelier Index at 20'C

lngelier Index at 4"C

pH

Satuntion pH at 20"C

Satumtion pH at 4'C

Iotal Dimolved Solids(Calculnted)

Iurbklity

Mercury

oR3-5

ltot¡ü
96fi0t02

oR3-5

96/10t02

oR34

liotå{
96t10t02

oRl-4

96fi0t02

oRl-3

[¡or¡û

96n0t02

UuitsLOQParameter

Date Sanpled )
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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

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

Report Date:

MDS Ref # :

MDS Quote #:

Client PO#:

Client Ref#:

October 23196

966957

96{97-cS
CANMET

96239Onaping

I
¡

t

t

LOQ

0. r0

0. l0

t.9

s.4

nd

nd

nd

0.20

0.10

1.6

4.9

nd

nd

nd

mglL

mg/L

mglL

mglL

mg/L

mglL

mglL

0.05

0.05

0.5

0.5

5

0.002

0.005

Ammonia(æ N)

Total Kjeldahl Nitrogen(u N)

Dissolved Inorgmic Carbon(u C)

Dimolved Orgmic Carbon(DOC)

Total Supended Solido

Cyanide, Free

Cymide, Total

oR3-5

ltot¡ï
96/10t02

oRr-5

96n0t02

oR3-4

Irotû{
96n0t02

oR3-4

96n0t02

oR3-3

ltot0U

96n0t02

UritsLOQParameter

Dnte Sarupled )

nd
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MDS Environmental Services Limited.

Report of Analysis

Client : Ecological Services for Planning

Contact: Barbara Dowsley

Analysis of lvly'ater

= Limitof Quantitation = lowestlevcl oftheparalìreterthatcanbequantifiedwithconfidence

= Not Requested

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

Report Date:

MDS Ref # :

MDS Quote #:

Client PO#:

Client Ref#:

October 23196

966957

96-697-cS

CANMET
96239Onaping

LOQ

nd

13.3

0.27

1.5

nd

2.O

4.2

5.9

0.002

0.08

nd

nd

0.008

nd

nd

nd

nd

0.002

0.009

nd

7

0.13

9

0.42

nd

nd

35

nd

t5.7

0.28

1.3

nd

nd

4.2

5.8

0.010

0.06

nd

nd

0.009

nd

nd

nd

nd

0.001

0.009

nd

nd

t3.4

0.27

l.ó

nd

2.8

4.3

5.9

0.004

0.08

nd

nd

0.009

nd

nd

nd

nd

0.002

0.008

nd

6

9

0. 15

nd

nd

35

nd

15.8

0.29

t.3

nd

nd

4.2

¡0.8

0.008

0.05

nd

nd

0.009

nd

nd

nd

nd

0.001

0.007

nd

mglL

mglL

tng/L

mglL

mg/L

mglL

mglL

mglL

mg/L

mglL

mglL

mglL

mg/L

mglL

mg/L

nglL

rng/L

mg/L

mg/L

rng/L

rng/L

mglL

mglL

mg/L

mg/L

rng/L

ns.lL

I

0.05

I

0.05

0.01

0.01

t

0.005

0.1

0.02

0.1

0.t

0.5

0.5

0.1

0.002

0.0r

0.002

0.002

0.005

0.005

0.002

0.0005

0.002

0.001

0.002

0.000r

ln*oir¡,y(* cuco¡)

le¡rmooia(- m
l"n,o*u
I

lNitrat€.(as 
lÐ

lrirrlæ.(ao 
tl)

Orthophorphate(as P)

Sulphate

Borcn

Calcim

lron

Magneim

Phosphoru

Potasim

Rcctive Silica(SiO2)

Sodim

Zi^c

Alminm

Antirnony

Argenic

Barim

Beryllim

Bi¡muth

Cadmim

Chromium

Cobalt

Copper

LÆd

OR3.6 REP

Itot¡U

96t10t02

0Tü}.6 REP

96n0r02

oR3-6

[totaU

96n0t02

oR3-6

96n0t02

U¡ritsLOQParameter

Date Sanpled >

nd
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MDS Environmental Services Limited.

Report of Analysis

Client : Ecological Services for Planning

Contact: Barbara Dowsley

Analysis of Water

LOQ = Limit of Quantitation : lowest level of the pararneter that can be quantified with confidence

= Not Requested

= Not Applicable

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

Report Date:

MDS Ref # :

MDS Quote #:

Client PO#:

Client Ref#:

October 23196

966957

96-697-cS
CANMET

96239Onaping

na

nd

o.M7

nd

0.057

nd

nd

0.052

nd

nd

nd

nd

nd

nd

o.032

nd

0.0ó1

nd

nd

0.053

nd

nd

nd

nd

nd

t.l6

7

nd

1. t6

42

130

44.7

0.18

-7.38

-2.78

7.0

9.42

9.82

78

0.4

nd

0.M7

rd

0.060

nd

nd

0.052

nd

nd

nd

nd

nd

0.2

0.034

nd

0.060

nd

nd

0.054

nd

nd

nd

nd

nd

t. 13

6

nd

t.37

40

t37

44.9

9.83

-2.33

-2.73

7.1

9.43

9.83

8l

0.4

nd

mglL

mg/L

mglL

mg/L

mglL

mg/L

mglL

mglL

mglL

mglL

mg/L

meq/L

mg/L

rng/L

meq/L

TCU

us/crn

mg/L

ntr

n&

Units

unit¡

uits

mg/L

NTU

ug/L

0.002

0.002

0.002

0.002

0.0003

0.005

0.000r

0.002

0.002

0.0001

0.002

na

I

I

nâ

5

I

0.1

0.01

na

nfl

0.1

na

nr

I

0.1

0.1

Mmgmese

Molybdmm

Nickel

Selenim

Silver

Strontim

Thallium

Tin

Titanim

Umim

V¡nadium

Anion Sm

Bicarbonaæ(ro CaC03, calculated)

Carbonate(u CaCO3, calculated)

Cation Sm

Colour

Conductivity - @25"C

Hardner(u CaCO3)

Ion Balmce

I:ngelier Index at 20"C

Iagelier Index at 4oC

pH

Saürmtion pH at 20'C

Satumtion pH at 4'C

Total Dissolved Solids(Calculated)

Turbidity

Mercury

OR3.6 REP

[tot¡U

96tL0t02

OR3-6 REP

96n0t02

oruì-6

Itotaù

96n0t02

oR3-6

96n0t02

UrútsLOQParameter

Date Smupled )

Page}O of 2I



MDS Environmental Services Limited.

Report of Analys¡s

Client : Ecological Services for Planning

Contach Barbara Dowsley

Analysis of Water

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

: Not Requested

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

Report Date:

MDS Ref # :

MDS Quote #:

Client PO#:

Client Ref#:

October 23196

966957

96-697-cS

CANMET
96239Onaping

0.28

2.0

5.2

nd

nd

0. l3

0.ll
1.2

5.7

nd

nd

nd

mg/L

mg/L

mg/L

mglL

mglL

mg/L

nglL

0.05

0.05

0.5

0.5

5

0.002

0.005

Ammoni¡(¡¡ Ð
Total (ieldahl Nitrogen(c N)

Dißsolv€d Inorga¡ic Carbon(æ C)

Dissolv€d Orgmic Carbon(DOC)

Ioral Suponded Solido

Cyanide, Fræ

Cymide, Total

OR3.6 REP

[ror¡U

96n0t02

OIu}.6 REP

96L0t02

oR3-6

Itotal]

96tr0t02

oR3-6

96ß0t02

UuitsLOQParameter

Date Sompled >

nd

Page2l of 21



r-

r
(
1l

Client:

Fax:

Ecological Services for Planning

361 Southgate Drive
Guelph, ONT, CANADA
NlG 3M5

519-836-2493

Attn: Barbara Dowsley

Date Submitted:

Date Reported:

MDS Ref#:

MDS Quote#:
Client PO#:

Client Ref#:

Sampled By:

Ocüober 6/96
Octobet 23196

966957

96-697-cS
CANMET

96239Onaping

Geoff Carnegie

Certificate of Analysis

(
I

I

Additional Comments:

NOTE:
Ion balance in excess of %5 mostly due to the low ionic strength of the sample.

t

L

t.

L.
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Nov_ember 8, 1996

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

Client I.D.# Descriprion

Ql Store bought..Equatity,, distilled water

Q2

Q3

a4

Qs

a6

57o Ninic Acid solution made with original Nitric
acid in the lab and the sûore bought..fqu"tity'
distilled waær.

Mitli 9 Waær (Millipore..Milli 9" sysûem{eionized
waær feed) University of Waærloo

One filter moistened with the above SVo Nitic Acid
as done in the field and then removed with forceps
(as should have been done in the field) and placed in
Whirl pak bag

Two filærs moistened with the above 57o nicic acid
as done in the field and removed with gloves and
placed in Whirl pak bag

Glove dipped in Milli 9 disrilled warer from rhe
University of Waterloo

i

L

I

t

{

t
I

L-



Client: Ecological Sen¡ices for Planning
Contact: Cbris Wren, PhD.

Aulysis of Water

LOQ = Limit of Quantitation = lowest level of the parameter that can be quantified with confidence* : Unavailable due to dilution required for analysis
nâ = Not Applicable
ns : Insufücient Sample Submitted
nd : parâmeter not detected
TR = trace level less than LOQ
O) = Analyte results on REPORT of ANALYSIS have heen hackground corrected for the process blank.

MDS Environmental Services Limited.

Certificate of Quality Control
Date Reported:
MDS Ref # :

MDS Quote#:

Client Ref#:

November 21196

968374
CANMET Invesrig

e6239-QA/QC

Bou

Crlciu

Irø

Mrgæim

PhoA¡m

Pot¡ssim

Sodi@

Z,irc

A¡ni¡m

ArtiEory

Asaic

Bui@

Ber/fiu

Bi3@lh

Cadnim

Cbmiu

Cobdt

Colper

Iød

Mugæe

Paramete¡

Q5 FILTRATE

Q5 FILIIATE

Q5 FILTR¡.TE

Q5 FILTRAT E

QJ FILTRATÉ

Q5 FILTR.ATE

Q5 FILTRAT Ê

Q5 FILTR.AT E

Q5 FILTR¡,TE

Q5 FILTRAT E

Q5 FILTRAT E

Q5 FILTRAT E

Q5 FILTRAT E

Q5 FILTRAT E

Q5 FILTRAT E

Q5 FILTR.AT E

Q5 FILTRATE

Q5 FILTRAT E

Q5 FILTRAT E

Q5 FILTRAT E

SÀMPLEID

(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

úglL
mglL

ßglL

mglL

ßglL

ûgIL

m.glL

ûgtL

mglL

ûglL

ÃglL

r'Jg/I-

mglL

mglL

mgl'L

ûglL

ûglL

ûglI-

mgß-

mg/L

Units

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

0.1(b)

!d(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

ndo)

nd(b)

nd(b)

ResüIt

Process Blank

0.02

0.2

0.03

0.2

0.2

1.0

0.2

0.02

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

ycs

yèrt

yes

yes

ycs

yes

ycs

yc8

ycs

yca

ycs

ycs

ycs

ycs

ycs

yes

yes

yes

ycs

Accepû

98

99

96

L02

94

106

9L

v7

91

to2

109

99

104

100

106

94

104

106

91

ro7

Result

Process % Recovery

85

85

85

85

85

85

85

85

85

85

85

85

85

85

85

85

85

85

85

85

Lower

Lfuit

115

115

115

115

115

115

115

115

115

115

115

115

115

115

115

115

115

115

115

115

Lpper

Limit

ycs

ycs

yes

ycs

ycs

ycs

ycs

ycs

ycs

yes

ycs

yes

ycs

ycs

yes

ycs

ycs

ycs

yes

Accept

0.980

1.0

1.00

1.0

0.8

4.5

0.9

t.v)
o,L2

0.101

0.091

0.110

O,LL2

0.101

0.0985

0.054

0.100

0.104

0.0902

0.099

Result

Matrix Spike

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

Ta¡get

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

L.6

L,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

ycs

ycs

ycs

ycs

yes

yes

vß

yeE

ycs

ye8

ycs

ycs

ycs

yès

yes

vcs

ycs

yes

ycs

Accept

væ

ycs

yca

ycs

vc3

ycs

yes

ycs

ycs

ycs

ycs

ycs

ycs

ycs

ycs

ycs

ycs

ycs

ycs

ycs

Overall

QC

Acceptable

P^^- 1 of"



MDS Environmental Services Limited

CertifÏcate of Quality Control

Client : Bcological Services for Planning
Cont¿c¡ Chris Wren, PhD.

Analysis of Water

Date Reported:

MDS Ref # :

MDS Quote#:

Client Ref#:

November 21196

968374
CANMET Investig

96239-QA/QC

Mo\,bdm

Nic&cl

Sclaim

Silver

St¡øtiu

Tl¡ltim

TD

Tlrt¡¡im

Uruim

Vú¡diu

Pârameter

Q5 FILTRATE

Q5 FILTRATE

Q5 FILTRATE

Q5 FILTRATE

Q5 FILTR¡,TE

Q5 FILTRATE

Q5 FILIRATE

Q5 FILTRATE

Q5 FILTRATË

Q5 FILTRATE

SA]\ÍPLE ID

Gpike)

0.002

0.002

0.002

0.0003

0.005

0.0001

0.002

o.002

0.0001

0.002

LOQ

mglL

mglL

mglL

mg[L

ûglL

mg[L

øgtL

mglL

ûglL

mglL

U¡dts

ûd(b)

nd(b)

0.004(b

nd(b)

Dd(b)

0.0002(

nd(b)

ndO)

nd(b)

nd(b)

Result

p¡6sesg [lank

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

yes

yes

yes

yes

yes

yes

ycs

Äccept

109

103

111

94

tt2

101

100

105

Lt2

106

Resnlt

Procçs % Recovery

85

85

85

85

85

E5

85

85

85

85

Lo¡ver

Limit

115

115

115

115

115

115

115

ll5
115

115

Upper

Limit

ycs

ycs

yc8

yc8

ycs

yè8

vcs

ycs

ye3

ycs

Accept

0.096

0.100

0.085

0.0672

0.090

0.1010

0.099

0.103

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

Target

0.050

0.050

0.050

0.050

0.050

0.0s0

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

ycs

ycs

ycs

ye8

ycs

yca

ycs

ycs

yès

ycs

Accepú

ycE

yca

ye8

yca

yc8

yel

y4

ycxt

yca

yq

Overall

QC

Acceptable

LOQ

na

ns

nd
TR

= Limit of Quantitation = lowest level of the parameter that can be quantified with confidence
= Unavailable due to dilution required for analysis
= Not Applicable ,

= Insuffrcient Sample Submitted
= parameter not detected

= trace level less than LOQ
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MDS Environmental Services Limited.

