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ABSTRACT

A bleached kraft pulp mill operating in Pictou County, Nova Scotia has discharged effluent into
former tidal estuary known as Boat Harbour since 1967. After treatment in Boat Harbour,
effluent is discharged into Northumberland Strait. Effluents will no longer be discharged after
January 31, 2020 and remediation will start thereafter. A previous review of historical
documents to identify contaminants in marine biota of Northumberland Strait found that data
was insufficient to properly evaluate the baseline conditions prior to remediation. This study
evaluated concentration of metals, dioxins and furans and methyl mercury in surficial
sediments and marine biota (i.e. American lobster (Homarus americanus), rock crabs (Cancer
irroratus), and blue mussels (Mytilus edulis) of Northumberland Strait. Results were compared
to Canadian Council of Minsters of Environment and Canadian Food Inspection Agency
guidelines showed limited contamination signature in sediments and marine biota of
Northumberland Strait. Recommendations to have long-term monitoring is provided for
remediation.
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CHAPTER 1 - INTRODUCTION

1.1 Industrial Effluents and Environmental Effects

Industrial wastewater effluents are major sources of contamination for aquatic environments
via regulated and unregulated discharges (Ali and Sreekrishnan, 2001; Chaudhary and Walker,
2019). A major threat to aquatic ecosystems is untreated or partially treated industrial
wastewater discharges to aquatic receiving environments (Singh and Chandra, 2019). The pulp
and paper industry (PPI) are a major industry contributing to environmental pollution after oil,
cement, leather, textile, and steel industries (Ali and Sreekrishnan, 2001). It is the world’s sixth
most polluting industry, discharging a variety of atmospheric, liquid, and solid waste pollutants
into the environment (Ugurlu et al., 2008). The PPl has been expanding in South America but
started declining in the beginning of 2000 in North America with widespread mill closures
(Bogdanski, 2014). However, despite increasing trends of switching from print to electronic
media, increasing market demands for paper products continue within North America, Asia,
and Europe collectively consuming 90% of global paper production (Szabo et al., 2009).

Canada is the world’s largest exporter of pulp and newsprint thus; the PPl remains a
fundamental pillar of the economy and natural resource sector (Environment Canada, 2013).
However, effluents from paper and pulp mills can be highly toxic and are a major contributor to
aquatic pollution. More than 250 chemicals have been identified in effluents derived from
different stages of paper production. PPl also generates large volumes of wastewater for each
metric ton of paper produced depending on the raw material and process being used (Ali and

Sreekrishnan, 2001; Kamali and Khodaparast, 2015).



Pulping, the separation of cellulose and hemicellulose wood fibers from lignin, can be achieved
by either mechanical and chemical processes (Ali and Sreekrishnan, 2001). In the mechanical
process, force is applied with minimum use of chemical to release usable wood fiber (Owens,
1991). Whereas, during chemical processes depolymerization and dissolving of lignin is done to
produce purified cellulose fiber. There is 55-60% discharge of lignocellulosic waste from raw
material (wood chips), while only 40-45% of pulp is obtained during the chemical pulping
process. The lignocellulosic waste consists of various complexes of organic and inorganic
pollutants, which if released untreated, may cause considerable damage to the receiving water
(Pokhrel and Viraraghavan, 2004).

The wastewater from the PPI have a high biochemical oxygen demand (BOD), chemical oxygen
demand (COD), chlorinated compounds (measured as absorbable organic halide, AOX),
suspended solids, fatty acids, tannins, resin acids, lignin, and its derivatives, sulfur and sulfurous
compounds (Ali and Sreekrishnan, 2001). Pollutants from PPl comprise naturally occurring
wood extractives (tannins, resin acids, lignin) and xenobiotic compounds (e.g., chlorinated

lignins, resin acids, and phenol, dioxins and furans).

1.2 Project Background

1.2.1 Study Site

A’se’k, “the other room” commonly known as Boat Harbour (BH) is a former tidal estuary
located within Mi’kmagq Pictou Landing First Nation (PLFN) on the Northumberland Strait (NS) in

Nova Scotia, Canada (Pictou Landing Native Women’s Group et al., 2016). For the last 50 years,



a bleached kraft pulp mill located at Abercrombie Point in Pictou County has been discharging

its effluent in BH before its final discharge to NS (Fig. 1).

Northumberland Strait

Iiitjnu' N

Pictou Lan-ding First Nation

Boat Harbour

£ Noulp Mill
AP

A
East River

Pictou County

Fig. 1. Location of Boat Harbour in Pictou County relative to the pulp mill, communities of Pictou Landing First
Nation, and the town of Pictou and final discharge point of Northumberland Strait. (Adapted from Romo et al.
(2019).

Historically, BH was used by PLFN community for fishing, hunting, spiritual, and

ceremonial purposes. However, in order to improve the economy of Nova Scotia in the 1960s,
the provincial government offered raw water supply and BH as an effluent treatment facility to
many industries including this kraft mill (Hoffman et al., 2017a). In 1967, the mill-initiated
operations and began discharging its raw effluent to BH. From 1967 until present the mill has
been operated by different mill owners. It was first owned and operated by Scott Paper
Company. In 1996, responsibility for operating the mill was transferred to Kimberly Clark, then

subsequently to Neenah Paper in 2004 and finally to Northern Pulp in 2008 which is the current



owner of the mill (Dillon Consulting Limited, 2000; Pictou Landing Native Women’s Group et al.,
2016).

After two years of mill operation in 1969, the Boat Harbour Treatment Facility (BHTF) was
constructed to treat wastewater effluents before their discharge to Northumberland Strait
(Romo et al., 2019). Furthermore, in 1972 a dam was built at the estuary outlet and BH was
transformed into a freshwater pond. The BHTF was also upgraded in 1972 consisting of twin
settling ponds and an aerated stabilization basin. Effluent from the mill is piped beneath East
River and discharged to settling ponds for sedimentation. After sedimentation, effluents flow to
an aerated stabilization basin for the oxidation of wastewater. After 5-6 days of aerated
treatment, effluent is then discharged to a stabilization lagoon, that is BH. Effluents remain
here for 20-30 days before final discharge to the Northumberland Strait through a dammed
estuary mouth (Fig.1 and Fig. 2) (Hoffman et al., 2017a). Along with mill effluents, BH also used
to receive wastewater from a local chlor-alkali plant known as Canso Chemicals Ltd. which
operated in the area from 1971-1992 (Seakem Oceanography Ltd., 1990; SeaTech Ltd., 1996;

Andrews and Parker, 1999; St-Jean et al., 2003).



Boat Harbour Treatment Facility
A Raw effluent discharge

B: Twin settling ponds

C: herationstabilization basin

[ Discharge of biclogically treated effluent
E: Stabilization lagoon [Boat Harbour)

F: Damy Discharge point of reated effluent

Fig. 2. Components of Boat Harbour Treatment Facility (BHTF) (from Hoffman et al. (2017a).

1.2.2 Public Concerns and Boat Harbour Act

Fifty-years of effluent discharge from the pulp mill and former chlor-alkali plant into BH has
created large volumes of unconsolidated sediments impacted by inorganic and organic
contaminants. The PLFN community (population <500) is located in the North-East direction (2
km) and the Town of Pictou (population 3500) in the North West direction (5 km) of BHTF (Fig.
1). Over the years, significant concern has been raised by both communities (Hoffman et al.,
2015; Hoffman et al., 2017b). The adverse environmental impacts including poor air and water
quality, soil contamination, and negative impacts on recreational activities have been the main
concern of the PLFN community. Reid (1989) reported potential adverse human health effects
linked to the mill and found that Pictou had significantly higher proportions of respiratory

disease compared to provincial averages for three consecutive years. This research



recommended an epidemiological study related to the mill should be conducted to confirm
these findings (Reid, 1989). Although communities have long advocated for closure of the mill,
public attention gained momentum in 2014 following an unprecedented effluent leak, and
after, a broken stack precipitator (air quality equipment) (Hoffman et al., 2015). The mill was
fined $225,000 CAD as the magnitude of the mill’s effluent leak was found deleterious to fish
under the federal Fisheries Act (1985) (Pictou Landing Native Women’s Group et al., 2016).
After years of public protest, the Boat Harbour Act 2015 was passed (Boat Harbour Act, 2015).
According to this act, BH will be closed for effluent treatment by January 31, 2020. Remediation
of contaminated sediments will begin in 2020 by the province of Nova Scotia and Nova Scotia
Lands is the proponent of the remediation project. The aim of this remediation project is to
return BH to its pre-tidal estuary state.

Contaminants from industries near BH have significantly impacted the environment of the area.
Numerous ongoing studies have characterized the impacted wetlands, soils, and groundwater
prior to remediation. According to Hoffman et al. (2017a), over the past 25 years, BH sediments
metal(loid) concentrations were up to 20 times higher than samples collected from other un-
impacted reference sites. Concentrations of contaminants in sediment were found to be above
the Canadian Council of Ministers of Environment (CCME) Sediment Quality Guidelines (SQGs)
posing a potential risk to aquatic ecosystems. Sediment mercury concentrations also exceeded
CCME freshwater and marine SQGs (Hoffman et al., 2017a).

Despite numerous studies documenting effluent impacts on sediments in BH to assist
remediation decisions, comparable baseline data related to contaminants in the marine

environment of Northumberland Strait was lacking (Romo et al., 2019). To achieve the ultimate



aim of Boat Harbour Act to bring BH to pre-tidal form, it is important to establish baseline data
on contaminants in sediments and biota of the marine receiving environment of the
Northumberland Strait. Baseline data is required to determine historical impacts and to assist
future environmental effects monitoring during remediation of BH sediments, which will

commence in 2020.

1.3 Research Objectives

The two main objectives of this research are to:

1) Assess levels of contamination of metals, total mercury, methyl mercury, and dioxins and
furans in sediments and biota of the marine receiving environment of Northumberland Strait.
2) Prepare baseline pre-remediation data which can be used for environmental effects

monitoring during and post-remediation to assess the effectiveness of remediation activities.



CHAPTER- 2 LITERATURE REVIEW

2.1 The Canadian Pulp and Paper Industry

Canada has been producing paper for 200 years and is one of the largest exporters of pulp and
paper in the world since the beginning of the 20th century. The Canadian pulp and paper
industry (PPI) had produced almost 10.5 million tonnes of pulp, 8.2 million tonnes of newsprint,
and 6.9 tonnes of printing and writing paper in the year 2004 (Martel et al., 2005). From this
production, only 17% was shipped domestically within Canada and the rest was mainly
exported to the U.S., Asia, and Western Europe. These exports were worth $20.5 billion CAD
which represents a 70% export intensity (Bender et al., 1981; Arntzen et al., 1995).
Furthermore, according to Natural Resources Canada, Forest Fact Book 2018-2019, Canada is
still the second-largest exporter of wood pulp after Brazil with 17% of world value. It also is
leading global producer and exporter of newsprint worth $1.98 billion CAD (Natural Resources
Canada, 2019). This makes PPI highest in the Canadian manufacturing sector and therefore the
industry remains a fundamental pillar of the economy and natural resource sector
(Environment Canada, 2013). Canada accounts for almost 10% of the world’s total forest
coverage. Historically, it also made PPl in Canada one of the country’s most vital industries in
terms of value of production and total wages paid (Sinclair, 1990).

Although PPI plays an important role in generating revenue for the country, its contribution to
environmental pollution cannot be ignored. It is a resource-intensive industry that uses a large
amount of energy, water, and forestry resources (Murray, 1992; Toczylowska, 2017). These
industries generate large volumes of wastewater for each metric ton of paper production. It has

been estimated that the PPl industry is responsible for 50% all waste dumped in Canadian



aquatic ecosystems (Sinclair, 1990). Effluents from PPI industries generate large amounts of
toxic substances in water which may lead to zooplankton and fish mortality and negatively
impact aquatic ecosystems (Hewitt et al., 2008; Singh and Chandra, 2019) They also create
problems such as slime growth, thermal impacts, scum formation, and colour problems which
affect the aesthetic quality of water (Pokhrel and Viraraghavan, 2004).

2.1.1 The Pulp Industry Process

To understand the nature of pollutants from the pulp industry it is necessary to review the
composition of primary substrate, wood, and different processes that it must undergo to
produce pulp needed for papermaking (Murray, 1992; Singh and Chandra, 2019). The pulp and
paper making process consists of five steps and each step can be carried out using a variety of
methods (Fig. 3). Different effluents are released during different stages of papermaking

(Chandra et al., 2018).

Sulphate Pulping
J

Water * Raw Material * Digestion —| Pulping )
Wood ; r Kraft pulping Pulp Washin
J‘ Lignin prpme P .L £ \ Chlorine
St 1st Step Pulp Washing \.
orage i Chlorinated
Compounds
27 Step Alkaline
Biocide Finishing of Paper i
L’ Extracted
l 39 Step Final Sample
Bleaching
Telcome
4
Effluent

Fig. 3. Schematic illustration of a paper pulp manufacturing process (from Chandra et al., 2018).



Following are the major steps in the pulp making process:

i) Debarking (raw material preparation) - In this step, plant fiber is converted into smaller pieces
called chips and removal of bark is done. The bark is removed by tumbling in large steel drums
and wash water is applied (Smook, 1992). In this step, the nature of the raw material used, (i.e.,
hardwood, softwood, agro residues) results in the transfer of tannins and resin acids present in
the bark to process waters (Ali and Sreekrishnan, 2001).

ii) Pulping — During pulping wood chips are converted into pulp. This removes most of the lignin
and hemicellulose from raw material, resulting in a cellulose-rich pulp. Pulping can be done by
two processes mechanical and chemical (Ali and Sreekrishnan, 2001). In the mechanical
process, force is applied with minimum use of chemicals to release usable wood fiber (Owens,
1991). Whereas, during chemical processes depolymerization and dissolving of lignin are done
to produce purified cellulose fiber. The chemical process can be executed in two ways that are
by kraft (sulfate) and sulfite.

During the early half of the twentieth century, sulfite pulping predominated in Canada, until it
was replaced by kraft pulping. Today kraft mills account for a very large share of total pulp
production (Murray, 1992). The pulp mill at Abercrombie Point (discussed in Chapter-1) also
uses the kraft pulping process. In the kraft pulping process, woods logs are digested at high
temperatures (160-170°C) and pressure using mixture of sodium hydroxide (NaOH) and sodium
sulfide (NazS). Whereas, in sulfite pulping mixture of sulfurous acid (H,SOs) and bisulfite ions
(HSO3') is used (Saltman, 1978). During this step, long-chain fatty acids and resins are

transferred to process water.

10



iii) Bleaching - In this step brown pulp obtained is changed into the desired color. Several
bleaching agents are used depending on the mill. The most common agents used in bleaching
are chlorine, chlorine dioxide, hydrogen peroxide, oxygen, and ozone (Martin et al., 2000; Ali
and Sreekrishnan, 2001). In Canada, it was estimated that 47 mills used chlorine in their
bleaching process prior to 1992 (Minister of Supply and Services Canada, 1991). During this
process lignin, phenols, resin acids get chlorinated and transformed into potentially toxic
organochlorine compounds. Polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated
dibenzo-p-furans (PCDFs) are mainly produced during pulp bleaching process, where they are
formed from chlorinated phenols, and particularly from chlorinated 2-phenoxyphenols (Murray,
1992).

iv) Washing- Here bleaching agents are removed from pulp by using alkali (caustic soda) and
hence also known as alkali extraction stage.

v) Paper and paper products - To produce the final product, the pulp is washed with appropriate
filters (clay, titanium dioxide, calcium carbonate) and resin or starch which behaves as sizing
agents. After the manufacturing process wastewater is generated which contains cellulose,
hemicellulose, lignin, resins, fatty acids, and other phenolic compounds. These compounds are

finally washed out as black liquor (Biermann, 1996; Kincaid, 1998).

2.1.2 Contaminants of Concern

It is well known that contaminants from PPl are acute or even chronic toxins (Sunito et al.,

1988; Ali and Sreekrishnan, 2001; Singh and Chandra, 2019). Contaminants released from PPI
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are mainly classified as gaseous pollutants, inorganic metallic, and inorganic non-metallic and
organic pollutants.

i. Gaseous Pollutants

The PPl generates large quantities of atmospheric and effluents emissions which may lead to
environmental degradation (Hewitt et al., 2002; Hoffman et al., 2017b). Emissions from
different industries vary depending on its pulping methods, wood species, and technology used
(Soskolne and Sieswerda, 2010). During the papermaking process, various volatile sulfur
compounds (VSCs) and volatile organic compounds (VOCs) are produced. These VSCs and VOCs
eventually lead to the production of reduced sulfur compounds including methyl mercaptan
(CH3SH), dimethyl disulfide (CH3SSCH3), and hydrogen sulfide (H,S) (Higgins et al., 2006). Other
gaseous compounds released in PPl are sulfur dioxide (5SO3), sodium oxide (Na;0), chlorine (Clz),
chlorine dioxide (ClO3), and hydrogen peroxide (H20;) (Singh and Chandra, 2019).

ii. Inorganic Metallic and Non-Metallic Pollutants

The major metals released by the PPI are arsenic (As), cadmium (Cd), chromium (Cr), copper
(Cu), nickel (Ni), manganese (Mn), mercury (Hg), lead (Pb), and zinc (Zn) (Sunito et al., 1988; Ali
and Sreekrishnan, 2001; Hakeem and Smita, 2010; Singh and Chandra, 2019) Out of the metals,
Hg is most toxic. When it reaches to sediments via different sources it may get converted into
methyl mercury (MeHg) under anaerobic conditions. Bacteria that process sulfate (S0%4) in the
environment play an important role in methylation. These bacteria take up mercury in its
inorganic form and convert it to methylmercury through metabolic processes after which it
enters the food chain (United States Geological Survey, 2000). When humans get exposed to

MeHg, it may cause sensory and mental disturbances, visual problems, renal, pulmonary,
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digestive and immune problems. Furthermore, PP| also produces and releases some non-
metallic compounds such as chlorine (CI), sulfates (SO?%), phosphates (PO*) (Chandra and
Abhishek, 2011; Yadav and Chandra, 2018).

iii. Organic Pollutants

Chlorinated organic compounds such as dioxins and furans (D/F) are major contaminants of
concern coming out from industrial wastewaters. They are persistent in nature and are
recalcitrant to degradation and therefore known as persistent organic pollutants (POPs) (Ali and
Sreekrishnan, 2001). They have been classified as ‘priority pollutants’ by the United States
Environmental Protection Agency (USEPA, 1998), listed in Priority Substances List 1 (PSL-1) in
Canadian Environmental Protection Act (CEPA) (Canadian Environmental Protection Act, 1999),
and came into ‘dirty dozen’ group of POPs identified by United Nations Environment Program
(UNEP, 1995).

These POPs are often toxic to aquatic species and have the potential to migrate throughout the
ecosystem and ultimately accumulate in fatty tissues of a variety of organisms (Sunito et al.,
1988). They have the ability to induce genetic changes in exposed organisms and thus named as
‘known human carcinogens’ by the World Health Organization (World Health Organization,
1997). Because of acute toxicity of two congeners of dioxins and furans, that is, 2,3,7,8-
tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) and 2,3,7,8 tetrachlorodibenzofuran (2,3,7,8-
TCDF), discharge of these contaminants are prohibited at “measurable concentrations”
according to Pulp and Paper Mill Effluent Chlorinated Dioxins and Furans Regulations under the

Canadian Environmental Protection Act (Canadian Environmental Protection Act, 1999). Of
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many pollutants from PPI, only dioxins and furans have been evaluated by Health and Welfare

Canada as “priority substances” (Murray, 1992).

2.1.3 Environmental Effects Monitoring (EEM) in Canada

In the 1980s, discharges from Canadian mills were regulated federally by Pulp and Paper
Effluents Regulations (PPER) that was passed under the Fisheries Act (FA) in 1971. Under this
regulation, there was set daily and monthly mass-based limits for BOD and total suspended
solids (TSS) and also the requirement that effluents are not acutely lethal to rainbow trout
(McMaster et al., 2006; Barrett et al., 2010). Furthermore, these limits were only legal binding
on mills which were constructed after the announcement of legislation in November 1971
which covered only less than 10% of mills in Canada (McMaster et al., 2006). As the regulation
only covered the small part of PPl industry effluents were still high in fiber and BOD which
resulted in habitat degradation and acute lethality of fish (McLeay and Associates, 1987; Folke,
1996).

Before the 1980s the regulations did not consider any dioxins and furans and organochlorine
discharges, but in the late 1980s, aquatic discharges from the PPl became an area of
environmental concern as dioxins and furans were found in effluents and paper products
(Kringstad and Lindstrom, 1984). In early 1980s studies conducted by Sweden under the
Environment Cellulose project provided the first evidence of the toxicity of effluents to fish
even at very low concentrations in the receiving environment (Sandstrom et al., 1988;

Sodergen, 1989).
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The change in growth, biochemistry, and deformities in fish were detected in the large area of
8-10 km downstream from the pulp mill, with a dilution of the effluent by more than 1000
times (Sodergren, 1992). Along with this, some other studies were also conducted at an
unbleached kraft mill which showed fewer effects compared to bleached kraft mills (Sodergren,
1992).

During the same time of these studies, Ministers of the Environment in Canada announced
plans to revise the federal regulatory framework in March 1989 to address the deficiencies in
the 1971 regulations. The initial studies were conducted at Jackfish Bay on Lake Superior, which
received effluent from a bleached kraft mill located in Terrace Bay, Ontario, Canada. This bay
received no other effluents and had no permanent human residents. The results found that fish
exposed to primary treated effluents from bleached kraft mill displayed similar reproductive
effects to those found in Sweden study (Munkitrick et al., 2013).

Fish exposed to pulp mill effluent showed an increased age to sexual maturation, reduced
gonadal development, and expression of secondary sexual characteristics, and reductions in
circulating reproductive steroid hormone levels (McMaster et al., 1991; Munkittrick et al., 1991;
Oakes et al. 2005; McMaster et al., 2006). Furthermore, in mid-to-late 1980s polychlorinated
dioxins and furans were detected in effluents as a by-product of chlorine bleaching (Luthe et al.,
1988; Allen et al., 1989). After these studies, a worldwide public campaign by Greenpeace was
started against the use of molecular chlorine. However, there was no clear evidence linking
chlorinated compounds (used in bleaching pulp) to effects in fish (Thornton 1991; Amato, 1993;

Carey et al., 1993).
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It was documented that initial studies in Jackfish Bay were done prior to the construction of a
secondary effluent treatment plant (McMaster et al., 1991; Munkittrick et al., 1991; Munkittrick
et al,, 2013). Therefore, in the spring of 1990 samples of spawning fish were collected again and
results showed the impact remained in the population despite the implementation of
secondary treatment. These results were not surprising at the time as it was assumed that
persistent organochlorines are responsible for the changes seen in fish and it will take several
years for these persistent compounds to level in contaminated sediments (Munkrittrick et al.,
1998; Munkittrick et al. 1992; Branson et al., 1985).

Furthermore, sampling was conducted again in the fall of 1990 following a scheduled mill
maintenance shutdown. Results from this sampling showed the rapid recovery of liver mixed-
function oxygenase (MFO) enzymes in longnose sucker (Catostomus catostomus), and steroid
hormone in male white sucker (Catostomus commersoni) (Munkittrick et al., 1992). These
results suggested that contaminated sediments were not a large contributor to responses at
Jackfish Bay, chemical impacts were short-lived, the compounds responsible for biochemical
changes were present in the secondary effluent, and if the responsible compounds were
identified and removed, recovery of fish populations might take place quickly (Munkittrick et
al., 1998).

After the intense public pressure globally and within Canada, new regulations for pulp and
paper mills in Canada were developed in the early 1990s and were implemented in May 1992
(Munkittrick et al., 1998; Munkittrick et al., 2013). PPER was passed under the Canadian
Environmental Protection Act in 1992 to control the release of polychlorinated dibenzodioxins

(PCDDs) and polychlorinated dibenzofurans (PCDFs). The existing PPER under Fisheries Act were
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also updated with strict limits on BOD and TSS while maintaining the similar non acute lethality
requirement as in the 1971 regulations.

Unlike the earlier requirements, this regulation became the legal binding to all the mills across
Canada (McMaster et al., 2006). Additionally, while re-analyzing the PPER, regulators realized
that uniform limits for a few parameters in the effluent may not necessarily protect the health
of all aquatic receiving bodies across Canada (Walker et al., 2002). In order to address these
issues, environmental effects monitoring is included in new regulations which are the

requirement at all mill's sites (McMaster et al., 2006).

2.1.4 Environmental Effects Monitoring (EEM)- Pulp and Paper Effluent Regulations, 1992
EEM is a science-based tool that can detect and assess the changes in aquatic ecosystems
potentially affected by pulp mill effluent discharges. EEM is a repetitive system of monitoring
and interpretation phases that can be used to measure the effectiveness of environmental
management measure to protect the ecosystem (Walker et al., 2002). It is an assessment tool
used to help determine the sustainability of human activities on ecosystem health. EEM goes
beyond end-of-pipe measurement of chemicals in effluent to analyze the effectiveness of
environmental protection measures (Environment Canada, 2010; McMaster et al., 2006).

In EEM, long-term effects are measured using regular cyclical monitoring and interpretation
phases designed to assess and investigate the impacts on the same parameters and locations.
This helps in the spatial and temporal characterization of potential effects to assess changes in

receiving environments (Environment Canada, 2010).
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The pulp and paper program are structured into a defined cycle, such that a mill must conduct

an EEM study once every three years (Walker et al., 2002). The first cycle conducted in this

program was aimed to provide baseline data for future cycles to compare against and

determine components required for subsequent EEM programs. The typical EEM for PPI

consists of some or all the following components: an adult fish population survey, a benthic

invertebrate community survey, a study of dioxins and furans in fish tissues, a tainting study,

effluent toxicity testing, and an assessment of water and sediment with their specific purpose

(Table. 1).

Table 1. Required monitoring components for pulp and paper EEM programs (Adapted from Walker et al., 2002).

PPER

Purpose

Fish survey

Indicator of fish population

Benthic invertebrate community survey

Indicator of effects on fish habitat

Fish tissue analysis for dioxins and furans, for
mills using chlorine bleaching

Indicator of effects on the usability of
fisheries resources by humans

Supporting Environmental measurements
Water quality
Sediment variables

Interpretation and assessment of cause-
effect linkages
Interpretation of benthic invertebrate data

Sublethal Toxicity Testing
Fish
Invertebrate

Algae

Examine sublethal changes in effluent quality

2.2 Impacts of Industrial Effluents on Sediments

2.2.1 Importance of Estuaries

Coastal zones, including estuaries and bays, are the regions of active land-sea interaction.

Estuaries are one of the most productive ecosystems on earth (Maanan et al., 2015). They are
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defined as the water bodies that connect land and ocean and extend from fully marine
conditions to the effective limit of tidal influence, and where seawater is diluted by freshwater
inflow (Hobbie, 2000).

Estuaries provide a number of ecosystem services such as fisheries, climate regulations, coastal
protection, and waste treatment (Millennium Ecosystem Assessment, 2005; De Souza et al.,
2016). Estuaries also serve as habitat for a high diversity of species for the whole or part of their
life cycle and are characterized by high biological productivity (Kennish, 1991; Spencer et al.,
2006). By virtue of their nature and position between marine and terrestrial environments,
estuaries are the hub of variety of human activities and have become sites of major industrial
developments (Ridgway and Shimmield, 2002). The disposal of waste from industries makes
estuaries the ultimate receptacle of pollutants and has led to a significant increase in metal

contamination.

2.2.2 Estuary Sediments as Sink and Source of Contaminants

Estuaries sediment contamination is a major source of ecosystem health stress and thus getting
increasing attention from the scientific community (Riba et al., 2002; Ganugapenta et al., 2018).
According to Forstner and Wittmann (1979), the world’s six most heavily polluted aquatic
environments by metals are estuaries. In countries with long historic industrialization such as
United Kingdom, Germany, and the Netherlands, thousands of tons of metals were deposited in
the estuaries and coastal areas (Forstner and Wittmann, 1979).

Limited freshwater inputs in such enclosed and semi-enclosed ecosystems, may cause

enhanced accumulation of pollutants leading to potential threats to the ecosystem (Hahladakis
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et al., 2013; Qiu, 2015). Estuaries have also been used for dilution and disposal of waste which
contributes to their deterioration. Metals and other contaminants like dioxins and furans, as
well as total mercury, are gradually being concentrated in these water bodies and, at higher
concentrations, they have proven toxic to marine biota and ultimately to humans (Maanan,
2008).

Sediments in estuaries are complex systems affected by the interaction of geological,
hydrological, physiochemical, and biological factors and thus may act as a reservoir for heavy
metals discharged into the marine environment (Fujito et al., 2014; Machado et al., 2016). They
have a large capacity to retain heavy metals from various sources and thus act as a sink for
contaminants from different industrial discharges (Gibbs, 1977; Menon et al., 1998; Barcena et
al., 2017).Metals are deposited within sediments and sorb to organic-rich fine-grained
particulate matter or incorporate in inorganic matter compounds when they enter marine
environment (Jamshidi and Bastami, 2016; Zhang et al., 2019).

There are certain properties of sediments such as texture, pH, Eh, organic matter, salinity,
sulfide contents, iron (Fe), aluminum (Al), and others which can influence biogeochemical
behavior and mobility of metals in aquatic systems (Zhuang and Gao, 2014, Cipullo et al., 2018).
It is very important to identify these processes in order to identify the key contaminants and
sediment characteristics that can affect the bioavailability and toxicity of metals (Vezzone et al.,
2019).

Under certain physiochemical conditions (current, pH, DO, redox potentials, and temperature
changes), heavy metals trapped in sediments may migrate upward to the sediment-water

interface. For example, if there is a decrease in redox at the interface between solid and liquid
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phases it would accelerate reductive dissolution of iron (Fe) and manganese (Mn) oxides which
leads to the release of metals bound to them (Mukwaturi and Lin, 2015; Gao et al., 2018). In
case of low pH, negative surface charges of sediment particles and Fe and Al oxides reduces,
which promotes the mobility and bioavailability of metals which are co-precipitated with
carbonates and sulfides (Du Laing et al., 2009).

When these metals are released to dissolved phase from sediments, bioavailability is increased
leading to threats to aquatic organisms (Zhao et al., 2013; Dhanakumar et al., 2015; Machado et
al., 2016; Chen et al., 2016). Therefore, sediments are not only sink for many pollutants but can
also be the sources of pollutants. Furthermore, the release of metals in sediments depends on
their different chemical forms, which shows different physical and chemical behaviours in terms
of chemical interaction, potential toxicity, bioavailability and mobility (Sun et al., 2016;
Gabarron et al., 2017; Kang et al., 2017; Liu et al., 2018).

Bioavailability is an important factor in metal toxicity assessment. It is defined as the metal
fraction available for organisms from all possible uptake sources (Morel and Hering, 1993;
Campbell, 1994; Ehlers and Luthy, 2003). Bioavailable metal fraction, mainly metal ions,
represents the toxic metal fraction instead of total concentrations of metals (Morel and Hering,
1993). Heavy metals are area of concern for marine organisms and their consumers due to their
toxicity, persistence, and bioaccumulation (La Colla et al., 2018).

According to the European “Community Bureau of Reference” (BCR) sequential extraction
procedure, chemical forms of heavy metals in sediments are divided into four parts, that is, the
exchangeable, reducible, oxidizable and residual parts (Quevauviller et al., 1997). The

bioavailable fraction is usually composed of the former three parts which could be released into
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the overlying water. Therefore, the chemical fractions of heavy metals with high bioavailability
should be assessed for evaluation of ecological risk in sediments (Cheng and Yap, 2015; Kang et

al., 2017; Liu et al., 2018).

2.2.3 Sediment as an Indicator of Contamination

Marine sediments represent, quantitatively, the major compartment for metal storage in
aquatic environments (Chapman et al., 1998). Therefore, they act as a useful indicator of metals
contamination in aquatic environments, metal toxicity and hazard in sediments (Saher and
Siddiqui, 2019). Due to their trapping capacity, the evolution of metals in sediments reflect the
geochemical history of the region (Barcena et al., 2017). They provide both short- and long-
term memory of contaminant loading to a water body. Continuous monitoring of sediment
guality is very essential in determining the state of pollution of the marine environment. Survey
of metal concentrations in sediments and comparison between these concentrations and non-
polluted baselines are an important step in understanding the transport and deposition of
metals in the environment (Wang et al., 2012). Characterizing distribution and concentration of
metal contaminants within sediments is necessary in order to quantify pollution levels (Santos
et al., 2005; Walker et al., 2013a, 2013b, 2013c; Zhang et al., 2019).

There are several factors which should be considered while conducting an assessment of
contaminated sediments. For instance, particle size plays an important role in controlling the
pollutant concentrations in sediments. It is generally believed that metals are associated with
smaller particle sizes (Whitney, 1975; Gibbs, 1977; Martincic, 1990; Biksham et al., 1991). This

trend is attributed to sorption, co-precipitation, and complexing of metals on particle surface.
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Smaller particles have larger surface area and therefore can potentially be associated with a
higher concentration of metals (Parizanganeh, 2008). Therefore, it is important to consider the
effect of particle size by using geochemical methods (Paramasivam et al., 2015).

The toxicity of contaminated sediments is usually measured by using a weight-of-evidence
approach, comprising chemical, ecotoxicological, and ecological analysis (Marziali et al., 2017).
In recent years different indices have been developed which can be used in estuaries for metal
assessment. Each of indices aggregates the concentration of metal contaminants and can be
classified as following three types (Caeiro et al., 2005):

a) Contamination indices- It compares the contaminants with non-polluted and/or polluted
stations measured in the study area or simply aggregate metal concentrations

b) Background enrichment indices- It compares the results for the contaminants with different
baseline levels, available in the literature, relevant for the study area.

c) Ecological risk indices- It compares the results for the contaminants with Sediment Quality

Guidelines (SQGs) values developed by different institutions.

2.2.4 Sediment Quality Guidelines (SQGs)

SQGs are important empirical tools for the protection and conservation of marine and
freshwater environments (Birch, 2018). These guidelines evaluate the extent to which the
sediment-bound chemical status might adversely affect marine organisms and are designed to
help in the interpretation of sediment quality (Maanan et al., 2015). Long and Morgan (1990)
and MacDonald et al., (1996) outlined these SQGs and described the derivation of low- and

high-level guideline values for each contaminant. United States National Oceanic and
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Atmospheric Administration’s (NOAA) defines effects range low (ERL) and effects range median
(ERM) guideline values, which is used to measure potential risk of pollutants in sediments to
the marine ecosystem. According to guidelines, if the metal concentrations are below ERL, this
indicates adverse effects are rarely present. If concentrations of exceed ERMs, negative effects
on benthic communities are expected with at least a 50% frequency. In the case of
concentrations values greater than ERLs, but less than ERMs, chronic or acute biological effects
may occur occasionally (Macdonald et al., 1996; Birch, 2018; Zhang et al., 2019; National
Oceanic and Atmospheric Administration, 2019).

In Canada, the Canadian Council of Ministers of the Environment (CCME) has developed interim
sediment quality guidelines (ISQGs) and probable effect levels (PELs) for the protection of
marine and freshwater aquatic life. ISQGs indicates the threshold-level effects below which
negative biological effects are unlikely to be observed. Similarly, PELs indicate the
concentrations above which adverse biological effects are expected to be common (CCME,

2019).

2.3 Impact of Industrial Effluents on Biota

2.3.1 Importance of Benthic Invertebrates

Benthic macroinvertebrates hold an important position in aquatic food webs. They are a key
component of the aquatic ecosystem as they play an important role in detritus decomposition,
nutrient cycling, and energy flow to higher trophic levels (Gray and Elliot, 2009). These

macroinvertebrates are either attached to or intimately linked with the benthic substrate
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(Vannote et al., 1980; Rosi-Marshall and Wallace, 2002; Runck, 2007). They are the primary
material exchangers across the sediment-water interface.

As benthic organisms are in direct contact with sediments, therefore levels of contamination in
sediments can have a great impact on their survival (Hussain and Pandit, 2012; Maharaj and
Alkins-Koo, 2007). When metal concentrations increase in the environment, it affects metal
accumulation in organisms which may exceed natural levels. It may also trigger
biomagnification of metals which leads to a progressive increase in chemical concentration with
increasing trophic level (Luoma and Rainbow, 2008; Pinherio et al., 2012; Saher and Siddiqui,
2019).

Some metals such as Pb, Cd, Cr, and Cu can be bioconcentrated through direct uptake across
the gill surface and other external body parts (Bere et al., 2016). Furthermore, ingestion of
contaminated food by benthic organisms can also lead to bioaccumulation of metals in tissue of
biota which may eventually biomagnify up the food chain (Chen et al., 2007; Siddique et al.,
2009; Varol, 2011; Wang et al., 2012).

Bioaccumulation in organisms depends on a number of factors such as level of contamination in
the environment, biotic factors such as diet and trophic position of the organism. Therefore, it
reflects the amount of the elements that have been ingested, excreted, and retained. Thus,
benthic invertebrates are excellent bioindicators which due to their short lifespans can provide
accurate near real-time reflections of contaminant dynamics under fluctuating aquatic
conditions (Stankovic et al., 2014). Bioindicators refers to any aquatic organism that can

accumulate contaminants in its tissues from the surrounding environment. Therefore, a change
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in a bioindicator species tissue metal burden reflects varying metal concentrations in the

surrounding environment (Rainbow, 1995; Al-Farsi et al., 2015).

2.3.2 Benthic Invertebrates as Bioindicators
Although total metal concentrations in sediments indicate varying degrees of metal
contamination, it does not necessarily predict the toxicity of contaminants to aquatic
organisms. The ecotoxicological risk induced by contaminated sediments depends on metal
availability, uptake kinetics as well as the ability of organisms to assimilate them. This makes it
very important to assess levels of contaminants in aquatic organisms as well as characterizing
bulk sediment chemistry (Amiard et al., 2007; Campana et al., 2012). Different species have
different sensitivities to chemical stress; therefore, it is recommended to use combination of
species from different organizational and trophic levels for better understanding of sediment
ecotoxicity (Maltby et al., 2005; Tuikka et al., 2011). Organisms used as metal pollution
bioindicators must meet certain criteria in order to reflect the biotic and /or abiotic levels of
contamination of an environment (Hodkinson and Jackson, 2005). The following are criteria for
good bioindicators:

e Ability for organisms to bioaccumulate inorganic or organic contaminants (e.g., including

organisms exhibiting chronic or acute impacts from contamination accumulation).

e Bioindicator organisms must be relatively easy to collect, identify, and handle.

e Must have sufficient tissue to make chemical analysis easy and accurate.

e Life span of the organism must be long enough to reflect contaminant bioaccumulation

over longer temporal periods (Stankovic et al., 2014).
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Various benthic organisms are being widely used as an indicator for metal pollution in aquatic
ecosystems, such as insects, polychaetes, gastropods, bivalves, and decapod crustaceans
(Walker et al., 2013c; Fan et al., 2014; Duysak and Ersoy, 2014; Velez et al., 2015; Walker and
Grant, 2015; Alvaro et al., 2016). Some of the most popular bioindicators for long term
monitoring are bivalve molluscs, particularly oyster, mussels, and clams that have been used in
the monitoring of marine water and sediments (Zhou et al., 2008; Liu et al., 2017).

Blue mussels (Mytilus edulis) has been widely used in monitoring of the marine environment
due to their unique characteristics (Walker et al., 2013d; Walker and Macaskill, 2014). Mussels
were also among the first animals used by researchers for assessing the environmental quality
of seawater (Beyer et al., 2017). Blue mussels are sessile which helps in getting location-specific
information. They are medium sized which provide enough tissue material for chemical
analysis. They are easy to collect as they form a mussel bed in shallow waters. Mussels are also
filter-feeders which makes them efficient to accumulate pollutant chemicals from water. They
have limited ability to metabolize contaminants and tend to accumulate them to the levels
exceeding those found in the ambient seawater, where the concentration of many
contaminants in water are often below instrument detection limits (Walker and MacAskill,
2014). All these qualities of mussels make them a good fit for environmental monitoring (Beyer
et al., 2017; Walker et al., 2015). Mussels are also being used in NOAA’s Mussel Watch Program
which was designed to monitor the status and trends of chemical contamination of U.S. coastal
waters, including the Great Lakes (Kimbrough et al., 2008).

Furthermore, some decapods such as crabs and lobsters are used for measuring heavy metal

contamination in surface sediments (Ololade et al., 2011). These species are ubiquitous and live
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in close contact with rocky substrates. They are bottom scavengers and their diet consists of
organisms from different trophic levels including clams, mussels, polychaetes, and small
crustaceans. Contaminants are stored in fat-rich digestive gland, the hepatopancreas (Boudet
et al., 2015; Verma and Sharma, 2017). Their limited ability to metabolize contaminants in
sediments makes them a suitable bioindicator for assessing the health of marine environment
(Garron et al., 2005; Walker et al., 2013c). Finfish can also be bioindicators to estimate heavy
metal levels in water, but their mobility makes them potentially less reflective of the local
environment relative to shellfish (Zhou et al., 2018). There are certain known factors which can
influence the metal accumulation in these organisms which includes metal bioavailability,
season of sampling, hydrodynamics of the environment, size, sex, changes in tissue composition

and reproductive cycle (Szefer et al., 2004; El Nemr et al., 2016).

2.4 Human Health Implications of Metals in Aquatic Biota

Humans can be exposed to metals via the ingestion of aquatic biota. The elements of highest
concern from a human health perspective are: As, Cd, Co, Cr, Cu, Hg, Mn, Fe, Zn, Ni, and Pb
which are commonly present in effluents from different industries (Rai and Pal, 2002; Lavery et
al., 2009). Heavy metals in the tissues of marine organisms may transfer to humans through
aquatic organism consumption. Seafood consumption, in particular, is increasing rapidly due to
their beneficial nutritional values (Guerin et al., 2011). Marine organisms such as mollusks,
crustaceans, and fish contain essential amino acids for humans and are a great source of
minerals, vitamins, and polyunsaturated fatty acids (Raknuzzaman et al., 2016). Therefore, it is

important to monitor environmental contaminants in marine organisms, as increasing seafood
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consumption can result in potential health risks for humans, particularly in coastal communities
who rely on seafood as their primary source of animal protein (Chien et al., 2002; Raknuzzaman

et al.,, 2016).

2.5 Importance of Baseline Data

Canada has an abundance of aquatic resources, including nearly 20% of the world’s freshwater
and a land mass bordering three oceans. In this era of industrialization, robust aquatic
monitoring is required to protect these ecosystems from any harmful damage (Kilgour et al.,
2007; Roach and Walker, 2017). Aquatic monitoring programs are designed to identify any
potential environmental effects through biological, chemical, and physical changes and analyze
the degree of harmful effects (Servos, 1996; Kilgour et al., 2007). For any successful monitoring
program, obtaining accurate and precise baseline data is very important and a critical
precondition for remediating any contaminated site (Jain, 2015). It can provide perspective on
the appropriateness of remedial objectives that are derived for an impacted area. As it
represents the current condition of the site before remediation, baseline data can help the
managers of the project to plan remediation strategies according to site-specific conditions
(Wills et al., 2003).

In Canada, monitoring comes in different forms which may include fish surveys, toxicology
testing, benthic invertebrate surveys, and water quality measurements (Walker et al., 2013a, b;
Walker and MacAskill, 2014; Roach and Walker, 2017). There are different federally mandated
EEM programs used to measure impacts of industrial effluents such as pulp and paper (as

discussed above) and metal mining effluents on receiving waters.
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2.6. Gaps and Inconsistencies in Marine Biota Data from Estuary and Northumberland Strait
As per the Boat Harbour Act (2015) (as discussed in chapter 1), the remediation of Boat
Harbour will commence after January 31, 2020. For this purpose, there is a need for current
pre-remediation baseline data which can be used for comparing the effectiveness of
remediation program during and post remediation. Romo et al. (2019) reviewed >200
government reports and peer-reviewed articles for relevant marine/aquatic biota data from
Boat Harbour, Pictou Harbour, Northumberland Strait or reference locations. The aim of the
study was to assess historical qualitative and quantitative contaminant data in marine biota
(e.g., blue mussels, American lobster, and rock crabs) (Romo et al., 2019). This data was
reviewed and consolidated so it could be used to help inform future monitoring for the Boat
Harbour remediation project to compare against. These historical data would be useful for
baseline (pre-remediation) monitoring data to be compared against, along with environmental
monitoring conducted during and post-remediation.

In this study it was found there are significant gaps and inconsistencies in marine biota data.
EEM became mandatory in 1992, and there are reports available only for four EEM cycles
(JWEL, 1996; Stantec, 2004; Ecometrix Inc., 2007; Ecometrix Inc., 2016). As the second, fifth and
sixth EEM cycle data were unavailable, second cycle results were summarized in subsequent
reports using data derived from Andrews and Parker (1999) and fifth and sixth cycle results
were inferred from the seventh cycle (Romo et al., 2019).

In the available reports, there were lots of inconsistencies between different cycles, which

reflected differing regulatory and technical requirements for the different cycles. For instance,
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to assess impacts on fish and shellfish, the first cycle chose winter flounder
(Pseudopleuronectes americanus) and rock crab for analyzing resin and fatty acids and
contrasting morphological characteristics with reference samples from Merigomish Harbour
(Fig. 4) (Romo et al., 2019). Blue mussels were analyzed for 10 dioxins and furans congeners,
with reference sites from Caribou Island (JWEL, 1996). In contrast, the third cycle analyzed blue
mussel and mummichog (Fundulus heteroclitus) for immunological and morphological

endpoints relative to reference sites from Merigomish Harbour and Logan's Point (Fig. 4).

Caribou Island (C1)

Northumberland Strait

Logan’s Point (C3)

Pictou A

2

Pictou County

Fig. 4. Location of Boat Harbour in Pictou County, Nova Scotia. Blue circles represent blue mussel (Mytilus edulis)
sampling locations, green triangles represent rock crab (Cancer irroratus) sampling locations, red circles represent
American lobster (Homarus americanus) sampling locations and yellow squares represent soft shell clams (Mya
arenaria) sampling locations. C1, C2 and C3 represent reference locations used in EEM cycles 1, 2 and 3,
respectively (from Romo et al., 2019).

Taint testing in cycle one (JWEL, 1996), used LEM Laboratory (1994) data, but taint testing was
omitted from subsequent cycles, due to a lack of significant effects. All available EEM reports

noted limited impacts on marine biota (Fig.4).
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In addition, despite the presence of a former chlor-alkali facility, which operated for 20 years
(1972-1992) and discharged effluent into Boat Harbour, Hg has never been analyzed in the
marine environment, nor Me-Hg which is susceptible to bioaccumulation. Furthermore, two
dioxins and furans congeners (2,3,7,8- TCDD and 2,3,7,8-TCDF) were not analyzed in the first
EEM cycle, despite claims to the contrary (Romo et al., 2019). Overall, there was a marked lack
of consistency in analyses, sentinel species used across different cycles, and limited
georeferenced sites, making it difficult to use this data for future reference.

To help develop useful baseline data for remediation programs, selection of suitable biota,
consistency in analysis of different contaminants, and periodic monitoring are all important
components (Romo et al., 2019). To establish robust baseline data, it was important to assess
current conditions of the estuary and the marine environment which can be used as a
benchmark during and after remediation. In order to fill this baseline data gap described in
Chapter 1, the objective of this thesis is to assess the level of contamination of metals and

dioxin and furans in sediments and biota of the Northumberland Strait.
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Chapter-3 Assessment of historical and current baseline contaminants in
sediments and marine biota near an industrial effluent discharge in
Northumberland Strait, Nova Scotia, Canada

3.1 Introduction

For decades, the pulp and paper industry (PPI) in Canada has been responsible for generating
large volumes of effluent wastewater. Pulp mill effluents contain organic (e.g., dioxins and
furans) and inorganic contaminants including metals which can have detrimental impacts on
aquatic ecosystem health (Sunito et al., 1988; Colodey and Wells, 1992; Hoffman et al., 2019).
These mills generate large volumes of wastewater for each metric ton of paper produced. More
than 250 chemical contaminants have been identified in effluents produced during different
stages of the pulping process (Pokhrel and Viraraghavan, 2004). Wastewater from the PPl has a
high biochemical oxygen demand (BOD), chemical oxygen demand (COD), chlorinated
compounds, metals, suspended solids, fatty acids, tannins, resin acids, lignin, and its
derivatives, sulfur and sulfur compounds (Ali and Sreekrishnan, 2001). The pulping process can
employ either mechanical or kraft pulping. In mechanical pulping, force is used to generate
heat and torsional forces to isolate wood fibres with limited use of chemicals, whereas kraft
pulping uses sulfate or sulfite to chemically degrade lignin to isolate cellulose and hemicellulose
fibres.

A bleached kraft pulp mill in Pictou County, Nova Scotia has been discharging wastewater
effluent into Boat Harbour and subsequently into the Northumberland Strait since 1967
(Hoffman et al., 2017a, 2019) (Fig. 5). Prior to 1967, A’se’k, a waterbody commonly known as

Boat Harbour (BH) is a former tidal estuary connected to the Northumberland Strait. Boat

33



Harbour lies within the Mi’kmagq Pictou Landing First Nation (PLFN) and was traditionally used

by the community for hunting, fishing, and ceremonial purposes (Fig. 5).

Northumberland Strait

Iiitjnu' N

Pictou Lan-ding First Nation

Boat Harbour

£ Noulp Mill
AP

A
East River

Pictou County

Fig. 5. Location of Boat Harbour in Pictou County relative to the pulp mill, communities of Pictou Landin
Nation, and the town of Pictou and final discharge point into the Northumberland Strait. (Adapted from Romo et
al. (2019).

g First

In 1969, the Boat Harbour Treatment Facility (BHTF) was built and operated by the province to
treat wastewater effluent from the mill and a nearby chlor-alkali plant owned by Canso
Chemicals Ltd. which operated from 1972 to 1992. Further, in 1972 a dam was built at the BH
outlet preventing seawater incursion while transforming BH into a freshwater pond. Canso
Chemicals Ltd. operated the chlor-alkali electrolysis facility that generated sodium hydroxide
and chlorine (used in the kraft pulp mill bleaching process) as well as hydrogen using mercury
cell process and brine solution. The mill has undergone several owners and process changes

since 1967 (Hoffman et al., 2017a; 2019).
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Currently, the mill is operated by Northern Pulp and the use of elemental chlorine previously
used in the bleaching process by previous owners was changed to chlorine dioxide in 1997 to
meet new federal Pulp and Paper Mill Effluent Chlorinated Dioxins and Furans Regulations
(Northern Pulp, 2019). Effluent from the mill (approximately 87,000 m3/day) is piped beneath
East River and discharged into one of two settling ponds to promote sedimentation (Fig. 5).
After coarse sediment is precipitated, effluent is discharged into an aerated stabilization basin
for atmospheric agitated pump aeration for 5-6 d prior to its discharge to a stabilization lagoon
(i.e., Boat Harbour). Effluents remain in Boat Harbour for a 20-30 d hydraulic residency before
final discharge to the Northumberland Strait through the impoundment upstream of the
estuary (Fig. 5).

Effluent discharge over the last 50 years has resulted in the deposition of approximately
577,000 m? of unconsolidated contaminated sediments impacted by inorganic and organic
contaminants in BH (Hoffman et al., 2017a, 2019; Alimohammadi et al., 2019).

Since 1967, the environmental and human health impacts of the pulp mill and chlor alkali plant
effluents on water quality, soil, and sediment contamination have been a major concern
(Hoffman et al., 2017a). In 2014, an effluent pipe leak and broken stack precipitator increased
the concern and intensity of protests by the PLFN community. This mounting political pressure
resulted in the passing of the Boat Harbour Act (2015), which mandated that the discharge of
mill effluents into the BHTF will cease on January 31, 2020. Following the cessation of effluent
discharges, contaminated sediments in BH will be remediated (Hoffman et al., 2017a, 2019;
Romo et al., 2019). The goal of the Act is to return Boat Harbour to its pre-effluent tidal estuary

condition as requested by the PLFN community. However, a detailed characterization of
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contaminants in sediment and biota in Northumberland Strait are required before remediation
begins.

To track the effectiveness of remediation, baseline data is required to predict potential
ecological impacts and risks associated with the contaminated sediments in BH and marine
environments of the Northumberland Strait. After the Boat Harbour Act was passed in 2015,
numerous studies have been conducted in and around BH to characterize contaminants in
sediments, groundwater, and nearby wetlands. Despite numerous historical studies
documenting the impact of effluents on sediments in BH, there is a lack of recent information
on the potential impacts on marine sediments and biota of the Northumberland Strait (Romo et
al., 2019). The ultimate goal of the Boat Harbour Act (2015) is to return BH to its former tidal
condition and to hydraulically connect it to the Northumberland Strait. Therefore, it is
important to establish current baseline data for marine sediments and biota in Northumberland
Strait which can be used for comparison during future monitoring. A key aim of this study was
to conduct a baseline assessment of level of contamination in sediments and marine biota of

Northumberland Strait.

3.2 Materials and Methods

3.2.1 Review of Secondary Data

In order to determine if contaminants from BH migrated into the marine receiving
environment of Northumberland Strait, it is important to gather background information on

historical contaminants of BH and the surrounding area for comparison.
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Although many historical studies have been conducted in and around BH, there have been few
summaries describing spatio-temporal organic and inorganic contaminant characterization.
Hoffman et al. (2017a, 2019) conducted a holistic characterization of metal and organic
contaminants in BH sediments. These studies reviewed >200 documents (including government
reports and peer-reviewed journals) for sediment quality data (JWEL and Beak Consultants,
1992 and 1993; JWEL, 1999, 2001, 2005; Stantec 2013, 2016; Hoffman et al. 20173, 2019). It
was reported in the study that out of all previous sampling events (from 1992-2015),

approximately 38% of samples were grabs and the rest (62%) were cores (Hoffman et al. 20173,

2019) (Fig. 6).
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Fig. 6. Spatiotemporal coverage (1992-2015) of sediment sampling sites in Boat Harbour. Colored circles indicate
when samples were collected/analyzed (from Hoffman et al., 2017a).

Further, toxic equivalency quotient (TEQ) concentrations for polychlorinated dibenzodioxins
and furans (PCDD/F) of 60 samples from 48 stations were also calculated (Hoffman et al.,

2017a, 2019). It was reported that six metals: As, Cd, Cr, Pb, Hg, and Zn exceeded freshwater
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Probable Effects Levels (PELs) and four: Cd, Cu, Hg, and Zn exceeded marine PELs (Hoffman et
al., 2017a).

Sediments across BH were found to be highly organic with mean total organic carbon values
ranging from 4 to 27%. Furthermore, all PCDD/F TEQs exceeded the low -effect CCME interim
sediment quality guidelines (1ISQGs), 66.6% exceeded CCME PELs, and 93.3% exceeded the
CCME soil quality guideline for human health. In addition, percent contributions of PCDD/F
congeners indicate higher proportions of 2,3,7,8-tetrachlorodibenzofuran (68.6-97.3%) and
2,3,7,8-tetrachlorodibenzo-p-dioxin (10.7-63.8%) in the sediment of Boat Harbour for all TEF
categories (Hoffman et al., 2019).

Ferguson’s Pond located 2.5 km NE of BH was selected as reference site for this study (Fig. 7)
and it was found that BH sediment concentrations of the chemicals of concern were 20 times

higher than at this reference site (Hoffman et al., 2017a).
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Fig. 7. Location of reference site Fergusons Ponds relative to Boat Harbour (from Hoffman et al., 2017a).
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According to Hoffman et al. (2017a, 2019), to return BH to pre-tidal conditions, more local
baseline data of sediments and marine biota in the Northumberland Strait marine receiving
environment is required. This data is necessary to determine potential ecological impacts to
aquatic life (St-Jean et al., 2003; Romo et al., 2019).

To assess quantitative and qualitative data on marine biota from BH, Pictou Harbour,
Northumberland Strait, and reference sites, Romo et al. (2019) reviewed government reports
and peer-reviewed articles. The review included contaminant concentrations (metals, dioxins
and furans, chlorophenols, resins and fatty acids) and sample locations (x, y coordinates in
decimal degrees). Romo et al. (2019) reported that many species such as American eels
(Anguilla rostrata), soft-shell clams (Mya arenaria) and quahogs (Mercenaria mercenaria),
suffered widespread mortality due to early effluent exposure (Seakem Oceanography, 1990).
Since 1992, pulp mill effluents in Canada have been regulated under the Pulp and Paper
Effluent Regulations (PPER) under the Fisheries Act (PPER, 1992). Pulp mills are obliged to
conduct an Environmental Effects Monitoring (EEM) cycle every 3 years to measure the effects
of effluents on fish and fish habitat. After reviewing all available EEM cycles from 1996 until
2016, Romo et al. (2019) reported many inconsistencies in EEM reporting. Although EEM
became mandatory in 1992, only four EEM cycles out of seven had reports that were available
(JWEL, 1996; Stantec, 2004; Ecometrix Inc., 2007; Ecometrix Inc., 2016). The second, fifth and
sixth EEM cycles were unavailable, but results from the second cycle were summarized in
subsequent reports using data derived from Andrews and Parker (1999) and the fifth and sixth

cycle results were inferred from the seventh EEM cycle report (Ecometrix Inc., 2016).
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In the available reports, there were inconsistencies between different EEM cycles. For instance,
to assess impacts on fish and shellfish, the first EEM cycle selected winter flounders and rock
crabs for analyzing resin and fatty acids and morphological characteristics with reference
samples collected from Merigomish Harbour. Blue mussels were analyzed for 10 dioxins and
furans congeners, with reference sites selected from Caribou Island (JWEL, 1996). In contrast,
the third EEM cycle analyzed blue mussel (Mytilus edulis) and mummichog (Fundulus
heteroclitus) for immunological and morphological endpoints with reference sites from

Merigomish Harbour and Logan's Point (Fig. 8).

Caribou Island (C1)

Northumberland Strait
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Fig. 8. Location of Boat Harbour in Pictou County, Nova Scotia. Blue circles represent Blue mussel (Mytilus edulis)
sampling stations, green triangles represent Rock crabs (Cancer irroratus) sampling stations, red circles represent
American lobsters (Homarus americanus) sampling stations and yellow squares represent soft shell clams (Mya
arenaria) sampling locations. C1, C2 and C3 represent reference locations used in EEM cycles 1, 2 and 3 cycles,
respectively (from Romo et al., 2019).

All EEM cycles reported limited impacts on marine biota, despite there being a lack of
contaminant guidelines for biota tissue and limited local reference data (Romo et al., 2019) (Fig.
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8). In addition, despite a chlor-alkali facility which operated for 21 years and discharged effluent
into Boat Harbour, mercury (Hg) has never been analyzed, nor has methyl mercury (Me-Hg).
Chlor-alkali facilities are potentially a major source of mercury as they generate sodium
hydroxide, chlorine, and hydrogen by using mercury as a catalyst (Walker, 2016; Dillon
Consulting Limited, 2019).

Furthermore, two dioxin and furan congeners 2,3,7,8-Tetrachlorodibenzo-p-dioxin (2,3,7,8-
TCDD) and 2,3,7,8 tetrachlorodibenzofuran (2,3,7,8-TCDF) were not analyzed in the first EEM
cycle contradicting the claims made in the reports (JWEL, 1996; Romo et al., 2019). Overall,
there was a lack of consistency in analyses, species used in different cycles, and limited
reference sites, which make it difficult to use this data for future reference.

Although numerous studies have reviewed sediment quality and characterized contaminants in
BH (Hoffman et al., 2017a, 2019; Romo et al., 2019) current assessment of contaminants in
marine sediments and biota in Northumberland Strait is required. This baseline data can be
used to compare against potential future monitoring programs in the area. Studies in and
around BH (Hoffman et al., 20173, 2019; Romo et al., 2019) have recommended to prepare a
baseline dataset for sediments and marine biota for the marine receiving environment of
Northumberland Strait.

The aim of this study as stated in chapter 1 is to:

1) Assess levels of contamination of metals, total mercury, methyl mercury, dioxins and furans
in sediments and biota of the marine environment of Northumberland Strait; and

2) Prepare the baseline pre-remediation data which can be used during and after remediation

for monitoring purposes.
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3.3 Sampling

Research objectives were achieved by using multiple lines of evidence to measure contaminant
concentrations in marine sediments and in marine biota at different trophic levels. The first line
of evidence was bulk sediment sampling (0-15 cm). The second line of evidence was marine
biota sampling using multiple species including: American lobster (Homarus americanus), Rock
crab (Cancer irroratus), and Blue mussel (Mytilus edulis). The third line of evidence was passive
sampling by diffusive gradient thin films (DGTs).

3.3.1 Sampling Stations

Sixteen sampling stations were selected to achieve the 7-8 km spatial coverage from the mouth
of the estuary (where effluents get discharged after final treatment) to offshore areas in the
marine environment of Northumberland Strait. Another eight stations were selected for blue
mussels along the coastline of Pictou Harbour in Northumberland Strait. Stations in
Northumberland Strait were then divided along two transects (North East (NE) and North (N))
from the estuary mouth into Northumberland Strait. NE and N Transects extended
approximately 7 and 8 km, respectively into the Northumberland Strait (Fig. 9) (Table 2).

Following is the cumulative distance of sampling station from BH.

Table 2. Distance of sampling stations from BH

Stations Cumulative distance from BH
N1-N3 0.80-2.00 km
N4-N6 3.80-5.00 km
N7-N8 6.00-7.00 km
NE1-NE6 1.00-3.00 km
NE7-NES8 6.50-8.00 km
M1-M2 2.50-3.00 km
M3-M4 0.50-1.00 km
M5-M6 1.50-3.00 km
M7-M8 6.50-7.50 km
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MNorthumberland Strait

Google Earth

Fig. 9. Sediment and marine biota sampling stations. Red squares represent sediment sampling stations, American
lobster (Homarus americanus), and Rock crab (Cancer irroratus) sampling stations. Blue circles represent blue
mussel (Mytilus edulis) sampling stations.