Report of Analysis

Client : Frological 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 ! = Loe higher than listed due to dilution ( ) Adjusted Loe

Report Daûe: November 21196

MDSRef# : 968374
MDS Quoæ #: CANMET Investig

Client Ref#: 96239-QAieC

LOQ

nd

nd

3.ó

0.21

0. -s

lud

nd

1.3

0.035

0.08

nd

nd

0.008

nd

nd

nd

nd

nd

0.025

nd

0.004

nd

nd

ud

nd

0.016

nd

nd

nd

3.4

0.2t

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.t

nd

nd

nd

nd

nd

0.042

nd

nd

nd

¡¡d

nd

trd

Dd

nd

nd

¡¡d

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

0.4

trd

nd

nd

nd

nd

0.019

trd

nd

nd

nd

nd

nd

nd

Dd

nd

0.098

ûd

nd

nd

0.018

nd

nd

nd

nd

nd

nd

1.4

trd

nd

nd

nd

nd

0.018

ud

¡d

nd

nd

¡d

nd

nd

nd

nd

0.101

nd

nd

nd

0.019

nd

nd

nd

nd

nd

mglL

mglL

m.ElL

mglL

úgIL

øBlL

mglL

nglL

melL

úglL

mgIL

ûglL

úglL

mglL

mglL

mgtL

mglL

mglL

mglL

mgtL

ûglL

mglT-

mglL

mglT-

ñglL

mglL

0.005

0.1

0.02

0.1

0.1

0.5

0.1

0.002

0.01

0.o02

0.0v2

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

Q4FILTRAT

E

Q3

96nu08

Q2

96mt08

Q1

96nu08

UnÍtsLOQPa¡ameter

Date Sâmpled >
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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 LOe

Report Date:

MDS Ref # :

MDS Quote #

November 21196

968374
CANMET Investig

Client Ref#: 96239-QA/eC

t_

LOQ

i

t_

f
{

L

nd

0.0005

nd

nd

0.0005

nd

rtd

nd

.!d

!d

nd

nd

nd

nd

nd

øg,lL

mglL

ÃglL

0.m2

0.0001

0.0t2

Q5 FILTRAT

E

Q4 FILTRAT

E

Q3

96nU08

Q2

96nU08

Ql

96ttu08

UnitsLOQPa¡amder

Date Sampled >

nd
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MDS Environmental Services Limited

Report of Analysis

Client : Ecological Services f6¡ planniag

Contact Chris Wren, phD.

Analysis of Water

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

Report Date: November 21196

MDSRef# : 968374
MDS Quote #: CANMET Invesrig

Client Ref#: 96239-eA/eC

LOQ

nd

trd

8.0

nd

0.5

nd

L.7

1.0

0.410

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

0.007

nd

nd

nd

3.5

o.2t

0.5

nd

t.2

1.3

0.033

0.07

nd

nd

0.008

nd

nd

td

¡d

nd

0.0u

nd

0.003

nd

nd

nd

nd

0.015

nd

nd

mSlL

ûg,lL

úglL

mglL

ûglL

mglI.

mglL

ûgIL

úglL

mElL

mElL

úglL

ûglL

ñglI-

ñglL

mglL

mglL

ûgtL

mglL

mglL

mglL

mglL

mg{L

mglL

mg[L

ûglL

6slL

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

Q6

96mt08

Q5 EILTRAT

E

Replic¿te

UnitsParameter LOQ
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MDS Environmental Services Limited

Report of Analys¡s

Client : Ecological Services for planning

Contact: Ch¡is W¡en, 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 Loe

Report Date: November 21196
MDSRef# : 969374
MDS Quoæ #: CANMET Invesrig

Client Ref#: 96239-eA/eC

f
IL

t.
LOQ

ndf

t

t

i"

I

["

0.003

nd

nd

mglL

mglL

ûElL

0.002

0.0001

0.002

96tLU08

Q6Q5 FILTRÁT

Replicate

BUnitsLOQ
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MDS
Environmental Services 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 samples for QC checks on the Canmet project. As
agreed, there is no charge for these tests. A few comments on the data:

1.0 The samples \ryere analyzú using cleaned and proofed glassware. All glassware
was pre-cleaned (as it was for the original Canmet projects from ESp, EVS, and
Jacques Whitford) and the final pure water rinse solutions were analyzed as our
lab blanks (reported in the "Certificate of Quality Control" as "p¡ocess
Blank").

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

4.0

3.0

5.0

All samples were analyzed by rcp-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.

The filters were analyzed as follows:

. 50 ml of pure water was put through each filter.
o The filtrare (50 ml) was analyzed by ICP_MS and ICp_ES.o The data reported is for the water. To obtain the mass loading on

the filters, multiply the result by 50 mr. For exampre, for e4,
the ca level is 3.4 mglL, therefore there were 50 ml x3.4 mglL: 170.0 mg of ca removed by 50 ml of water from the filter.

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

',.'l:',:: { 'o¡t'71,¡¡.t. J)rirc,lìy'rssrssn¿g1, ()t¡lc¡.it¡- (.,t¡,ttriti í,.j\,, lpli' :. 'li !.;ri;i':j';):li,i þ'c¡.r: t)05"67,1.7,ii,9f) 1\t!! Ft.c(. i.tj00.701"709:¿

6.0



MDS
Environmental Services Limited

-2-

I

I
t

7.0

8.0

9.0

The filters contain some metals residues. The pattern of ca, Mg, Ba, sr, Na,
and K, and of Fe, Al, zn, cv, and Mn is consistent with the baõicgroun¿ or '
metals in glass fibre filters.

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 unustial.

10.0 All of these samples were analyzeÅ by both ICP-ES and ICp-MS. The positive
results for the metals are cor¡oborated and confirmed.

Chris, I hope these comments 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,

J.N. Bishop
Vice President
New Business Development

JNB/no

f

t

L

t

... . 
;,.\ ìt. ! ¡,¡:.: i. tt.., r';r.¿i¿.,,. .l/¿ssi.:sít!i.\u. Ot!!et.irt, Cctt,u,.,. !,;\,. t !, I

.', ' Í,i,.j¿/i-:.r+. j:j.;_t ./.i:.,;.. :.t/)5ôt;;:;.7,ìf)g ,till. Iìre¿: !..,ttt)sTr)1,7(.t().)
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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 20'C

DOC

TKN

TSS

nd

na

Dissolved Organic Carbon

not detected at LOQ (n.b. for statistics, nd ænverted to /z L@)

not applicable/not available

not requested

Total l$eldahl Nitoçn

Dissolved I norganic Carbon

Total Dissolved Solids

TotalSuspended Solids

Not Calo¡lated

Drc

TDS

NCALC

I
t

I

¡.

I
t

t,

I

t_



nd
0
0

na

6.8

0.8

nd

i'

1.3

16.7

18.3

4.48
7.0
3.8
1.8

1140

nd

1.3

1,6.6

18.2
4.54
7.O

3.7
2.0

1130

nd

1.3

t6.7
NCALC
NCALC

7.0

NCALC

1.3

16.7

17.5
2.4t
7.0
3.8
2.0
tt20
nd

0.1
na
na

0.01

0.1

0.5

0.5
1

5

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

nd
nd
nd
nd
nd
nd
3

nd

15

146
590
l5
nd
t2

1530

736

15

145
588
15

nd
t7

r520
713

t5
148

586
15

nd
l8

r540
722

15

148

586
t5
nd
l8

1540

698

1

1

2
I
I
5
I

0. 1

Alkalinity
Chloride
Sulphate
Bica¡bonate
Carbonate

Colour (TC[I)

tlardness
(us/cm)

nd
nd
nd
nd
nd

0.51

nd
0.62
0.t3
nd

0.49
nd

0.6
0.78
nd
nd

0.48

i'
nd
nd

0.48
nd

0.63
0.77
nd
nd

0.05
0.01

0.05
0.05
0.1

0.01

Nitrite
Ammonia
TKN

M3 -3M3 -2M3 -l
låb

Replicaæ

M3-I Travel
Blank

LOQ

Parameter

Table C3-1 : rn CreekMooseStationsSampleofWater ChemistryGeneral



ndndndnd0.002FreeCyanide
ndndndnd0.005Toøl Cyanide

nd0.0210.0200.0230.0220.M70.0400.0390.0340.0330.002Zinc
0.0060.0080.0080.008nd0.0030.0030.002nd0.002Vanadium

ndndndndndndndndnd0.0001Uranium
ndndndndndndndndnd0.002Tiønium
ndndndndndndndndnd0.002Tin
ndndndndnd0.00030.00030.00020.00030.0001Thallium
nd0.5850.6130.615nd0.6410.&t0.62r0.6540.005Strontium
0.26.667.974.272.00.380.580.478.978.20.1Sodium
ndndndndndndndndnd0.0003Silver
ndndndndnd0.0030.0030.0030.0030.002Selenium

nd7.07.07.07.20.5Reactive Silica
nd11.5t6.416.916.2nd22-t2t.I20.82I.r0.5Potassium

0.w20.7110.7480.7490.0030.8700.7490.8860.8850.002Nickel
ndndndndndndndndnd0.002Molybdenum
ndndndndndndnd0.10.rMercury (ue/L)
nd0.121250.1?ßnd0.1280.1310.r320.1380.002Manganese
nd5.15.25.65.50.15.85.85.85.80.1IVlagnesium
ndndndnd0.00030.00080.00080.00070.00070.0001Iæad
nd0.360.360.390.38nd0.260.280.260.260.02Iron
nd0.0910.0960.0960.0480.0840.t920.0940.0920.002Copper
nd0.0190.0200.021nd0.0230.0230.0a0.0240.001Cobalt
ndndndndndndndndnd0.002Chromium
nd27328r2852790.82702702702270.1Calcium
ndndndndndndndndnd0.0005Cadmium
nd0.û250.0310.v29nd0.0300.0330.0360.0350.005Boron
ndndndndndndndndnd0.002Bismuth
ndndndndndndndndnd0.005Beryllium
nd0.v260.ü270.0nnd0.M40.M20.M40.0410.005Barium
ndndndndndndndndndnd0.002Arsenic
ndndndndndndndndndnd0.002Antimony
nd0.250.250.25nd0.130.140.130.140.0rAluminum

ñ --l! ^^^-Replicate
BlankLabBlânkI¿b
TravelM3-3M3 -2M3-1M3 -lTravelM3 -3jû'd3-2M3 -1M3 -1tooMeøl (msll)

Toal MetalsDissolved Metals

Onaping/Levack Mine Site

Table C3-2 : Metal Concentations in Moose Creek

I
I
I



Table C3-3 : General Water Chemistry Analysis of Samples Collected from Reference and Exposure Areas at the Onaping/Levack Mine site

Reference Stations Exposure Stations
Parameter LOQ oRl-l oRt-2 oRl-3 oRl-4 oRl-5 oR1-6 oR3-l oR3-l oR3-2 oR3-3 oR3-4 oR3-5 oR3-6 oR3-6

Lab Field
Replicate Replicate

Nitrate 0.05 0. l3 0.19 0.09 0.06 0.14 0.-58 0.1 0.1 0.22 0.98 0.25 0.031 0.15 0.42
Nitrite 0.01 nd nd nd nd nd nd nd nd nd nd nd nd nd nd
Ammonia 0.05 0.13 0.r2 0.13
TKN 0.05 nd 0.09 nd 0.09 0.23 0.08 0.17 0.51 0.63 0.1 0.1 0.1I 0.28
Phosphorus 0.1 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
Total Phosphorus 0.004

Alkalinity I 6 5 5 6 5 J 6 7 7 7 1 6 6 7
Chloride I I I I 2 I I 9 9 9 10 9 9 9 9
Sulphate 2 6 6 6 6 6 6 35 35 35 35 38 35 35 35
Bicarbonate I 6 5 5 6 5 3 6 7 7 1 6 6 7
Carbonate I nd nd nd nd nd nd nd nd nd nd nd nd nd
Colour (TCU) 5 36 37 34 33 35 35 42 4l 44 40 40 40 40 42
Conductivity (us/cm) I 35 35 35 38 35 31 138 138 126 129 129 129 13'7 130
Ha¡dness 0.1 12.3 12.8 12.3 12.2 12.4 t2 46.9 46.8 46.9 44.9 45.9 44.9 44.7
Turbidity 0.1 0.3 0.3 0.3 0.3 0.4 0.3 0.5 0.5 0.5 0.4 0.4 0.4 0.4 0.4
Anion Sum (meq/L) na 0.275 0.2'77 0.269 0.286 0.26s 0.269 1.11 1.13 t.2t t.2 t.t4 1.13 l.l6
Cation Sum (meq/L) na 0.329 0.346 0.327 0.327 0.333 0.321 1.27 1.26 1.2r l.l6 1.18 1.3'7 l.l6
Ion Balance 0.0r 8.97 t2 9.87 6."t1 11.4 8.78 4.25 5.41 0.07 r.66 1.83 9.83 0.18
pH (units) 0.1 6.4 6.3 6.3 6.3 6.3 6.2 7.6 7.6 7.3 -Ì.3 1.2 7.1 7.1 7
DIC 0.5 1.6 1.8 1.8 1.8 1.6 t;l 2.1 1.9 1.7 1.6 1.9 1.2 2
DOC 0.5 5.8 5.6 5.9 5.5 6 5.2 5.3 5.9 5.3 4.9 5.4 5.7 5.2
TDS I 21 2l 20 2l 2t 22 17 't8 81 80 77 81 78
TSS 5 nd nd nd nd nd nd nd nd nd nd nd nd