Sampling stations were divided into three areas: near-field area (1-3), mid-field area (4-6), and
far-field area (7-8) along each transect to get a wide representation of samples (Table 2).
Sampling stations were selected to obtain two duplicate samples in the near-field area (i.e., N1-
N3 and NE1-NE3), considered contaminated a priori. Blue mussel stations were selected to get
a spatial coverage over approximately 8 km along the shoreline of Pictou Harbour. Stations M3,
M4, and M5 were considered near- field, M1, M2, and M6 as mid -field and stations M7 and M8
as far- field. Sediment sampling was completed during two field seasons. The first in May 2018
and second in July 2019. Sampling positions were recorded using hand-held and boat Garmin
Global Positioning System (GPS) units (Appendix A Image 1).

Ten sampling stations were selected near the estuary mouth for the deployment of DGTs and

ten stations were selected in BH. Ten chelex binding gel DGTs disc for metals (As, Cd, Cr, Cu, Pb,
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and Zn) and ten 3-mercaptopropyl-functionalized silica (MFS) binding gel for total mercury

(THg) were deployed at each site.

3.3.2 Sediment Sampling and Analysis

Twelve sediment samples were collected during two field sampling seasons in 2018 and 2019.
Six samples were collected in July 2018, including five samples from NE transect (NE4- NE8) and
one sample from N transect (N4). Long gravity corer (approximately 1.25 m) 2416 B45
(Wildco®) was used to collect samples in 2018 (Appendix A Image 2). Surface sediment samples
from 0-15 cm depth were collected as this horizon is the most biologically active (Walker and
Grant, 2015; US EPA, 2019). Rocky substrate in Northumberland Strait prevented sediment
samples using the gravity corer at stations N5-N8 in 2018. Six samples in 2018 were collected
on a lobster fishing boat (/B & Stephanie) (Appendix A Image. 3).

In May 2019, the second round of sediment sampling was completed from the near- field
stations. Sediment samples were collected from six stations in the N transect (i.e., N1-N6). All
the samples were collected by using 316 Stainless Steel, 152 x 152 mm ponar grab (Wildco®)
from the 0-15 cm horizon. To avoid disturbance of surface sediment care was taken to allow
surface seawater in the grab to drain away (Walker and Grant, 2009; Walker et al., 2013). Near-
field samples were collected from shallow water on small aluminium motorboat (Appendix A
Image. 4). Sediment sub-samples were then transferred to individual clean glass jars; 250 mL
jars were used for metals, and dioxins and furans, and 120 mL jars were used for total organic
carbon (TOC).

All sediment samples were analyzed by AGAT laboratories, accredited by the Standards Council

of Canada. Samples were analyzed for grain size, TOC, 25 metals (Al, Sb, As, Ba, Be, B, Cd, Cr,
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Co, Cu, Fe, Pb, Li, THg, Mn, Mo, Ni, Se, Ag, Sr, Tl, Sn, U, V, Zn), total mercury (THg), and dioxin
and furans. Although 25 metals were analyzed, this study focussed on the priority metals (i.e.,
As, Cd, Cr, Cu Pb, Zn, Hg). These metals exceeded CCME PEL thresholds in BH sediments
(Hoffman et al., 2017a). Samples for grain size were analyzed by sieve and a pipette based on
the ASTM D-422-63 (ASTM, 2007). TOC was determined by using titration based on MA 405-C
1.1. Metals were analyzed by using multi-element inductively coupled plasma-mass
spectrometry (ICP-MS) based on US-EPA SW 846 6020A/3050B and SM 3125 (Center of
Expertise in Environmental Analysis of Quebec, 2014; USEPA, 1998a). Analysis of dioxins and
furans was conducted using high-resolution mass spectrometry (HRMS) in accordance with EPA

1613 (USEPA, 1994). All sediment concentrations were expressed in dry weight (dw).

3.3.3 Marine Biota Sampling and Analysis

Thirteen adult American lobster (Homarus americanus) with carapace length (CL) between 80-
125 mm and thirteen composite Rock crab (Cancer irroratus) samples (comprising 6-8
individuals per station) between 102-113 mm CL were collected from stations along the N and
NE transects (Fig. 9). Lobsters and rock crabs were collected from the same stations as
sediment samples (Appendix A Image 5 and 6). All samples were collected from a lobster fishing
boat (JB & Stephanie) in July 2018.

Traps with Department of Fisheries and Ocean (DFO) scientific tags for lobsters and rock crabs
were deployed on July 9, 2018 and retrieved on July 11, 2018 (Appendix A Image 7) (Fig. 9).
Eight blue mussels (Mytilus edulis) composite samples of 50-65 mm shell length (comprising 6-

30 individuals per station) were collected along the shoreline of Pictou Harbour from eight
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stations (Fig. 9). Blue mussels were collected on July 10, 2018 by hand from inter-tidal stations
during low tide (Appendix A Image 8). DFO scientific licenses were obtained prior to sampling
(License No.: SG-RHQ-18-071) (Appendix A Image 9). The number of species collected during
sampling was in accordance with licenses issued. After collection, all the samples were
transferred into a -20°C freezer overnight and delivered to AGAT laboratories on July 12, 2018.
American lobster, rock crab, and blue mussel whole body tissues were analyzed for metals (As,
Cu, Cd, Pb, Zn, THg), and dioxins and furans by AGAT laboratories. Two samples from near-field
stations and one sample from far-field stations of each species were also analyzed for MeHg.
Metals were analyzed based on US-EPA 350 with ICP/MS and mercury was analyzed with CV/AA
based on US-EPA 248.6 (USEPA, 2019). HRMS was used for dioxins and furans analysis based on
US-EPA 1613 in whole tissue (USEPA, 1994). MeHg was analyzed based on M-10220 with
digestion, aqueous ethylation, purge, trap, and CVAFS with an automated system (USEPA,

1998). All tissue concentrations were expressed as wet weight.

3.3.4 Passive Sampling Using DGTs disc and Analysis

Passing sampling is the use of an abiotic device to monitor contaminants in an environmental
medium, which obtains a measurement without active media transport (Alvarez, 2010). Passive
samplers based on DGTs technique was used in this study.

DGT® was originally developed by Davison and Zhang from Lancaster University in order to
measure free ion concentrations (bioavailability) in bulk seawater and sediment porewater
(Davison and Zhang, 1994, 2012). DGTs measure porewater concentrations using Fick’s first law

of diffusion and relies on an ion-exchange resin layer, which is separated from the bulk solution
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by an ion-permeable hydrogel (Zhang et al., 1998). A typical DGT disc consists of a binding gel

layer, an ion-permeable diffusive gel layer, a filter member and plastic cap and base (Fig. 10).

Disassembling of the DGT

DGT
@ |
\
/ Chelex____|
5cm

Exposure

Piston resin

Diffusre.

H H layer
gel Membran

Ag filter

Fig. 10. Schematic representation of a DGT unit assembled and disassembled, A is the exposure surface area of the
membrane, Ag is the thickness of the diffusion layer (diffusive gel +filter membrane) (from Desaulty et al., 2017).

When DGT discs are deployed in an environmental media, a diffusive gradient is created across
the bulk solution and the resin gel. The resin gel acts as a sink, inducing the flux of ions from
sediments through the diffusive layer (Zhang and Davison, 1995; Ruello et al., 2008). Metal ions
then pass through a gel diffusion layer and bind to the chelating or ion exchange resin. Two
results which can be obtained from DGT analyses are mass accumulated by DGT resin and time
weighted estimated water concentration (Zhang and Davison, 1995).

Contaminants taken up by organisms accumulate in tissues, organs, or throughout the whole
body. Bioaccumulation of contaminants occurs when the rate of uptake exceeds that of

excretion. In theory, such a time integrated characteristic is also represented by the DGTs

47



technique, where the resin gel in DGTs behaves like a tissue (Guan, 2019). Therefore, DGTs can
be used to mimic contaminants uptake and bioaccumulation processes similar to fish (Alvarez,
2010; Guan, 2019). The resin (adsorptive) gels used in DGTs are selective towards certain metal
species; for instance, chelex resin is used for As, Cd, Cr, Cu, Pb, and Zn and MFS are used for
THg. Therefore, it can be used to measure a variety of analytes with suitable adsorbents.

To assess the level of metals and THg in sediment pore water of BH and the downstream
estuary, forty DGT discs (twenty in BH and twenty in estuary) were deployed.

Forty piston sediment probe DGTs were purchased from DGT® Research, Lancaster UK. The
discs had plastic base (2.5 cm diameter) with 0.4 mm resin gel layer, 0.8 mm diffusive gel layer,
and 0.135 mm filter (Appendix A Image 10). Out of forty discs, twenty were with chelex binding
gel (used for metal As, Cd, Cr, Cu, Pb, and Zn) and twenty with MFS binding gel were used for
THg analysis. Chelex and MFS disc were deployed at the same station (i.e. two discs at each
station). DGTs disc with chelex gel (metals) were labelled as ESM1-10(for estuary) and BHM1-
10(for BH) and MFS gel disc (THg) were labelled as ESHG1-10, (for estuary) and BHHG1-10 (for
BH). DGTs disc were tied to cinder blocks with plastic cable to avoid any cross contamination
(Appendix A Image 11).

The equilibrium time required by the DGTs disc is different for freshwater and marine
environments. Therefore, DGTs disc were deployed for one week in the marine environment of
the estuary (May 21-28, 2019). As the equilibrium time for DGT discs in freshwater is one
month, (personal communication, Lord, Heather, April 30, 2019) DGTs in BH were deployed

May 21-June 18, 2019.
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All the discs were shipped to Bureau Veritas (accredited by the Standards Council of Canada).
Metals were analyzed by ICPMS digestion by using EPA 6020b R2 m (USEPA, 2014) and THg was

analyzed by CV based on BCMOE BCLM Oct2013 m (Austin, 2015).

3.4 Quality Control

Nitrile gloves were used during each sample collection to minimize potential cross-
contamination. Samples were collected in laboratory supplied glass jars in order to minimize
contamination (Appendix Image 12). Samples were uniquely labelled, and control was
maintained using chain of custody forms. All samples were stored in freezers at -20°C and
transported to laboratory in coolers using ice packs. Blind field duplicate for lobsters were
collected for every 10 samples. In this study 13 lobsters were collected which includes two field
duplicates. Method blanks, spike blanks, and matrix spikes were analyzed for of each batch
samples by AGAT laboratory. Spike blanks results were control charted and met specific

acceptance criteria (Appendix B).

3.5 Data Analysis

SPSS statistical package (version 25), Microsoft Excel™, Minitab®, and Sigma Plot™ were used
for data analysis. One sample t-test was performed by using SPSS™ on each metal (with the
exception of Cd, Hg) to determine whether sample means were statistically different from
background means. Mean sediment metal background concentrations from Nova Scotia
harbours and inlets studied by Loring et al. (1996) were used in this study (Table 6). Background

values represent concentrations of metals from relatively pristine environments without
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anthropogenic impacts (Loring et al., 1996). A Pearson correlation was performed using SPSS™
to assess the correlation between metals, grain size and TOC. In this study, the
geoaccumulation index (Igeo) was also calculated to assess the metal pollution in sediments
compared to background levels (Admano et al., 2005). The geoaccumulation index was
introduced by Muller (1969) and is sometimes used in ecological risk assessment by using
equation (Eq. 1):

Igeo=log2.Cn/ 1.5Bn
Where Cn is sediment metal concentration and Bn is background sediment metal
concentration. Factor 1.5 is introduced to minimise the effect of possible variations in the
background values which may be attributed to lithologic variations in the sediments (Muller
1969; Stoffers et al., 1986). The descriptive classes for increasing Igeo values developed by
Muller (1969) are described in (Table 5). Box plots and graphs for metals were developed using
Sigma Plot™.
For metals, Canadian Council of Ministers of Environment (CCME) marine sediment quality
guidelines (SQGs) were used to compare against sediment contaminant burdens. Two SQGs
exist for marine sediments; 1) Probable Effect Level (PEL) and 2) Interim Sediment Quality
Guidelines (1SQGs) (Canadian Council of Ministers of the Environment, 2019a). Sediment
concentrations above PEL are often considered heavily contaminated and likely to impair
aquatic biota, concentrations between PELs and ISQGs are considered moderately
contaminated, and concentrations below ISQGs are considered uncontaminated (Canadian
Council of Ministers of the Environment, 2019a). For dioxins and furans, toxic equivalency (TEQ)

concentrations of samples were calculated by multiplying individual PCDD/F congener
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concentrations with associated toxic equivalency factors (TEFs) for each congener (Canadian
Council of Ministers of the Environment, 2019). TEQ concentrations were determined using the
World Health Organization (WHO) established TEFs for fish, birds, and humans (World Health
Organization, 2006).

For metals in tissue samples, Canadian Food Inspection Agency (CFIA) guidelines for chemical
contaminants and toxins in fish and fish products were used (Canadian Food Inspection Agency,
2019). Only As, Pb, and Hg tissue data were able to be compared against the CFIA guidelines as
there are no guidelines available for other metals. For methyl mercury in biota tissue, Canadian
tissue residue guidelines for the protection of wildlife consumers of aquatic biota (2019) was
used for comparison (Canadian Council of Ministers of the Environment, 2019b). If metal and
dioxins and furans concentrations were below detection limits (DL), then a 1/2DL concentration

was used in calculations (MacAskill et al., 2016; Zhang et al., 2019).

3.6 Result and Discussion

3.6.1 Sediment Contaminant Concentrations

Sediments collected were light brown in color. Grain size of most sediments were coarse,
ranging from 60-100 % (>75um). Out of 12 samples, two mid field samples (N4, NE4) and 1 far-
field (NE8) were found to be fine grain sizes with values 42%, 34%, and 46% above the sieve size
of >75um respectively. TOC content was low in all the sediment samples with a range of <0.3-
1.5%.

Sediment metal concentrations (As, Cd, Cr, Cu, Hg, Pb, Zn) were detected below marine

sediment interim sediment quality guidelines (1ISQGs) (Fig. 11). Results from the one-sample t-
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test showed a significant difference (p<0.001) between means of each metal (As, Cr, Cu, Pb, Zn)
relative to mean background metal concentrations. Arsenic was detected below the ISQGs
ranging between 3-7 mg/kg (DL=1 mg/kg). Sediment Cr, Cu, Pb, and Zn concentrations were
also below 1SQGs ranging from 13-19 mg/kg (DL=2 mg/kg), 1-11 mg/kg (DL=2 mg/kg), 1.9-12.4
mg/kg (DL=0.5 mg/kg), and 18-59 mg/kg (DL=5 mg/kg), respectively (Table 3). Sediment Cd and
Hg concentrations were below DLs (0.3 mg/kg and 0.05 mg/kg, respectively) across all sampling

stations, so are not presented. Dioxins and furans in all samples were detected below CCME

ISQGs.
Table 3. Descriptive statistics of sediment metal concentrations from sampling stations mg/kg(dw) (n=12).
Metals Minimum Maximum | Mean Standard Deviation
As 3.00 7.00 5.08 1.16
Cr 3.00 19.00 10.83 6.32
Cu 1.00 11.00 5.33 3.62
Pb 1.90 12.40 6.58 4.09
Zn 18.0 59.00 38.50 15.41

*dw- dry weight
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Fig. 11. Sediment metal concentrations across all sampling stations (n=12). Solid horizontal line represents ISQG and dotted
horizontal line indicates detection limit. Concentration in sediments expressed in dry weight.
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Pearson correlation analysis indicated that there is a strong positive significant relation of As
(r=0.61 and p=0.03) ,Cr (r=0.71, p=0.01), Cu (r=0.64 p=0.02), Pb (r=0.65 p=0.02), and Zn (r=0.71,
p=0.03) with TOC (Table 4).

Table 4. Pearson’s correlation matrix for sediment metal concentration, TOC and grain size from sampling
stations in Northumberland Strait.

Parameters  As Cr Cu Pb Zn TOC Grain size
As 1.00

Cr 0.36 1.00

Cu 0.34 0.95**  1.00

Pb 0.34 0.99*%*  0.97**  1.00

Zn 0.33 0.97**  0.97**  0.98** 1.00

TOC 0.61* 0.71%*  0.64* 0.65* 0.62%* 1.00

Grain size -0.37 -0.98 -0.97 -0.99 -0.97 -0.70 1.00

*_ Correlation is significant at the 0.05 level (2-tailed).

**_ Correlation is significant at the 0.01 level (2-tailed).
Note: r value < 0.30 is considered weak, r >0.30 and r <0.70 is considered moderate and r > 0.70 is
considered a strong relationship.

The positive correlation of metals with TOC indicated that organic content plays an
important role in metal ion adsorption in sediments. In previous studies, it has been
documented that organic matter in water sorbs metals (Rule, 1986; Lin and Chen, 1998;
Bartoli et al., 2012. A strong negative significant relation was observed between Cr (r=-
0.98, p<0.01), Cu (r=0.97, p<0.01), Pb (r=-0.97, p<0.01), and Zn (r=-0.70, p<0.01) with
grain size (Table 4). It has been documented that fine grain particles tend to have
relatively higher metal content due to high specific surface areas of particles (Rubino et
al., 2000; Bartoli et al., 2012). Most of the grain sizes were coarse across sampling

stations, leading to less adsorption of contaminants. Three sampling stations (N4, NE4,
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N8) which exhibited finer grain size showed a higher concentration of metals compared

to other stations (Fig. 11).

Igeo for each metal was calculated using (Eq. 1) for quantitative measurement of
pollution at each site. Results indicated that the sites are unpolluted with values below 0
(i.e. As (-2.64), Cr (-3.18), Cu (-3.64), (-3.32) and Zn (-3.24). Classification of degree of

pollution was done according to Igeo values indicated in Table 5.

Table 5. Classification of geo-accumulation and pollution level (adapted from Abrahim and Parker, 2008).

Igeo Classification Pollution status
<0 0 Unpolluted
0-1 1 Unpolluted to moderately polluted
1-2 2 Moderately polluted
2-3 3 Moderately to heavily polluted
34 4 Heavily polluted
4-5 5 Heavily to severely polluted
>5 6 Severely polluted

After the Boat Harbour Act (2015) was passed, Nova Scotia Lands retained GHD to
conduct a baseline assessment to characterize contaminants in and around Boat
Harbour. In 2017, GHD collected sediment samples for metals and dioxin/furan
contamination assessment of the estuary mouth and Northumberland Strait. Four
sediment samples were collected from the 0-15 cm depth horizon (Fig. 12) (GHD, 2018).
Sediment metal concentrations from GHD were compared to those of the present study
using a one-way ANOVA. A Ryan-Joiner normality test and Bartlett’s Test for
homogeneity of group variances were run in Minitab® 18.1 (Minitab Inc., 2017) to

validate parametric test assumptions. Heterogeneous or non-normal data (a<0.05)
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were log-transformed and retested using the above tests, and if still failing to meet
parametric assumptions, were analyzed non-parametrically by Mann-Whitney analyses
with differences considered significant if p<0.05.

The sediment metal concentrations of the present study did not significantly differ from
those previously sampled by GHD for As (p=0.17), Cr (p=0.19), Cu (p=0.7), Pb (p=0.8),
and Zn (p=0.17). Sediment concentrations in the present study s ranged as follows: As:
1-7.8 mg/kg, Cr: 2.5-23 mg/kg, Cu: 1-43 mg/kg, Pb: 1.9-28 mg/kg, and Zn: 10-46 mg/kg
(Fig. 13). Results from GHD sampling showed the same pattern as the present study with
all sediment metal concentrations below the ISQGs. GHD data demonstrated decreasing
sediment concentrations as distance from the estuary increased. Northumberland Strait
sediment metal concentrations showed a sharp decrease, suggesting dilution of or

attenuation of contaminants migrating from Boat Harbour.
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Fig. 12. GHD sediment sampling stations from the estuary (red circle). Blue triangles represent sediment
sampling stations (adapted from GHD, 2018).
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Fig.13. Mean metal concentration in sediments from Northumberland Strait in July 2018 and May 2019 (NS18/19)
(n=12) and sediments collected by GHD in 2018 (n=4). Horizontal straight line represents ISQGs (CCME, 2019) and
dotted horizontal line represents DL.

Sediments of many coastal regions adjacent to industrial areas in Nova Scotia are large sinks for

metallic contaminants (Loring et al., 1996; Zhang et al., 20193, b). To understand the broader
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picture of metal contamination in the marine environment, the concentration of metals in this
study is compared with different studies from harbours and inlets across Nova Scotia. These
studies include contamination from industrial effluents, municipal and residential sewage,
agricultural discharge, marine transportation, fish and fishing process, and coastal residences
(Stewart et al., 2019).

In general, the concentration of metals (As, Cd, Cr, Cu, Hg, Pb, and Zn) in this present study
were relatively low compared to other Nova Scotian studies. As the metal concentrations were
generally lower than in other studies across Nova Scotia and the Maritimes, marine sediment
metal concentrations do not exhibit a pollution signature from effluents derived from BH (Table
6). However, results from this present study can be used as a baseline for future monitoring
studies conducted during and post-remediation.

Northumberland Strait sediment metal concentrations were low, suggesting that the objective
of using BH as sedimentation lagoon worked effectively to contain contaminants in pulp mill
effluent. Most contaminants reported by Hoffman et al. (2017a, 2019) appear to have been
retained in Boat Harbour sediments. There was no signature of migration of contaminants from
the BHTF to the Northumberland Strait receiving environment. The other possible reason that
this study found no impact on marine sediment could be a distance of sampling sites from BH.
The sampling stations that were selected were approximately 0.5-8 km away from the Boat
Harbour treatment facility. As the Northumberland Strait is a high energy dispersive receiving

environment, contaminants released from BH may have undergone dilution and attenuation.

59



*Table 6. Comparison of metals concentrations (mg/kg) in sediment, mussel and lobster tissue by study (adapted
from Walker and Grant, 2015).

Location As Cd Cu Hg Pb Zn Reference
Sediment
Northumberland Strait, NS, Canada 3.0-7.0 <0.3 2.0-11.0 <0.05 1.9-12.4 18-59 Present stud
(DL) (dw) (LO)  (0.3) (2.0) (0.05) (0.5) (5.0) Y
| H N <0.05-
saacs and Country Harbours, NS, 50400 <03-09 30250 0% 23260 1880  Walker and Grant (2015)
Canada (dw) 0.16
0.06- <0.05- 19.3-
Isaacs Harbour, NS, Canada (dw) 2.2-278 1.53 4.3-179 16.0 2.2-126 142 Walker and Grant (2015)
0.09- <0.05- 26.1-
Wine H N 4- .8-30. 4-53.4 i *
ine Harbour, NS, Canada 568 0.01 6.8-30.3 743 5.4-53 776 Little et al. (2015)
.02- <0.05-
Seal Harbour, NS, Canada 1.2-445 %zs 1.5-25.2 fsg 1.6-33.9 16-90.3  Walker and Grant (2015) *
Sydney Harbour, NS, Canada (dw) 4.0-33.0 0.3-1.10 2.2-71.0 0.10-0.49 4-120 31-210  Walker et al. (20133, b)
Outer Lunenberg Harbour, NS, Canada 10-20 ND 12-34 ND 52-10 17-24 Envirosphere Consultants (1996) *
179-
Halifax Harbour, Shipyard, NS, Canada 17-34 ND-1.3 64-533 ND 67-555 1429 Carter et al. (2004) *
0.02- 35.1- N
Bay of Fundy, NS, Canada ND 0.04 9.3-17.0 ND ND 65.5 Chou et al. (2003)
B - -
ackground in coastal sediments, NS, 20 0.4 40 0.10 40 150 Loring et al. (1996)
Canada (dw)
CCME I1SQG 7.24 0.7 18.7 0.13 30.2 124 CCME (2019)
CCME PEL 41.6 4.2 108 0.70 112 271 CCME (2019)

Note-DL- detection limit for present study presented in parentheses; nv- no guideline value; * data reported did
not specify whether wet weight or dry weight; ND- not determined; dw-dry weight; CCME, 1SQG, and PEL-
Canadian Council of Ministers of the Environment, Interim Sediment Quality guideline, and Probable Effects Levels
(CCME, 2019a).
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3.6.2 Biota Tissue Contaminant Concentrations

American lobster (Homarus americanus) (n=13), rock crab (Cancer irroratus) (n=13), and blue
mussel (n=8) whole-body tissues were analyzed for metals (As, Cu, Cr, Cd, THg, Pb and Zn),
dioxins and furans, and methyl mercury (MeHg). Only As and Pb concentrations were compared
to CFIA guidelines, as CFIA guidelines do not exist for other metals (Cu, Cr, Cd, and Zn) (CFIA,
2019). Arsenic concentrations in lobster and crabs exceeded CFIA guidelines (3.5 mg/kg) in all
stations ranging from 4-10 mg/kg (lobster) and 2-5 mg/kg (rock crabs) (Fig. 14). Pb
concentrations in all stations were below DLs (0.4 mg/kg) in lobster, and also rock crab except
at station N3, where concentrations were above the CFIA limit of 0.5 mg/kg. Although Cr has no
CFIA guidelines it was also below DLs (2 mg/kg) across all sampling stations in lobster and crab
tissue (Fig. 14). Zn was detected above the DL (5 mg/kg) ranging between 18-37 mg/kg and 24-

42 mg/kg in lobsters and crabs, respectively.
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Fig. 14. Metal concentrations in rock crab (Cancer irroratus) (n=13) and lobster (n=13) (Homarus americanus)
tissue. Horizontal straight line indicates CFIA guideline and dotted horizontal line indicates DL. Concentration of
tissue expressed in wet weight
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All metal concentrations were below DLs in blue mussel (Mytilus edulis), except Zn with
measured tissue concentrations between 7-19 mg/kg (DL=5 mg/kg). Mercury which has a CFIA
guideline of 0.5 mg/kg was not quantified above the DL of 0.05 mg/kg in all three biota species.
For dioxins and furans, there are CFIA guidelines for 2,3,7,8 TCDD (dioxin), which represents the
TEQ of the PCDD/F mixture, and which is 0.02 ng/kg (under review, CFIA, 2019). All tissue
samples were below DLs in all three marine biota species for dioxins and furans. All three
species were also analyzed for MeHg.

There is a paucity of background metal concentration data in the Maritime region for marine
biota. To determine if arsenic concentrations detected in lobster tissue samples in the present
study were representative, results were compared to those of a similar study conducted by
Maltby et al. (2018 unpublished data) in the Northumberland Strait. Maltby et al. (2018)
collected samples of adults, sub-adults, and juvenile American lobster from three different sites
in Northumberland Strait, Ballantynes Cove (~45 km from Boat Harbour outfall), Merigomish
(~15 km from Boat Harbour outfall), and Pictou Road (>1 km from Boat Harbour outfall).
Results from Maltby et al. (2018) showed a similar pattern of metal concentrations to the
present study, reporting some exceedances in As concentrations in adult lobsters from all
stations. Arsenic concentrations across all stations ranged from below DL to 23 mg/kg, results
comparable to this study. Lead was also undetected in all stations assessed by Maltby et al.
(2018). The results for the metals lacking CFIA guidelines (Cd, Cr, Cu, Zn) were also comparable
(Table 7).

To determine if elevated As concentrations in marine biota were only limited to

Northumberland Strait or was a broader regional issue, results were also compared with other
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regional studies in Nova Scotia and the Maritimes. American lobster and rock crab samples
collected by Walker and Grant (2015) from Issacs and Country harbour (adjacent historical gold
mining tailings site) and Sydney Harbour (contaminated by coking and steel manufacturing) in
Nova Scotia also reported As exceedances (Table 7). However, a study conducted by Chou et al.
(2003) in the Bay of Fundy did not detect As and Pb concentrations in American lobster (Table
7).

Presumably, elevated As in American lobster and rock crabs is due to the natural presence of As
in rock, soil, and sediments across Nova Scotia (Meunier et al., 2010; Walker and Grant, 2015).
These biota species live in direct contact with sediments so contamination in the sediments has
a great impact on them (Maharaj and Alkins-Koo, 2007; Hussain and Pandit, 2012). While As in
biota tissues could be bioaccumulated over time, the elevated Pb concentrations in rock crab
tissues at station N3 was unclear (Fig. 14).

Furthermore, contaminant concentrations (i.e., metals, dioxins and furans, THg) did not
exceeded CFIA in blue mussels. Similar patterns were observed in different studies across Nova
Scotia, New Brunswick, Gulf of Maine (near the south shore of Nova Scotia) in the United States
(Table 7), where metals in mussels were below CFIA guidelines and in some cases were below
DLs. Blue mussels are good filter feeders and can filter particles from 2 -5 um in size (Pruell et
al., 1986; Boening, 1999). Low detection of contaminants (i.e., metals, dioxins and furans, THg)
in blue mussels collected from along the shoreline of Pictou Harbour indicates that there is

limited or negligible contaminant concentrations in seawater.
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*Table 7. Comparison of metals concentrations (mg/kg) in mussel, rock crabs, and lobster tissue by study (adapted

from Walker and Grant, 2015).