Table C3-4 : Total Metals (mg/L) in Water Chemi stry Samples Collected from Reference and Exposure A¡eas at Onaping/Levack Mine Site

Reference Stations Exposure stations
Metal (mg/L) LOQ oRl-l oRl-2 oRl-3 oRl-4 oRl-5 oRl-6 oR3-l oR3-2 oR3-2 oR3-3 oR3-4 oR3-s oR3-6 oR3-6

Lab Field
Replicate Replicate

Aluminum 0.01 0.04 0.04 0.04 0.04 0.04 0.04 0.08 0.08 0.07 0.07 0.07 0.09 0.08 0.08
Antimony 0.002 nd nd nd nd nd nd nd nd nd nd nd nd nd nd
A¡senic 0.002 nd nd nd nd nd nd nd nd nd nd nd nd nd nd
Barium 0.005 0.007 0.008 0.007 0.007 0.007 0.007 0.01 0.009 0.009 0.009 0.009 0.009 0.009 0.008
Beryllium 0.005 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
Boron 0.005 nd 0.00s nd 0.009 nd nd 0.01I 0.00-5 0.011 nd nd nd nd nd
Cadmium 0.000s nd nd nd nd nd nd nd nd nd nd nd nd nd nd
Calcium 0.1 2.9 2.9 2.8 J J 3 13.1 13.5 l4 13.8 13.2 13.3 13.4 13.3
Chromium 0.002 nd nd nd nd nd nd nd nd nd nd nd nd nd nd
Cobalt 0.001 nd nd nd nd nd nd 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
Copper 0.002 nd nd nd nd nd nd 0.008 0.008 0.008 0.008 0.008 0.01l 0.008 0.009
Iron 0.02 0.22 0.22 0.22 0.22 0.22 0.2r 0.28 0.27 0.27 0.26 0.26 0.26 0.27 0.21
Lead 0.0001 0.006 nd 0.0003 nd nd nd 0.0006 nd nd nd nd nd nd nd
Magnesium 0.1 I I I 1 I 1.1 1.3 1.6 t.'7 1.6 1.6 1.6 1.6 1.5
Manganese 0.002 0.015 0.014 0.015 0.013 0.0r3 0.013 0.049 0.048 0.049 0.041 0.049 0.048 0.047 0.047
Mercury (ug/L) 0.1 nd 0.1 nd nd nd nd nd nd 0.1 nd nd 0.2 nd
Molybdenum 0.002 nd nd nd nd nd nd nd nd nd nd nd nd nd nd
Nickel 0.002 nd nd nd nd nd nd 0.061 0.058 0.059 0.058 0.059 0.059 0.06 0.057
Potassium 0.5 0.8 2 2.1 t.4 2.4 2.5 3.7 2.5 2.5 1.5 1.6 2.5 2.8 2
Reactive Silica 0.5 3.6 3.7 3.6 3.6 3.8 J.t 4.2 4.3 4.3 4.2 4.1 4.2 4.3 4.2
Silver 0.0003 nd nd nd nd nd nd nd

0.002

5.7

nd nd nd nd nd nd nd
Selenium 0.002 nd nd nd nd nd nd nd nd nd nd nd nd nd
Sodium 0.1 3.2 3.2 3.2 3.2 3.1 3.1 5.8 6 5.8 5.8 5.8 5.9 5.9
Shontium 0.005 0.014 0.015 0.015 0.01-5 0.015 0.015 0.054 0.052 0.053 0.052 0.052 0.053 0,0s2 0.052
Thallium 0.0001 nd nd nd nd nd nd nd nd nd nd nd nd nd nd
Tin 0.002 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
Uranium 0.0001 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 nd nd nd nd nd nd
Zinc 0.002 0.003 0.002 nd nd nd 0.009 0.006 0.003 0.005 0.008 0.004 0.002

Total Cyanide 0.002
Free Cyanide 0.002



Table C3-5 : Dissolved Metals (mg/L) in Water Chemistry Samples Collected from Reference and Exposure Areas at Onaping/Levack Mine Site

Reference Stations Exposure Stations

Metal(mg/L) LOQ oRl-l oRl-2 oRl-3 oRl-4 oRl-5 oRl-6 oR3-1 oR3-1 oR3-2 oR3-3 oR3-4 oR3-5 oR3-6 oR3-6

Lab Field

Replicate Replicatr:

Aluminum 0.01 0.03 0.03 0.03 0.03 0.04 0.03 0.06 0.05 0.06 0.06 0.05 0.05 0.0s 0.06

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

A¡senic 0.002 nd nd nd nd nd nd nd nd nd nd nd nd nd nd

Barium 0.005 0.007 0.007 0.007 0.007 0.008 0.007 0.009 0.009 0.01I 0.01 0.009 0.009 0.009 0.009

Beryllium 0.005 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

Boron 0.005 0.005 nd nd nd nd 0.005 nd nd 0.008 nd 0.009 nd nd nd

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

Calcium 0.1 3.7 3.9 3;7 5.t nd nd 16.5 16.4 16.4 16.6 15.8 l6.l 15.8 15.'l

Chromium 0.002 nd nd nd nd nd nd nd nd nd nd nd nd nd nd

Cobalt 0.001 nd nd nd nd nd nd 0.001 0.00 r 0.001 0.001 0.001 0.001 0.001 0.001

0.002 nd nd nd nd 0.003 nd . 0.007 0.007 0.007 0.007 0.009 0.007 0.007 0.009

Iron 0.02 0.26 0.25 0.25 0.23 0.22 0.24 0.29 0.29 0.26 0.33 0.28 0.28 0.29 0.28

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

Magnesium 0.1 0.1 0.8 0.'l 0.7 0.1 0.1 t.4 1.4 1.4 1.4 1.4 t.4 1.3 1.3

Manganese 0.002 0.004 0.004 0.004 0.003 0.004 0.005 0.033 0.034 0.032 0.033 0.035 0.033 0.034 0.032

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

Molybdenum 0.002 nd nd nd nd nd nd nd nd nd nd nd nd nd nd

Nickel 0.002 nd nd nd nd nd nd 0.06 0.059 0.056 0.06 0.06 0.06 0.06 0.061

Potassium 0.5 nd nd nd nd nd nd nd nd nd nd nd nd

Reactive Silica 0.5 3.6 3.6 3.6 3.6 3.6 3.6 4.4 4.4 4.3 4.3 4.2 4.2

Selenium 0.002 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

Sodium 0.1 1.8 1.9 1.8 1.8 1.8 1.8 5.9 5.9 5.8 5.9 10.8 5.8

Strontium 0.005 0.015 0.015 0.016 0.015 0.015 0.015 0.053 0.053 0.051 0.053 0.054 0.052 0.054 0.053

Thallium 0.0001 nd nd nd nd nd nd nd nd nd nd nd nd nd nd

Tin 0.002 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 0.003 nd nd nd nd nd

Uranium 0.0001 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 nd nd nd nd nd nd

Zinc 0.002 0.045 0.044 0.082 0.027 0.024 0.015 0.059 0.057 0.014 0.015 0.008 0.01

Total Cyanide 0.002 nd 0.016 nd nd nd nd nd nd nd nd nd nd nd

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



cm = clayey muck

fs = fine sediment

g = gravel

o = organlc

m = muck
s = sand

c = cobble

r = rock
Substrate Type
Velocity (m/s)
Depth (m)
Dissolved Oxygen (mg/L)
Water Temperature (oC)

Air Temperature (oC)

Conductivity (us/cm)

pH (units)

Measurement

Substrate Type

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

rùater Temperature (oC)

Air Temperature (oC)

Conductivity (us/cm)

pH (units)

Measurement

Onaping/Levack Mine Sites

c,g

0.3

0.3

10.4

11

t3
148'l

8

M3-1

r,c,s,o

nm
2.8

ll.2
11

9

36

1.8

oRl-1

fs over s
0.2

0.4

10.5

11

13

1433

'7.9

M3 -2
V/ater Samples Collected at M3

r,c,s,o,

nm
2.4

1 1.1

11

5

36

1.6

oRl-2

Reference Stations

fs/cm
0.1

0.85

10.4

11

73

1795

8

M3- 3

r,c,s,o

nm
2.3

11.1

10

4

36

7.6

oRl-3

r,c,s,o

nm
1.52

11.8

9

9

35

7.7

oR14

r,c,s,o

nm
r.78
11.6

9

t2
36

7.5

oR1-5

rrcrsro

nm
r.79
tt.7
10

10.5

35

7.5

oR1-6

r,c,m,s

nm
1.7

10.1

13

16

150

7.9

oR3-1

r,c,m,s
nm
3.2

10.3

13

16

154
7.8

oR3-2

Exposure Stations

r,c,m,s
nm
1.8

10.3

l3
10

r45
7.8

oR3-3

r,c,m,s
nm
7.6

10.3

t3
8.5

147

7.8

oR3-4

r,c,m.s
nm
2.r
10.1

13

6

146

7.8

oR3-5

rrcrm,s

nm
2.4

10.4

t3
6

r52
7.8

oR3-6
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Environmental Services Limited

Client: Ecological Services for Planning

361 Southgate Drive
Gueþ, ONT, CANADA
NlG 3M5

Fax: 519-836-2493

Attn: Barbara Dowsley

Aulysis Performed:

Methodology:

Certificate of Analysis

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

1) Analysis of hot water soluble boron in soil by
performing a hot aqueous extractionprior to
the analysis using ICPAES.
u.s. EPA Merhod No. 6010

Canadian Council Min. Environ. Criteria
2) Analysis of trace metals in soil by Inductively Coupled

Plasma Mass Spectrophotometry.
U.S. EPA Method No. 6020(Modification)

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

4) 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 PO#:

Client Ref#:

Sampled By:

October 6196

October 17196

966957

96-697-cS
CANMET

96239Omping

Geoff Carnegie
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MDS
Environmental Services Limited

Client: Ecological Services for Planning
361 Soutlgate Drive
Gueþh, ONT, CANADA
N1G 3M5

Fax: 519-836-2493

Attn: Barbara Dowsley

Methodology: (Cont'd)

Instrumentation:

Sample Description:

QA/QC:

Results:

Certificate of Analysis

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

1) Thermo Janell Ash ICAP 61E plasma Spectrophotometer
2) PE Sciex ELAN 6000ICP-MS Spectromerer
3) Precision Mechanical Convention Oven/Neytech Furnace
4) Varian SpectrAA 400 Plus AA/Vapour Accessory VGA 76
5) Precision Mechanical Convention Oven/Sartorius Basic Balance

Soil

Refer to CERTIFICATE OF QUALITY CONTROL report.

Refer to REPORT of ANALYSIS att¿ched.

Certified By
Brad Neqman

Mrnager

M. Hartwell, M.Sc.
Director, Laboratory Operations

Date Submitted:

Date Reported:

MDS Ref#:

MDS Quote#:
Client PO#:

Client Ref#:

Sampled By:

October 6i96
October 17196

966957

96-697-cS

CANMET
962390nzping

Geoff Carnegie

ÁÇ

Page2



MDS
Environmental Services Limited l"l*'''''oc f a'*q f qt

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

Fax: 519-836-2493

Attn: Barbara Dowsley

Analysis Performed:

Methodology:

Irstrument¿tion:

Sample Description:

QA/QC:

Results:

Certifïcate of Analysis

20 Element ICP Scan(l8 Scan + Ti and p)

ICP Alkaline Scan(Ca, Mg, Na, K, Sr), Digestion Required

1) Amlysis 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. 6010
(Ministry of Environment ELSCAN)

1, 2) Thermo Jarrell Ash ICAP 6lE plasma Spectrophotometer

Swab

Refer ro CERTIFICATE OF QUALITY CONTROL report.

Refer to REpORT of

Certified By

Brad Newman

Service

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

Date Submitted:

Date Repofted:

MDS Ref#:

MDS Quote#:
Client PO#:

Client Ref#:

Sampled By:

October 6196

October 15/96

9669s7

96-697-cS
CANMET

96239Onaping

GeoffCarnegie

i rnUol cø :

# zøt4z

I

fò,

Page 1



MDS
Environmental Services Limited

Client: Ecological Services for Planning

361 Southgate Drive
Guelph, ONT, CANADA
NlG 3M5

Fax: 519-836-2493

Attn: Barbara Dowsley

Analysis Performed:

Methodology

Imtrumentation:

Sample Description:

QA/QC

Results

Certificate of Analysis

20 Element ICP Scan(l8 Scan * Ti and P)
ICP Alkaline Scan(Ca,Mg,Na,K,Sr), Digestion Required

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 Method No. 7300)

2) Analysis of alkaline metals in a swab by Inductively
Coupled Plasma Spectrophotometry.
U.S. EPA Method No. 6010
(Ministry of Environment ELSCAN)

1, 2) Thermo Janell Ash ICAP 618 plasma Spectrophotometer

Swab

Refer to CERTIFICATE OF QUALITY CONTROL reporr.