Location As Cd Cu Hg Pb Zn Reference
American lobster tissue (H.
americanus)
4.0-
Northumberland Strait, NS, Canada 1000 0.9-1.4 13-28 <0.05 <0.4 18-34 Present stud
(DL)(wb) (ww) o) (0.3) 2) (0.05) (0.4) (5.0) v
N i - . i
orthumberland Strait, NS, Canada ND-23 ND ND-27 ND ND ND-42 Maltby et al. (2018 unpublished
(wb) (ww) 0.63 data)
Isaacs and Country Harbours, NS, 5.0- 0.06-
<0. ND <0. 24. Walk 201
Canada (hep)(ww) 10.0 0.3 0.12 0.5 35 alker and Grant (2015)
5.1- 10.4- «
Bay of Fundy, NS, Canada ND ND ND 27-129 Chou et al. (2000, 2003)
22.9 896
CFIA 3.5 Nv nv 0.5 0.5 nv CFIA (2019)
Rock crab tissue (C. irroratus)
Northumberland Strait, NS, Canada 2.0-5.0 0.6-3.9 12-36 <0.05 <0.4-0.9 24-42 Present study
(DL) (wb) (ww) (2) (0.3) (2) (0.05) (0.4) (5.0)
Sydney Harbour, NS, Canada (hep) 3.6- <0.01- 11.7-
0.5-6.9 9.8-28 <0.18 Walker et al. (2013
(ww) 153 0.04 28.9 alker etal. (2013¢)
CFIA 35 Nv nv 0.5 0.5 nv CFIA (2019)
Blue mussel tissue (M. edulis)
Northumberland Strait, NS, Canada <2.0 <0.3 <2-2 <0.05 <0.4 7-20 Present stud
(DL) (ww) (2.0) (0.3) (2.0) (0.05) (0.4) (5.0) v
Isaacs and Country Harbours, NS, 0.16- 0.02- 0.15-
1.3-2.0 0.8-6.7 7.4-11  Walk d Grant (2015
Canada (ww) 0.19 0.05 1.31 alker and Grant (2015)
Seal Harbour, NS, Canada 60-109 ND ND ND ND ND Whaley-Martin et al. (2012) *
0.14- <0.01- <0.18- .
Sydney Harbour, NS, Canada (ww) 1.5-3.9 0.29 0.8-1.9 0.03 0.43 10-24 Walker and MacAskill (2014)
. 0.10- 0.01-
Halifax Harbour, NS, Canada(ww) 1.9-2.5 0.44 1.5-2.4 0.04 0.1-2.4 17-41 McCullough et al. (2005)
Dalhousie, NB, Canada (ww) ND ND ND 2220- ND ND Garron et al. (2005)
. ND 0.55-
Baie des Chaleurs, NB, Canada (ww) 42 0.5-1.1 ND <2.5-31 4.8-42 Fraser et al. (2011)
ND 1.10- 0.11-
Gulf of Maine, United States 131 4593 131 1.0-8.3 54-153  McCullough et al. (2005) *
Gulf of Maine, United States ND 0-10- 713 ND 0.08- 7-13  GMCME (2013) *
! 0.20 o 0.78 ( )
CFIA 3.5 Nv nv 0.5 0.5 nv CFIA (2019)

Note-*DL- detection limit for present study presented in parentheses; nv- no guideline value; ND- not determined;
* data reported did not specify whether wet weight or dry weight ;wb- whole body tissue; hep- hepatopancreases
tissue; ww- wet weight; CFIA- Canadian Food Inspection Agency (CFIA, 2019).
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Whole-body tissue homogenates of all three species (American lobsters, rock crabs, and blue
mussels) were also analyzed for MeHg. There is currently no CFIA guideline for MeHg in fish
tissue. For this study, Canadian tissue residue methyl mercury guidelines for the protection of
wildlife consumers of aquatic biota (2019) were used for comparison (CCME, 2019b). These
MeHg tissue residue guidelines (TRGs) refer to the maximum concentration of chemical
substance in the tissues of aquatic biota that is not expected to result in adverse effects to
wildlife consumers of the aquatic biota. They are developed to protect wildlife species which
are not in direct contact with sediments and usually feed on aquatic animals and plants.

A total of six lobsters (N1, N2, NE1, NE3, N8, NE 8) and four rock crabs (N2, N3, NE1, N2, N8,
NES8) were analyzed for MeHg. Four composite samples of blue mussels (from M3, M4, M7, M8)
were also analyzed for MeHg. Samples from N1 (37.3 ng/kg), N2 (53.4 ng/kg), NE1 (41.8 ng/kg),
NE3 (47.2ng/kg), NE1 (57.5), and N3 (39.5 ng/kg) exceeded the CCME MeHg tissue residue

guideline (33.3 ng/kg) (Fig. 15).
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Fig. 15. Box plot representing whole tissue methyl mercury concentrations in lobster (Homarus americanus) (n=7),
rock crabs (Cancer irroratus) (n=6) and blue mussels (Mytilus edulis) (n=4). Tissue concentration were expressed in
wet weight. Horizontal line represents the methyl mercury guideline by Canadian tissue residue guidelines for the
protection of wildlife consumers of aquatic biota (CCME, 2019b).

A number of studies have been conducted to understand the influence of metals, including THg,
on exposed biota, but there is a lack of research data on MeHg concentrations in Nova Scotian
biota (Stewart, 2019). Further, MeHg has not been tested in BH biota, water, or sediment
samples, making it difficult to predict whether the elevation of MeHg is due to migration of
contaminants from BH. In the environment, inorganic mercury is regularly methylated into its
organic form (MeHg) which can readily bioaccumulate in organisms and is also known to
biomagnify through the food chain (Hammerschmidt and Fitzgerald, 2006). Presence of
mercury in the environment adjacent to Boat Harbour can possibly have arisen from different
sources, for instance the weathering of mercury bearing rocks, fossil fuels, industrial effluents
(such as from chlor-akali plants), and atmospheric emissions (UNEP, 2002; Walker, 2016). It is

often difficult to attribute environmental MeHg to one or more-point sources. A similar study
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on Hg near a chlor-alkali plant in Chaleur Bay in New Brunswick, Canada was conducted by
Walker (2016), which suggested that there was natural recovery by deposition of new
uncontaminated sediments over contaminated strata in the area (Walker, 2016). It is possible
that a similar deposition of sediments low in Hg and MeHg could have covered contaminated
sediments in this study also. Therefore, it is necessary to have long term monitoring plans in
and around BH to examine the effects of remediation activities on concentration of MeHg in

the area.

3.6.3 DGTs Metal and THg Concentrations

DGT chelex disc binding gels were analyzed for metals and MFS binding gels were analyzed for
THg. DGT chelex disc from station 10 (ESM 10) and MFS disc from station 8 (ESHG 8) were
damaged during retrieval and were not analyzed. There are no CCME guidelines for sediment
porewater metal concentrations. Therefore, metal concentrations in DGTs from BH were
compared to DGTs downstream in the estuary. The concentration of As in the estuary was
found to be slightly higher than those in BH with a range of 2.90-4.33 ug/| (Tables 7 and 8). Cd
in BH was not detected and was also very low in the estuary. Cu, Cr, Pb and Zn were also found
in low concentrations in BH relative to the estuary (Tables 7 and 8). Concentrations of THg in
MFX DGTs discs from both BH and the estuary were very low and <DLs at some stations (Table 7
and 8). DGT results indicated that sediment porewater metal concentrations in BH were likely
lower than downstream estuary concentrations. Since Cd and THg were not detected in the
DGTs, it would appear that these metals are not readily bioavailable for species exposed to

sediment porewater.
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Table 7. Descriptive statistics of DGT and MFS disc (which represent sediment porewater) metal concentrations

(ug/l) from BH (n=10).

Metals | Minimum Maximum Mean Std. Deviation DL

As 1.070 1.600 1.360 0.164| 0200
cd 0.025 0.025 0.025 0.000 |  0-050
cr 1.200 2.000 1.440 0236 | 000
Cu 0.500 1.300 0.580 0.252 | 1000
Hg 0.010 0.030 0.015 0.008 | 0020
Pb 0.810 1.65 1.142 0.257| 0-200
Zn 5.000 25.000 11.400 g.40g | 10000

Table 8. Descriptive statistics of DGT and MFS disc (which represent sediment porewater) metal concentrations

(ug/l) from ES (n=9).

Metals | Minimum Maximum Mean Std. Deviation DL

As 2.90 4.33 3.65 0.538 0.200
Cd 0.07 0.12 0.096 0.017 0.050
Cr 1.70 2.10 1.877 0.148 1.000
Cu 0.50 2.10 0.900 0.572| 1000
Hg 0.01 0.01 0.009 0.000 | 0020
Pb 1.20 2.15 1.610 0.316 0.200
Zn 5.00 16.00 12.000 3.240 | 10.000
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3.7 Limitations

There are some limitations in this study which should be considered:

1) Due to limited funding and high cost of analysis, only 12 bulk sediment samples were
collected and analyzed. In addition, due to rocky substrate, samples from 4 stations (i.e., N5,
N6, N7, N8) could not be collected. More samples would have strengthened the statistical
power of the study.

2) Only one sample of lobster was collected per station due to restrictions imposed under the
DFO scientific fishing licence. More lobster samples would have provided better information on
the potential impact of pulp mill effluent on biota and would have also strengthened the
statistical power of the study.

3) Lack of CFIA guidelines for some metals (i.e., Cr, Cd, Cu, MeHg) for aquatic biota tissues made
it difficult to understand what the detected concentrations of these metals in marine biota
mean with respect to human health. In addition, there are a limited number of local studies
conducted on metal concentrations in marine biota which made it difficult to get a broader

picture of the region.

3.8 Conclusion

The primary objective of this study was to assess the level of contamination in marine
sediments and biota of the Northumberland Strait. Therefore, to assess the broader picture of
contaminant concentrations across the Northumberland Strait, this study used sediments and
three marine species (American lobsters, rock crabs, and blue mussels) from different trophic

levels to provide an ecosystem approach. Due to proximity of the Northumberland Strait to the
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effluent discharge point (estuary), it was expected that the study would find a higher
concentration of contaminants in near field stations (N, NE 1-3) relative to far-field stations (N,
NE6-8). However, our results provide no evidence of any significant impact on sediments or
biota of the Northumberland Strait that is attributable to the industrial effluents. In sediments,
all the contaminants (i.e. metals, dioxins and furans, mercury) were below the ISQGs and some
even below the detection limit. It was interesting to note that the concentrations of metals in
sediments were not only found below the CCME ISQGs (CCME, 2019a) but were also below the

background concentration range in coastal sediments of Nova Scotia (Loring et al., 2016).

Further, it was assumed that marine biota would be impacted by effluents due to
bioaccumulation and biomagnification at different trophic levels. Our results indicate there is
no significant impact on Northumberland Strait biota with the exception of As exceedances in
lobsters and crab. The source of these As exceedances in the environment is not due to point
source releases or industrial activities, but rather, is most likely due to underlying bedrock
geology resulting in naturally high As levels in water, sediments and soil across Nova Scotia.
MeHg in lobsters and rock crabs were found to be above the prescribed Canadian tissue residue
guideline for the protection of wildlife consumers of aquatic biota and are of potential concern.
In addition, MeHg can become bioavailable to aquatic biota under certain conditions and may
bioaccumulate and biomagnify in marine aquatic food webs. The present study was the first to
assess baseline MeHg concentrations in marine biota after 50 years of Boat Harbour effluent

discharge.
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The final objective of the Boat Harbour Act (2015) is to connect Boat Harbour with
Northumberland Strait by removing the dam above the estuary. While the volume and surface
area of BH will decrease in the absence of the impoundment, there will be an incursion of
marine water from Northumberland Strait to Boat Harbour. This incursion may potentially lead
to a remobilisation of any mercury present in contaminated sediments that are not removed
from Boat Harbour. It has been documented in different studies that flooding changes can lead
to remobilisation of THg, and thus increase MeHg in aquatic ecosystem (St Louis et al., 2001,
2004; Roy et al., 2009; Teisserence et al., 2014). Usually, flooding events modify the organic
matter dynamics in sediments resulting in sharp increases of TOC in surface sediments which
may lead to mobilisation of Hg (Louchouarn et al., 1993). Therefore, it is highly recommended

that more detailed investigation of THg and MeHg in and around BH should be conducted.

A strong baseline dataset will help to inform remediation decisions and the monitoring regime
during and after remediation activities. Our results clearly indicate that, at present, the
Northumberland Strait adjacent to Boat Harbour has similar or less contamination than
comparable areas not influenced by Boat Harbour and is therefore not requiring any
remediation. However, monitoring should be implemented throughout Boat Harbour
remediation to ensure clean-up activities do not inadvertently introduce contaminants known
to be resident in the Boat Harbour settling basin. Periodic sediment and same species
(American lobsters, rock crabs, and blue mussels) biota sampling are recommended to enable
tracking of potential future contamination of the Northumberland Strait, which may occur

during or following BH remediation.
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Chapter - 4 Conclusions and Recommendation

4.1 Summary of Research

According to the Boat Harbour Act (2015), remediation of Boat Harbour (BH) will start after
January 31, 2020 (Boat Harbour Act, 2015). The main objective of the Boat Harbour Act (2015)
is to remediate and return BH to pre-tidal conditions by re-connecting it to the Northumberland
Strait (Hoffman et al., 2017a, 2019). In order to have an effective remediation plan, baseline
data in BH, its estuary, and the Northumberland Strait receiving environment was necessary.
The two objectives of this research were:

1) To assess the level of contamination of metals, dioxins and furans and methyl mercury in
sediments and biota of the marine environment of Northumberland Strait; and

2) To prepare the baseline pre-remediation data, which can be used during and after
remediation for monitoring purposes.

To achieve these objectives, sediment and American lobsters (Homarus americanus), rock crab
(Cancer irroratus), and blue mussel (Mytilus edulis) sampling was done in May 2018 and July
2019. The samples were analyzed for metals and dioxins and furans (as discussed in chapter- 3).
This Chapter provides the summary of key findings and some management-specific
recommendations which will help the current and future planning of the BH remediation

project.
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4.2 Key Findings

1) Sediment concentrations of metals (As, Cd, Cr, THg, Pb, and Zn) and dioxins and furans were
below the Canadian Council of Ministers of Environment (CCME) interim sediment quality
guidelines. Cd and THg were not detected in sediment samples. These findings were
corroborated with results of sediment sampling done by the private consulting firm contracted
to perform the site assessment for the Boat Harbour remediation project. Interestingly,
sediment metal concentrations in the Northumberland Strait were lower than the background
values of sediment metal concentrations at un-impacted sites across Nova Scotia.

2) Concentrations of metals (Cd, Cr, THg, Pb, and Zn) and dioxins and furans in three biota
species were below the Canadian Food Inspection Agency guidelines for fish tissue. Arsenic
concentrations in lobsters and rock crabs were found to be above the CFIA guidelines. In
addition, methyl mercury concentrations in some samples of American lobsters and rock crabs

exceeded tissue residue guidelines for the protection of wildlife consumers of aquatic biota.

4.3 Management Implications and Recommendations

4.3.1 Long Term Monitoring Plans

Chemical concentrations (i.e. metals, dioxins and furans and THg) measured in Northumberland
Strait sediments in this study were lower than CCME guidelines and BH sediments,
demonstrating that the Boat Harbour Treatment Facility achieved its designed objectives of
retaining contaminants in BH. The results of the present study will help delineate the
boundaries of the BH remediation programs by providing baseline contaminants data during

and after remediation.
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Additionally, this data will also be helpful if the new effluent pipeline plan proposed by
Northern Pulp gets approval (Dillon Consulting Limited, 2019).

The end goal of the Boat Harbour Act is to return the waterbody to a tidally influenced estuary
condition by re-connecting it hydraulically to the Northumberland Strait. Therefore, it is very
important to have long term monitoring plans for the study area. Currently, the remediation
plan for BH has not been definitively addressed, and it is not yet known whether it will be ex-
situ or in situ (dredging, capping). It has been documented that dredging and infilling operations
at contaminated sites sometimes lead to major negative sediment disturbances such as
resuspension, remobilization and enhanced bioavailability of historical contaminants (Walker et
al., 2013a).

Therefore, any negative sediment disturbance in BH during remediation could lead to the
migration of contaminants to the Northumberland Strait. Thus, it is recommended that a
regular monitoring plan should be developed during and after remediation. Regular water
sampling every 2-3 months and annual sediment sampling is recommended during
remediation. This will help to measure effectiveness (both positive and negative) of
remediation techniques in the area. Long term monitoring is also recommended after
remediation which should include periodic sampling of water, sediments, and biota tissue of

the area every three years.

4.3.2 More Studies on Metals and MeHg Concentration in Biota in Atlantic Region
Concentrations of metals (except As) and dioxins and furans were found lower than CFIA

guidelines. This data is not only useful for remediation plans, but also for the fishing industry of
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the region. Fishing is the important industry sector for Atlantic Canada. The export of Nova
Scotia fish and seafood is valued at $1 billion CAD annually (DFO, 2018; Zhang et al., 2019). The
key stakeholder community of this remediation project, Pictou Landing First Nation, are also
dependent on the fishing sector. Any exceedance of MeHg in any commercially harvested
species in the region could potentially harm the local seafood market, which has a reputation
for clean, safe products. In this context, there is a considerable lack of research in the Atlantic
region on MeHg concentrations in biota, leading to the recommendation to conduct further
studies on biota, particularly focussing on MeHg concentrations to better understand the
broader regional picture. Passive techniques like diffusive gradient thin films (DGTs) can be
used to estimate the level of contamination in biota, a particularly useful technique in a region
where actual biota sampling is not always possible or feasible. DGTs behave as a fish surrogate
in water (Ferreira et al., 2013; Bireta, 2015). These studies will help in understanding any

potential ecological or human health risk that may be associated with MeHg contamination.
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APPENDIX -A

GARMIN

Image.1. Garmin GPS unit for recording waypoints of sampling stations.
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Image.2. Long gravity‘corer 2416 B45 (Wildco®) used for sedimeht‘s'ampling;

Image.3. Lobsters fishing boat used for sediment and biota sampling in July 2018.
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Image.5. Adult lobster (Homarus americanus), of CL
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180-125 mm) collected in July 2018.



Imaé.G. Rock crabs (Cancer irrratus) CL (103-113mm) collected in July 2018.
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Image.8. Blue mussels (Mytilus edulis) (56-60mm) shell length collected in July 2018.
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Image.9. Department of Fisheries and Ocean (DFO) Scientific license.
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Image 10. Diffusive gradient in thin films sediment probe disc.
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Image. 11 DGT disc tied to cinder block and plastic cable ties.
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Image. 12. Laboratory provided glass jars used for storing sediment samples.
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1,2,34.7.5-Hexs SO0 [(TEF 0.51

rgkg

rpkg

mpkg
makg
raka
raka

STAMPLE DESCRIPTION: NET HE 8
SAMPLE TYPE:  Ssdment Eodiment
DATE SBAMPLED:  2018-97-11 20180711
=T ROL BEEEDET ROL 2193083
LE 0z LX] <01
0 <0 02 0z
0.7 a7 o7 a7
0.7 a7 ar a7
0.7 a7 o a7
0E o7 05 05
2 ] 1 14
0.2 03 02 0.4
0= s 04 04
0.4 os 04 04
0E o7 04 0E
0 <0 02 0z
0.7 a7 as <as
L BT L] <0
1 1 as LE
2 =z 03 08
1 ] o7 1.4
0.2 2z [.X] 0.2
0E 14 02 0
0.7 az o7 18
0E 4= L1 18
E 28 1 18
0.2 28 02 1.8
o= 2z 04 o3
L EE] L] 11
2 4 03 1.0
2 15 LE] 53
o o
[ o
[ o
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CLIENT NAME: NOVA SCOTIA LANDS INC
SAMPLING SITE:

Certificate of Analysis

AGAT WORK ORDER: 18X3561336

PROJECT:
ATTENTION TO: Tony Walker
SAMPLED BY:

Dioxins and Furans (Sediment, WHD 1998, Fish)

DATE RECEIVED: 2018-07-12

DATE REPORTED: 2018-07-31

EAMFLE DEEBCFRIPTION: HET NE 8

SAMFLE TYPE: Sediment Sodiment

DATE BAMPLED: 30180711 201B07-11

Tumcgats untt Aopeptabls Limits BEIREDEE 198043
13C-2378-TCOF % 30-940 83 ET
13C-12378-FeCOF % 30-940 61 ED
130-234TE-FeCDF % 30-940 B3 T4
13C-123478-HaCOF % 30-940 BS 0
13C-1236TE-HECDF = 30940 B5 o
13C-234ETE-HACOF % 30-940 =] EE
13C-123TES-HECDF = 30940 Al ET
13C-12346T8-HpCDF % 30-940 55 &1
13C-12347ES-HpCOF = 30940 g3 EE
13C-2378-TCOD % 30-940 ] BD
13C-~12378-FeCDD = 30940 T2
13C~12347E-HwCDD % 30-940 m ET
13C-12367E-+ECO0 = 30940 76 B3
13C-1234678-HpCDD % 30-940 s8 E5
13C-0CD0 % 30-940 38 E

Comments: ROL - Reporied Defection LimE, 5 /3 - Guidelne | Standard

‘BEBEOE4-BEBBOBE The nesults wens comected based on the surogabe percent recoveries.
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11 Morts Drive, Unik 122

Certificate of Analysis Ooreum Mo St
@ @ @ i Laboratories ;GﬁT\'u’DRK ORDER: 16X361396 ;-E,_ix “:Wnl,

ROJECT: it gtk com
CLIENT NAME: NOVA SCOTIA LANDS INC ATTENTION TO: Tony Walker
SAMPLING 5ITE: SAMPLED BY:
Dioxins and Furans [Sediment, WHO 1998, Fish)
DATE RECEIVED: 2018-07-12 DATE REPORTED: 2018-07-31
LAMFLE DESCRIPTION: HET HE &
LAMFLE TYFE: Sediment Tediment
DATE SAMPLED: 2018497-11 201840711
Farametsr unit @ls ROL BEBEDED ROL 333083
1,2,3,6.7 &-Hexa COD (TEF 001} TEQ o o
1,2,3,7.5 5Hexa COD (TEF 001} TEQ o o
:]:_Dh::,-:-.&.?m coD (TE TEGQ 0000652 B
[Ccta COD (TEF0.0001) TEQ 0.00137 000142
TEQ o o.o20%
TEQ o o
TEQ ozss o
TEQ 0.0ss3 o.oses
TEQ [:] o
. TEQ o o
1,2,3,7.8.5-Hexa COF (TEF 0.1] TEQ o 1]
[1.2.34.5.7.5-Hepta COF (TEF 0.0} TEQ Lot ooosaT
1,2,34.7,2 5-Hepta COF (TEF 001} TEQ 1] 1
(Ccta COF (TEF 0.0009) TEQ 0.0001%3 0000141
[Total FCOOs & PCDFs (TEQ) TEQ 033s CLDBEE

115



:I!l: @@@T Laboratories

41 bieavin Driva, Link: 133
Camrrwat Hya Soots
TR ATLE, DO SR

4 TEL FRE-H-07 44
T FE 065
—d et g At s oo
Quality Assurance
CLIENT HANE: NOVA SCOTIA LANDS INC ASAT WORE CRDER 18581 3
PROJECT: ATTENTEOH TR Ty Wl
EAMPLING SITE: SAMPLED BY:
Soil Analysis
RPT Dwiac Jul 11, 2080 DLUPLICATE Y L T BLAN -
M [CE——r—
Amrem B | Hmee e Lills Ll LT
FARAMETER [ = Bupi | bDepie | &FD " [
Lo | Lol [ T [ [T
Bymlabls Betai in Soll
A POGRLET DISA0EY  ETED oY O =10 11¥E AR EXOR 1% TR DNE IR 7O I
Enbrmey POOEDET DISA0EY  a| =t [ = OTE AR DXOW I0FE AFE D3R MA TOR XD
A FORECED BISA0E 4 | ik w1 o T s T T e T T T
Barium FOREET BISATEY  1BA 1M wd - O e - T R - T R
Barglur OORET DISA0EY  eX ) [ w3 IDFE AR EXOW I0TE  AFE DX0R I07R TOR D
Boor, POGELET DISA0EY  r " TR w3 IR AR DIXOW IR TR DN0R I TOR IO
Cmdmiur RO BISA0EY  «03 =03 Fi =03 N 0% D0% SR AR D0 IHE TOR INDR
Chromiurr OREET BISA0EY 0 ] 3.3 w3 JOUFE OO DXOW IR AR D3R 11TR TOA X0
Cobu OREET BISA0EY B H 1 5 wq JOUFE OO EXOW IHE AR D3R 107 TOR XD
Copoer POGEET DISA0EY 0 3 [ w3 - T T R T L
Irzn OE0ET DI0A0EY MMM BE4O0 0PN +ED D8N BOW DR 114N AR IR IR TOR UNDR
L RO BISAIEl |03 112 OF% =05 MO OO DO% (0TS OO% D30 104N TOW ND0W
LEhium OREED OISA0EY = X1 3 wd IOER TN NNOW I0TE TOR DMR 10 Toa X0
Wargarees POOR0ET DISA0EY 107 M LI w3 11¥E AR DO I0FE  ATER D30R IR TOR IO
Wiz vt rear POOE(ET DISA0EY =X -] [ =3 o AR DO IR AR DR 0R TOR IR
Paickad RN BSA0EY T ] [ 1 w3 IS OF% EXOW 10T AFE D30E I8N TOW IXDW
Salsntam RO BISA0EY  a| e FA wq iy N L L T R - T R
Shvar FOREET BISATEY  e0% =0a A =05 BN AW 0% 100 AR N30 S0W TOR UNDR
ST POOEDET DISA0EY 3 ] [ g IR AR EXOW I04% AFE DIDR 1ITR TOR IR
T Bam FOREET BISA0EY  wd | =0t Fi =01 00N BN DO 1% AR KR MA TOW INDR
™ RO BISA0El 3 3 FA w3 i W L - T R T
Urmrnkam OREET BISA0EY  [E 10 A4FE =01 O7E OO DNOW GO AR L3R 100N TR NN
‘armdiam OREET OISA0EY 7 = -2 3 w3 - B L - T R S ETE R R
Ire EOECED DISACET  E = 1% =il R B D0 IHE B D3R (D Toa P30
Marcury Anabymin in Sod
L 1 EMMGEE rE 140 0% eD0E BN TOW UN0R MA TR DD I00E Toa UEOR
Irezrganicy |Tod)
Tl Organic Carson PO 1z 110 IF% =03 HA 0P DXOW MA O LIDR MA orm IR
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41 likervin Drive, Linik 123

if Crrcad, Hova ool
L @@@ . CAHAL 0 TR
7 TEL (T
, i Laboratories . B 7
Pz agEsaba o
Quality Assurance
CLIENT HAME: NOVA SCOTIA LANDS INC AGAT WORE ORDER: 182341 38
PROJECT: ATTENTION Tk Toasy Wil
SAMPLING BITE: SAMPLEDEY:
Ultra Trace Analysiz
RFT Dwiac Jul 14, 39 DUPLCATE O EETHOD Bk AL ol
L
FARAMETER ekt "".-"" Buph | Dapi | Gn | WS "‘::" e L | e
Lo | g Larwes | Lipgoi Livwsst | Liggoi
DCéourin aned Fursns S ma, WHO 10, Fixk|
237 B-Teim COD 1 Ha =02 =2 K& =01 @ 4 'ER ML &R A HE O SR IR
1,337 2-Parin OO0 1 Ha =04 Lt} K& =02 IDFR 4R 'NR ML &N A IR &% IR
123347 Brrimc OO 1 Ha =07 =7 K& 0T IR AR DNDR MM A OMR 1EE e TXOR
1.3 357 Bl OO 1 Ha =07 =7 K& =07 IR 4R PNR O MA &R A IER &% IR
1,337 2 B-rimen TOO 1 Ha =07 (4] K& =07 IR 4R 'NR RMA &R R IR &% IR
1.3 3457 Bingim COOD 1 Ha 13 14 K& =02 A% 4R 'NR RMA &R R IER &% IR
Oetn CODH 1 Ha B 1] i0%% -0 IR A% PR M 4 O 10N AR IER
227 -Talm COF 1 Ha =03 Lt} K& 01 MR ATE ENDR MM AR OMR IDTE a0 XOR
1,23.7 2-Paniy I0F 1 Ha or i K& =04 U1¥R 4R 'R MA O &R DR M &% IR
2347 2-Punin OOF 1 Ha =04 =38 K& =04 IITR 4R 'NR ML &R R 11T &% IR
1,.3347 Bl COF 1 Ha 04 L] K& =04 U11% 4R IR OMA &R DA 1R &SR IR
1.2 357 Bl COF 1 Ha =04 =38 K& =01 ¥ 4R OER OMA &R DA R &SR IR
LIAET Bl COF 1 Ha =0E L] K& 05 I11% AR IR M A DR 1R e TX0R
1,337 8 Bl COF 1 Ha 0B L] K& =0 IR 4R 'NR RMA &R DA O IER &% IR
1. Z 3457 Bagln COF 1 Ha 1] =] ha =05 I0FE 4% 0% KA 4 IR 1ITE SR 1EE
1.3347 A Bazin COF 1 Ha Ll ] i K& =0F 'ER 4R 'ENR ML &N A IR &R IR
Octn CIF 1 Ha LF i K& =07 DR 4TR PNR RMA &R A IR &R IR
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41 Moy Drive, Uinkk: 133
Cmrrwath, Howm Soots

_—
anilfy
E] @ . CAMALS, 00 T
e ﬂ Laboratories T S
—il [ re—————
Method Summary
GLIENT RAME: NOWA SOOTIA LANDS INC AOAT WOl ORDER: 18581 58
PROJECT: ATTENTEOH T Ty Walked
SAMPLUING SITE: SAMPLED BY:
FARAMETER AOATS.0F UTERATURE REFERENCE ANALYTICAL TECHNIGUE
Senl] Analyses
MET-IFEE L EPA, S S48 BIONASSISOR & SM
A MET-1Z1-8100 124 B
MET-IFEE L EPA, S S48 BIONASSISOR & SM i
ey MET-1T1-8100 124 [
MET- X818 & EFA BN S48 B0 ASSISOE & SM
e MET-1 718100 FI] B
MET- X818 & EFA BN S48 B0 ASSISOE & SM ik
fadm MET-171-8100 FI] [
MET-1IE1E & EFA Sy S48 SO0 ASSOS0E & S
Baryliusm MET 13181018 a4 PR
MET-1IE1E & EFA Sy S48 SO0 ASSOS0E & S
Baven MET 13181018 a4 s
. MET- 18105 & EFA Sy S48 Bl ASISOE £ SW
Cana MET-121-81008 2124 RS
MET- 18105 & EFA Sy S48 Bl ASISOE £ SW
Chermb MET- 131810 2128 i
- MET- 1810 & EFA Sy S48 Bl ASISOE & SW
Caaan MET 1218108 ERF-] ICPAS
= MET- 1810 & EFA Sy S48 Bl ASISOE & SW
o MET- 131810 2128 -
MET- 18105 & EFA Sy S48 Bl ASSOE & SW
— MET-1h-a1i A ICFAS
MET 1R85 & EPa il 848 aEASOS0E & S
Ll MET-1T1-8100 g ICP-45
MET 1R85 & EPa il 848 aEASOS0E & S
e NET 121 81 i e
METAREEL EPA, S S48 BN ASOSOE & SM
R MET-1T1-81i0 FTE] R
METATIEIH S PR EWSHBCNASISE L M o
- MET 118108 EiF-]
MET-IFEE L EPA, S S48 BIONASSISOR & SM
i MET-1Z1-8100 124 B
8 MET-IFEE L EPA, S S48 BIONASSISOR & SM i
" MET-1T1-8100 124 [
MET- X818 & EFA BN S48 B0 ASSISOE & SM
W MET-1 718100 FI] B
Po— MET- X818 & EFA BN S48 B0 ASSISOE & SM ik
= MET-171-8100 FI] [
MET-1IE1E & EFA Sy S48 SO0 ASSOS0E & S
Thallum MET 13181018 a4 PR
MET-1IE1E & EFA Sy S48 SO0 ASSOS0E & S
T MET- 131810 2128 i
MET- 18105 & EFA Sy S48 Bl ASISOE £ SW
L MET-121-81008 2124 RS
MET- 18105 & EFA Sy S48 Bl ASISOE £ SW
Ve MET- 131810 2128 i
MET- 1810 & EFA Sy S48 Bl ASISOE & SW
Lad MET 1218108 ERF-] ICPAS
INER-T21-8,
Fartcien «TSum i ASTM D42283 T
INER-T21-8,
Chmfoaion iy Afturtc RECA v
Tt L e Carbron INOR-101-S0ETF MA A0S 11 TITRAGE
Lot LAE-11 1-440F A 106-5T 1.1 BALANGE
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41 Micarrin Drivm, Linkk 132
Cmrrwadh. B Soobs
CAHATLA, O R