Refer to REPORT of ANALYSIS

Certified By

Brad Neu¡man

Manager

By

M. Hartwell, M.Sc.
Director, Laboratory Operations

Date Submitted:

Date Reported:

MDS Ref#:

MDS Quote#:
Client PO#:

October 17196

October 21196

967327

96-697-gs

96239

t4ø
t

&utk"*

n
"fv{

Page 1



APPENDIX D2

QA/QC



MDS Environmental Services Limited

Certificate of Quality Control

Client : Ecological Services for Planning
Cont¿ct: Barbara Dowsley

Analysis of Soil, expressed on a dry weight basis

Date Reported:

MDS Ref # :

MDS Quote#:
Client PO#:

Client Ref#:

Octobel 17196

9669s7
96-6n-GS
CANMET

96239Onapng

Bom(IIot wtr solrble)

ArtiE!ry

Aß@ic

Beiu

Berylliu

Crdnim

Ch¡mim

Cobdt

cq4u

IJåd

Molybdm

Nickd

Selqiu

Silvq

Tbaüi@

Vudim

Z,iñ

Mmry

Pârameter

u

oR3-Ð(P0l

oR3-Þ(P01

oR}Ð(P01

oR3-ÞCP 01

oR.!Þ(P0t

oP3-Ð(P0r

oR3-ÞCP0r

oRlÞ(P01

oR3-Þ(P01

oR3-ÞP01

oRlÞ(P01

oR3Þ(P01

oR3-Þ(P0r

oR3-E(P0r

oR3-Ð(P01

oR3-Þe01

D

SAI\{PI,E ID
(spike)

0.2

2.0

2.0

0.5

0.5

0.1

0.5

0.8

0.5

t<
1.0

1.5

1.0

0.ls

0.1

0.5

0.8

0.01

LOQ

m.eß.c

mg/kg

mS/kg

mg/kg

mC/kC

mg/kg

mg/kg

nC/kC

m8/k.8

nC/kC

EC/kC

mg/kg

DC/kC

mg/kg

mg/kg

mg/k'g

mg/kg

mg/kg

Units

nd(b)

nd(b)

nd(b)

¡d(b)

nd(b)

ndo)

nd(b)

nd(b)

ndo)

nd(b)

nd(b)

ú(b)

nd(b)

nd(b)

ndo)

nd(b)

1.6(b)

0.01

Result

Process BI¡nk

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

L.6

0.02

Upper

Limit

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yès

ycs

yes

yes

yes

Accept

98

101

n
106

110

101

105

103

101

tv¿

100

101

90

105

103

105

rtl
101

Result

Procçs % Recovery

80

80

80

80

80

80

80

80

80

80

80

80

80

80

80

80

80

80

Lower

Limit

12.0

L20

L20

L20

L20

120

L20

L20

L20

t20

r20

r20

L20

120

L20

120

t20

L23

Upper

Limit

yes

yes

yes

yes

yes

yes

yes

yes

ye8

yes

yes

yes

yes

ycs

yes

yes

yes

yes

Accept

ûa

L2.4

12.0

13.5

13.2

12.4

L2.6

13.0

16.1

L2.6

L2,5

tt.2

L2.6

L2.8

12.6

L2.2

n¡

Result

Matrix Spike

Iur

t2.5

L2.5

L2.5

12.5

12.5

L2.5

12.5

12.5

t2.5

L2.5

12.5

L2.5

tt <

12.5

12.5

nÂ

Target

na

7.5

7.5

7.5

7.5

7.5

a<

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

na

Lower

Limit

ItÂ

L7.s

17.5

L7.5

17.5

L7.5

L7.5

L7.5

t7.5

L7.5

L7.5

L7.5

t7.5

L7.5

t7.5

17.5

m

Upper

Limit

na

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

ycs

yes

yes

yes

n¿

Accept

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

ves

yes

yes

ycs

yes

yes

yes

yes

Overall

QC

Acceptable

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

Report of Analys¡s

Client: Ecological Services fs¡ planning

Cont¿ct: Barbara Dowsley

Analysis of Soil, expressed on a dry weight basis

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

= Not Requested

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

Report Date:

MDS Ref # :

MDS Quote #:

Client PO#:

Client Reûf:

October 17196

966957

96-697-cs
CANMET

962390naping

LOQ

nd

nd

nd

36.L

nd

0.3

36.9

61.3

232

15.1

nd

805

nd

0.ó1

nd

33.9

98.8

3.18

0.02

67.9

nd

nd

nd.

29.0

nd

0.3

17.8

9.3

13.0

8.8

nd

18.1

nd

2.48

nd

2t.7

56.7

2.92

0.02

41.1

nd

nd

r¡d

19.1

nd

nd

18.4

6.6

14,9

<t
nd

14.8

nd

1.3s

nd

u.3

35.3

0.38

o.o2

18.6

nd

nd

nd

19.5

nd

nd

23.4

7.2

8.9

5.0

nd

L7.7

nd

1.99

nd

23.6

39.3

0.73

0.02

L9.2

nC/kC

mC/kC

mC/kC

nC/kS

nC/kC

mcftc

ms/kg

mC/kC

mg/kg

mgftg

mg/kg

nC/kC

mg/kg

mC/kC

mC/kC

mg/kg

mg/kg

%

mg/kg

%

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

0.01

0.01

wate¡ soluble)

C¡dmium

Seleníum

on Ignition

Content

oR3-HP 01

96n0t02

ORI.REF 04

96n0t04

oRl-REp 02

Replicate

ORI-REFæ

96n0t03

ORI.REF 01

96n0t03

UnitsLOQPa¡ameter

Date Sampled >

nd
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MDS Environmental Services Limited.

Report of Analys¡s

Client : Ecological Services for Planning
Contåct: Barbara Dowsley

Analysis of Soil, expressed on a dry weight basis

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

= Not Requested

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

Report Date:

MDS Ref # :

MDS Quote #:
Client PO#:

Client Refi#:

Octobet 17196

9669s7

96-697-GS

CANMET
96239Onaping

I
I

LOQ

nd

trd

nd

ls.6

nd

nd

18.0

14.5

50.7

4.9

nd

t26

nd

1.62

nd

17.2

33.9

0.70

0.01

25.6

nd

nd

nd

16.5

nd

nd

18.8

14.8

65.1

s.2

nd

L2L

nd

0.85

nd

17.6

37.6

0.70

0.01

26.7

nd

nd

nd

29.3

nd

0.1

21.0

43.4

142

8.6

nd

198

nd

0.49

nd

20.9

58.2

2.7t

0.05

50.8

nd

nd

nd

34.3

nd

0.2

35.0

54.4

206

15.1

nil

699

nd

0.90

nd

32.8

90.2

2.59

66.6

mC/kg

mS/kg

nC/kC

mC/kC

ûgikg

mg/kg

mg&'g

mg/kg

mg/kg

mC/kC

nC/kC

mC/kC

ms/kc

mg/kg

mg/kg

mg/kg

mg/kg

%

mg/kg

%

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

0.01

0.01

water soluble)

Cadmium

Silver

IhÀllium

Vanadium

Zinc

Loss on lgnition

Mercury

Moisu¡re Conænt

oR3-HP 06

REP

96ft0t02

oR3-nP 06

96n0t02

oR3-Ð(P 03

96tt0t02

oR3-UP 01

Replicate

UnitsLOQParameter

nd
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-î-
MDS Environmental Services Limited.

Certificate of Quality Control

Client : Ecological Services for Planning
Contacl Barba¡a Dowsley

Analysis of Swab

Date Reported:

MDS Ref # :

MDS Quote#:
Client PO#:

Client Ref#:

October 15/96

9669s7

96-697-GS

CANMET
96239Onaping

A¡¡ûidm

BråB

Beryllim

Bimth

Bm

C¡doim

Gmim

Cobålt

Coçper

kú

L4

Mangæe

Molytdm

Nickel

Pbæphoru

Silva

Tin

Titånim

V¡¡adiu

Ziæ

Pa¡ameter

ü
E

u

u

u

ü
ü
u

u

&

n

E

û
u

ü
ü
ü
ü
m

ü

SAMPLE ID
(sprke)

1.0

0.1

0.3

2.5

0.5

0.2

0.3

0.3

0.2

0.3

L3

0.3

0.5

0.5

3.0

0.2

2.5

2.5

0.5

0.3

LOQ

ug/totl

ug/totl

ug/roû

ug/totl

ug/toü

ug/totl

ug/totl

ug/totl

ug/toü

ug/totl

ug/totl

ug/totl

ug/totl

ug/totl

ug/rotl

ug/totl

ug/totl

ugitotl

ug/totl

Ihits

2.2þ)

ndo)

ndO)

nd(b)

nd(b)

ûd(b)

ndo)

nd(b)

nd(b)

ndo)

nd(b)

ndo)

nd(b)

ndo)

nd(b)

nd(b)

nd(b)

ndo)

nd(b)

0.6Õ)

Result

p¡ggess $l¡nk

4.0

0.3

0.6

5.0

1.5

0.4

0.6

0.6

0.4

0.9

2.6

0.6

1.0

1.0

9.0

0.4

5.0

5.0

1.0

0.9

Uppe¡

Limit

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

Accept

88

94

YI

96

96

100

n
98

95

89

96

95

99

96

91

99

100

96

98

96

Reillt

Proces % Recovery

80

80

80

80

80

80

80

80

80

80

80

80

80

80

70

80

80

80

80

80

Lower

Limit

120

120

L20

t20

L20

120

120

L20

t20

L20

t20

L20

t20

t20

130

L20

120

120

L2Ã

120

Upper

Limit

yes

yes

yes

yes

ye8

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

Accept

na

na

n¡

n¡

na

n¿

¡ra

t¡a

n&

na

n¡

na

na

na

n¡

na

nÂ.

¡l¡

n¿

'¡a

Re$lt

Matrix Spike

na

na

n¡

na

n¡

¡t¿

na

¡a

¡ra

IIA

na

n¡

nå

nÂ

¡a

n¡

na

¡r¡

¡¿

¡l¡

Target

¡la

¡¡
n¡

nl
¡l¡

na

na

n¡

nt

¡lå

It¡

na

na

na

n¡

n¡

Il¡

n¡

n¡

n¡

Lower

Limit

n¡

Ila

na

n¡

lla

na

¡¡
na

n¡

na

l¡å

na

n¡

û¡

na

tr¡

nå

D¡

na

¡tÀ

Upper

Limit

nâ

¡Iâ'

¡¡Â

NA

na

ûå

n¡

na

ûÂ

n¿

na

na

na

na

na

na

na

n¡

na

nÂ

Accepú

ye3

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

ycs

yes

yc8

yes

yes

yes

yes

Ycg

Overall

QC

Acceptable

LOQ : Limit of Quântitâtion = 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
(b) = Analfe results on REPORT ofANALYSß have been background corrected for the process blank.
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MDS Environmental Services Limited

CertifÏcate of Quality Control

Client : Ecological Services for planning

Cont¿ct Barbara Dowsley

Analysis of Swab

Date Reported:

MDS Ref # :

MDS Quote#:
Client PO#:

Client Reff:

October 15/96

966957

96-6n-cS
CANMET

96239Onaping

Cdcium

Magßim

Po(¡ssi[E

Sdn'ñ

St¡øtim

Parameter

ü
ø
u
u
ü

SAMPLE ID

Gpke)

0.5

1.0

20

0.5

0.3

LOQ

ug/swb

ug/swb

ug/swb

ug/swb

ug/swb

Units

ndo)

nd(b)

nd(b)

nd(b)

nd(b)

Result

2.0

4.0

80.0

2.0

L.2

Upper

Limit

yes

yes

yes

yes

yes

AccepÉ

Process Blank

85

E9

83

96

100

Result

80

EO

80

80

80

Lower

Limit

120

120

120

L20

120

.Upper

Limit

yes

yes

yes

ycs

ycs

Accepú

Process % Recovery

D¡

Ill

¡¡
tr¡

Ill

Resr¡It

llr
na

na

nt

n¡

Targe
Lower

Limit

na

m

nâ

n¡

nâ

n¡

¡â

It¡

na

n¿

Upper

Limit

ttt

n¡

na

na

n¡

Accept

l\Áatrix Spike

yes

ye8

yes

yes

yes

QC

Ove¡all

Acceptable

LOQ = Limit of Quantitation = lowest level of the parameter that can be quantified with confidence* = Unavailable due to dilution required for analysis
na : Not Applic¿ble
ns : Insufficient Sample Submitted
nd : paËmeter 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: Barbara Dowsley

Analysis of Swab

= Limit of Quantitation = lowest level of the parameter that can be quantified with confidence.
: parameter not detected ! : LOQ higher than listed due to ditution ( ) Adjusted LOe

Report Date:

MDS Ref # :

MDS Quote #:

Client PO#:

Client Ref#:

October 15/96

9669s7

96-697-cS
CANMET

96239Onaping

LOQ

8.2

0.2

nd

nd

1.0

nd

3430

nd

nd

0.8

11.3

nd

30.9

1.1

nd

nd

1.s

nd

nd

33.4

1.5

nd

nd

nd

tt.t

8.1

0.2

nd

nd

1.2

nd

3380

ud

nd

0.9

Lt.6

nd

30.6

L.l

nd

nd

6.2

nd

nd

32.0

1.5

nd

nd

nd

72.3

4.9

0.1

nd

nd

nd

46.8

nd

nd

0.4

9.8

ûd

4.3

0.3

nd

nd

nd

nd

nd

34.0

nd

nd

nd

nd

5.2

t6.2

0.2

nd

nd

nd

nd

34.6

nd

nd

0.6

26.8

ûd

10.0

1.0

nd

nd

nd

nd

nd

25.5

nd

rd

nd

nd

4.6

9.2

0.1

nd

nd

0.8

nd

48.9

nd

nd

0.6

t1.8

L.4

9.0

0.6

nd

nd

nd

nd

nd

34.0

nd

nd

nd

nd

aa

ug/tot

ug/tot

ug/tot

ug/tot

ug/tot

ug/tot

ug/swb

ug/tot

ug/tot

ug/tot

ug/tot

ug/tot

ug/swb

ug/tot

ug/tot

ug/ûot

ugitot

ug/swb

ug/tot

ug/swb

ug/swb

ugitot

ug/tot

ug/ûot

ugi¡ot

1.0

0.1

0.3

2.5

0.5

0.2

0.5

0.3

0.3

0.2

0.3

t.3

1.0

0.3

0.5

0.5

3.0

20

o.2

0.5

0.3

2.5

2.5

0.5

0.3

l¡ru-iou-

lu*"-

lu.vliu-
lBismut
lBoron

1""*o-
Calcíum

Chromium

Cobalt

Copper

I¡on

Iæad

Magnesium

Manganese

Molybdenum

Nickel

Phosphons

Potåssium

Silver

Sodium

Strontium

Tin

fitÂnium

Vanadium

Zinc

oR3-Ð(P 02

Replicate

oP3-trP 02

96n0t02

ORI-REF 05

96n0t03

ORI-REF 03

96n0t03

ORI.REF 02

96n0t03

Ihit6LOQParameter

Date Sampled >

nd
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MDS Environmental Serv¡ces Limited.

Report of Analys¡s

Client: Ecological Services for planning

Contact: Barbara Dowsley

Analysis of Swab

= Limit of Quantitation = lowest level of the parameler that can be quantified with confidence,
: parameter not detected ! = Loe higher than listed due to dilution ( ) A justed Loe

Repofi Date:

MDS Ref # :

MDS Quote #:
Client POf:
Client Ref#:

October 15/96

966957

96-697-GS

CANMET
96239Onaping

LOQ

lL.2

0.2

nd

nd

nd

nd

2300

nd

nd

0.5

13.6

nd

'26.9

0.8

nd

nd

nd

nd

nd

28.8

L.t

nd

nd

nd

51.8

6.5

0.1

rd

nd

rd

nd

44.2

nd

nd

0.8

11.3

nd

4.9

0.6

nd

nd

nd

nd

nd

26.8

nd

nd

nd

nd

2.4

ug/tot

ug/tot

ug/tot

ug/tot

rÌElfot

ug/tot

ug/swb

ugftot

t¡gllol

ug/ûot

ug/tot

ug/ûot

ug/swb

ug/tot

ug/tot

ug/tot

ug/tot

ug/swb

ug/tot

ug/swb

ug/swb

ug/tot

ug/tot

ug/tot

ug/tot

1.0

0.1

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

kou

Zi¡c

oR3-Ð(P05

96n0t02

oP3-E(P 04

96n0t02

UnitsLOQParameter

DateSampted >

nd
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MDS Environmental Services Limited

Certificate of Quality Control

Client : Ecological Services for Planning
Contact: Barbara Dowsley

Analysis of Swab

Date Reported:

MDS Ref # :

MDS Quote#:
Client PO#:

October zll96
967327

96-697-gs

96239

Ahlmil¡u

Ba¡iu

Beryllim

Bismtir

Borq

Cadmiu

Clrmi@

Cobalt

Co¡per

Im

Lead

Marguee

Molybdm

Nickel

Phæphou

Silve¡

Tin

llitaniu

V{udim

Zirc

Parameter

u

M

E

ü
ß
E

D

M

u

n

M

m

M

M

M

M

E

ü
ü
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

â<

0.5

U.J

LOQ

ug/totl

ug/totl

ug/to{

ug/toû

ug/totl

ug/tod

ug/rotl

ug/tod

ug/totl

ug/totl

ug/totl

ug/totl

ug/totl

ug/rorl

ug/totl

ug/totl

ug/totl

ug/totl

ug/torl

ug/totl

Units

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

Result

Process Blark

4.0

0.3

0.6

5.0

1.5

0.4

0.6

0.6

0.4

0.9

2.6

0.6

1.0

1.0

9.0

0.4

5.0

5.0

1.0

0.9

Upper

Limit

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

y€s

yes

yes

yes

Accept

L02

r02

103

101

103

103

10s

106

L02

101

103

t02

103

t02

95

99

108

105

101

L02

Result

Process % Recovery

80

80

80

80

80

80

80

80

80

80

80

80

80

80

70

80

80

80

80

80

Lower

Limit

L20

L20

L20

L20

L20

L20

L20

120

t20

L20

L20

120

t20

L20

130

L20

720

L20

120

120

Upper

Limit

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

Accept

na

nâ

rla

na

na

na

na

na

na

na

nâ

na

na

nâ

na

nâ

na

na

na

nâ

Result

Matrix Spike

na

na

na

na

m

na

na

na

na

na

na

na

na

nâ

na

na

na

na

na

na

Target

na

n¿

nâ

na

na

llâ

na

na

na

na

na

nâ

na

Iìa

¡.â

na

na

nâ

na

na

Lower

Limit

na

na

na

nâ

na

nâ

nå

na

na

na

na

na

na

na

na

na

Ila

na

na

Ila

Upper

Limit

na

na

na

n¿

na

ftt

na

na

tra

na

na

na

m

nâ

na

na

na

na

na

na

Accept

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

Overall

QC

Acceptable

LOQ : Limit of Quantitåtion = lowest level of the parameter that cân 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
(b) : Analyte results on REPORT of ANALYSIS have been background corrected for the process blank.
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MDS Environmental Services Limited,

Certificate of Quality Control

Client : Ecological Services for Planning
Contact: Barbara Dowsley

Analysis of Swab

Date Reported:

MDS Ref # :

MDS Quote#:
Client PO#:

October 21116

967327

96-697-gs

96239

Calcim

Magnsim

Potassiu

Sodim

Str@tim

Parameter

ü
M

M

ü
ß

SAMPLE ID

(spike)

u.5

1.0

trt

0.5

0.3

LOQ

ug/swb

ug/swb

ug/swb

ug/swb

ug/swb

Units

nd(b)

nd(b)

nd(b)

nd(b)

nd(b)

Result

2.0

4.0

80.0

2.0

L.2

Upper

Limir

yes

yes

yes

yes

yes

Accept

Process Blank

101

104

103

Lï'l

105

Result

80

80

80

80

80

Lo¡ver

Limit

r20

L20

120

120

L20

Upper

Limit

yes

yes

yes

yes

yes

Accept

Process % Recovery

na

na

na

na

na

Resulr

na

na

na

na

na

Target

na

n¿

na

na

na

Lower

Limit

nâ

DA

na

nå

na

Upper

Limit

na

na

nâ

na

n&

Á.ccept

Matrix Spike

yes

yes

yes

yes

yes

QC

Overall

Acceptable

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 detected
TR : trace level less than LOQ
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MDS Environmental Services Limited

Report of Analys¡s

Client : Ecological Services for Plaruring

Cont¿ct: Barbara Dowsley

Analysis of Swab

Report Date:

MDS Ref # :

MDS Quote #:

Client PO#:

October 21196

967327

96-697-gs

96239

2.5

0.2

nd

nd

0.9

nd

2.2

nd

nd

0.4

6.6

nd

nd

nd

nd

nd

nd

36

nd

72.4

ld

¡rd

nd

nd

1.1

2.6

0.4

nd

nd

2.4

nd

2.2

nd

nd

0.5

8.1

nd

nd

nd

nd

0.9

nd

Jb

nd

72.L

nd

nd

nd

nd

r.2

2.5

0.2

nd

nd

2.2

nd

2.1

nd

nd

0.6

8.0

nd

nd

nd

nd

1.0

nd

39

nd

69.9

nd

nd

nd

nd

1.0

ug/!ot

ug/tot

ug/tot

ug/tot

ug/tot

ug/tot

ug/swb

ug/tot

ug/tot

ug/tot

ugiûot

ug/tot

ug/swb

ug/tot

ug/tot

ug/tot

ng/tol

ug/swb

ug/tot

ug/swb

ug/swb

ug/tot

ug/toi

ug/tot

ug/tot

1.0

0.1

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

Alunimm

Bariun

Berylliurn

Bisrnuth

Boron

Caùniurn

Calciurn

Chrornim

Cobalt

Copper

Iron

Lead

Magnesium

Manganese

Molybdenurn

Nickel

Phosphoru

Potassium

SilVer

Sodiun

Strontiru¡

Tin

Titånim

Vmadiun

Zi¡c

Swab Blank

_n

Swab Bla¡k

1

Replicâte

Swab Blark

-1üdtsLOQParameter

LOQ : Limit of Quantitation : lowest level of the pârameter that can be quântified with confidence.

= parameter not detected ! : LOQ higher than listed due to dilution ( ) Adjusted LOend
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APPENDIX D3

Results
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Table D3-1 : Metals (mg/kg) in Sediment Chemisry Samples Collected from Reference and Exposure Areas, Onaping/Levack Mines

Va Gravel
Vo Sand

Vo Sllt
7o Clay

Particle Size Distribution

Total Carbon (7o)

Total Inorganic Carbon (Vo)

Total Organic Carbon (Vo)

Loss on Ignition (7o)

Moisture Content (7o)

Lead
Mercury
Molybdenum
Nickel
Selenium

Silver
Thallium
Vanadium
Zinc

Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium

Chromium
Cobalt
Copper

Metal (mg/kg)

0.1

0.01

2.5

0.01

1.0

1.5

1.0

0.15

0.1

0.5

0.8

2.0

2.0

0.5

0.5

0.2

0.1

0.5

0.8

0.5

LOQ

13.8

83.5

1.7

1.0

0.16

<0.01

0.16

0.73

t9.2

5.0

0.02
nd

17.7

nd

1.99

nd

23.6

39.3

nd
nd

19.5

nd

nd
nd

23.4

7.2

8.9

oRl-1
Reference Stations

25.9

13.2
0.5

0.4

<0.01

<0.01

<0.01

0.38

18.6

5.2

0.02
nd

14.8

nd

1.35

nd
24.3

35.3

nd
nd

19.1

nd

nd
nd

18.4

6.6

14.9

oR-2

0.3

84.4

8.6

6.8

2.53

<0.01

2.53

2.92
47.1

8.8

0.02

nd
18.1

nd
2.48

nd

21.1

56.7

nd
nd

29.0

nd
nd
0.3

17.8

9.3

13.0

oR1 -4

42.9

25.2

13.5

18.4

t9.27
<0.01

19.27

3.18

67.9

15.1

0.02
nd

80s.0
nd

0.61

nd

33.9

98.8

nd
nd

36.t
nd

nd

0.3

36.9

61.3

232.0

oR3-1

Exposure Stations

2.59

66.6

15.1

nd

699.0

nd

0.90

nd
32.8

90.2

nd
nd

34.3

nd

nd

0.2

35.0

54.4

206.0

oR3-1
Lab

Replicate

<0.1

81.9

tI.7
6.4

2.77

<0.01

2.77

2.71

50.8

8.6

0.05

nd
r98.0

nd

0.49

nd

20.9

58.2

nd
nd

29.3

nd

nd
0.1

21.0

43.4
142.0

oR3-3

<0.1

96.8

1.8

1.4

0.35

<0.01

0.35

0.7

26.7

5.2

0.01

nd

12t.0
nd

0.85

nd
17.6

37.6

nd
nd

16.5

nd

nd
nd

18.8

14.8

65.1

oR3-6

<0.1

96.9

1.8

t.4

0.24

<0.01

0.24

0.7

25.6

4.9

0.01

nd
126.0

nd

r.62
nd

17.2

33.9

nd
nd

15.6

nd

nd
nd

18.0

14.5

50.7

oR3-6
Field

Replicate
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Table D3-2 Metals (mg/kg) in Sediment Chemistry Samples Collected from Reference and Exposure Areas; lab values and normalized for percent fines,
Mines

Barium

Cadmium

Chromium

Cobalt

Copper

Iæad

Mercury

Nickel

Silver

Vanadium

Znc

Metal (mglkg)

FINES (as proportion)

0.5

0.1

0.5

0.8

0.5

2.5

0.01

1.5

0.15

0.5

0.8

LOQ

19.5

nd
23.4

7.2

8.9

5.0

0.02

17.7

1.99

23.6

39.3

0.027

722.2

r.85

866.7

266.7

329.6

185.2

0.74

655.6

73.'10

874.1

1455.6

LAB NORMAL.
oRl-1

19.l
nd

18.4

6.6

14.9

5.2

0.02

14.8

1.35

24.3

35.3

0.009

2t22.2
5.56

2044.4

733.3

r655.6

577.8

2.22

1644.4

1s0.00

2700.0

3922.2

LA3 NORMAL.
oR-2

29.0

0.3

r7.8

9.3

13.0

8.8

0.02

18. I
2.48

21.'l

56.'.|

0.1s4

188.3

1.95

115.6

60.4

84.4

57.1

0. l3
117.5

16.10

r40.9

368.2

LAB NORMAL.
oRl-4

Reference Stations

36.1

0.3

36.9

61.3

232.0

15.1

0.02

805.0

0.61

33.9

98.8

0.319

tt3.2
0.94

tts.7
192.2

727.3

47.3

0.06

2523.5

1.91

106.3

309.7

LAB NORMAL.
oR3-1

29.3

0.1

2t.0
43.4

r42.0
8.6

0.05

198.0

0.49

20.9

58.2

0.181

161.9

0.55

116.0

239.8

784.5

47.5

0.28

1093.9

2.7t
115.5

321.5

LAB NORMAL.
oR3-3

16.5

nd
18.8

14.8

65.7

5.2

0.01

121.0

0.85

t7.6

37.6

0.032

515.6

1.56

587.5

462.5

2053.1

162.5

0.31

3781.3

26.56

550.0

1175.0

LAB NORMAL.
oR3-6

Exposure Stations

Page 1
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IWRKMET ANALYTICAL WORK SHEET -

SAMPLETYPE:
TESTCODE:

sfr
TOC.StsC-SO

Metal/Conventional Analysis
Page 1 of 1

wc
RUN #:
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Valerle GeldarÈ
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Valua tsTIbT
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57. r
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Grav-
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ë
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Detailed Methods



Semple Pnocesslr,¡c

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

Upon arrival, samples were immediately logged and inqpected to ensure adequaæ preservation to a
minimum level of 107o buffered formalin and correct labeling. No problems with preservative or
labeling were identified. All benthic samples were sorted wittr the use of a stereomicroscope. A
magnification of 10X was used for macrobenthos (invertebrates > 500 Fm) and 20X for meiobenthos
(invertebrate size from 200 to 500 pm). To expedite sorting, prior to processing, all sarnples were
stained with a protein dye that is absorbed by aquatic organisms but not by organic material such as
detritus and algae. The stain has proven to be exremely effective in inøeasing sorting accuracy and
effrciency.