TEL (- -H0-57 4
T B0
ez ety g Eial s CoiT
Method Summary
CLIENT WAME: NOWA SOOTIA LANDS NG AGAT WORE CRDER 145381 3
PROJECT: ATTERTION T Tosy Walles
SAMPLING SITE: SAMPLED BY:
FARAMETER BOAT 8.0 UITERATURE REFEREMCE ANSLYTICAL TECHNICE
Lotr w Tracws Analyshs
2.5 7 &-Tewra COD HHA-1 818400 EFa 1813 HANE
1,257 EPaste COD HA-1 8154000 EFA 1813 HANSE
1,254, 7 B-Heam GDO HA-1 8154000 EFA 1813 HANSE
1,255 7 BHeam GDO HA-1 8154000 EFA 1813 HANSE
1,257 8 b-Heau DO HHA-1 818400 EFa 1813 HANE
1,2,54.8 T B-Hepta COD HA-1 8154000 EFA 1813 HANSE
Oicta COO HA-1 8154000 EFA 1813 HANSE
5, ¥ E-Ttru COF HA-1 8154000 EFA 1813 HANSE
E.:'.:-.:'.:-P-u COF HHA-1 818400 EFa 1813 HANE
54,7 E-Pasts COF HA-1 815400 EFA 1813 HANS
12,547 B-Heam GOF HA-1 8154000 EFA 1813 HANSE
1,255 7 B-Heam GOF HA-1 8154000 EFA 1813 HANSE
25,48 7 BHean COF HHA-1 818400 EFa 1813 HANE
1,357 .8 Heam GOF HA-1 815400 EFA 1813 HANS
12,545 F B-Hepta COF HA-1 8154000 EFA 1813 HANSE
1,2,54.7 B b-Hepta COF HA-1 8154000 EFA 1813 HANSE
Ot COF HHA-181-8400 EPA 1813 HANSE
Totsl Terschiorodbennadiaeim HA-1 815400 EFA 1813 HANS
Total Pentectisrodibess o cm HA-1 8154000 EFA 1813 HANSE
Total Hezschisrodibenmdiarim HA-1 8154000 EFA 1813 HANSE
Total Heslerhiomdibentoda rim HHA-181-8400 EPA 1813 HANSE
Total PCODw HA-1 815400 EFA 1813 HANS
Total Tarechisrodbennsirem HA-1 8154000 EFA 1813 HANSE
Total Pantactisrodibess ofuranm HA-1 8154000 EFA 1813 HANSE
Total Heeschisrodbennobirem HHA-181-8400 EPA 1813 HANSE
Totsl Heplechiondibennslrem HA-1 5154000 EFA 1813 HANS
Total PCOFa HA-1 8154000 EFA 1813 HANSE
|23 7 &-Tetra GO (TEF 1.00 HA-1 8154000 EFA 1813 HANSE
1,257 EPasts COD (TEF 1.5 HHA-181-8400 EPA 1813 HANSE
1,2,34.7 B-Heam GDO [TEF 0.5) HA-1 5154000 EFA 1813 HANS
1,255 7 B-Heaw GOO (TEF D1} HA-1 8154000 EFA 1813 HANSE
1,257 .8 b-Heam GOO (TEF D1} HA-1 8154000 EFA 1813 HANSE
1,254 5 F Briepta SO0 TEF G081 HA-1 8154000 EFA 1813 MY
Octa OO (TEF 0.0201) HA-1 5154000 EFA 1813 HANS
%, 7,5-Tetru COF [TEF 0.9) HA-1 8154000 EFA 1813 HANSE
E.:'.:-..:'.:-P-u COF [TEF 0.5 HA-1 8154000 EFA 1813 HANSE
& 4, T EPasts COF [TEF 0.5) HA-1 8154000 EFA 1813 MY
1,2,34.7 B-Heam GOF (TEF Q1) HA_ 1515400 EFA 1813 HANS
1,255 7 B-Heam GOF (TEF Q1) HA-1 8154000 EFA 1813 HANSE
[2,34,5 7 Biriean COF (TEF Q1) HA-1 8154000 EFA 1813 HANSE
1,257 8 irean GOF (TEF Q1) HA-181-8400 EPA 1813 HAME
1,2,34,5 T B-Hepta GOF (TEF Qi) HA-1 5154000 EFA 1813 HANS
1,2,54.7 B b-Hepta GOF (TEF GU81) HA-1 8154000 EFA 1813 HANSE
ks COF (TEF 0.0801) HA-1 8154000 EFA 1813 HANSE
Totall PCDDw & PGDFe {TEGH HA-1 8154000 EFA 1813 MY
13C-THTB-TCOF HHA-1 818400 EFa 1813 HANE
155-123T8-PeCiF HA-1 8154000 EFA 1813 HANSE
15T Ta-FeCiF HA-1 8154000 EFA 1813 HANSE
15512 34T EHeG DF HA-181-5400 EPA 1813 HAME
ARrLEET WETHOD GUMMARY Wi Paow M8 of T4
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Al et Hoa Sooes
1 EAGET Labortor ey
.- TEL (EHE-TH
J oratories L gl
P et mgiaka o
Method Summary
CLIEKT REKE: MOVA SCOTA LANDS NC AGAT WORE CRDER: 140581 He
PROUIELT: ATTENTE TC: Tesy Walkad
EAMPLING BITE: BAWPLED EY:!
PARAMETER AOATS.0P LITERATURE REFERENCE ANALYTICAL TECHNICE
131 2P F HA-151-5400 EPs 1813 HANE
V8T HA-151-5400 EPs 1813 HANE
1812 AR HeCLF HA-151-5400 EPs 1813 HANE
151U B P HA-1414400 EPa 1814 HAKE
11T HaE IF HA-141-44i0 EP 1814 HAKE
1T TC0D HA-141-44i0 EP 1814 HAKE
15-10EM-PeChD HA-141-44i0 EP 1814 HAKE
18P D0 HA-1%1-454i0 EPa 1813 HARS
18100 HA-1%1-44i0 EPa 1813 HARS
13- B HaC DD HA-1%1-44i0 EPa 1813 HARS
1300 HA-151-540 EFs 1813 HANE
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11 Morris Drive, Unk 122

Certificate of Analysis Dot o 5ot
@ @ @ ‘ﬁl i AGAT WORK ORDER: 13X470358 i
Laboratories ! : T ey
CLIENT NAME: DALHOUSIE UNIVERSITY - FINANCIAL SERVICES ATTENTION TO: Heather Daurie
SAMPLING SITE: SAMPLED BY:
Mercury in Soil
DATE RECEIVED: 2013-05-23 DATE REPORTED: 2013-06-18
LAMPLE DESCRIPTION: L1 | N3 HE1 HEZ HES
ZAMPLE TYPE: 2all Soll Ball 2all soll Sodl
DATE BAMPLED:  Z¥i8E-21 8064 2018-08-21 2018-06-21 0180621 20806-21
Paramstar Unitt a'e RDL HEETE 2BEE1 Fal= - 216682 154 216686
ey mgikg 0as =0.05 =0.05 .05 =[0.05 05 =005
Comaments: RDL - Reporhed Detection LmE, &7 & - Guidelne | Standard
216672216686  Resufis are barsed on the dry weight of the scil.
Analysls performed at AGAT Halfax (uniss marked by )
" g . 11 Morris Drive, Uik 122
@ F Certificate of Analysis Carn, o
CANADA BB N2
i AGAT WORK ORDER: 19X470338 TEL (HEHETE
@ @ Laboratories _ i i
PROJECT: g gt com
CLIENT NAME: DALHOUSIE UNIVERSITY - FINANCIAL SERVICES ATTENTION TO: Heather Daurie
SAMPLING SITE: SAMPLED BY:
Grain Size Analysis - Coarse/Fine Classification
DATE RECEIVED: 2013405-13 DATE REPORTED: 2013-06-18
LAMFLE DERCRIFTION: Ll K2 b3 NE1 NEZ HEZ
LAMPLE TYPE: Lol H ] Sall Lol Ball ol
DATE BAMPLED: 20180521 HreD6-H 201805-21 20180621 018852 H1806-1
Paramstar Unitt 151 ROL HEETE 21681 T1BEEZ a4 HEgd 21E6EE
Particies =TEum % 1 5 ] 5 100 5% 5
Clxssfication Coarse/Fine Coarse Coarse Coarse Coarse Coarse Coarse
Comments: ROL - Reported Defection UMk GJ 8 - Guidelne / Siandard

Anaysis performed at AGAT Halfas (unisss marked by )
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CLIENT NAME: DALHOUSIE UNIVERSITY - FINANCIAL SERVICES
SAMPLING SITE:

Certificate of Analysis

AGAT WORK ORDER: 19X470338
PROJECT:

ATTENTION TO: Heather Daurie
SAMPLED BY:

11 Maoris Drive, Unit 122
Dertmouth, Mova Sy
CANADS B35 1M
TEL [SOXHERETIR
FAX [SIXMERES

Available Metals in Soil

DATE RECEIVED: 2013-05-23

DATE REPORTED: 2013-06-18

EAMPLE DESCRIPTION: M1 (3 N3 NE1 ME2 HEZ
LAMPLE TYPE: 2oll 2ol all 2ol Zall soll
DATE BAMPLED:  3018-06-21 218-06-H 2018-06-21 2018-05-H 20189621 218-06-11
Paramstsr Unitt ale ROL HEETE 21EEH al=<x MEEES HEE4 21EEEE
|Auminem mg'kg il 415 2350 3570 = HE0 2340
pAnsmany =gk 1 =l <1 <1 < <1 <
|Arzanic mgkg 1 H 3 H 5 g 5
Barium =gkg H a0 k] | E =] 42 41
Beryilum 2] 2 <2 <2 <2 <2 <2 <2
Boron 5] 2 4 2 4 2 5 2
Cadmium mgkg 0.3 3 <03 03 <13 Lk <3
Chromium =gkg 2 H 3 5 H g g
Cabal kg 1 4 2 E! 3 4 3
Conper 2] 2 4 <2 <2 3 2 2
iron ] =1 5740 4050 5320 387 Ergis] 5450
Lead =gkg 0s 3z 13 Nl 14 i 27
LEsium ] H 12 T 1" 10 12 E]
Manganese ] 2 705 23 43 L 4 585
Malybdenum mgkg 2 <z <1 <2 <2 <2 <2
Micks kg 2 g 4 g 8 7 5
Belenkam mgikg 1 < <i <] <1 el =]
Sitver ] 0s €5 0.5 05 <15 45 <5
Strantium ] 5 3 5 B 5 8 |
Thallum ] 0.4 =01 201 01 < =11 1
Tin mokg 2 4 4 4 3 4 rl
Uranium ] 0.4 02 04 0.2 02 [k 0.2
Vanadum ] Fi 1 7 1 ] 1 1
[2inc kg H k] 18 1 H k] 18
Commente: DL - Fapored Dataction UM, &) & - Eudsine | Standard

216ETE-2166B6  Results are based on the dry weight of the sampis.
Aralysls performed at AGAT Halfax junless maried by "]
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Certificate of Analysis

@ @ @ﬁ Laboratories ~ AGAT WORK ORDER: 13X470338
PROJECT:

CLIENT NAME: DALHOUSIE UNIVERSITY - FINANCIAL SERVICES
SAMPLING SITE:

11 Marrs Crve, Lk 122
Dortmouh, Mova Saoia
CAHADA B35 1hE
TEL (HZHEEETIE
FAY (BITHEEEEN

ATTENTION TO: Heather Daurie
SAMPLED BY:

Grain Size Analysis - CoarsefFine Classification

DATE RECEIVED: 2015-05-23

DATE REPORTED: 2013-06-18

LAMFLE DEECRIPTION: L] K H3 HE1
LAMPLE TYPE: 2oll 2ol Ball 2oll
DATE BARPLED: 20190621 bR 201806-21 2018-06-11
Paramstar Unitt =78 ] ROL MEETE 216651 al=e - 2165EY
Particies =75um % i EE] 00 95 10
Cizzsfication Coarse/Fine Coarse Coarse Coarse Coarse

HEZ HE}
Ball soll
20180621 21806-21
at==n 21668E
% 553
Coarse Coarss

Comments: ROL - Reporbed Detection UmE, G/ 8 - Guidedne ! Standard
Araiysls periormed at AGAT Halfax (uniess marked by ']

Certificate of Analysis

11 Morris Drive, Unk 122

J
CAMADA B3B M2

i AGAT WORK ORDER: 13X470398 TEL [SUZHEE-ET18
@ @ @ i Laboratories : T BT
PROJECT: Doy it com
CLIENT HAME: DALHOUSIE UNIVERSITY - FINANCIAL SERVICES ATTENTION TO: Heather Daurie
SAMPLING SITE: SAMPLED BY:
Mercury in Soil
DATE RECEIVED: 2013-05-23 DATE REPORTED: 2013-06-18
LAMPLE DEECFRIPTION: L1l L -3 H3 HE1 HEZ HEZ
LAMFLE TYFE: Zall Toll Zall Zall Zall Bodl
DATE SAMPLED:  3018-0&-21 H80E-H 20ia08-21 2098-05-1 2018821 e
Parametsr Unlt alE RDL Z1EETE 216EE1 Fal==~3 2MBBED =14 216BEE
ey gk oS =0.05 =005 .05 =0.05 005 =005
Comments: RDOL - R=porhed Defecton Limk; &/ & - Guidelne | Biandard
2166TE-216686 Resuis are barsed on the dry weight of the soil
Analysis periormed at AGAT Halfay (uniess maried by )
o . 11 Morris Crive, Unk 122
Certificate of Analysis Dartou, o scza
@ @ @ ; AGAT WORK ORDER: 19X470398 TEL suz;::;'ﬁ
. i T
i Laboratories : o
PROJECT: it 3t com
CLIENT NAME: DALHOUSIE UNIVERSITY - FINANCIAL SERVICES ATTENTION TO: Heather Daurie
SAMPLING SITE: SAMPLED BY:
Methylmercury in Soil
DATE RECEIVED: 2013-05-23 DATE REPORTED: 2013-06-18
LAMFLE DEECRIPTIOM: L1l L3 H3 HE1 HEZ HEZ
SAMFLE TYPE: Zaoll Soll doll Zaoll Ball Bl
DATE SAMPLED:  2018-0E-21 H18D6-H 2018-06-21 2098-06-21 018021 2018-06-21
Paramestsr Unlt alE RDL ZEETE 216e81 FIEEEE 2MBBED e84 Z21BEEE
ety Meroury ngig 04 4 =0.4 =04 =14 <04 =04
Commsnbs: RDL - Reporied Defection LmE, G 1'& - Guidelne § Eiandard

Anaiysls performed at AGAT Halfax [uniess marked by ")
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Gj @ @‘F Laboratories

Certificate of Analysis

AGAT WORK ORDER: 19X470398
PROJECT:

CLIENT NAME: DALHOUSIE UNIVERSITY - FINANCIAL SERVICES

SAMPLING SITE:

SAMPLED BY:

ATTENTION TO: Heather Daurie

11 Momis Drive, Unit 122
DCortmouh, Nova Emes
CANADA B2B N2
TEL [SOZHERET1E
FAN [SOZHEEEE04

Dioxins and Furans (Sail, WHO 2005)

DATE RECEIVED: 2013-05-23

DATE REPORTED: 2015-06-18

Parameter
2,3,7.5 Tetrs &DD
1.2,3.7.52-Penta COD
1,2,3.4.7 5-Hexa COO
1,2,35.7.5Hews £ODO
1,2,3.7.8.5Hexs CDD
1,2,2.4, 5.7 5-Hepta COD
(Ccia COD
2,3,7.5 Tetrs CDF
1,2,2.7, 5-Fansy COF
2,3,47 5-Fansy COF
1,2,34.7 5 Hews COF
1,2,36.7.5-Hexs CDF
23,257 5-Hexa COF
1,2,37 8 5-Hexa COF
1,2,3.4. 5.7 5-Hepia COF
1,2,24,7, 2. 5-Henta COF
(Ccta COF
[Total Tetachiondbenzododns
[Total Fentachiorodbenzodiowing
|Total Hemachonabenzdoens
|Total Heptachiorodberendicoins
[Total FCODs
[Totl Tetachiomdbenzodarans
|Total Fentachiorodbenzofuans
|Total Hexachondbenzodorans
[Total Hepchiorodb=rzofurans
[Tt FCDFs
2,3,7.8-Tetra COD (TEF 1.0)
1,2,3.7.58-Penia COD (TEF 1.00
1,2,34.7.58-Hexs TDD (TEF 011

LAMFLE DESCRIFTION:
SAMFLE TWPE:

(=]

Wi NZ
2oll 2all
DATE SAMPLED:  2018-86-21 201B-06-21
ROL Z15ETE ROL. H1EEH ROL
04 <01 L] a1 02
01 <01 0z 0z 02
03 a3 0z a0z LE]
02 0z 02 a2 LE]
0.3 03 03 €03 1
0E <0E 0z 0z D4
4 1= 2 3 2
02 0z (X 01 2
02 0z 01 a1 0.1
02 0z o1 a1 0.1
03 a3 a3 €3 02
02 0z 03 03 WX
02 0z 03 <03 0.4
0.4 <04 as B L]
L <as 0z 0z LE]
1 <1 04 a4 2
2 <2 2 <z 3
0 04 L] <€ ]
04 04 02 0.2 02
032 03 0z 0z L]
0E <as 0z a0z L]
4 [ 2 =z 2
02 0z L] a1 02
0.2 0z L] <0 0.4
L as as B 02
1 =1 04 €4 2
2 <2 2 <z 3
] o
] o
] o

gall
20189621
Fal=:

HE1
Bodl
2018-06-21
ROL HEBEEE

o4 =04
01 =01
0E <05
o0s =05
o0& =05
1 =1
4 18
o4 <04
02 =02
01 =01
02 =032
02 =02
02 <02
03 =03
0e <08
2 =2
3 =3
o1 <01
o4 1]
0E =05
1 =1
4 18
o4 =04
02 02
03 <03
2 <2
3 =3
1]

o

]

Gj @ @‘l_f Laboratories

Certificate of Analysis

AGAT WORK ORDER: 19X470398
PROJECT:

CLIENT NAME: DALHOUSIE UNIVERSITY - FINANCIAL SERVICES

SAMPLING SITE:

SAMPLED BY:

ATTENTION TO: Heather Daurie

11 Morris Drive, Unk 122

Carimouth, Mova S
CANADS B35 1M
TEL [SOZHEE-ET]
FAR [SOTMER-EE04

Dioxing and Furans (Soil, WHO 2005)

DATE RECEINED: 2013-05-23

DATE REPORTED: 2015-06-18

Parameter
1,2,35.7 5-Heva COD TEF O]
[1,2,3.7 5 5-Heva COD TEF O]
1.2,34.5.7.5-Hepta CDD (TEF 0.010
(Ccla GO (TEF 0.00036
2,3,7.5 Tetr COF (TEF 015
1,2,2,7 5-Parss COF (TEF 0.03)
2,347 5-Parta COF (TEF 0.3}
[1,2,34.7 5-Heva COF (TEF QL
[1,2,35.7 5-Heva COF (TEF QL
23,457 5-Heva COF (TE
1,2,3.7.8.5-Hewa COF (TEF 0.
1.2,3.4.5.7 5-Hepta COF (TEF 0.0}
1,2,2.4,7,5 5-Henta COF (TEF 0.0}
Cota COF (TEF 000033
[Total FCOOE and PCOFs (TEQ)

&

5
E3

éﬂﬂﬂﬂﬂﬂﬂ@ﬂﬂﬂﬂﬂﬂ

SAMFLE DESCRIPTION:
EAMPLE TYFE:
DATE EAMPLED:

Gl E ROL

W N2
2all Sall
180621 2018-08-21
HEETE ROL Fal==1l ROL
o o
o o
o o
0.0D£05 ounc03
o o
] o
(] o
o o
o o
o o
o o
o o
(] o
] o
0.00=08 0.0g103

Sall
20718-06-21

)
= 8§

DO D0DoO0DDoOD 00000

HE1
Bodl
2018-06-21
HEBEES
o
o
o
0.00537

ROL

0.00S37
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Certificate of Analysi

AGAT WORK ORDER: 19X470358
PROJECT:

@ @ @‘F Laboratories

CLIENT NAME: DALHOUSIE UNIWERSITY - FINANCIAL SERVICES

11 Momis Drive, Uni 122
Cartmouth, Nova 50083
CTANADS, B38 M2
TEL (S0ZMEE-5T18
FAX (3024585524

ATTENTION TO: Heather Dawrie

SAMPLING SITE: SAMPLED BY:
Dioxins and Furans (Soil, WHO 2005)

DATE RECEIVED: 2019-05-23 DATE REPORTED: 2015-08-18
LAMFLE DESCRIPTION: L} N2 HE NE1
LAMFLE TYFE: 2all 3ol Sall Soll

DATE BAMPLED:  2018-06-21 2018-06-21 2018-96-21 2018-06-21
sumogats unit Aposptabls Limits TIEETE 218E21 216882 HEEES

13C-2378-TCOF % 30-940 &2 63 ag 8
13C-12378FeCDF L 30-940 58 55 38 4ar
13C-23478FeCDF % 30-440 T8 1] 48 =]
130123478+ COF % 30-440 a1 BE B3 (3]
[130-123678-He0 D7 % 30140 ] 7 &8 &1
13C-2346T8-+-C0F % 30940 34 BS as 53
13C-123788+COF % 30940 95 B4 9 (-
[13C-12346TB-HpCDF L 30-140 63 &1 a8 44
13C-1234TRS-HpCDF % 30-140 54 53 s 43
13C-2378-TCDD L 30-140 58 T4 as 70
13C-12378-FeCOD % 30940 L T8 5 0
13C-123478+0C00 % 30940 a8 Nn 84 T8
13C-1236T8+COD % 30-140 52 B8 a2 73
13C-12346TB-Hp DD L 30-140 58 L a2 as
13C-0C00 % 30-140 33 an % n

Certificate of Analysis
AGAT WORK ORDER: 19X470398

@ @ @‘F Laboratories

CLIENT NAME: DALHOUSIE UNIVERSITY - FINANCIAL SERVICES
SAMPLING SITE:

PROJECT:

ATTENTION TO: Heather Daurie
SAMPLED BY:

11 Morris Drive, Unk 122
DCerimouth, Mova Somida
CANADA B2 1ME
TEL (SOX4E8-ET18
FAX (SO EEE-S504

DATE REPORTED: 2015-06-18

Dioxins and Furans (Soil, WHO 2005)
[ATE RECEIVED: 2013-05-23
LAMPLE DESCRIPTION: HEZ HE3
BAMPLE TYPE: 2oil all
DATE SAMPLED: 20188621 201e08-21
Unit [:TE ] ROL 26684 ROL fal= 2
raka s a5 01 a1
raka 01 <1 0z @z
kg 0.4 <04 0.3 03
1,2,3. 5.7 5-Hewa 0D ng%g 0.4 <04 03 03
1,2,3.7.8 5-Hewa 0D rg%g 0.4 <04 03 03
1.2,34.5.7.2-Hepta COD ra%g 0.s =& 08 0=z
Ccta COD rgkg [ 23 4 17
23,7 2 Telra COF ng%g 0z <0z 02 <04
1,2,3.75-Pents COF rpkg 02 =02 03 =03
2.3,475-Fenta COF raka 01 <1 0z @z
1,2,34,7 8-Hexs COF rakg o1 =01 a2 =02
1,2,3.5.7 5-Hewa COF kg oA <01 02 <0z
23,457 8-Heva COF raka 01 <1 2 @z
12,378 3-Heva COF raka 2 @z 04 a4
1.2,34.5.T.5-Hepta COF -1 ) o1 =01 0.3 =03
1,2,34.7 8 5Hepla CDF kg oa <04 ar <07
Ccta COF rg%g 2 <2 2 <z
|Total Tetachiorodbenzodiosns ra%g os 18 o1 03
|Tetl Fenachiordbenzodowns rakg o1 oz a2 0.s
|To@l Hexachondbenzodoxns ra%g 0.4 04 0.3 =03
[Totl Heptachiorodbenendiorine raka s g L8 g
[Toti FCODS raka H = 4 18
[Totl Tetmchiomdbenzotrans raka .2 hH L] a4
|Total Fentachiordbenzofurans kg 02 02 a3 =03
|Total Hexachondbenzofoans kg 0z 0z 0.2 =4
|To@l Heptachiorodbenzofurans kg 0.4 <04 a7 =07
|Total FCOFs -1 ) 2 =2 2 <2
2,3,7,5-Tetra CDO (TEF 1.0) TEQ 1] o
1,2,3.7.5-Penia COD (TEF 1.0 TEGQ o o
1.2.34.7 8-Heva COD TEF 0L1) TEQ o ]
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11 Morris Drive, Unk 122

Certificate of Analysis

AGAT WORK ORDER: 19X470358 TEL [SIZHEB-ET18
PROJECT: e oot o
CLIENT MAME: DALHOUSIE UNIVERSITY - FINANCIAL SERVICES ATTENTION TO: Heather Daurie
SAMPLING SITE: SAMPLED BY:
Dioxing and Furans (Soil, WHO 2005)
DATE RECEIVED: 2018-05-23 DATE REPORTED: 2013-06-18
ZAMFLE DESCRIFTION: HE2 HE3
2AMFLE TYFE: Lol ol
DATE SAMPLED: 20189621 201906-1
Paramistsr Unit ars RDL 216584 RDOL Fal== "1
1,2,3,6,7 8-Hexa COD (TEF 0.1) TEQ o o
1,2,3.7.8.,9-Hexa COD (TEF 0.1) TEQ 1] o
1,2,3.4.5.7 2Hepta COD (TEF 0.01) TEG 1] [}
(Ccta COD (TEF 0.0003) TEQ 0.00883 ooosH
TEQ o o
TEQ ] o
4.7 &-Fenta COF (TEF 0.3) TEG 1] [}
1.2,3,4.7 5-Hexa COF (TEF 0.1} TEQ <] o
1.2,3,6.7 . 5-Hexa COF (TEF 0.1} TEQ [+] o
2,34,6,7 5-Hexa COF (TEF 0.1) TEQ <] o
1.2,3.7.8.9-Hexa COF (TEF 0.1) TEQ 1] o
1,2,3.4.8.7.5-Hepta COF (TEF 0.01) TEQ <] o
1,2,3,4,7 58,5-Hepta COF (TEF 0.01) TEQ o o
(Ccta COF (TEF 0.0003) TEQ 1] o
[Total FCOOs and PCOFs (TEQ) ng'tg TEQ 0.00883 oS

@ @ @ﬁ Laboratories

CLIENT NAME: DALHOUSIE UNIVERSITY - FINANCIAL SERVICES
SAMPLING SITE:

Certificate of Analysis

AGAT WORK ORDER: 19X4703598
PROJECT:

11 Marris Drive, Unk 122
Cart=oumh, MNova ot
CANADA B2E 1ME
TEL (SOTHEEET1E
FAX [SOTEEE-E504
ATTENTION TO: Heather Daurie

SAMPLED BY:

Dioxing and Furans (Soil, WHO 2005)

DATE RECEIVED: 2013-05-23

DATE REPORTED: 2015-06-18

LAMFLE DEECRIFTION: HEZ HE3
BAMFLE TYFE- Eall 3ol
DATE EAMIPLED:  2018-86-21 2018-05-11
Bumogate Unit Aoosptable Limibe e b=

13C-2378-TCDF L 30440 45 ™
13C-1237T8-FeCDF *® 30-140 g3 EZ
13C-23478-FeCDF L 30440 Bl 6
[13C-1234TE-HaCDF ® 30440 7

13C-1236TE-HCOF % 30-140 T4 T
[13C-234E6TE-HACDF ® 30440 Bl "
13C-123785-+HnCDF L 30440 Bl BS
13C-1234678-HpCOF % 30-140 53 L
13C-1234TRS-HpCDF L 30440 = Ly
13C-2378-TCDD ® 30-140 72 BD
13C-12378-FeCDD % 30-140 T8 B4
13C-1234T8-+HaCDD ® 30440 2] E
13C-12367E-+rCDD L] 30-140 Ed 50
13C-1234678-HpCOD % 30-140 &0 &1
13C-0CD0 L 0440 30 33
Comamsnbe: RDL - Reporsd Detsction UmE;, G/ & - Guideing | 2tanadard

21B66TE-216681 The resulis wen= comected basad on the surogabe percent recoveries.

2166E2-216683  Themesuls wens COmeched Datad on the SUTogabs peEncEnt ecovenss.