Prior to sorting, samples were washed free of formalin n a250 ¡rm sieve. Benthic inve,ltebraæs and
associated deb'ris were elutriated from any sand and gravel in the sample. Elutriation æchniques
effectively removed almost all organisms. The remaining sand and gravel fraction was closely
inspected for the odd heavier organism such as Pelecypoda Gastro@a and Trichoptera with stone
cases that may not have all been washed from this fraction. After elutriation, the remaining debris and
benthic invertebrates were washed through a series of ¡vo sieves, 500pm and 250 pmreqpectively.

SuesAMpt-¡ruc

Benthic samples were sorted entirely (both 500 and 250 pm) except in the insunce of large amounts
of organic matter and high densities of organisms. Benthic samples containing large amount of
organic matter or high densities of organisms ca¡r 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 pm.sieves. One half of the material
was removed and set aside while the remaining half was disributed evenly on each sieve and again
divided in two. A minimum subsample volume of 257o was the criteria set for this study. The same
fraction was sorted from the 500 ¡rm and the 250 pm 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 n7o7o ethanol for more detailed tåxonomic analysis by
senior staff. Each vial was tabeled with the survey name, date, station, and replicate number. For
QA/QC evaluation, sorted sediments and debnis were represerved and will be retained for up to a



period of six months following the submission of ttre final repon. For those samples ttrat were
subsampled, sorted and unsorted fractions were represerved sepa¡ately.

Dere¡t¡o loe¡¡rmcATtoN

All inverteb,rates were identified to the lowest praaical level, usually genus, with ttre exception of
bivalves (Splneriwn), 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 to identification
using a compound microscope. kr samples with large numbers of oligochaetes, a random sample of
no less than 2AVo of the picked individuals, up to a mÐdmum of 50, were mounted on slides for
identification. Similarly, in samples with a large number of chironomids, individuals that could be
identified using a dissecting scope, (e.g., Cryptochirorømus, Chironomtn, Monodiamesa, procladitu,
Heterotrissocladiw), weÍe enumerated and removed from the sample. The remaining individuals
were sorted into sub-families and tibes. A random sample of no less than ?ß7o of the individuals
from each goup \ilere mounted on slides for identification, up to a maximum of 50 individuals.

Voucnen Cou-ecno¡¡

The standard operating procedures for Z.F.{g's Benthic Ecology Laboratory requires ttre compilation
of a voucher collection for all benthic invertebrate projects. Representative specimens for each taxon
are placed in labeled glass vials. Mounted chironomids and oligochaetes remain on the initial slides
and representatives of each taxon are circled wittr a permanent marker. A voucher collection is one
way of ensuring continuity in taxonomic identifications if different taxonomists process future
samples. The voucher collection is either maintained in our files indefinitely or returned to the clienl
ÆAS also maintains a m¿rster reference collection of all taxa which have been identified by ttre lab.



Quar-nv AssuRmcE AruD Quel-lw Corurnol Mensunes

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

all samples were stained to facilitate accurate sorting;a

a

o

a

the most updated and widely used taxonomic keys are reference{

o lÙVo of all sorted samples were resorted by a second taxonomist to ensure 957o recovery of. all
invertebrates; /

avoucher colle¡tion was compiled and will be kept indefinitely orreturned to ttre client;

o botlr sorted and unsorted sample fractions were represerved in 10 Vo formahn 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 ensure
there have been no data entry errors or incorrect spelting of scientific nomenclature;

subsampling error was calculated for LoTo of the samples requiring subsampling.

REpOnrn.IG B ENTHIG MAGRoII.IVERTEBRATE Dere

Following identification and enumeration, a detailed taxa list was prepared for each station
summarizing the total organism density and total number of taxa. The taxa list was prepared using
Excel5.0.

t.
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x large organisms that were picked from the whole sample were excluded in the calculation.

TABLE 2:

TABLE 1:

TABLE 3:

" two halves were sorted for subsampling error calculations.

b Two quarters were sorted for subsampling error calculations.

CALCULATION OF SUBSAMPLING ERROR FOR BENTHIC IAI\¡ERTEBRATE
SAMPLES FROM LEVACK/ ONAPING, INCO, AND FALCONBRIDGE (1996).

PERCENTAGE RECOVERY OF BENTHIC I}IVERTEBRATES FROM SAMPLES
FOR LEVACK/ONAPIN G, INC O, AND FALCOXNNñCì i i õg OJ.. 

"

IAMPLE FRACTION SORTED FOR LEVACK/ONAPrNG, INCO, AND
FAI,CONBRIDGE (1996).

2.87o5.66203EXP-OR3-06
9.SVo15.56t75153REF-ORI,O1

CoefÏïcient of
Variation

Standard
Deviation

Number of
' Animals in

Fraction 2

Number of
Animals Ín
Fraction.l

977o11396EXP-STJRBER-03
95%oI123

Percent Recovery

Number of Animals in' Re-sort

Number of Animals
RecoveredStation

u4EXP-OR3-03
t/4EXP-OR3-01

WHOLEEXP-SURBER-03
WHOLEEXP-SIJRBER-02

1,/2
EXP-SURBER-O1

WHOLEREF-ORI-04
WHOLE-02REF

REF-OR1 1

WHOLE
WHOLE

REF-SURBER
REF

WHOLE
Fraction SortedStation
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BENTHIC INVERTEBRATE DATA FOR LEVACK/ONAPTNG MINE SITE (1996)

Starion
Replicåre

REF-STJRBER ln¡p-onr

-Tr-f¡-1
Þ(P-sT,JRBER lÐ0-oR3r l3I-

P. Codenûerata
Hydra

P. Nenatoda
P. Platyhelmtnthes

Cl. Ti¡¡ùellari¿
F. Tricladida

P. Nemertea
Proslomø

P. A¡ndtda
Cl. Oligochaeta

F. Enchytraeidae
F. Naididae

Naìs cottuntnis
Nais simplex
Nais variabilis

F. Tublflcidae
Linudr il us ud¿ k¿ mianus
immatures with hair chaeøe
fur¡man¡res without hair chaetae

F. Lumbricr¡lidae
Lumbriculw variegatus

F. Sparyanophllidae
Sparganophilus

Cl. Hin¡dinae
F. Glossiphonitdae

P la c obde t la. p ap it t ife ra
P. Artbropoda

C:1. Arachnida
O. Hydracarina

Cl. Maxillopoda
O. Harpacticoida

Cl. Ostracoda
Cl. Entognatha
O. Collernbola
Cl. Insecta
O. Coleoptera

F. Elmidae
Dubiraphia vitøta
Optiosenus fastiditus
Optioserws

_ Protnoresia
Stenclmis

O. Ephemeroptera
F. Baetldae

Acerpenna pygrnaeus
Baetis

F. Caenidae
Ca¿nis

F. Ephemerellidae
Ephemerella

F. Heptagenüdae
Epeorus
Heptagenb
Stenonema vicarium
Stenonena

F. Oligoneurüdae
Isonychia

O. Lepldoptera

5212
-8

108 284 264 11

3

75640

38122

719

10

2

2

30
l0

34217

10

3 108

;
397

38

3

2

3
â

a

2
9
2

4

a

6

I

3

4

8 38 t0

4

[.-

L

t
t

4

3 8

18

t2

6

4

10

60

36

I
20l6

I

44

4 4

4

4

t2

6

4

I
4a

;

2
I

a

;
i

48

I
I

I
5
I
2

t3

24

8

l8

10

6

I
,:

211
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BENTHTC ÏNVERTEBRÃTE DATA FOR LEVACK/ONAPTNG MINE SITE (1996)

Starion
Replicate

REF-SIJRBER lnnn-onr lensunrrn Ð(P-oR3r l2 | 4 | r f 2 | 3l

F. Pyralldae
O. Megatoptera

F. Sialidae
Si¿,lis

F. Corydalidae
Nigronb

O. Odonata
F.Gomphidae

immau¡re
Stylwus

O. Plecoptera
immaû¡re

F. Capnüdse
Paracapnia

F. Chloroperlidae
immatu¡e

F. Pe¡tldae
Acrotæuria

F. Pertodidae
?Hydroperla
Isoperla

F. Pteronarcyidae
Pteronarcys

F. Taeniopterygidae
Taeniopteryx

O. Trichoptera
Trichoptera pupae

F. Brachycentridae
Micrasetn¿

F. Dipseudopsidae
Phylocen!ropus

F. Glmsosomatidae
Glossosoma

F. Hdicopsychidae
Helicopsyche

F. Hydropsychidae
Cheuttiatopsyche
Hydropsyche betteni
Hydropsyche bronta
Hydropsyclu dicantha
Hydropsyche morosa
Hydropsyche slosson¿e
Hydropsyche sparna
Hydropsyche

F. Hydroptilldae
Hydroptila
Leucotrichi¿
Oryethira

F. Lepidostomatidae
lzpidostona

F. Leptoceridae
Ceraclea
Oecetis

Triaenod¿s
F. Linnephilidae

Pycnopsyche
F. Molannidae

Molanna

I

3 6

38

4
50

78

I

3

51
',

l0

l6

t2

a

36 I

a2

I
6

I

11 12

4

7

a

I

a

;
I

I

4

I

a

5

J

l0
a

l0

1

9

4

i

42

a

6
I

I

3

19

I
I

l3

2
8

4522

I

n

4

2
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BENTHIC INVERÎEBRATE DATA FOR LEVÀCK/ONAPING MINE SITE (1996)

Station
Replicate

lnrr'-sunsnn-TTrTr-1 lnesunsrnr 12 | 3 |

lnc-on¡

-rfrTa-
REF.ORI

i
I

t

F. Philopotamidae
China¡ra

F. Polycenúropodidae
Neureclipsis
Nyctiophylax
Polycenlropus

F. Psychomylldae
Psychomyia

F. Rhyacophllldae
Rhyacophila

O. Diptera
F. Athericidae

Athcrix
F. Ceratopogonidae
F. Chironomid¿e

indeærminate

Chironomid pupae

SJ'. Chironominae
Cladopelrna
Cladotanylarsus
Constempellina
Cryptochironorwts
Demicryptochirownus
Dicrotendþes
Micropsectra
Microtendip,es
Nilotlauma
Pagastiella
Parachirononus
Paracladopelnø
Paralauterborniella
Paratanytarsw
Paratendipes
Phaenopseclra
Polypedilwt
Rheotanytarsw
Robackia
Stenochi¡onomw
Stictochironomts
Tanytørsus
Xenochi¡onomus

SJ. Orthocladünae
indeteminate
Cricotopus
Eukiefferiella
Iapescladius
Nanocladius
Orthocladius
Parakicfferiella
Paranelriocn¿nus
Psectrocladiw
Pseudorthocladius
Pseudosmittia
Rheocricotopw
Rheosmittia
Thicnetnanníella
Tvetenia
Xylotopus

23 6 l5 100 t54

',

38

a

i
3

¿

76525 32
l6
4

2

4
5

2
I

4

40 32 78

44

I
24

l;

4

40
I

5

8

l3

13

I

16

2

a

;
l9
I

;
I

100

l;

;

;

;

24
4

43218
4

24-22
--o-:

60 40 35
-8

1E

t2
-8
-4u: I":
8-
20874
t28 4M 22
-12L

I

,:

4;.

t4

;
;

;

2

;
,:

828

a

18I

4

I

LL-

t.
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BENTHIC INVERTEBR.A'TE DATA FOR LEVACK/ONAPING MINE SITE (1996)

Sarion
Replicaæ

REF.SIJRBER ln¡r-onr lrnsunnrn lne-oruII2r4-f r f 2 | 3 l 3I 6

S-t'. Tanypodinae
indeterminate
Ablabesmyia
Helopelopia
I¿brudínia
?Larsia
Nilotanypus
Procladius
Rheopelopia
T hienetn¿nnitttyra comptex

F. Empididae
Clulifera
Hemcrdromia

F. Tipulidae
Antocla

P. Mollusca
Cl. Gashopoda

F. Hydrobüdae
Attuicola limosa

F. Physidae
Pþsella

Cl. Pelecypoda
F. Sphaerüdae

Pisidium
Spløerùan stiathuttt

4

13I

a9

20
a

I

32

148

t4

a

I
3

i

i
a

ô

4

2
,-

12

2

28

26

a 80857
4
3

t2 3

l3
t

r036 826

TOTAL NUMBER OF ORGANISMS

TOTAL NUMBER OF TAXA

161 47 90

33 16 20

328 57 t23 772 349 396 893 t792 793

24 t2 19 51 52 50 28 37 28

BEN DATA.XLS
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F¡sh Eabitat Assessment Methodotogr for DNREIDFO Table

Each distinctive st¡eam typc encountercd during thc st¡cam stlrvcy is denotcd
as a dis¿ietc unit anci nr¡.'¡¡b.cied cxrnsecutiv¿l,', starting wittr one, from rhc staf
point to the cnd point of cach reach zunq.e<i.

Column 2
sUniÍ I'r,-t'

reach number one starts 500 m upstrcam of the proposed
crossing and continues dow¡¡stneam, terminating at the
proposed crossing.

reach number two stafs at the proposed crossing and
co,ntinues downstream 500 m.