The percent racovery of 13C-0C0D IS cutside of acceptabe FANGE duUs 5o MMty Mhererenoes,

2166B4-2166BE  The Mesuls wene COMected based on the sumogabe percent recovenes.
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M
Cuality Assurance
CLIENT RANE: DAL BOUSIE UNVERSITY - FIMANCEAL SERVICES AGAT Wi CRDER 19047038
PROSECT: ATTENTEOH T Haathe Daida
SAMPLING SITE: BAMPLED BY:
Soil Analysis
FEPT D e 9, TS DUFLICATE i e TER L TS s T
M CrEe——— CTp—— T——
PARKMETER Bk | VU] mapn | b | mpn | W [RRESR) e |, Lean | Ll
un.lmﬂ Lo | L L | i
Arvm labis Matal In Soll
Aluminur 21| - THD 12I% =10 IR &R OFE D3R MA TOR INR
Aty 217 w =t B AFR AFS DR MR TOR IR
Hrmams 217 ] 4 U BFE DR IEFR TOR IR
Barir 1T =« = i Ore IR MA  TOR IR
Baryilur 21| L =2 1115 ors ore U IR TR INE
Beser 217 ] = U AFE DR IEFR TOR INR
Cmiriue 1T Lk =03 ha 03 110% o Ore 0% INFR TOR INE
CShromium o r 1= A% a3 L ors L Ma Tom TR
= 21| T 7 TR =1 11TER AR OFE D3R MA TOR INR
Copzar 217 1 " AT =1 IR &M AFE DR MA TOR INPR
Imn 1T (L T Y 1 Y Ore IR MA  TOR IR
L 21| 147 IES  ATE =05 111% OFR OFE D3R MA TOR INR
LEhium 21| = T 4FR =2 IR TR TR DM MA TOR UE
MErg s 217 o - [ =2 11 A AFE DR MA TOR INPR
Molybrsnum 1T L L] ha w3 =T O Ore 0% INFR TOR INE
Flickal 21| 2 L] 15 =2 116% BR OFE D3R MA TOR INR
Zalniom 217 w =t [ =1 IR A aFS IR TIR TOR IR
Svar 1T s =0 ha 05 IAE BT ore 0% KPR TOR IR
St 1T T [ ha DL Y ore EUE IZ% T0R INE
Thmlam 21| - =0t ha =01  117% BR ore 0 TR TOR OINR
Tin 217 4 4 [ =2 114m A AFE DX IDFE TOR INPR
Urmniem 1T ] a5 1% «01 IOE O [ S T P
‘Waramdam 21| 5 L] TR =2 114% B OFE D3R MA TOR INR
Zrc 21| = = 0EE =2 11TER AR oFe D3R MA TOR UE
Marcury In Sod
Marmary ZiEmEE SR -00E 0 -00E KA «DOE  1I0E TR EXR MA TR DR OIO0R TOW IR
Mastirpmarcury In Soll
Wiyl ey 1 =T s =04 [ 04 BN BE IEE IR AR ISR AT an IO
Grain Sirs - Caar e
ClamfEnszn 1 = -
Analysss Incrgansguss |sod]
Carbors copuniqus izl v | o [ =03  11FE AR EXE MA BTN DXDR INR AR ID0R
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Quality Assurance

CLIENT MNAME: DALHOUSIE UNNMERSITY - FIMANCIAL SERVICES ASAT WORF ORDER: TEE4TO>E

PROJECT: BATTENTION T HaeSeer Dk

SAMPLING SITE: SAMPLED BEY:

Soil Analysis (Continued)
APT Dwin: Jun 18, 341 DUFLECATE PR EECE e TERAL] WD Bl S A T S
ST s
PARAMETER bk | U g | ppe | ae | S Ve e
Lrwsa] Liper]

Coamrangn BA hion nzdoatde

HA derm Tioat du dusiiors ndicus gus Mice= e pu dive caicuid car M cu bee de rleuliei sond © e LOR

YA darm s o arl Erifd reious g el e paa o an memen os ! an T
ks B maeat & Mejout

A, chre i bl Foril cu i MR Indiqus Sul rises as ege par b peoldurs

L pouraniags de dcupdorion u MPC paut doe a0 Sehors du crbdre: T eccapiabiind ce 00-120% o) st comlorTe @ Mot dar b1

Iii @@@‘F Laboratories mm

P ST BT A

[

Quality Assurance
CLIENT NAME: DALHOUSIE UNNERSITY - FIMANCIAL SERWVICES AGAT WORS ORDER: 1EATO3E
PROJECT: ATTENTEON TO: HaaSeai Dt
SAMPLING SITE: BAMPLED BY:
Ultra Trace Analysis
APT Cuim: Jun 18, 304 DUFLIIATE FEFESINCE WATERAL] METHOD BLANS. FFE|  MATRIX SFBE
Surgss [ ,
FPARAMETTR =] " [
Bamch - ez e | Cup s RED
u-rll.-.-'

Din e and Furana (Soil, WHT 2508 |
237 ,B-Trm OO ' TimETE m@ DL A a0 MTE IR IR ML 30RO 14TE IZPE NP L4OR
1,237 B-Packs COD ' TimETE m@d 11! A a0 1I¥E IR IR ML 30N T4TE IR NP LR
123,475 Ham COD ' TImETE =Gl 11! A a0 I IR IR ML 30RO T4TE IDME NP LR
123,878 Ham COD ' TImETE =Gz 11! A .t AR MDE RMA 30 14TR IZTE PR LD
1,237 B Ham COD ' TImETE =Gl 11! A a0 EFE NFE DR MA 30N 14TE IR NP LR
123457 B-apin COO ' TISETE =GB 1.7 A a0 MME IR IR ML 30R T4TE IR NP LR
xim COO ' TImETE 14 127 AR =2 114E IR DR MA 30N T4TE ITIE NP L4OR
237 B-Ttrm COF ' TImETE =Gz DL A a0 IEE IR IR ML 30N 14TE ITTE NP LR
1,237 B-Packs COF ' TImETE =Gz -2 A a0 M4 IR IR ML 30N T4TE IZFE NP LR
2347 B-Packs COF ' TImETE =Gz DL A a0 1I0E IR IR ML 30N 14TE ITTE NP LR
123,475 Hum COF 1 TIEETE =33 1.1 A, a0 HH4E R IR ML 08 147R IDFE NFR LOR
123,875 Hum COF 1 TIEETE  =Q2 - 2 A, «0 IHE R MR ML 0 4R 1ITH MR L0
234872 Haom COF L TIZETE =03 =03 Ha, = 0L R AR MO MA 30N 14TR IXE N MOR
1,237 B Ham COF ' TISETE  =O 11! A 202 11ITE IR IR ML 30N T4TE ITVE NP LR
123,457 B-apin COF ' TImETE  =Gs DL A a0 MEE IR IR ML 30N T4TE IR NP LR
1,234,788 Fapis COF 1 TimETE =1 1.1 A, 0f DME IR MIE ML XN 147 IDFE NP L40R
Cctm COF 1 TIEETE w32 .2 A, =2  1I¥E XM MDE  RA X0R 147 11PR 3R B0
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Quality Assurance

CLIENT NAME: DALHOUSIE UNIMERSITY - FIANCIAL SERVICES

A0AT WORS ORDER: 16X4T0XE

PROJECT: ATTENTION Tx Heafar Ot
SAMPLING SITE: SAMPLED BY!
Ultra Trace Analysis

RPT Duin: Jun 1, 34 DUFLICATE FERERECE WA TERAL| MO0 BN SRE| A TR SRR

T ey [Err——rn ETETTy

PARAMETER N Rl [T O B el e [l [ R

Diozinu and Furen s (Soil WHE 205
237 B-Tafra COO 1 TmETE =@d =Dt HA =01 MR XR OMDE MA X% (4R IIFR MOW L4OR
1,237 B-Panin COD 1 TETE =04 *03  MA w0 1I¥E PR MR MA N0 147R IDNR OOW L4OR
1,234 T8 Ham COO 1 TEETE w03 o0 MA w0 EHE XM MR MA ON0R (4R IR MW L40R
123875 Ham COO I DImETE w03 P03 MA w0l DM MR MR NA X% 14T IR NN L4DR
1,23,7 B3-Hamm COO 1 TETE =03 *03  MA w0l  ECE MR MR NA  X0R (4R IR 0N L4OR
123457 B-rispin COO I TISETE QB w04 MA w03 MW MR MR MA  OX0W 14T 1D MW L4DR
Dcta COO L1+ P 12 MR =2 114 R MDE MA X% 14 TR 3N L0R
237 B-Tafra COF 1 TIETE =02 it HA @0 EME MR MDE MA 0 147R ITTR MW L4OR
1,237 b-Pantm COF I DImETE w03 *OZ  MA w0l MHE MR MR NA X% 147N 1M NN L4DR
34,7 B-Pantm COF I DImETE w03 "Dt HA @O 1IN XTE MR MA X% 1A ITTR NIN L4DR
1, 23,4,7/8-Haxm COF ! DImETE =03 *OZ  MA w0l MHE MR MR MA X% 14N 1D NN L4DR
1, 238,7/8-Hazn COF 1 DIETE =02 *02 MA w0  ENE MR MDE NA  X0R 147R 1ITE 30N L4OR
23487 2-Haem COF 1 TIEETE =3 =02 Ha «01 EFE XM MR MA X0 14 1EE e MO
1,237 Bs-Haem COF 1 TISETE =04 #03  MA w02  1ITE XFR MDE MNA N0 147R 1TV 0N L4OR
123457 B-rispty COF 1 DImETE =08 "Dt HA @03 MEW R MR MA X% (AT 1D 30N L4DR
1.23,4.7/8 S-rispty COF 1 mmETE e *O4 MR o0d  DME XM MR MA ON0W 14N IR NN L4DR
Cetm TOF 1 ol 17 S =2 Ha =2 11¥E IR MR MA XW 4R 1R MR
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Method Summary
ELIENT NAME: DALHOUSIE UNNERSITY - FIMANCIAL SERVMCES AAT WiRs: ORDER: 1504T0308
PRROIEET: ATTENTHON T0: Hesteer Dsrie
SAMPLING SITE: SAMPLED BY:
PARAMETER | AGAT S.0F |  UTERATURE REFERENCE |  ARALYTICAL TECHMIOUE

Gail Enslyais
Carturow i e bt INCR-101-B05TF WAL A0 5 1.1 TITRAGE
A MET At EPA S8 BINANSE R S ops

_— MET At EPA S8 BINANSE R S opmn
— MET- 810 EPASWSSBINANSE RSN o,
—— MET A1 EPA SWS BINANSE S opn
— MET 1218105 EPASWRMSBINANSE L EM o,
— MET 1218105 EPA SWMS BINANSE L S opyg
S MET-18105 EPASWBMEBINANISE A SN o,
R MET- 18105 EPASWMEBINANISE A SN o,
Cribald MET- 18105 EPA 5B BINAISE £ S0 ops
— MET-t-£105 8 EPASW SO DO0ANNE B SN L
- MET- 1058 EPA SW S0 BOANE B SM  opmg
- MET- At EPASWSMEBINANSE RSN Ly,
e MET A EPA SWS8 BIMANSE R SN opyge
S MET A EPA SWS8 BIMANISE S S pyg
I MET-ats EPASWSMEBINANSER M Lo
— MET A EPA SIS BIMANISE R SN opyg
— MET At EPASWSMSBINANSER M Loy
_— MET as s EPASWSMEBINANSE S SN cpg

MET A1t EPASWSMEBINANSE RSN Lo

S— MET At EPASWSSBINANSE RSN Lo
i MET At EPA S8 BINANSE R S opmn
— MET- 810 EPASWSSBINANSE RSN o,
- MET A1 EPA SWS BINANSE S opn
- MET 1218105 EPASWRMSBINANSE L EM o,
Pt =75 e ASTM -85 Sarva
e MEHES e o
Wy jHogIA e Bumenc ot EFV 455 & EM 31128 CVIAA
FIGEI T MCTHOn SUNSRRT [ Pags 1 af 10

il e COf D T STl B TR SR T AT 81 e
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Method Summary
CLIENT NAME: DALHOUSIE UNMERSITY - FINANCIAL SERICES AGAT WORs ORDER: 1H04T0508
PROJECT: ATTENTIGN Td: Heater Diira
SAMPLING SITE! EAMPLED BY:
PARAMETER AGAT S0P LITERATLURE REFERERCE ANALYTICAL TECHMIGUE
Ulen Trace Asalysia
|2 9.7 6 Tutra COO - 1515400 EPA 1813 RS
1,237 6-Peita COD HR-151-5400 EPA 1813 HEME
12347 St COD R~ 151-5400 EPA 1813 HMS
12387 A-tHan COD HR- 1515400 EPA 1813 HRME
1,237 8 -Haa COD HR-151-5400 EPA 1813 HRME
12348 7 &-Hapla COD HR-151-5400 EPA 1813 HRME
O SO0 HR-151 -S40 EPA 1813 HRAE
|2 4 7 B-Tatra COF HR-151-5400 EPA 1813 HRMS
1,237 B-Perta SOF HR-151-5400 EPA 1813 HRMS
|2,3,4 7, 8-Perta COF 1615400 EP& 1813 =M
129,47 B-Has COF - 1515400 EPA 1813 HRME
12387 f-Hua COF HR-151-5400 EPA 1813 HEME
|34 87 S-Hica COF R~ 151-5400 EPA 1813 HMS
1,237 8 G-Hawa COF HR- 1515400 EPA 1813 HRME
12348 7 2-Hapla COF HR-151-5400 EPA 1813 HRME
12347 2 3-Hapla COF HR-151-5400 EPA 1813 HRME
Ot COF HR-151 -S40 EPA 1813 HRAE
Tiotwl Tetrachioiobansodeodinm HR-151-5400 EPA 1813 HRMS
Totnl Pantsedhisnodbene solood fa HR-151-5400 EPA 1813 HRMS
Tiotnl Haswchioiocba reododnm HR-151-5400 EPA 1813 HRMS
Total Heplechioediarsodoinm HR-151-5400 EPA 1813 HRMS
Total PCDOS HR-151-5400 EPA 1813 HEME
Totsl Tetyachio oo b sof m i R~ 151-5400 EPA 1813 HMS
Totsl Panschisrodbenzofunan HR- 1515400 EPA 1813 HRME
Total Haswchioiooibe foof mi HR-151-5400 EPA 1813 HRME
Tkl He patinchoies sl buis i ol HR-151-5400 EPA 1813 HRME
Totsl PGORs HR-151 -S40 EPA 1813 HRAE
|23 7 B-Tatra SO0 (TEF 100 HR-151-5400 EPA 1813 HRMS
1,237 B-Perta S00 [TEF 1.0 HR-151-5400 EPA 1813 HRMS
1.2.9,47 S-Han CO0 (TEF 0.1) - 1515400 EPA 1813 RS
1,238,7 S-Hew SO0 (TEF OL1) HR-151-5400 EPA 1813 HRMS
1,23.7.8 S 0D (TEF 01) HR-151-5400 EPA 1813 HEME
1.2348.7 8-Hapts COD {TEF 0.01) R~ 151-5400 EPA 1813 HMS
Oita COD (TEF Q00003 HR- 1515400 EPA 1813 HRME
|37 B-Tatra COF (TEF 0L1) HR- 1515400 EPA 1813 HRME
1,237 8-Penta COF (TEF 0 HR-151-5400 EPA 1813 HRME
(2,347 b-Ferta SOF (TEF 005 HR-151 -S40 EPA 1813 HRAE
1,234 T A-Heew COF [TEF 0.1) HR_159-5400 EPA 1813 HRMS
1,238 7 A-Heew COF [TEF 0.1) HR-151-5400 EPA 1813 HRMS
|2 348 7T &-Heew COF [TEF 0.1) HR-151-5400 EPA 1813 HRMS
1.2.9.7.8 S-Haw COF [TEF 0.1) - 1515400 EPA 1813 RS
1,235,487 8-Hapta COF [TEF Quli) HR-151-5400 EPA 1813 HEME
12347 & 8-Hapts COF [TEF Ui} R~ 151-5400 EPA 1813 HMS
Oieta COF [TEF 00003 HR- 1515400 EPA 1813 HRME
Totsl PCDDS ard PCOR (TEC) HR- 1515400 EPA 1813 HRME
13- FTA-TCDF HR-151-5400 EPA 1813 HRME
1A BETEPellF HR-151 -S40 EPA 1813 HRAE
13C-FUTE-PellF HR-151-5400 EPA 1813 HRMS
13T 1 F5 T B-HCOF HR-151-5400 EPA 1813 HRMS
AT METHO0 SUMMEET [ Page T8ar 30
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Method Summary
CLIENT NAME: DALHOUSIE UNNMERSITY - FIMANCLAL SERVICES AQAT WORK ORDER: 1HE4TONE
PROJECT: ATTENTION TO: Hesfesr i
SAMPLIMG SITE: SAMPLED BY:
PARAMETER AGETEOP LITERATURE REFERERCE ARALYTICAL TECHMNIOUE
Ukrm Trace Asalmees
23,7, 8-Twtra SO0 HR-151-5400 EFA 1813 HRMS
1.2,3,7.6-Penta COD HR-151-5400 EFA 1813 HRMS
129,47 -Haen SO0 R S400 EPA 1813 HRME
1.23,8,F a-Haea SO0 R 1515400 EP# 1813 HRME
1.2,3.7.8 S-Haeca SO0 R 1515400 EP#& 1813 HRME
1,234 8.7 8-Hapla SO0 R 1515400 EP#& 1813 HRME
Octa CDD R 1515400 EPA 1813 HRME
|2.3.7. 8- Tatra COF HR-151-5400 EPA 1813 HRME
1.24.7, 6-Fanta CDF HR- 1515408 EPA 1813 HRME
|2.9,4.7 B-Penta COF - 1515400 EPA 1813 HFME
123,47 f-Hasa COF HR-151-5400 EFA 1813 HRMS
12387 -Hasa COF HR-151-5400 EFA 1813 HRMS
|2 9.4 87 Aruca COF R S400 EPA 1813 HRME
1.23,7.8 8- Hisa COF R 1515400 EP# 1813 HRME
123,487 f-Hapls COF HR- 1515400 EPA 1813 HRME
1,234 F A S-Hapta COF R 1515400 EP#& 1813 HRME
Ot COF R 1515400 EPA 1813 HRME
Tokal Tatrichic ol SinSiecifn HR-151-5400 EPA 1813 HRME
Toisl Panischicrodbenzodcadnm HR- 1515408 EPA 1813 HRME
Total Haxachiordibe reodiim HR-151-5400 EFA 1813 HRMS
Total Haplichiosalberesdodim HR-151-5400 EFA 1813 HRMS
Total PCDDS HR-151-5400 EFA 1813 HRMS
Tkl Tyt robar2ofun i HR- 1515400 EFA 1813 HRMS
Total Pantschiorodbensalunnn R 1515400 EP# 1813 HRME
Totsl Haxechiodbareofingm R 1515400 EP#& 1813 HRME
Total Haplichioisdbe feofi s R 1515400 EP#& 1813 HRME
Tatal PCDR R 1515400 EPA 1813 HRME
|2.3.7. 8- Tt SO0 (TEF 1.00 HR-151-5400 EPA 1813 HRME
1,38, 7, B-Pearta 00 (TEF 1.55 - 151 S48 EP4 1813 L T EY
1,234 F f-Haeew CODTEF 01) HR-151-5400 EFA 1813 HRMS
12387 -Haeca CODTEF O1) HR-151-5400 EFA 1813 HRMS
1.2.3,7.8 8-Heea SO0 TEF O1) HR-151-5400 EFA 1813 HRMS
1,294 8 7 &-Hapis SO0 {TEF 0.07) R S400 EPA 1813 HRME
Dcta COO (TEF Qui0dd) R 1515400 EP# 1813 HRME
|2.3.7. 8- Tatra COF [TEF 0L1) R 1515400 EP# 1813 HRME
1.2,3,7, 6-Penta CDF (TEF Quld) R 1515400 EP#& 1813 HRME
2.3.4.7, B-Perta COF (TEF 0) R 1515400 EPA 1813 HRME
1,234 F A-Haeca COF [TEF 0.1) HR_151-5400 EPA 1813 HRME
1,358 7 A-Hew COF (TEF 0.1) - 151 S48 EP4 1813 L T EY
2.3.4 8 F A-Haew £0OF (TEF 0.1) HR- 1515400 EPA 1813 HRME
1.2.3,7.8 9-Hasa COF [TEF 0.1) HR-151-5400 EFA 1813 HRMS
1.23,4 8.7 &-Hapla COF [TEF Gu) HR-151-5400 EFA 1813 HRMS
123,47 3 -Hapis COF [TEF 0.01) R S400 EPA 1813 HRME
Dcta COF (TEF 0.0008) R 1515400 EP# 1813 HRME
Total PCDDs ard PCDR (TES) R 1515400 EP# 1813 HRME
130-TETa-TCDF R 1515400 EP#& 1813 HRME
1301257 PallF R 1515400 EPA 1813 HRME
130-T4TEPallF HR-151-5400 EPA 1813 HRME
1501 E54T e HaCDF HF- 1515408 EPA 1813 HRME
EIGE T METHOD SUMBRRT W1} Pags TA=f 20
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Method Summary
CLIENT NAME: DALHOUSIE UNMERSITY - FMANCIAL SERACES EOAT WoRs ORDER: 1HE4R8
PROJECT: ATTENTION T Haafar Diire
SAMPLINGSITE: SAMPLED BY:
PARAMETER AOATEGP LITERATURE REFERERCE ERALYTICAL TECHMIGUE
13- TR HLF Hfi- 1515400 EP& 1813 HRMS
| AT COF Hfi- 1615400 EP4 1813 HRE
jER R RS HA- 1515400 EPa 1813 HR
1 41T HalTF HA- 1615400 EP4 1813 HRae
| 41T Hal T HA- 1615400 EP4 1813 HRae
4RI TEND HA- 1615400 EP4 1813 HRae
(RS R HA- 1615400 EP4 1813 HRae
1 A0 T B D0 ifi- 1515400 EP& 1813 rFi
1301 T D0 Hifi- 1515400 EP 1813 L
1 301 AT Hel D Hifi- 1515400 EP 1813 L
1 AL-0C00 HA- 1815400 EP& 1813 HRMS
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CLIENT NAME: NOWA BCOTIA LANDSE IRC
PO BN 430, ETATION A
SYDHEY , HE BiPgH2
[B02) BE4-THER

ATTENTION TO: Tony Walksr
FRICJECT: Liobsher
AGAT WORK DRDER: 1EXIE1283
MIECELL AMEOUE ANAL Y213 REVIEWED EY: Kally Hogus, B30, P.Chem, Opsrations Manager
S0IL ANAL YIS REVIEWED EY: Laura Baker, Inorganios Data Reportsr
ULTRA TRACE REVIEWED EY: Fhillppe Mormeau, chimichs
DATE REPORTED: Aug M, 2018
PAGES {IRCLUDING COVER|: 24
VERZIOH* 1

Shoud you neguire any Inforrmation regarding Tis analysis please conic your dient sendoes representathoe af (200) 368-5718

AN narrgian will bs Suponsd of skin 30 diys folowing arsfyis Plsass costec) B lab ¥ you requins sodSionsl sampls miorsgs fme.
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mar Drir-agicuiurel abormiery e e (Cale) g ol et r. AL T Lasorne b (VAARAKUGE | B MBZ Riorasies by e Caradn
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Certificate of Analysis Dev, Mo s
@ @ Gﬂlj‘F Laboratories AGAT WORK ORDER: 18X361283 TE (muEEaIs

- FAN [SOZMEE-E524
PROJECT: Lobster it st com
CLIENT NAME: NOVA SCOTIA LANDS INC ATTENTION TO: Tony Walker
SAMPLING SITE: SAMPLED BY:
Subcontracted Data Received
[DATE RECEIVED: 2018-07-12 DATE REPORTED: 2018-08-01
EAMFLE DESCRIPTION: LOEM1 LOE N2 LOE M8 LOB HE1 LOB NEZ LOB NES
EAMFLE TYPE: Tiecus Tiecus Tiegue Ticcus Thesus Thecus
DATE BAMPLED:  291847-11 EDT-M 20184711 2018071 2018471 2ME07-11
Paramstar untt @re RDL BIATIED BIET210 WTIAT BITIES ETIER B83sT280
Euncontracisd Data T Y Y Y T Y

Comments: ROL - Reported Detection UmE, G/ & - Guidelne / Standard
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PROJECT: Lobster

11 Morms Drive, 'Unk 122
DCearimouth,

Certificate of Analysi Nz Senta
CANADA B3B8 M2
AGAT WORK ORDER: 18X361283 TEL [SOZHEE-ETIE
FAX [S0X4E8-8904

CLIENT NAME: NOVA SCOTIA LANDS INC ATTENTION TO: Tony Walker
SAMPLING SITE: SAMPLED BY:
Metals in Tissue
DATE RECEIVED: 2018-07-12 TE REFORTED: 20118-08-01
EAMFLE DEECRIFTION: LOE N1 LiOE N2 LOB N3 LOE H4 LO8 KE LOE HE LB HT LOE HE
ZAMFLE TYFE: Tiecue Tiecus Tieguwe Tiecue Thesus Tiecus Tiesus Thesue
DATE BAMPLED:  318-47-1 HAELT-1 20180711 20180711 18871 220711 20180711 2018471
Parameter unit BiE RDL BEET 18D BIETZ210 T2 BIETZR4 ETINE B3aT228 8397226 RETRT
| umira 0] L] =10 =10 =i =10 =10 =10 =10 =10
|acsmony gy 2 <z <2 <z <z <z <z <z <2
|Arsenic kg 2 10 a T 11 10 0 10 4
Earium kg 5 <5 =5 <5 =5 <5 =5 <€ =5
Eeryilum gy 2 <z <2 <z <z <z <z <2 <2
Eds Mt g 5 =5 =g <5 =5 <5 <5 <€ =5
Eioron kg 2 <z =2 <z =2 <z =2 =2 =2
(Cadmium moRg 03 10 oz 11 13 14 11 [=L-]
(Chromium kg 2 <z =2 <z =2 <z =2 =2
cobak gy 1 <1 <1 <1 <1 <1 <1 <1 <1
Copper 0] 2 2 20 2 2 28 EL 2 12
iron kg =1 =50 <50 <50 «E0 =50 <50 =E0 =50
Lzad kg 0.4 =04 =0.4 =04 =02 =04 =02 =04 =04
Mangareze kg 2 3 a8 T 17 " 14 &
Molybdenus gy 2 <z <2 <z <z <z <z <z <2
Micks g 2 <=2 =1 <z =2 <2 =2 <2 =2
Edenium kg 1 =1 =1 =1 =<1 1 1 1 =1
Edhver kg 0E as <05 o 0s o7 LE:] o0& =05
Sromtium 0] E & 20 17 13 24 e 75 2
[Thallum mgikg [ ] =01 =01 =01 <01 =01 <04 <01 =0.1
[Tin kg 2 2 =2 =2 =2 2 =2 =2 =2
Uiranium kg [ 8] =01 =01 =01 <01 =01 <01 <01 =0.1
[Vanadum mg'kg <2 <2 <z <2 <2 <2 <2 2
[ane mokg s k] £l az £l EE] 34 ap 1®
. - 11 Morms Drive, 'Unk 122
Certificate of Analysis Dot Mova Seota
CANADS B2E 1N
@ @ @ i Laboratories AGAT WORK ORDER: 18X261283 TEL (SIZHEE-ET1
PROJECT: Lobster T
hiipcfmww.agatiabs. com
CLIENT NAME: NOVA SCOTLA LANDS INC ATTENTION TO: Tony Walker
SAMPLING SITE: SAMPLED BY:
Metals in Tissue
DATE RECEIVED: 2018-07-12 DATE REPORTED: 2018-08-01
SAMPLE DESCRIPTION:  LOB HE1 LOE NE3 LOB NEB LOB HET LOB NEB LOE N3-Dup  LOE NES-Dup
EAMFLE TYPE: Ticcus Ticcus Ticcuws Ticcus Tous Tiecus Tiecus
DATE BAMPLED:  3818-87-11 e 20180711 20920711 285711 80711 2020711
Parameter Unit @rE ROL BEETIE HEETIEE BIETIET BEETIEE EIETIEN BA0EREE B40a83T
|Aluminem mgkg 0 =10 =10 =10 =10 =10 =10 =10
|AnEmany mokg 2 =2 =2 <z =2 =2 =2 =2
|Arsenic mgkg 2 T T B 7 & 5 &
Eariurmi mokg 5 =5 =5 <5 =5 =5 =5 <=
E=ryiium mokg 2 =2 =2 =2 =2 =2 =2 =2
Eismun kg 5 = <5 <5 <5 <5 <5 ==
Ecroin mokg 2 =2 =2 3 =2 =2 =2 =2
Cadmium kg 03 10 12 13 2 11 a2 12
(Chimmium mokg 2 =2 =2 2 =2 =2 =2 =2
Cobat ek 1 <1 <1 <1 <1 <l <1 <1
(Comper okl 2 12 1= 25 22 21 16 13
iren ma'kg E =50 =50 <50 <50 =50 =50 <50
Lead okl 0. =04 =04 =04 =04 =04 =04 =04
Mangarese ma'kg 2 T 11 B 3 & T o
Moksbdenus kg 2 < <2 < <2 < <2 <2
[Micke ma'kg 2 <z =2 <z =2 <z =2 <2
Seienium mgi'kp 1 <1 <1 1 <1 i <1 <1
Sihver mgikg os =05 ar oy 0s =13 «0.5 (11
Srontium mgikg & 18 26 8 £ a4 14 33
[Thailum mgikg o4 =01 =0.1 =01 =01 =01 =01 =01
il gk 2 <z <2 <z <z <z <z <z
Liranium mgikg o4 =01 =0.1 =01 =01 =01 =01 =01
Varsdum mokg 2 =2 =2 =2 =2 =2 =2 =2
|2inc mgikg 5 32 33 3 28 24 r 38
Comments: RDL - Reporied Detection Umk, G/ & - Guidelne / S5andard

B30T180-BADBEET Results are bassed on the wet welpht of the sample.
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Gj @ @‘F Laboratories AGAT WORK ORDER: 18X361283 TEL (B eTe

PROJECT: Lobster FAX [SIZHEE-E004

CLIENT HNAME: NOVA SCOTILA LANDS INC ATTENTION TO: Tony Walker
SAMPLING SITE: SAMPLED BY:
Dioxins and Furans (Tizssue, WHO 2005)
DATE RECEIVED: 2018-07-12 DATE REPORTED: 2015-08-01
LAMFLE DESCRIFTION: LOE M1 LOB M2 LOS N2 LDE N4
LAMFLE TYFE- Ticous Tiecwe Tiecues Tiegus
DATE SAMPLED:  3018-97-11 201807-11 20188711 20MEO7-11
Paramstar untt ars RDL BERTIS0 RDL S|7T0 ROL EWTIER RDL 8387224
2,3,7,5-Tetra CDD r%g [ 02 as s o2 <02 0+ =04
1,2,3.7 5~Fenta COD g 0.8 “0E 03 08 02 <02 o.s <05
1,2,34.7 5-Hexa COD rgkg 0B 0 os =035 os =05 a7 <07
1,2,35.7 5 Hers COD kg 0.7 7 ] L] L =04 s =05
1,2,3.7.8.5-Hexs COD g [k a7 0.8 <03 0s =03 0.7 0.7
1,2,34.5 7 2-Hepta COD kg D& & 1 <1 oS <05 1 <1
Ccta COD rgkg 2 =2 2 3 o7 oar 2 <2
2,3,7.5-Tetra COF rakg 0.4 as a2 0.& 03 <03 0s <15
1,2,3,7.5-Penta COF rakg 0.s 05 as <08 os <05 0.s <5
2,347 E-Fenta COF kg 1 <1 0s s 04 <04 o7 ]
1.2,34.7.5-Hexa COF rakg 0.2 0z 08 <08 os <05 0.s <5
1.2,3.6.7.5-Hexa COF rakg 0.2 0z as Qs os <05 0s <15
2,3 46,7 5-Heva COF r%g o =03 hE: ] =08 os <05 0s =05
1.2,3.7.8.9-Hexa COF g% 0.3 03 1 =1 o8 =02 0.8 <08
1,2,34.6.7.5-Hepta COF rakg 0.& <0 1 =1 o2 <02 1 =1
1,2,3.4.7,5 5-Hepts COF kg 0.3 k] 1 =1 L =04 2 2
(Octa CDF g 2 =2 & <4 2 2 2 =2
[Total Tetrachiorodbenzodoxns g% 0.2 10 as 12 o2 o4 04 15
[Tetal Fentachioredibenzodoxins rgkg 0B Firg os 31 o2 o4 as <15
[Totsl Hexmchiondbenzodosns r%g 0.e s as 3y os 13 oz 28
[Total Heptachiorod berzndioxins rakg 0.& 18 1 & o5 or 1 =1
[Total FCODs rakg 2 -] 2 17 or 38 2 6
[Totsl Tetachiondbenzoturans r%g oa is a2 5 o3 33 0s 41
[Tetal Fentachioredibenzofurans: rakg 1 4 as os 5 s 42
[Total Hexachiorodbenzofurans rakg 0.3 14 1 2 -] 10 0.8 16
[Total Heptachiorodbenznfurans g% 0.9 039 1 2 os =04 2 <2
[Total FCOFs rakg 2 -] 4 4 2 T 2 1
2,3,7.5-Tetra COD (TEF 107 TEQ =] o o a
1.2,3.7.5-Penta COD (TEF 1.0) TEQ =] o 1] a
1.2,34.7.5-Hexa COD (TEF OL1) TEQ [*] o 1] a