Column I
cReach No.t

Rulc:s for filfirg out tl: i::b1.,:
. for somc.irii_rg assessed, but not observeC put (0). for sornething not assessed put (_). sp€ci$orienüationsas:

R=rigbt
L=left
M=middle

- if knovar, fill in the Forcst Invørtory Map number pcrtaining to arca on
river/stream being survcyed

GISMapNo:

- fiU in d¡te on which survey is perfonmedDate:

- fill in cach survcyors initiatsPer¡onncl:

Stre¡n¡./River No.:

Drainage Code:

- 500 m donmstrrcam of thc proposcd crossingEnd Point:

- 500 m rpstream of the cfossrngStert Point:

- the name ofthe river or sbeam bcing zurveyed

SIDE TæAGE T

This methodolory is to bc r¡scd for informatim wlren completingthe
Survey and Habitat Assess¡nenL The information provided from the
poteotial for fish productioo, as well as ideotify problcn areas rvtich

DNRE/DFO Table- NewBn¡nswick Sheam
survey will help to determine the stearus
may in turn afect the quality of the river/strea¡c



Fish Eabitat Assessment Methodolog¡ (continued)

Lcngth of the sl¡esm type being measured (i.e. the length olrhe unit)
Column 5

'Length (m)"

Two c mqe streuu typcs may occrryy the width of a rivcr/steam- In sr¡ch
cascs thc location of the'stncarn q'pc rnr¡st be daioted as R, L orM

Right a¡¡d left are with rcspect to the right and teft sides of the surveyor, as the
suwcyoris movingfrom upst¡cam to downstrcam.

Mrin Ch¡nncl: r¡scd whcn the slream idcatified cocompasscs the
entire width of the river-.

Slde Chrnncl: r¡sed whcn an island divides the river into two or
morc channels. Onc chaonel would be identified as the Àlain (l) and
the othcr ¿s a Side charurel (2).
- specíy dthe side channel is to the lelt e) or the right @)

of tlcMatnChannel.

Split: used when there are two or more st¡eam types encornpassing
the entirc *idth of tire river/skesrn usc R, L to di,,ide right and left 

-

sides.

Bogaa: uscd wher¡ there is a backdrop of water due to an incoming
tributary. Subshate normally consists of sands and fines
- specifi ilthe bogan is on the teft (L) or on the n{.,!O)

(e.g., The sunuyfor reach one has jusr begun. The river or strcam has three

thatfor
of rhe

I,
characterístics);

conpoiítion);
of the

3R.)unita:t be3 wouldand3M.wríllenbewould
2uniltyPe -fo,channelThe(L).strcamon sidethe IeÍtunil being

crs a wìth thesplit,the ,¡fJteas number designatesThe3Lwtillenwould be
IuníttyPerun ofunil channelThe3.bewouldthe2 andunirbewoutd

unit,1rn the poolwould be,ilfi,type The8).(strcam¡Jthe rightTo
on poollowea depending24,I4(strcampool,smÍddle

on In theoi substratea twe dependingJ.3, 4ts (strcam,¡Íle
orstrcamnver the l"Ílloenlirc widthencompassing theEteam types

Column4
sChrnnelType.

10. Mdch¡nncl
t l. Coorergcncc
12.Irt€ral
l38cavcr
l4.T¡c¡rch
15. Plungc
t6.
17.Boæn

6. Shcct (lcdgc)
?. Chutc
E. Run
9. Rspid

18.&ldy
19. Gabion
20.LogStucüuc
2t. Rosd Crocsing
22. Wood Dcbris
23. M¡¡rlvf¡dc Dam
24. Natural Dcadwatcr

FT,STWATER

STREAMTYPE

P(X)LS

l. Fall
2. Cascadc
3.Riflc(Gr/Rb)
a. RifIIc (RlB)
5. RifIIc (Sand)

Idcntify andrecord sream t¡pe bynumber from
below. Deúnitions arc presented in the attached

the'Stream T¡pe" table
Glossary.

Column3
'lStreamT¡ac'



Fish Eabitat Assessment Methodologr (contin ued)

The ba¡rk overhang above the water cdge for each strea¡r¡ typ€, bascd on lowwater' 
-:-

The left and right sides e¿ch rçrernt 50/o of the total stream type. -:

Identify tlre perccnt of tirc lenglh of each side (efl and right) that is undercul
(ì.e:, i/a sfteam type is I0 m long and 5 m of the teft siãe ir* on ùndercut
ayd 4 m of the .ríght sìde has an undercur bank then 25% (sm / t 0m x Swo) of
the left hand bankís undercut and 2Ft6 (4m / I0m x SMo) of the ríght hand
bank is undercut)

Colqmn 9
q-50y. Undercut Bank'

The wct depth is measu¡ed in meü.s from the stream bed to the water su¡face.

Me¿sure wet dcpth throughout each stream t¡pe, within the bounca-.ics of thc
ieff. a-n¿ ri¡:irt ba.r]i r''aiellines (a: rielu:r:rì:ri du;r3 t." ¡ü¿a;u-:r,.¿nL of úre
avcrege u'ci uid.h). An avcragc is calculaied f¡om the meas¿¡cc wet dcpths.

Colunin 8
sAverage Depth -
WctWldth (m).

l. Bcdroclq l¡dgc
2. Bouldcr
3. Rock
4. Rubbtc
5. Gravcl
6. Sand

7. Fincs

>46t mm
180-460 mm
54 - l79mm
2.6 - 53 mm
0.06 -2.5 mm
0.0005 - 0.05 mm

SUBSTRATEAND CRITERIII.

Bascd on the chart bclow, use the critcria to idørtify thc pcrccût (yo) of each
s.¡bstatc witlt;n the sheam typc.

tj?es must equal 100/0The total of all substaæ

Column 7
sSubrtratc (7.)'

-The width ofthe river/stream systcm, in metes,
ûrom the edge ofthe ocisting water line ofone bank
to the cdge of the existing watcr line ofthe
opposiæ bank Measurc,ne¡rt is based on low
water. Thewetwidth is mcas¡rcd tbroughout the
tmit a¡d üre avcragc is calculated"

-The cha¡nel width ofrivcr/sream systcar ia
mcües, based on the high water ma¡k ûrom one
baok to the opposite bank The channel width is
mcasrcdthroughontthe unitand an avcrage is
calculatcd-

IVctWidth:

BenkChennel
lvidth:

Column 6
sAverageWidth (m)'



Fish Ha bitat Asscssment Methodologr (contÍnued)

The additive leogth of in-steam woody debris for each steam t¡pe.

OnIy consider woody debris that is l0 cm in diameter or great€f,,

Column 1l
*LargcWoody Debrír Ín
Strcem (m)'

Vegetation at ornear the waùer surface.

The leû and right sides each rçresent 5@/o of the total steam tlpe.

Idcotifr the percent ofthe area ofboth the left side and the right side ofthe
S¡cam tj'pe influcnced by overhanging vegetation
Q.e., ífa sneam tlpe Ís I0 m tong and 5 m of the teft side is influenced by
overhangingvegetation and 2 m olthe right side is nfluenced by 

-¿

overhangingvvgetatíon then 25 % (5m / Ihm x sw"1â¡the teltiand bank
has ovurhangingvugetatíon and IWo (2m / Ihm x SW"¡ of the Agfu hanà
bank has overhanging ve geøtton)

Column l0
rc-50% OverhengingBank
Vegetationt



Fish Eabitat Assessment Methodolory (contin ued)

Typ": - determined ûom the *Flow Type * table presented below:

FlowType:
l. SurveyStream
2. Spring
3. Tributary
a. Spring S€ep

Flow (cmr): to detcrmine flow, first fill out the Water Flow Measu¡cment
Table on side 2 of the form:

Unit no.- is thc rmit numbcr for nhich thc flow is being dctcnnincd
(fiomsidc l).

SbeamtDc - is the strcamtypeforwhich the flow is bcingdetcrmincd
(ûon Side l).

Wet width (n) 0¡f) - record corresponding data from Side I

Depth (n) @) - the wct depth is takea at %, % and.tÀ of the distance ac¡oss rhe
wetwidth, andmeasu¡ed Aomthe strean bcd tothewater
surface

- the average of rhe depth is calculated (dçth srrm divided by a)

coefficient (A) - 0.9 (srnooth) is used when steam bcd is mud san4 bedrock
- 0.8 (rough) is used for all other steam bed t1"es

Length (m) (L) - thc distancc over which ari object is floated (not less than. 3m), and should bc done over an homogenous area

Float Time (sæonds) CD - time it t¡i;es for a floatable object (r'.e., a dry stick, a
whiffle ball) to travel the desig:rated length

- takeri at V<, lz and % of the distance across the wet
width
'the average is calculated (float time zum Aüãea Uy
th¡ee)

coruEcnts - ,sing the' checktist of l^or¡d usc and Athibutss- on side l,
ryo{ th9 nrunbcr(s) which will best d€scribe the location and/or problerns
atrecting it If no codes appþ thcn writc any observations that ca;accurately
describc the area or location where the flow was measu¡Ed.

Flow is calculated using the equation at the bottom of side 2:
WxDxAxt-/T.

Ti:¡re: the ti¡¡e at wlúcir tle flo.,i.i5 ¡¡¿65¡¡..,

Temperature: thc ambient ¿nd water temperaiu,'es, measured in degrces
Celsius, at the time the flow is mcasured

Column 12
(Fl,ows'



Fish Eabitat Assessment Methodotogy (continued)

Vcgeteti,on (%):
-pcrcent ofbare ground, grasses, shrubs a¡rd trees ofboth the left agd-right
side ñom the channel ba¡k and l5 m back (the shrubs category includes alders
and willows). The total amount of steam bank vegetation shor¡ld cqual 100%.

Erorion (%):
- thc left and right sides each represent 50pá of the total sheam tj?e.

- idcntify the pcrcent ofthe length ofeach side that is stable, ba¡e stable,
eroding (bare stable refers to a banlc úrat is stable but that has no vcgetation on
it).

(e.g., ìf a stream g'pe is I 0 m long and 5 m ol the left bank í.s etoded and the
remaining 5 m is stable with vegetation, and I0 m of the right bank is stable
with no \r€getation then the left bank k 25% (5m / t 0m x 509/o) stable, Mo
barc stable and 25% (5m / Ihm x 5@6) ercding, and the ríght bank k S0/o
(Iùm / I0n x 5Wo) barc stable.)

Column 5
tStream B¡nkst

Determine lhe percent of the stream type (Aom Side I ) which is shaded.

This value will be based on the amount of the st¡eam tlTre which would bc
shadcd by the sun bctween l0 am and 2 pm.

Column 4

'Shade (?'")'

RÍfrIc/Run
- dctcru¡ine wh¡t pcrccntage ofeach reach is riffle (gravel/rubble or
rock/buldcof sand), and what pcrcent of each reach is run

Pook
- deûeaninc wtut perccntage ofcach reach surveyed was pool habitat

Column3
47. Sitet

Column 2
sSite (5() m lnterval)'

AsinSide IColumn I
sRe¡ch No"t

SIDE ¿|PAGE¿

Using thc'Chccklist of l¡nd Use Athibutes", record the number(s) rvhich will
best dcscribcthe steam typc location and/orproblems aflecting ir

Column 14
sComments'

Thc pcrccot ofsands or 6nc material sunounding larger substate (gravet
throughborlder).

Rccord the nunnber, from the chart below, urhich best represents the
ccrbcddedness ofthe large zubstrate in thc streambed

Embeddedncss Criteria
t. <2U/o
2 . 2ú/o -35o/o
3. 35%-5U/o
4. > SU/o

Column 13
scl¡ Substrate Embeddedness'



Column l0
gPoolTail'

Fish Eabitat Assessment Methodolos¡ (continued)

The lower or downsteam end ofthe pool.

Embeddcdnesr: tbc percent of s¡nds or fine material surrounding larger
substrate (gravcl th¡ough boulder).

- record the numbcr &om the column chart, presented belorv, rvirich best
.Jpr.s€itis Lhe emlrciie<iness of tire iarge sub::trate in tl:c pco. tail

Embeddedness Cri(er¡a
I s2ú/o
2 2V/o - 35yo
3 35"/o - SU/o
4 >SU/o +

Me¡n Sub¡trete Size:
- the mean sizc of the substrate within the pool tail column

7. Finc:
- how much of lhe zubstrate is fine matcrial (diameter 0.0005 - 0.05 mnr, aom
'Substate" table, Side l)

Cr; i¡-' t:: n 1 1

'';í. 'i'¡r'i;ulencc *

Numbcn assign aa appropriate nurrbcr from the criteria col,,-n of the..pool
R"ting * table from the bottom of Side I to each pool encountered.

Lctten

Column9
úPool Rating'

Wct: the wet depth is takco, for each. strcam qpe, at v., tA ondt/< of the
disûncc across the wet width ud ncasured ûom thç stream bed to thc water
srrface, in metcs.

Chennel: the channel depth is taken, for each steam tJ¡pe, ati%,% and,t/, of
the diga¡rce across the channel widtir- The depth is measurcd in metres from
lhe ste¡m bcd to the upper limit of rlrc cha¡rnel width-

ColumnS
sDcpth'

Calcium and alkatinity arc two parameters that nced to bc tested in the laboratory. There is no space for these
criûcrion" however' these values are necessary in ordcr to complete Tablc E2, DNRE/DFO - New Bn¡¿swick Stream
Sun'cy and tlabitat AssessuÌeût 

. 
Only one grab sarrple is rcauircd ûom cacú reach to complete the analysis for pF{

alkalinity and calcir¡ru

- mcas¡red in a labøatory Êom a grab sarnple taken at the time ofthe

- thepHforeach reach" measuredwith a calibratd fieldpH meter

survey

Column 7
*pht

- the level of dissolved oxygen (ngll) for each reach, measured in the field
with a calibrate4 YSI Dissolvcd Orygen Meter (or equivalenQ

Column6
'O, (mg/D;
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APPENDIX F2

Population Survey



CANMET
Fish Collection Record

søtion: GÀJ I Date: dc+¡ fIó Time: lz hoo ltrTemp:_?,9_Waær Temp: /1, Orç- l,fl'
GearType: ri- r.f"

((efe?e^x.€
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Species
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Jrckt r
*-lrfi"r n
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G)
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G)

Flesh
Weþht

G)

Fork længth
(mm)

+ 2mm

#
Fïsh
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?eÉØ€uce
CANMET

Fish Collection Record
Søtion: dM2, >ate: Oçfi lta Tine: t4¡oo NrTemp:i/tg_WaærTemp: Q,o
c".rr*r ill Lti Duration: J 3hf Condirions: .9n"'¡/,c^ rlly¡ Cþew: f\. Oi,l^í

( 0.1?.7?,o fÈ 60,oqçao6-e-
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-
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ScaIeLiver
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G)
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Weþht

G)

Gonad
IVeþht

G)

Flesh
Vt/eíght

G)

Fork Length
(mm)

*2mn
#

Fish
t-

Species ¿ (qvn+Jr

(externaVinternat)

'1'7

>¡oJ
' 6eo¡

t"hitz
3'tcktr

b.o of<-

l\or

nwli"u,¡r\',L-

nw-lhe,r¡

noY
prL¿

no.{ hrh
ik!.

nø{hp'n
L4-

6,
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YT4

3
L

7 e,,
p

c4 raaçt q

-' llr

rl
t

Jrþ )éä:tx'
93 I

èv,ce'\ t<^ F ¿ry-id. \¿¿vr

¿^\l , ) Cqr(ast- 5,

&, ' tq,-Zg.) rl 't\
7tto{- ou-r' lcn5fi^,

Notes:
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L€@TZ€MC€
Station: f. 