11 Morms Drive, Unit 122
Bowa:

Certificate of Analysis Dortu Novaccots
Gj @ @jll_fl Laboratories AGAT WORK ORDER: 18X361283 TEL ETassaTs

- FA (SZHEE-ES2
PROJECT: Lobster rmwm: et

CLIENT HAME: NOVA SCOTIA LANDS INC ATTENTION TO: Tony Walker
SAMPLING SITE: SAMPLED BY:
Dioxing and Furans (Tissue, WHO 2005)
DATE RECEIVED: 2018-07-12 DATE REPORTED: 2015-08-01
ZAMFLE DEECRIPTION: LOE N1 LOB N2 LOB N3 LOE N4
LAMFLE TYPE: Ticcue Tiecue Tecus Tiesus
DATE SAMPLED:  Z38407-11 201807-11 2013871 20180711
Parameter Umit [Tk 1 ROL BERTI8D RDL T RDL SETIE ROL 8387224
1,2,3,6,7,8-Hexa COD (TEF 0.1) TEQ o o o a
1,2,3,7.5.5-Hexa COD (TEF 0.1} TEQ o o o a
1,2,34.5.7.5-Hepta COD (TEF 0015 TEQ ] o ] a
(Ccta DO (TEF 0.0003) TEQ o 0oo0E1: 000013 a
2,3,7.5-Tetra CDF (TEF 0.1} TEQ 0.0s57 ooses ] a
1,2,3,7.5-Pents COF (TEF 0.03) TEQ o o o a
2,3,4,7 5-Penta COF (TEF 0.3) TEQ ] o ] 02ss
1,2,34.7.5-Hexa COF (TE TEQ o o o a
1,2,35.7 8-Hewa COF (TEF Q. TEQ o ] o ]
2,345 7 5-Hewa COF (TE TEQ o o o ]
1,2,3.7 8 5Hewa COF (TEF O TEQ o o o o
1,2,3.4.5.7.5-Hepta COF (TEF 0.0M ) TEQ o o o a
1,2,3.4.7 2 5-Hepta COF (TEF 0.0} TEQ o i o ]
(Ccta COF (TEF 0.0003) TEQ o o o a
|Total FCO0s and PCOFs (TEQ) TEQ 0.0557 oossa 0000213 0255
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11 Morvis Drive, Unik 122

Certificate of Analysis Do N S
@ @ @ﬁl Laboratories AGAT WORK ORDER: 18X361283 TEL [SIZMEBETIR

PROJECT: Lobster T T

CLIENT NAME: NOWA SCOTLA LANDS INC ATTENTION TO: Tony Walker
SAMPLING SITE: SAMPLED BY:
Dioxing and Furans (Tissue, WHO 2005)
DATE RECEIVED: 2018-07-12 DATE REPORTED: 2018-08-01
LAMFLE DEECRIFTION: LOE W1 LOB N2 LOB N3 LOB N4
LAMFLE TYPE: Ticoue Tiecwe Tesue Ticgue
DATE SAMPLED: 3184711 20180711 20188711 20420711
Sumcgate Uit Apveptabls Limits BERT I8 0TI ST BIaTIR4
130-2378-TCOF % 30-440 5L il E3 =
13C-12378FelDF % 30-140 5T 38 48 £
13C0-234TEFelDF % 30440 L 45 E& B3
130-123478-+HwCDF % 30440 = 45 EY &7
13C-123678-+aCDF % 30-140 Ta 51 78 T4
13C-2345TE8-HWCDF % 30440 -] SE i) 1
13C-1237ES-+HCDF % 30-140 = 0 EY B4
13C-12346TE-HRCOF % 30140 sa E =4 52
13C-1234T85-HpCDF % 30440 43 41 4 53
13C-2378-TCOD % 30440 a2 5 (3] ™
13C-12378-FeCO0D % 30940 as a8 = BS
13C-12347T8-HeCOD % 30440 g3 5T ES 3
13C-123678-+COD % 30-140 7 59 58 73
13C-12346TE-HRC0D % 30140 53 a2 =0 57
13C-0C00 % 30440 8 24 35 4

11 Monis Crive, Unik 122

Certificate of Analysis Do NS
@ @ @ i Laboratories AGAT WORK ORDER: 18X361283 TEL (SOZMEBET1E

PROJECT: Lobster e St
CLIENT MAME: NOVA SCOTIA LANDS INC ATTENTION TO: Tony Walker
SAMPLING SITE: SAMPLED BY:
Dioxing and Furans (Tissue, WHO 2005)
DATE RECEIVED: 2018-07-12 DATE REPORTED: 2018-08-01
LAMFLE DESCRIFTION: LOE NB LOB N8 LOB N7 LOE N3
LAMFLE TYPE: Ticoue Ticwe Thksue Tiegcue
DATE SAMPLED:  301847-11 20180711 20188711 20920711

umitt @/ RDL BIOTIRE ROL 87228 RODL RETIE ROL 897237

kg 0.4 =04 2 =02 [ =04 a.s =05

rakg L) =04 LE:] 03 2 =2 as =05

rakg 0.s =05 1 =1 1 =1 as =08
1.2,35.7.5-Hexa COD [0 ] [ 1 =05 03 05 1 =1 1 =1
1,2,37.55-Hexs COD rgkg [ o 1 =1 1 =1 o8 =08
1.2,34.6.7.5-Hepta CDD (=10 [ =06 0s 06 3 =3 3 =3
Cocta COD kg 1 =1 2 =2 8 k-] & <5
2,3,7.5-Tetra COF (=10 0.s as 04 0.s [15:] 21 a8 11
1,2,3.7.5-Penta COF rakg [ =06 L E-] 0B 2 =2 a3 =03
2,347 5-Penta COF [0 ] [ 1 =05 0.5 05 2 =2 a7 =07
1.2,34.7.5-Hexa COF (=10 ) 0.s s 0s @039 1 =1 1 1
1.2,35.7.5-Hexa COF (=10 0.s =05 03 =03 1 =1 1 =1
2,3,45.7 5-Hexa COF (=10 ) 0.s s 1 =1 1 =1 1 =1
1.2,3.7.8.59-Hexa COF (=10 [ =7 2 =2 2 =2 1 =1
1,2,34.5.7.5-Hepla CDF kg 0.4 os 1 =1 2 0.3 13
1,2,34.7.5.5-Hepta COF (=10 [ 0 2 <2 3 <3 2 <2
Ccta GOF -] 1 =1 3 =3 2 & <5
[Tetal Tetrachiordbenzodiodns [0 ] 0.4 14 02 0.z 04 17 s 0.5
[Te@l Fenachorodbenzodomns (=10 ) 04 11 o8 13 2 =2 as (18- ]
[Te@l HemchiorsdbenzodowEns rakg 0.s 13 1 2 1 4 1 3
[To@l Heptachiorodberzndioxns rarg & 18 0s 0.7 3 <3 3 <3
[To@l FCD0s (=10 1 3 2 4 8 <2 & ]
[Te@l Tetachionsdbenzofurans rakg 0.s 50 04 33 [1E:] 71 as 23
[To@l Fentachiorodbenzofurans rarg [ 3 o8 1.8 2 2 as 18
[To@l Heachionsdbenzofurans (=10 ) [ 12 2 2 2 2 1 2
[Tetal Heptachiorodiberzafurans rgkg [ 21 2 2 3 4 2 <2
[To@l FCDFs rarg 1 1 3 9 3 16 & 8
2,3,7.5-Tetra COD (TEF 1.0) TEQ a o 1] 1]
1,2,3,7,5Penia COD (TEF 1.0) TEQ =] o o ]
1,2,34,7 5-Hexa COD (TEF QL1) TEQ =] 0 o 0
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@ @ @‘ﬁl Laboratories

11 Moms Drive, URk 122
Carimouth, Mova Sl
CAMADA B3E 1M
TEL (S0ZMEE-ET1E
FA) [SOZMEE-E521

Certificate of Analysis

AGAT WORK ORDER: 18X361283
PROJECT: Lobster

CLIENT NAME: NOVA SCOTIA LANDS INC

SAMPLING SITE:

ATTENTION TO: Tony Walker

SAMPLED BY:

Dioxins and Furans (Tizssue, WHO 2005)

DATE RECEIVED: 2018-07-12

DATE REPORTED: 2018-08-01

Parametar
1,2,35.7 8-Hewa COD [TEF 0.1)
1,2,3.7.8 5Hexa COD TEF OL1)
1.2,3.4.5.7 5-Hepta COD (TEF 0014
(Ccta COD (TEF 0.0003)
33,75 Telrs COF (TES 0.1}
1.2,3.7.5-Pents COF (TEF 0.03)
2,347 5-Penta COF (TEF 0.3)
1,2,34,7.5-Hexa COF (TEF 0.1

1,2,3.72 3-Hewa COF (TE 0.1)

12,3457 8Hepta COF (TEF 0.01)
1,.2,34.7.5.3-Hepta COF (TEF 0.0}
Ccta COF (TEF 0.0003)

[Total 0D snd PEOFs (TER)

5
El
=

EEEFEEEFEEEEEY

TAMFLE DEECRIFTION: LOE HE LDE N8 LOE W7 LOE N8
FAMPLE TYPE: Tieeus TG Thsus Tiscus
DATE EAMPLED:  3018-07-11 201E07-11 20184711 20180711
alE ROL BENTIRE ROL B38T228 ROL BIETIEE ROL BI8TIET
o o o a
o o o a
o o o a
o o o a
0.07en CLOBTE s 0114
] ] a
(] o (] a
] o ] 0118
(] o (] a
] o ] a
o o o a
0.00478 o o [k k]
o o o a
o o o a
0.0s0s CLOBTE s 0245

@ @ @‘F Laboratories

Certificate of Analysis D e
AGAT WORK ORDER: 18X361283

TEL (SO02468-5T18
PROJECT: Lobster FAX [SZpsE SR

CLIENT NAME: NOVA SCOTIA LANDS INC ATTENTION TO: Tony Walker
SAMPLING SITE: SAMPLED BY:
Dioxing and Furans (Tissue, WHO 2005)
DATE RECEIVED: 2018-07-12 DATE REPORTED: 2018-08-01
SAMPLE DESCRIPTION: LOE NB LOB N8 LOB NT LOB N8
LAMFLE TYPE: Tiecue Ticswe Thsue Tiecue
DATE SAMPLED: 20184711 201807-11 20138711 20180711
Surmcgats WUnit Anpoeptabls Limite BERTERE 287228 SETHE BaaTEET
13C-23TE-TCOF % 30-140 43 58 41 44
13C-12378-FeCDF % 30-140 45 47 L e
13C-23478-FeCDF L 30-140 -] 63 L =
13C-123478-+HCOF % 30140 62 0 63 ]
13C-123678-+HaCOF % 30-4a0 62 B3 BE EE
13C-2346T8-+HYCOF % 30440 62 T4 63 =
13C-1237RS-+COF % 30-140 -] &1 £ an
13C-12346T8-HpCOF % 30-140 50 56 4= 44
13C-1234TES-HpCODF L 30-140 50 53 44 ar
13C-2378-TCDD % 30-140 75 55 24
13C-12378-FeCOD % 30-140 63 44 48
13C-123478-+aCO0 % 30140 73 &0 55
13C-1236T8-+CO0 % 30940 BE 3 63
13C-1234678-HpCOD % 30440 &1 4z 41
13C-0C00 % 30-140 36 k- 32
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11 Maomis Drive, Unk 122

Certificate of Analysis Dertn N et
@ @@ i Laboratories AGAT WORK ORDER: 18X381283 TEL [BIZHEBET1E

PROJECT: Lobster il

CLIENT NAME: NOVA SCOTIA LANDS INC ATTENTION TO: Tony Walker
SAMPLING SITE: SAMPLED BY:
Dioxins and Furans (Tissue, WHO 2005)
DATE RECEIVED: 2018-07-12 DATE REPORTED: 2015-06-01
F.\IIPI.E DESCRIPTION: LO8 HE1 LOB NES LOE NEB LOE NET
LAMFLE TYPE: Tiscue Ticguwe Tesue Tiecue
DATE SAMPLED:  2048407-11 201840711 aaT-11 20180711
Paramster unitt @/ RDL BEBT2E4 RODL 87268 ROL HATIET RDL 8387268
2,3,7 5 Tatra CDD % D2 0z 02 0z D3 <03 04 D4
1,2,3.7 5-Penta COD %D 0.4 <04 03 <03 2 =z ] =03
1,2,3,4,7 5-Hewa COD kg 0.4 o4 02 04 1 1 L] 0.8
1,2,35.7 S~Hewa COD =] 0.4 <04 02 04 =] 0% s D&
1,2,3.7.8.59-Hexa COD ra%a 04 =04 0z 04 1 =1 a7 <07
1,2,54 5.7 S~Hepta COD =] [ <05 0s <05 2 <z os <03
kg 2 -2 3 <3 1 2 a 4
kg 03 as a2 ca [ =04 04 13
kg 0.3 o4 os o 2 <z 1 <1
=] 0.2 oz 04 <04 2 <z 1 <1
1,2,3.4 7 2~Hewa COF kg 0.4 <04 os o (-] ig 1 1
1,2,3,5,7 8-Hexa COF kg ca =04 as 05 0T <07 as <15
2,345,7.8-Hews COF kg 03 =03 s =05 [ ] =g 1 =1
1 7.5 5Hewa COF ra%g 0E Qs as =08 1 =1 2 <2
12,34 5.7 S~Hepta COF kg [l s os <0 k] 18 1 1
1.2,34.7.5.5-Hepta COF ra%a 0.9 =09 1 =1 1 =1 2 =2
(Ccta COF kg 1 =1 2 Erd 10 =10 3 5
|Total Tetrachioredbenzodoxins ra%g 0.2 as a2 12 03 ar 04 17
|Total Penachiondbenzedowns ra%a 0s as a3 0.8 2 =2 a3 22
|Total Hemachioredbenzodoxns ra%a 04 13 0= 13 1 4 L E:] 27
|Total Hepiachiorodbenzndiowns ra%g 0.6 as as =& 2 3 a3 20
|Total FCO0s ra%g 2 3 3 4 2 10 3 13
|Total Tetachioredbenzoturans ra%a 0.3 29 a2 a7 o0& 71 04 B4
|Total Fentachiorodbenzcturans rgkg 0.3 -1 as 1 2 H 1 T
|Total Hexachioredbenzoturans ra%g 0.s as as 0.9 1 & 2 5
|Total Hepixchiorodberzofurans kg 0.9 25 1 1 1 4 2 &
|Total FCOFs rgkg 1 L] 2 T 10 2l 3 29
S-Tetra CDD (TEF 1.0} TEQ o o o a
1 7.5-Penia COD (TEF 1.0} TEGQ o [ o a
1,2,34.7 8~Hexa COD (TEF 0.1) TEG =] 0 oo a

11 Morris Drive, Uni 122

Certificate of Analysis Darreoum, Nova s
@ @ @ﬁ Laboratories AGAT WORK ORDER: 18X361283 TE.lHZ)S::;?’ﬁ

- P
PROJECT: Lobster Rttt o

CLIENT NAME: NOVA SCOTIA LANDS INC ATTENTION TO: Tony Walker
SAMPLING SITE: SAMPLED BY:
Dioxins and Furans (Tissue, WHO 2005)
DATE RECEIVED: 2018-07-12 DATE REPORTED: 2018-08-01
ZAMPLE DESCRIPTION: LO8 NE1 LOB NE2 LOE NEB LOE NET
SAMFLE TYPE: Tiecus Tieous Tsus Tiesus
DATE SAMPLED:  2918497-11 201840711 2018497-11 20180711
Paramietsr unitt @rs RDL BIET2EL RDL 187268 RDL ISTIET ROL B39726E
1,2,35.7 5-Hexa COD (TEF 0.1) TEQ o o o a
TEQ o o =] a
1,2,34 5.7 5Hepta COD (TEF 0.01) TEG 1] o o
iCicts COD (TEF 0.0003) TEQ 1] o 0000703 0.00125
TEGQ .01 =120 ossz 0133
1,2,3.7.,6-Penta COF (TEF 0.03) TEQ ooz o =] a
2,3,4.7 &Penia COF (TEF TEQ 0083 o o a
1,2,34.7 5-Hexa COF (TEF 0.1} TEQ o o 03&0 0114
1,2,35.7 5~Hewa COF (TEF OL1) TEGQ o ] o ]
2,3,45.7.5-Hexa COF (TEF 0.1) TEQ o o =] a
1,2,3,7.8.9-Hexa COF (TEF 0.1) TEQ 1] o =] a
1 46,7 5-Hepta COF (TEF 0.04) TEQ 000534 o ooiss 00433
1,2,34.7.2 5-Hepts CDF (TEF 004} TEGQ 1] 1] o ]
Ccia CDF (TEF 0.0003) TEQ o o o D.oois2
(Total FCDOs and PCOFs (TEQ) TEQ 0145 L0404 0544 0.263
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@ @ @F Laboratories

Certificate of Analysis

AGAT WORK ORDER: 18X361283
PROJECT: Lobster

11 Morris Drive, Unk 122
Dorimouth, Mova Smia
CAMADA B35 TME
TEL [SOX4E8-ET1E
FAX [SOTHEE-E504

CLIENT NAME: NOVA SCOTIA LANDS INC ATTENTION TO: Tony Walker
SAMPLING SITE: SAMPLED BY:
Dioxins and Furans (Tissue, WHO 2005)
[DATE RECEIVED: 2018-07-12 DATE REPORTED: 2018-08-01
2AMFLE DESCRIPTION: LO8 NE1 LOE NEZ LOE NEB LOE NET
SAMPLE TYPE: Tiecus Tiecuws Thsue Tiesus
DATE BAMPLED:  2018-07-11 201B07-11 20189711 20120711
sumcgate unitt Anneptabls Limits: BIOT2EL 287268 RIETIET 8397268
13C-2378-TCOF % 30-1a0 &7 a8 Loy B4
13C-12378-FeCOF L 30-140 43 48 48 &0
13C-23478-FeCDF L 30-140 AT 48 - 40
13C-123478-+HaCOF % 30140 59 59 69 63
13C-1236TB-+aCOF % 30-140 &5 &0 BT BO
13C-2346TB-+HaCOF % 30-140 55 51 T4 T4
13C-12378S-+aCOF L 30-140 5T 53 59 (-1
13C-12348T8-HpCDF L 30-140 45 45 48 55
13C-1234TES-HpCOF % 30140 £3 a4 E 52
13C-2378-TCOD % 30-140 62 BS ] BO
13C-12378-FeCOD % 30-140 53 4 62 43
13C-1234T8-+aCOD L 30-140 &8 &8 &7 70
13C-1236T8-+aCOD L 30140 TE m 52 Ba
13C-1234678-pC00D % 30140 55 E 47 ]
13C-0C00 % 30-130 Fil 3 iz 35
Certificate of Analysis Darbo, Nova Scoea
CANADA BB W2
@ @ @ i Labo]ﬂatories AGAT WORK ORDER: 18X361283 TEL [SOZMEE-ET1E
PROJECT: Lobster FA (s Es
i Bgatas. com
CLIENT NAME: NOWA SCOTIA LANDS INC ATTENTION TO: Tony Walker
SAMPLING SITE: SAMPLED BY:
Dioxins and Furans (Tissue, WHO 2005)
DATE RECEIVED: 2018-87-12 DATE REPORTED: 2018-08-01
SAMPLE DESCRIPTION: LO8 HEB LOB N3-Dup LOE NES-Dup
LAMFLE TYFE: Ticsus Tisws Thezus
DATE SAMPLED:  209807-11 201840711 2098a7-11
Paramistsr unit a's ROL BIOT2ED ROL 408935 RDL SLERT
2,3,7.5-Tetra COD (-1 0.3 03 0s 05 [ <04
1.2,3.7.6-Penta COD [e-15 ] 0.5 =05 1 =1 05 =05
1,2,34,7 5-Hexa COD rgkg [ @0z 2 <2 1 <1
1,2,325.7 5-Hexs COD rgkg 0.s 0z 2 <2 -] ek
1.2,3.7.8.59-Hexa COD (-1 o0.s Qs 2 <2 1 =1
1,2,34 5.7, 5-Hepta COD ngkg 0.& <0 1 2 2 <z
rgkg 1 1 r) <7 2 <2
g%y oa os a7 0T 08 <08
g%y 0s 05 as 05 08 <08
rgkg o0.s Qs a7 T 05 <0E
kg os s 1 <1 i <07
1,2,36.7 5Hexa COF kg 0.4 <0d L] <0E -] 10
2,3 45,7 2Hexa COF (21 ] o0s =05 1 =1 3] s
1,2,17.5.5Hexs COF rigkg 0y @07 1 1 1 =
1,2,34 .57 5-Hepta COF kg os <0z 1 <1 i} <0E
1.2,34.7.8.5-Hepta COF (21 ] 0E 0E 2 =2 1 =1
Ccta COF (21 ] 2 3 =3 10 =10
|Total Tetachiordbenzodiosns rgkg .3 0s as 11 o4 os
|Te@i Fenmachorodbenzodomns [e-15] .5 or 1 2 oS o7
|Tetal Hemachiordbenzodiosng (21 ] .5 a1 2 =2 1 z
|Totl Heptachiorodibenzndioxins rgxg 0.s 13 1 4 2 =2
|Total FCD0s (-1 1 3 7 9 2 3
|To@i Tetachionsdbenzofurans [e-15] 0.4 az a7 55 [ ] 35
|Totl Fentachiorodbenzofurans (-1 0.s az 03 20 o8 13
|Totl Heachionsdbenzofurans rgxg o7 13 1 4 1 3
|Total Heptachiorodiberzfurans g%y 0s 0s 2 <X 1 =1
[Total FCOFs rgkg 2 -] 3 4 10 <10
2,3,7.5-Tetra COD (TEF 1.0) TEQ a o [:]
1,2,3,7,&Penia COD (TEF 1.01 TEQ o o o
1,2,34.7 8-Hexa CDD (TEF 01} TEQ =] o o
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@ @ @‘F Laboratories

CLIENT NAME: NOVA SCOTIA LANDS INC

SAMPLING SITE:

Certificate of Analysis

PROJECT: Lobster

AGAT WORK ORDER: 18X361283

SAMPLED BY:

11 Mormis Drive, Unit 122
Cartmouth,

ATTENTION TO: Tony Walker

, Nova Eata
CANADA B35 1MZ

Dioxins and Furans (Tissue, WHO 2005)

DATE RECEIVED: 2018-07-12

DATE REPORTED: 2018-08-01

SAMPLE DESCRIPTION: LO8 NEB LOE N3-Dup LOE NES-Dup
ZAMFLE TYFPE: Ticcus Ticcue Ticzue
DATE BAMPLED:  3018-407-11 21E07-11 20848711
FParametsr unit [Tk 1 ROL BIBTIED ROL 2408835 RDL B40E2AT
1,2,36.7.5-Hexa COD (TEF 0.1) TEQ =] o =]
1.2,3.7.8.9-Hexa COD (TEF Q1] TEQ 1] o =]
1,2,34.5.7 5-Hepta COD (TES 0U01) TEQ o oM o
iCcta CDO (TEF 0.0003) TEQ 000072 o =]
23,7 5-Tetra COF (TEF 0.1} TEQ 0,082z o o
1,2,3,7.5-Penta COF (TEF 0.03) TEQ <] o =]
2,347 8-Pents COF (TEF 0.3) TEQ 1] o =]
1,2,34.7 8-Hexa COF (TEFO.1) TEG 00552 o o
1,2,36.7.5-Hexa COF (TEF Q.11 TEQ =] o ez
2,3,45.7 5-Hexs COF (TEF 0.1) TEQ o o oossz
1,2,3T.8.5Hexa COF (TEF Q.11 TEQ =] o =]
1,2,324,5.7,8-Hepta CDF (TEF 0.0} TEQ o o 5]
1,2,34.7 5 %-Hepta COF (TEF 001} TEQ o ] o
iCcta CDF (TEF 0.0003) TEQ .000s0s o =]
[Total FCO0s and PCOFs (TEQ) TEQ o119 o 0.187
Certificate of Analysis Careoot i £
CANADS 528 M2
@ @ @ i Laboratories AGAT WORK ORDER: 18X361283 TEL [SOZMEE-ET1E
PROJECT: Lobster AR (S
IRt AN, 3 gatEDS. COm
CLIENT MAME: NOVA SCOTIA LANDS INC ATTENTION TO: Tony Walker
SAMPLING SITE: SAMPLED BY:
Dioxins and Furans (Tissue, WHO 2005)
D ATE RECEIVED: 2016-07-12 DATE REPORTED: 2018-08-01
SAMPLE DESCRIPTION: LO8 HEB LOB N3-Dup LOE NES-Dup
SAMFLE TYFE: Tieous Tieguwe Thesus
DATE SAMPLED: 2184711 201840711 201848711
Burmrcgats Unit Avosptabds Limits BERTRED 2408335 S4EEIT
13C-2378-TCDF % 30-1a0 2] 42 E0
13C-12378-FeCDF % 30-1a0 38 34 45
130-23478-FeCDF % 30940 40 40 T
13C-123478-+aCOF % 304940 g3 53 BS
13C-123678-+HICDF % 30-1a0 &7 83 7
13C-234E78-+COF % 30-980 54 B B5
13C-123788+COF % 304940 =0 =4 )
13C-12346T8-HpCDF % 30-1a0 £ 43 43
13C-1234T8S-HpCDF % 30-9a0 45 &0 43
13C-2378-TCDD % 304940 g3 53 B3
13C-12378-FeC00 % 30-1a0 25 21 L8
13C-1234T8+COD % 30-1a0 &1 65 (1]
13C-123678+HCO0D % 30140 &7 BE Be
13C-1234678-HpCOD % 30-1a0 -] 24 =4
13C-0C00D % 30-9a0 33 3E is
Comments: RDL - Reporied Defection UmE:. G/ & - Guideline | BSandard

BEET180-BADEBET The nesults wers comected bazed on the surogate pencent recoveries.
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41 v Dirive, Link 132
Carreath Hom Sooe

'hl‘l‘
-.il @@@ . CUAHALA, I WD
> TEL fEe-A7 4
7 i Laboratories L
oz ey AgECAlE DT
Quality Assurance
CLIENT RAME: NOVA SCOTIA LANDS INC AGAT WO CROER 18381380
PROJECT: Liskited ATTENTION TCx Ty W lied
SAMPLING SITE SAMPLEDEY:
Soil Analysis
P Cartac g O, 2000 CUPLCATE L S MTHOE LA T o]
Ml [CRmp—— [p——— [CRn——
FARAMETER ot | TR pupn | D | wpp [ Bk | SeeSs) e el [ Uil
Lo | Ui wl-l-lllﬂ-u Lo | st
Mercury Analysia in Tiaaus
Maroury n T 1 BNTEE =02 Loel ] ha = CLDe s TR OCNE RA TR R @SR ToR VR
L
Mrrirrr BADERDS D40EgDE o0 =D ha =10 R TR 'MW DN TN NIOR MA TR ‘N
hrirooy BOEECE DAOEIE -3 «2 WA =2 B TR IXE (DM TON DO MA TR IR
hrea ORECS GA0SIE [ KA =3 B T DN B4 TN I30N MA TOW TNW
Barirr [ ] W WA «% D4R TR INE S TN DO MA TR IR
Baryiur OBECS QA0SR e 2 WA =2 MDW TN DN (00N TOW NN MM TOW 1NN
Barrsh BADECDS D40ECTE -3 L] ha =8 IR TOR UMOW RA VIOW IO MA TR ‘N
Boron BOEECE DAOEIE -3 2 RA =2 MO TOR TN KO ML TOW 1N
Cocd i OBECS D40SE3E D4 G4 WA e03 O TOW TN NN MM TOW T
Chromiur BOFEDS DGR e 2 WA e2  mW TR TN EMOR M TR 1N
Cobut [ ] B KA w1 MO TOW TN NN MM TOW 1NN
Coppar BADECDS D40ECTE " "= o =3 O% TR TO% 3R NA TR ‘N
I BHOERTE D4ONEIE A KA =S MEW TOR TN KO M TOW 1N
Lz BMOEECS DAOSEDE o4 D4 KA w04 BB TOW TN NN MM TOW T
Marganems BOFEDS BOSIE T 4 KA =2 BTN TR TN EMOR M TOW 1N
Maziytasrur OBECS QA0SR e a2 WA =2  OON BFR INOR GTR GOW NIDR MM TOW 1NN
Fckml BADECDS D40ECTE L a2 ha =3 MR TR 'MR S0 TN IO MA TR ‘N
Zalanizm [ ] at KA e1 MR T DN B4R TON I30R MA TOW 1DW
Shver BMOEECS D0SEIE o05  s=DS WA =05 NDW TUN DN 1IN TN I30N MA TOW NOW
St [ ] [ KA «% NN TR DN 1NN TON I3OE. MA TOW 1N
Talan HOBRCS D40SE3E e LI KA =04 MW TS DN 1IN TUN I30N MA 0N 1D
T BADECDS D40ECTE L a2 ha =3 oF TR 'MW SRR TN N3O MA TR ‘N
\rankan FHOERCE D4OEEIE s =01 KA =01 NI TOE DN SR TUN I30R. MA TOW 1%
‘snrmdiom BIERCS BA0EETE L L ha L R OTTE MR SR TON YIRS MA TR N
ore BOREDE BOSIE W B OA4MR «%  EW TR INE IR TN DO MM TR 1R
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L @@@T Laboratories

CLIENT RAME: NOWVA SOOTIA LANDS INC

PROJECT: Lotte

Quality Assurance
AGAT WORF. ORDER: 1825381353
ATTENTION TO: Tossy Wbk

SARMPLING SITE: SAMPLED BY:
Ultra Trace Analysis
FPT Daviec g O, 200 DUPLCATE L [ =T A L D
T
FREAMETER [ -':"'" Dapi | Do wru Lol bt R R
Déoxires arsd Fursns [Thasss, WSO 2005
2,3,75-Talra COD 1 gXNTIEd =04 =23 ha =01 OFR AFE IXOW  MNA 4TE IR STR AR INDR
1,3,3.7,2-Pante OO0 1 gXNTIEd =08 @7 ha =202 BN ATE TIOW  MNA 4TE IR SR AR INDR
1.3,34,7 B-risoe COO 1 gX%Tmd =0T oA ha =202 OTR AFE UXOW MNA 4TE IR S4R A0R U3DR
1.3,38,7 B-Fieoc TOO 1 gXNTIEd =08 oA ha =01 OER 4R TI0W MNA 4TE IR SR AR INDR
1,3,3.7,2 8-Fieoce TON 1 gX%Tmd =0T @7 ha =01 G4 4R IXOW MNA 4TE DR 100N AR I3DR
1.3348T, BHacl COD (- - =1 ha =08 TR 4FR UXOW RA 4TR IR SR AR INDR
Ocls TOO (- -~ 2 . ha =04 OPR AR TR RA TR IR S0R AR INDR
237 E-Talra COF 1 EXTIOE =08 - [ =01 SN AW UIOW RA 4R MR @en Ao UNR
1,3,3.7,2-Parte C0F 1 gXNTIEd =08 =1 ha =02 IR AR UIOW  MA 4TR IMR 104N A0R I30R
2,347 2-Pante O0F 1 gxNvms 08 oA ha =01 IS AR TIOW  MA AR IR 10U ATR INDR
1.33:4,7 B-iascn TOF 1 gXNTEd =08 amT ha =202 MR AFE UNDW  MA 4TR INFR 10U TR UNDR
1.338.7 B-riascn TOF 1 gXNTEd 0B EL-1 ] ha 202 TR AR TN MA 4TR IMNFR 04 &TR UNDR
23487 B COF 1 gXTmd =08 L1} ha =02 I0ER ATR UIOW  RA 4TR IR I0FR Aa0R UNR
1,3,3.7,8 B-Fascn TOF 1 gXTImd =08 =28 ha =02 O 4R TR RA TR IR IOTR AR UNDR
1,534,587, Btiachs COF 1 gETmd =1 . ha =02 MO TR UIOW  RA 4TR IR IDFR AR INDR
1.5,3:4.7 0, BHastn COF 1 eI =3 .} ha 03X R ATE IX0W MNA 4TE INFE I04%  ATR UNDR
Octs TOF 1 eI =3 .} ha =03 OF% AT D0 MNA 4TE INFR SR ATR INDR

Certificate of Analysis

11 Morris Drive, Unk 122
Dartouth, Nova

ik Eooia
T CANADA 38 M2
N Laboratories AGAT WORK ORDER: 18X351283 TEL [BOZMER-ETIE
- FAX (SO2ME8-8524
PROJECT: Lobster P agatinkes, com
CLIENT NAME: NOVA SCOTIA LANDS INC ATTENTION TO: Tony Walker
SAMPLING SITE: SAMPLED BY:
Mercury Analysis in Tissue
DATE RECEIVED: 2018-07-12 DATE REPORTED: 2018-08-01
SAMFLE DEECRIPTION: Lo LOE K2 LOE N3 LOE N4 LOB e LOE NE LOE NT LD K2
LAMFLE TYPE: Tiecue Tiecue Ticcue Tieeues Thecue Ticcus Thsue
DATE BAMPLED:  2918-57-11 2120711 2018-07-11 20120711 2018-57-11 20120711 20120711 201857-11
Farameter Unit [-TE ROL. BEETI8D BERTII0 T332 BEETER BIETIRE BIATIZE BIATIIE BETET
Meroury in Tissue kg Dos =<0.05 <005 <0.0S <0.05 ~00s <0u0s <00s
EAMFLE DEECRIFTION: LOE HE1 LW HEZ LOE NEB L8 HET LOE HEE LOE N:-Dup  LOE HEE-Dup
ZAMFLE TYPE: Tiecue Tiecue Tiesue Tieeue Thesue Ticcue
DATE BAMPLED:  2918-57-11 2120711 2018-07-11 20120711 2018-57-11 20120711 20120711
Paramster unitt =15 ROL BIET2EL ‘B3BT268 SITIET B38T26E BASTIEN 8408836 8408857
Meroary In Tissue mgikg 005 =005 =005 =005 =005 =00s =005

Comanente:

RDL - Reported Detection UmE, G/ & - Guidedne / Standard

BEBT180-BADERET Resulis are based on the wet weighi of the sample.
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FACGET Lavorstories

P.EHTN.AEHD?# ECOTIA LAMDE IRC
PO B0 4230, ETATION &
SYDNEY ,HE BiPEH2
[B0Z) BE4-THER

ATTENTION TO: Tony Walksr
FROJECT:
AGAT WORK ORDER- 1EX381280
MIECELL AMEOUE ANAL YEI2 REVIEWED EY: Kadly Hogus, B.8s, P.Chem, Opsrations Managsr
F0IL ANALYEIS REVIEWED EY: Laura Baker, Incrganios Data Aeportsr
ULTRA TRACE REVIEWED EY: Fhillppe Mormsasu, chimichs
DATE REPORTED: Aug H, 3018
PAGES {IRCLUIDING COVER)- 26
VERZION*1

Shiould you require any Inormabion regarding Tis analysis piease conic your dient sendces representathie af (500) 4658-87 18

AN narrplan will be dlaponsd of wibin 3 days folowing anafyuis. Plsass contsc B b ¥ you requins ssdSionsl sampks dionsgs Bme.