^f 
3

CANMET
Fish Collection Record

Date: 0c+(tf16 Tine: t\ßo AirTemp:¡)ro WaærTemp:
GearT*. rr- /'t'l

Duration: ASL/ Conditions: lonnti roolr.r.tln úew:

flo

P , Zt w, t¿t-f
Species

n¡¿llvrn
pib<.

yl

Notes: nw hu,a

4, Çrp
l'
3

f,<- Oe- R_ h"-^
, " r Fs -s{a n,,r(¡ .

4 Co,v\L-\r"^\ Mv{ b tb. no^) o-*J

P
3¿A
D,J

0,6l,lttt ôdol.r3(ç08-f(
1,,1&,9r,? rLllo,o368ol-a

Oûotirh
Ray
ScaleLiver

Weþht
G)

Kidney
Weþht

G)

Gonad
lVeþht

G)

Flesh
Weþht

G)

f,'ork Length
(mm)

t2mm
#

FIsh

l¡
eTae¿Le^,ç ¿¿)t sD,

Lt - q,o

(externaVinte rnal)

) (a?(<tt:3 I t5

¿C.ra¿rst ' I

r o*->Ð.
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ST¿¡uon:L€ æL€^JL€

3tc at¡vrna^¡

CANMET
Fish Collection Record

nate:{4Jfr4- Time: t3i¿f AtTemp: /2,o WaærTemp: tl, O>ù+s-

tL 4T-C Ilç

Scale
Ray

Otolith
Omrc

Liver
IVcþht

G)

Kidney
Weþht

G)

Gonad
Weþht

G)

Flesh
\ileþht

G)

Fork Length
(mm)

t 2mm
#

FtshSpecies

Gear Duration:14tçT@ Conditions: Uan,'qV<.

Condition/Commenb
(externaUinternal)

Crew:

Notes: Brrr;5 .lrr,.{rnd, l-ni oÅ,r^[t¡ , il.or^( d. ¡ n u"t .{

9623 fshfield"frrr Page- of--



LçrÊee 
^IEStation: 0 D- I

CANMET
Fish Collection Record

oate: g*qlQ| Time: ll lØ0 AtrTemp:1,o WaærTemp , 1, o
Gear

Notes:

q þ+a
Duration: Conditions: Cbew: ,Ltrn wtt/ ,u, Ptchí

\¿

(externaUinternal)

|]o e yàav'vtat

AnOvï1 e5

e
Species

t/" p) ,^,hJ-o yñ,n (*-uq

----

l,B1\u l'R

Ototith
Ray
ScateLiver

T9eþht

G)

I Kidney
Weþht

G)

I Cona¿-
Weþht
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Flesh
Weþht

G)

Fork længth
(nm)

+2mm
#

Fïsh
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CANMET

Expgyp,c F'ish Collection Record

Station: G U I oate: ùIz116 Time: nr¡Ð AtrTemp:_!þ1L W

c*tryp", lli i'.ll ' Durarion: 3hrs Condirions:

aterTemp: llro

CTew: -r1r 
P,'¿\€

Species

h)

I

G. ca¡^eat¡-

(exûernaUinternat)

Y¿lltø,¡
m"srJr¿-

Ì4/l \ raa4,-l\{- b.-I nollìø.
.a

vol- drr..{<.,319s3îo f^E

Oûotirh
Ray
ScaleLiver

IVeþht
G)

Kidney
Weþht
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Gonad
Weþht

G)

Flesh
Weþht
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Fork Length
(mm)

+ 2nm
#

Fhh

Notes: rna>- ò¿t*ø. g.7 r^ a! enà., ,F. 0 ^.f ç+-.ø<_S
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e{posú¿€
Station: f' J3

CANMET
Fish Cottection Record

Daæ:0c)zl|6 Tine: t1:zf AtrTemp:p,f ïiraærTemp: t|o
Clew: yvl, hchíc*r¡,p"r'H^ 1.1'1, Du¡ation: J'hrS Con¿itions: @r@{*úf

Species

ho,v/A4,f I-71t11a-een.h
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oúolith
Ray
ScaleLiver

Weþht
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Kidney
Weight
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Gonad
Weþht
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Weþht
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Fork længth
(mn)

+2mm
#
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Notes:
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ÉxPo$Jt2-Ë
Station: 4¡,/ f
c"*ryp"' lli jt,ll

CANMET
Fish Coilection Record
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#
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CANMET
Fish Collection Record

Station' Fl,osv¿e oaæ:0c,Ð.-3 Time: rlro0 l¡trTemp:_lao WaærTemp: ll, o

Species

Gea¡

Notes: t/Y1 tnnor^t Ç"roqror*d O rz-¿

6tL. < J b",:

l.obi {^+
d--
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Du¡ation:'1*hO çonditions: ttario,B.<- Ckew: ß, Ca r|MAL4/.
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w<r c ç--{-
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ScaleLiver
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t 2mm
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#
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CANMET
Fish Collection Record

Station: G,ÀJ I Date: dc+slîó Time: l?ir.ro AirTemp:_Zo WaærTemp: /l,o
c*'nr*'jgr.i::

(1eFe764x.E

Du¡arion: fllr Con¿itions: Ctew:
Species (/

(external/internat)
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Notes:
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G)
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#
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FÍsh Collection Record
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Station: âÀ I
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Fish Collection Record
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e
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Tissue Processing Methods and
Results



i FRoñr I
{¿t vuJ

FÊx NO. : øt=ggl.5tzz 50-08-96 rs:05 ?.t2

Revis ed P rotocol fo r Met alloth ioneín .lnalys es

ou fìsh collected duriug the field trip for the prelimînary survey
(Vcrsion: August 29, 1996)

P¡n of the biological monitoring cornpônent of Á.ETE progr¿m consisrs of metallothionein
analyses oftissues from largc ûsh, e-g., trout, pikg suckers- This protocol prcscnts the on-sitc
sampling requirements. If the contractor is not fa¡nilia¡ with corrducting prcpararion of ñsh,
advice in che disscc¡ion urd handliog of tissucs shoutd be obrairred from rhe Frcshwatcr Insiirute.

Semplc size end sampling effo¡t

Liver, kidney, gill ñlamems' arrd ekeletal musclc should bc dissected from the E to 10
(cigrh to ten) individu¡L livtng ûstr Êom eech of rhe two large specics frorn e reference
site and an erposed site- The-nvo+o¡t-abund"nt.Jarge fish specie¡scmmgt to ¡he
samplíng sites àre targerted.

Thela¡gcftspecimcns f¡om cach specier should be selec,ted.

\ilhen possible 4 mcles and 4 females Êom ¡he so.me species should be collected, No
additionnal sampling cffort shoutd be given tô meet rhe sbove sex requírement for the
Phase I of rhe Seld study.

A minimurn FumDer o[8 fish from the same species is required wiü a reasonable level
of effort for sampling. The sampling gear eild method should not be destructive: gilt ners
should bc frcquentþ tended to âvoid overfshing and sacrificc fewer fish-

s The ússues frorn the same 6sh canbe split ínto fwo to serve for metallothiorrein and metal
analyses.

6- These tissues should be immediady placed in marked individual potyethylene ("Whirlpakn)
bags, frozen on dry ice, and submined for ¡neraltqrhionein rnalysËs-

7- When fish capturc is pcrformcd usirrg c seine nÇt, I small fish (c,g- young-of-the-ycar of
each specics or Forage spesies) should be cotlccted pcr site, as well. In th¡s case no
dissection is required (abdominal conteots will bc removed at the laborarory). lVhole fish
are placed in ma¡ked individual polyethylene ("lVhirlpak") bags and frozen on dry ice.

Other inforruation required

For the large ñslç informarion shoul.d be obuincd on Esh sel; body lcngrh (*t mm), body weight
(tt.O g), livcr and gonadal wcights (+o,I Ð snd coltestio¡r should bc m¡de o.f appiopriare ag¡ng
st¡uctures (scales, fin reyç, operculum, cleithrum or otoliths, depending upon specis.s). All ñsh
should also be checked for cxternal and intcrnal anomalies (a useful gr¡idc ca¡r be fouud in Goede
and Banon; Arner. Fish. Soc- Sympos. 8:93-108, 1990; olhar analogous methodr ca¡r bc used).
These data st¡outd be analysed 1o provide informarion on aye(åge (with va¡iability) paramerers,

I
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gfolvrh (size at age). the relationship bctwccn body lcngrh and weitht, and the relationships

bet"rcenbody size ã¿ üver seight, gondd weight cnd fecundity, AJt analyses should be
conducted separately for cach Écx.

On-¡Íte sarn plitrg mquircments

l. For mctallothionein analyses, it is essential to obtain tissuc samples from fish that are¡lirc
afrer collection and immcdiatcly bebrc tissue rcrr¡oval-

2. A. eample rumbering sysrêm must be designcd and used to tacilitatc tracking of all dssue
sub-samples taker¡ &om thç sane f¡h. All tissue sa¡uples must be appropriately labellcd.

3. Aftcr capn¡re,.the followiqg rneasurernents ¡hould bc obtained o¡r cach large fish: rotal
body wcíght (g), g¡ued carcarì wEight [gJ afrer rcmoval of viscÊrs)? gooad weigh¡ G),
lívcr weight G), fork length (cm), ¡oq and appropriate slructure(s) for dcterûün¡ng fish
agc should be rcmoved

4- Sampling ofûsh rissucs shouldbegin immediately afterthe whole body measuremenls

hsve beeo madc. Fish should be cuthanised via concussiorL csrvical dislocaúon or with an

overdo s c of ane-sthesic.

Gill, liver and kidncy from the same ñsh shoutd þ¿ divided into,a Pan used Êor

meralfothionçin an$lyses and snothcr nanJsed for metal analyses Work mus¡ progress

quickly on thc er¡thanìsed fish with ti¡sue.

Dissection and preserving procedures

e) Gilts: Remove the gill arches and attached filaments by severing the dorsal and

ventral cartilaginous attachmqqt of the archæ to the surroundiog oral caviry- Placc
thc gill a¡ches in a polycthylcne bag ("V[hirlpakn), label and Êeezê on dry ice. Gill
arct¡es are to bg rsrnoved &omthe fisb a¡¡d frozen as soon afier death as possible-

b) Opcn rhe 6sh venffally to expose the abdominal conteffs by using scissors Lo cut
Êom the ¿¡lus ro the b¡se of thc pectofal fins. Cere shoutd be takcn no¡, to çut into
intemal orgaus when opcning the fisl¡-

Liver: Removc the liver uSing care not þ rupturc the gall bladder. Remove the
gall bladdcr from livcr using care to prevent bile leakage from contacting the liver.

Weigh a¡rd record weight of liver rc the nearest 0- l g if possible- Placc the pan o[
the liver in a "Whirlp¿ku,l¡bet and Êecze on dry ice.

Kidney:Rc¡nsve the lddneys by making length*{se incisions along cach edge of
the tisSuc and then detactr using rhe 'spoon" end of a stainless steel weighing
'Spêtula by applying firr4 but genrlq pressurc against the uppcr abdominal cavity
wall (i.e-, agsinsr the do¡sal eorta). In this procedure, the kidney is scraped away

5
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from thc dorsal aona and ¡ll associ¿tod conncctive tissue, The kidney is then to be
placcd in a "\Ã'l¡irlpakn, Iebelled ¿¡rd Êozen on dry ice. The kidncy is to be
rcmoved from thc fish ¡nd frozcn as soon after dearh as possiblc.

Samples for metallothioncin (on d¡y ice) should be senr ¡o:

Dr. J.F- Klavcrkamp
Frcshwater Insri¡ure
5OI lJniverrþ Crcsccnt
trl[nnlpeg Mani¡oba
R3T 2I{6
tlqoe: (204) 9s3:5Q03 "Foc: (204) 984-6587
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Dascrlption

Jacque Whilford

Gaspe siÌe refsrenoe
Gaspe.sile exposure
Gaspe slte reference
Gaspe síte exposure
Heath Sleele e¡çGsurs -.

Healh Steeje rcference site l
Heath Steele reference site Z
Heath Steele exposur€
Heath Steele reference
Heath Steele reference

ECOLOGICAL SEBVICESGROUP
SOUTH PORCUPINE RIVEB

BTR
BTE

SALR
SALE
LCA

LCRA
tCMB
SALE

SALMB
BTB

Sample lD x
MTpdg

- 383
73.0
117,7
81.5
159.6
50,3
64,4
39.7
128.2
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112.6
207.1
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Pearl Dace refe¡ence sile
Pearl Dace exposure site
Redbelþ Dace reference slte
Bedbelly Dace exposure site

EVS ENVIRONMENT CONSULT
SULLIVAN MINÊ

Sculph reference site
Scuþln exposure site

PDH
PDE

RDR
RDE

suRcc
SUECC
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