QAT s Page f i 73
okt o Trginwan and b Y A AﬁTumthnmimh“mmh
ﬁﬂ.’-‘u 3 Sardee Joundl of Jareds SO (o i i e o e
mar Creire-agiouiure aberery hases s (Cals) g el VRN CE] B MBI Rl by Te
Ervrorreiis Sarvios Assoomsion of Aber (Thed; mummwumu A . deoredraonn

P Lt
iy sy el e, ey PRt Pl 0t racmatry b rchused n
Tl o ke o SR

. - 11 Moris Drive, Uni 122
Certificate of Analysis Dartmcum, hiva 5o
@@@ i Laboratori AGAT WORK ORDER: 18X361280 ptyidien
aboratories : !
. FAl [SOZME5-2924
PROJECT: ‘le:mmm
CLIENT HAME: NOVA SCOTIA LANDS INC ATTENTION TO: Tony Walker
SAMPLING SITE: SAMPLED BY-
Subcontracted Data Received
DATE RECEIVED: 2018-07-12 DATE REPORTED: 2018-08-01
SAMFLE DEECRIPTION: CHE1 CHEZ CHEE =1} C N3 T N2
LAMFLE TYFE: Tiecue Ticcue Tlegus Tieeue Thsue Tecue
DATE SAMPLED:  201847-11 21807-M 201840711 20180711 201848711 aneor-n
Paramster Uit ars ROL BT 188 BERT1BE 387180 BIBTIEE S28T188 8aaT 18R

Bubcomimacied Diata

L

Y

Y

¥

L

Commsnts: RDL - Rzporesd Detaction UmE. G/ 2 - Guideing | Standsrd
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@ @ @ﬁ Laboratories

CLIENT NAME: NOVA SCOTIA LANDS INC

11 Morris Drive, Unk 122

Certificate of Analysis Nois Sz
CAMADS B38 1M
AGAT WORK ORDER: 18X3512B80 TEL [30ZKES-ETIE
P [SOZLEE-ES0

PROJECT: it M agatialbs com.

ATTENTION TO: Tony Walker

SAMPLING SITE: SAMPLED BY:
Mercury Analysis in Tissue
DATE RECEIVED: 2018-07-12 DATE REPORTED: 2015-06-01
ZAMFPLE DEECRIPTION: CHE1 CHEZ CNEZ2 CHES CNE® CHET CTNEE CNE
SAMPLE TYPE- Tiecus Ticous Ticgue Tiecus Tsue Tecus Tiesus Tesue
DATE SAMPLED: 201347-11 2E07T-N 201840711 20180711 201349711 218071 20180711 2013497-11
Parametar Umit @l ROL BIBTIEE BERTIBE HaT188 BIBTITE ATITI 83aTITA BISTIBD T8
Memury In Tissue mgkg oas =005 <005 <0.0s <0.05 <00s <005 <0.05 00s
ZAMFLE DEECRIPTION: CHT C HE (=3 2} CHE CHNZ
TAMFLE TYPE: Tiecus Ticous Ticcuwe Tiecus Tisus
DATE SAMPLED: 301840711 HED7-1 20180711 20180711 20139711
Parametar Uit @/3 ROL BIBTI8Z BERTIBY BT84 BIBTIE 2IAT188
Meroury In Tissue mg'kg oas =0.05 <0.05 <0.05 <0.05 <00s
Comments: RDL - Reported Detection UmE, G/ 8 - Guideine / Standard
BIETISE-BENTI6E Resulis are based on the wet welpht of the sample.
- - 11 Moz Drive, Unk 122
Certificate of Analysis Dartmoum, Mo Sania
@ @ @ i AGAT WORK ORDER: 18X361280 Ta_nsuz:;:e:"ﬁ
i Laboratories AonT ol e s
i agatiates. com
CLIENT NAME: HOVA SCOTIA LANDS INC ATTENTION TO: Tony Walker
SAMPLING SITE: SAMPLED BY:
Metals in Tissue
DATE RECEIVED: 2018-07-12 DATE REPORTED: 2015-06-01
ZAMPLE DEZCRIPTION: CHE1 CHEZ CNEZ CHES CNEB CHET CNEE CHE
SAMPLE TYPE: Tiecus Tiecus Tiecws Tiecus Tisue Tecus Tiesus Tksud
DATE SAMPLED: 2018497-11 2E0T-N 201840711 20180711 201849711 21830711 20120711 20184971
Parametsr Unit @/ ROL BEET IS8 BEET1EE =aTies BEETITZ HEATIT 83aTITS 839TIED HATIEE
uminum kg m 18 =10 10 2 40 =10 3 14
{Anamony kg 2 =2 =2 =2 =2 =2 =2 =2 =2
(Arzenic kg 2 3 5 2 5 H 5 3 H
Barium kg 5 == =5 =3 =5 =5 =5 ] =5
Beryilum mo'kg 2 =2 <2 <2 =2 <2 =2 <2 =2
Blsmu mokg H <5 <3 : <5 <5 <5 < <5
Eormin kg 2 2 22 2 ] =2 ] <2 2
Cadmium mokg LE] L4 s L 15 [T o7 23 33
{Chromium mgi'kg 2 =2 <2 <2 <2 <2 <2 <2 <2
Cobak kg 1 <1 <1 <l <1 < <1 < <1
Copper mo'kg 2 12 18 20 13 16 16 o 3
Iron ma'kg s <50 <50 <50 &0 =3 <50 63 <50
Lead mo'kg [ <04 0.4 <04 <04 <04 <04 <04 =04
Manganese mg'kg 2 4 4 B 1 £ T 10 L
Moy DdEnuT kg 2 <2 =2 <2 =2 <2 =2 <2 =2
Hicks ma'kg 2 < =2 <Z =2 <Z =2 <2 =2
Sedenium kg 1 =1 2 =1 2 1 1 1 2
Sitver kg 0.s =05 as =05 05 os <05 09 os
STroThuT kg 5 25 3% 20 &1 &0 £y s =0
[Thallum mokg o1 a1 <01 a1 <01 <1 <01 <01 =01
[T kg 2 =2 =2 =2 =2 =2 =2 =2 =2
Uranium mokg o1 a1 <01 a1 <01 <1 <01 <01 <01
Wanadum mgi'kg =2 <2 <2 <2 <2 <2 <2 <2
[Zinc mg'kg 5 24 35 8 k] L 4 w k]
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@ @ @ﬁl Laboratories

Certificate of Analysis

11 Morris Drive, Unk 122
Dartouth, Nova Soofia
CANADA B2E 1M

AGAT WORK ORDER: 18X361280 TEL [BOZHES-ETIE
PROJECT: SO it
CLIENT NAME: NOVA SCOTIA LANDS INC ATTENTION TO: Tony Walker
SAMPLING SITE: SAMPLED BY:
Metals in Tissue
DATE RECEIWVED: 20180712 DATE REPORTED: 2018-08-01
LAMFPLE DEECRIPTION: oY CNE C e C N3 CHZ
ETAMFLE TWFE- Tiecus Ticcus Ticws Ticsue Thecue
DATE SAMPLED:  2018-47-11 2ED7-1 2018-07-11 20120711 201845711
Parameter unit ars RDL. BIET192 BIBTIED 97184 BIBTIEE T8
[Mumire mgikg 0 10 20 ES 17 =10
|Ansmeny moikg 2 =2 =2 =2 =2 =2
|ezaric moikg 2 H L] 4 L] 4
Earum mgikg 5 =5 =5 =5 =5 =5
Bzryilum mgikg 2 =2 =2 =2 =2 =2
Etsrmm mgikg H 5 =5 =5 =5 <5
Ecran mgikg 2 =z =2 2 =2 =2
Cadmium g 0.2 b1 0s 16 oE 10
(Chromium moieg 2 =2 <2 =2 <2 =z
Coban moikg 1 =1 =1 =1 =t <1
Copper morg 2 15 20 E 18 12
iran mgikg = =50 53 95 51 =0
Lz g 0.4 o <04 o4 L} =04
Manganese mgikg 2 1 1= 17 8 H
Matodenum moikg 2 =2 =2 =2 =2 =2
Micke g 2 =z =2 = =2 3
aeniu moikg 1 z 1 1 1 1
Ealver mgikg 0.5 os 05 1.0 L5 =05
Esrontium g H EL] EH b 23 L
[Thaitum moikg o1 =1 <01 -1 =01 =1
[Tin kg 2 <z <2 <z <2 <z
uranium g o1 =1 <01 -1 =01 =1
[\ anasdum moieg =2 <2 =2 <2 =z
[nc kg H ) 32 B a2 %
Commente: RDL - Ftpored Desaction UME, @) & - Gudeing | cuanaard

BET1SE-BERT1PE ReEsulls are based on the wel weight of the sampie.

@ @ @ﬁ Laboratories

Certificate of Analysis

AGAT WORK ORDER: 18X361280

PROJECT:

11 Morris Drive, Uk 122
DCerimouth, Movs Boods
CANADA B2E M2
TEL [SIZHES-ETIE
A [SITHES-EE04

CLIENT NAME: NOVA SCOTIA LANDS INC ATTENTION TO: Tony Walker
SAMPLING SITE: SAMPLED BY:
Dioxing and Furans (Tizsue, WHO 2005)
DATE RECEIVED: 20118-07-12 DATE REPORTED: 2018-08-01
SAMPLE DESCRIPTION: GHE1 CNE2 CNEZ CNEE
SAMFLE TYFE: Tiesus Tieus Thsus Tiesus
DATE BAMPLED:  201897-11 201807-11 20189711 20120711
Farametsr Unit [Tk ] RDL BIET 188 RDL 8T8 RDL HETIER ROL BaaTIT2

2,3,7.5Tetra DD rgkg 04 <04 02 <0z o2 <02 as <05
1,2,3,7,5-Penia COD ng%g o4 a4 04 04 o= <05 05 =05
1,2,3.4.7 S~Hexa COD ng%g [l 5 03 3 o= 0% hE] <03
1,2,3.6.7 8-Hexa CDD ngkg oa <04 02 <0z 04 <04 as <08
1,2,3.7,8 3~Hexa COD kg 04 <04 0.3 03 04 <04 o= <08
1,2,3.4 5.7 S~Hepta OO kg D= 5 0s < 1 1 1 <1
(Ot COD ngkg 1 <1 a7 [ os 12 1 2
2,3,7.5-Tetra COF nakg 03 =03 0.3 03 03 =03 0.5 oE
1,2,3.7 &-Pents COF ra%g 03 =03 04 <04 o2 =02 ar =07
2,3,4.7 &Fenta COF ngkg 02 <02z 03 <03 o2 <02 as <015
1.2,34.7.5-Hexa COF nkg ns =05 0.5 ki 03 =03 0.s oE
1,2, 35.7.8-Hewa COF nakg 0.4 =04 05 5 03 =03 e =04
2,3,4.6.7 5-Hexa COF na%g 0.s 05 0s 05 03 =03 0+ =04
1,2,3.7.8.9-Hexa COF na%g [12: ] 05 03 =09 os =05 a7 =07
1,2,34.5.7.5-Hepta COF nakg 0.4 04 0.4 04 [ =04 0.3 =05
1,2,3,4,7 5 5-Hapta COF ng%g 0E s 0s s 0s <& 1 <1
Cxcta COF na%g 1 =1 0a 09 2 =2 3 <3
(Tet@l Tetrachiorodbenzodowns na%g 0 as 02 =02 o2 1.7 a5 20
[Total Fen@achoredbenzodoxns na%g 04 as 0+ 0.8 os 18 a5 16
[Total HexachorodbenzodoEns na%g oS 15 03 1.0 os 0 03 31
[Total Hepiachiorod benzndicoins. ngkg os 10 0s io0 1 3 1 6
[Total FCDODs rgkg 1 4 a7 14 1 13 2 14
[Total Tetrachiorodbenzofurans na%g 03 as 03 1.4 03 (L] 58
[Total Fenachiorodbenzoforans ngkg 03 12 04 27 o2 os 16
[Total Hexachiorodbenzodurans ngkg (1] as 0s io0 os or 23
[Total Heptschiorod beneofurans rg%g (1) ar 0s e os os 1 5
[Total FCDFs ra%g 1 ar 0s 53 2 3 3 17

TEQ o o o a

TEQ <] o ] o
1,2,3.4.7 8-Heva COD (TEF 0.1) TEQ o o o a

Pan.
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@ @ @T Laboratories

CLIENT NAME: NOWA SCOTIA LANDS INC

SAMPLING SITE:

» g n 11 Morris Drive, Uni 122
Certificate of Analysis Dartoouh, hiova St
CANADA B3B 12
AGAT WORK ORDER: 1BX361280 TEL [BOXHEE-ET1E
- AN (304588504
PROJECT: rmw-w!wm

ATTENTION TO: Tony Walker

SAMPLED BY:

Dioxing and Furans (Tissue, WHO 2005)

DATE RECEIVED: 2018-07-12

DATE REFORTED: 2018-08-01

EAMFLE DEECRIFTION: CHE1 CHEZ CHE® CHEE
EAMFLE TYFE- Ticeus Tiecuwe Thesue Tiegue
DATE BAMPLED: 30480711 201B0711 2188711 20180711
Parametsr untt a8 ROL BERT 18R ROL &2|T88 ROL T8 RDOL a3aTIr2
1,2,35.7.8-Hewa COD [TEF 0L} TEQ o o o o
7.5, 5-Hexa COID [TEF 01} TEQ o o o o
+2,3.4.5.7 F-Hepta COD (TEF 0.01) TEQ o o a o
iCwcta COD (TEF 0.0003) TEQ =] CLICHDOCET oz 0.000535
23,75 Tetra COF (TEF 0.1} TEQ o o OLoooEss 0.0s558
1,2,3.7.5-Penks COF (TEF 003} TEG (] o a o
3,3,4.7 5-Pents COF (TES0.3) TEQ 1] ] o
1,2,34.7.5-Hewa COF (TEF 0.1) TEQ o o o
1,2,35.7.5-Hexa CDF (TEF 0.1) TEQ [} o a
3.3,45.7 8- Hevs COF (TES 0.1] TEGQ 1] ] 1]
1,2,3.7.5.9-Hexa COF (TEF 0.1) TEQ o o o
1.2,3.4.6.7.5-Hepta COF (TEF 0.04) TEQ o o a
1.2,3.4.7.8.5-Hepta COF (TEF 0.01) TEQ o o o
iOcta GOF (TEF 0.0003) TEQ o o o
[Total #C00s and PCOFs (TEQ) TEQ [1] CLDOOE0T ooz 0.120

@ @ @ﬁl Laboratories

11 Maorvis Drive, Unk 122

Certificate of Analysis Dartmoum, e S0

CANADA E38 1hC

AGAT WORK ORDER: 18X381280 TEL (0ZHE5ET18
PROJECT: PR Sopacnsatyn
CLIENT NAME: NOWA SCOTIA LANDS INC ATTENTION TO: Tomy Walker
SAMPLING SITE: SAMPLED BY:
Dioxine and Furans (Tissue, WHO 2005)
[DATE RECEIVED: 2018-07-12 DATE REPORTED: 2018-08-01
SAMPLE DESCRIPTION: CHE1 CNEZ CNE3 CNES
BAMFLE TYPE: Ticcus Tieous Thsue Tiecus
DATE SAMPLED: 2978407-11 201840711 21848711 20180711
Parametsr unit @rs ROL BIOTIEE RDL T8 RDL E = ralo ] RDL saeTIz2
1,2,3,6.7 &~Hexa CDD (TEF 0.1) TEQ o o o a
1,2,3.7.5.9-Hexa COD (TEF 0.1) TEQ ] o 1] a
1.2,3.4.5.7.5-Hepta COD (TEF 0.01) TEQ o o 1] a
(C<ta COC (TEF 0.0003) TEQ o 0.o00z0T ooz 0.000535
2,3,7.5-Tetra CDF (TEF TEQ o o 000038 0.0533
1,2,3.7 5-Perss COF (TES TEQ o o 1] a
2,3,4,7 5-Penta COF (TE TEQ ] o 1] a
1,2,34.7.5-Hexa COF (TEF 0.1) TEQ ] o 1] 0.0537
1,2,3,5,7 5-Hexa COF (TEF 0.1} TEQ o o o a
2,34 5.7 &Hewa COF (TEF 0L1) TEQ o o o a
1,2,3.7.8.5Hexa COF (TEF 0.1} TEQ o o o a
1.2,3.4.5.7.8-Hepta COF (TEF 0.01) TEQ o o [:] a
1.2,2.4.7.5.%-Hepta COF (TEF 0.0} TEQ o o [:] a
(Ccia CDF (TEF 0.0003) TEQ o o o a
|Tetal FCO0s and PCOFs (TEQ) TEQ o 0000207 oz 0.120
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Celij @ @‘F Laboratories

11 Maorrts Drive, Uni 122
Cortmouth, Mova Soas
CANADA 536 M2

Certificate of Analysis

CLIENT NAME: NOWA SCOTIA LANDS INC

SAMPLING SITE:

AGAT WORK ORDER: 1BX361280 TEL (SOZMEE-ET1E
-~ FAR [S0ZMEEEE24
PROJECT: mﬁmm
ATTENTION TO: Tony Walker
SAMPLED BY:

Dioxins and Furans (Tissue, WHO 2005)

ATE RECEIVED: 2018-07-12

DATE REPORTED: 2018-08-01

SAMFLE DEECRIPTION: CHE1 CHEZ CHES CHNEE
ZAMFLE TYFE: Ticcus Tiecus Thezus Tiesus
DATE SAMPLED: 3845711 201E07-11 2711 20180711
Zumogate Unit Aposptable Limitc BERTIEE 38TIEA BAETIES BIBTITZ
13C-2378-TCOF % 30440 g1 10s 55 55
13C-123T8-FeCDF % 30440 48 Eal =0 =
13C-234T78-FelDF % 30-140 8L B4 59 &0
13C-1234TE-HeCOF % 30440 55 4 BS B3
13C-1236TE-HCDF % 3140 82 TE %8 3]
13C-2346TE-HRCOF % 30440 g3 T4 & 0
13C-123T85-HeCOF % 30440 &1 &0 B4 55
13C-12346T8-HpCDF % 30-140 £ 51 S8 ar
13C-1234TES-Hp COF % 30440 45 an 4z 43
13C-2378-TCOD % 30140 e 4o 68 68
13C-123T8-FeCDD % 30440 I3 52 B2 B4
13C-1234TE-HwC 00 % 30440 &8 BB T4 T4
13C-1236TE-+COD % 30-140 38 95 o7 69
13C-1234678-Hp COD % 30440 g3 48 55 g2
13C-0CD0D % 3140 36 RS 35 35
Certificate of Analysis Caremom s seres
TANADA B3B8 NS
@ @ @ i Laboratories AGAT WORK ORDER: 18X361280 TEL [HIZHEE-ET1E
PROJECT: F.\XIIW
LW A0S, [
CLIENT NAME: NOVA SCOTIA LANDS INC ATTENTION TO: Tony Walker
SAMPLING SITE: SAMPLED BY:
Dioxins and Furans ({Tissue, WHO 2005)
DATE RECEIVED: 2018-07-12 DATE REPORTED: 2018-08-01
2AMFLE DEZCRIPTION: CHER CHET CTHEE C N
BAMFLE TYFE: Tiecue Ticswe Tiecue Tiegus
DATE SAMPLED:  3018-47-11 201840711 20984711 20980711
Paramistsr unt [Tk ] RDL BIRTITY ROL =aTITe RDL aITm ROL 8397 1BE
2,3,7 5-Tetra COD [e-1.5] 02 02 03 =03 02 =04 0.3 =03
1,2,3,7,5-Penta COD rgkg 0.4 o4 1 < [ e 0.4 <04
1,2,34.7 E-Heva COD kg oy T a5 <5 7] o4 03 <13
1,2,35.7 &-Heva COD rgka nE .1 as <05 7] <4 03 <03
1 7.8 S-Hexa COD rgkg 0e <08 as 08 [ <04 a3 <03
1.2,34.6.7.5-Hepta CDD (=10 ] 0.e 09 1 =1 0s =05 05 06
Octa COD raka 2 <z 1 =1 2 <z 1 <1
2,3,7 5-Tetra COF rgkg 03 <03 0s 0.y [ <04 0= <04
1,2,3.7 5-Fenta COF rgkg 0.4 <04 as 08 [ <04 ar <07
3,47 5-Farta COF rgka 03 3 2 <2 03 <03 a5 <05
1,2,34.7.5-Hexa COF kg 0. 04 s =5 0.3 =03 0.3 0.3
1,2,35.7 5-Heva COF ngkg 0.3 03 05 s 02 <0z 03 =03
23,457 E-Heva COF rgkg 0.2 3 0s & o2 @z 0.3 =03
1,2,3.7,8 5-Hexa COF kg 0.E < 0.8 <0 ] <0E 0.4 =
1,2,34.5,7 5-Hepta COF kg 0.4 <4 1 <1 ] <0E 04 =
1,2,34.7 5.5 Hepts COF raka oy 18 3 ] 1 =1 as <05
Octa COF rgkg 2 =2 2 =2 [ os 2 <2
[Tetal Tetachiordbenzodiosns kg 02 =0z 0.3 1E [ =04 0.3 36
[Total Fentachioredbenzodowns [e-1.5] 0.4 a7 1 2 0s 11 0.+ 11
[Total Heachondbenzodomns [e-15] 0.7 T as 27 [ 11 0.3 (15
[Total Hepiachlorodibenzndicrins. rgkg 0s 15 1 4 0s os as oS
[Total FCODs rgkg 2 2 1 10 2 3 1 B2
[Total Tetrachiorodbenzofuans rgkg 03 <03 0= o [ <04 0= <04
[Tetal Fen@achiorsdbenzofurans rakg 0.4 ar 2 33 02 o4 a7 12
[Total Heachiomndbenzoturans =10 0.s as a8 2.6 0s =05 0.+ (15
[Total Hepiachiorodiberzofurans rgkg 0T ir 2 B 1 =1 as 10
[Total FCOFs rgkg 2 3 2 15 1 1 2 3
2,3,7 5-Tetra SO0 (TEF 1.0) TEQ o [ o a
1,2,3,7.5-Penta COD (TEF 1.00 TEGQ <] o =] a
1,2,34.7.5-Hexa CDD (TEF 0.1) TEGQ =] ] [ n) a

149



Certificate of Analysis

11 Morms Drive, Unlt 122

, Nova Sooda
CANADA B3B8 1M
@ @ @ i Laboratori@s AGAT WORK ORDER: 18X361280 TEL (BOIHESETIE
PROJECT- FAX I.W}t
RSN a0 T
CLIENT NAME: NOVA SCOTIA LANDS INC ATTENTION TO: Tony Walker
SAMPLING SITE: SAMPLED BY:
Dioxins and Furans (Tissue, WHO 2005)
DATE RECEIVED: 2018-07-12 DATE REPORTED: 2018-08-01
LAMPLE DESCRIPTION: CHER CNET CHNEE CHNa
ZAMFLE TYPE: Ticcus Tiecus Thzus Ticcus
DATE BAMPLED: 20185711 2018-07-11 2185711 20120711
Parameter Unit [Tk ROL BERTITY RDL HATITE ROL HATIH ROL BIATIEE
1,2,36.7.5-Hexs COD (TEF 0.1) TEQ [:] [ 1] a
1,2,3,7,8.5-Hexwa COD (TEF 0.1 TEQ o [ o a
1,2,34.6.7.5-Hepta CDOD (TEF 0.01) TEQ 1] o 1] 0.00572
(Ccia CDO (TEF 0.0003) TEQ o [ o a
2,3,7.5-Teia COF (TEF TEQ o o.Dess o a
1,2,3.7 5-Penta COF (TE TEQ o D o a
2,3,4,7 5-Penta COF (TEF TEQ [:] [ 1] a
1,2,34,7.8-Hexa COF (TEF 0.1} TEQ 1] o [:] 0.0302
1.2,35.7.8-Hexa COF (TEF 0.1) TEQ 1] o 1] a
3,3,46.7.5-Hexs COF (TEF 0.1) TEQ o D o a
1,2,3.7.8.5-Hexa COF (TEF 0.1} TEQ o o =] a
1,2,3.4 5.7 2~Hepta COF (TEF 0.0} TEQ o D o a
1,2,34.7.58 5Hepta COF (TEF 0.0M) TEQ 0.00350 [ o a
C<ia CDF (TEF 0.0003) TEQ o o 0000246 a
[Te@l #CO0s and PCOFs (TEQ) TEQ 0.00350 0.0653 00433 0.0350

Certificate of Analysis

@ @ @ i Laboratories AGAT WORK ORDER: 18X361280
PROJECT:

CLIENT NAME: NOVA SCOTIA LANDS INC
SAMPLING SITE:

SAMPLED BY:

11 Marris Drive, Unk 122

TANALDA B2E 1M
TEL (BZeE8ET18
FAX [SOTHEE-2504

ATTENTION TO: Tony Walker

Dioxins and Furans (Tissue, WHO 2005)

DATE RECEIVED: 2018-07-12

DATE REPORTED: 2015-08-01

SAMFLE DESCRIFTION: CHES GHET CHES
LAMFLE TYFE: Tiesus Tissuws Thesus

DATE SBAMPLED: 20189711 20180711 2018-97-11

Zumogate untt Anoeptabls Limits BEETITE BTITS saETIEE
130-2378-TCOF % ELREL] EE] 7= EE]
130-1237E-FeCDS % 30940 45 S EE]
130-234TEFeCDR % 30940 =1 3= ar
130-1234T8HC0F % 33941 20 72 a3
13C-123ETEHICDS % 30140 23 77 T
1 3C-2345T8HICOF % 20940 = T 72
13C-1237ESHICOF % 30140 25 &6 =1
1 30-12346TE-HRCDF % 30940 5 a5 a8
130-1234785-HoCDF % ELREL] EL| a8 EE
13C-2378-TCOD % 20940 =0 51 ES
13C-123TE-FeCDD % 30940 30 &8 L
130-123478-+C00 % 33941 =1 73 g2
13C-123878-HICO0 % 30140 g3 B ES
1 3C-12346TE-HRCOD % 30940 5 51 a4
13C-0COD % 30140 | 33 an

M3
Tiesue
20180711
BISTIEE
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@ @ @ﬁl Laboratories

CLIENT NAME: NOVA SCOTIA LANDS INC

SAMPLING SITE:

Certificate of Analysis
AGAT WORK ORDER: 18X361280

PROJECT:

ATTENTION TO: Tony Walker
SAMPLED BY:

11 Morris Drive, Unk 122
Cartmouth, Nova Somia
CANADA B35 NS

Dioxing and Furans (Tissue, WHO 2005)

DATE RECEIVED: 2018-07-12

DATE REPORTED: 2018-D8-01

SAMPLE DESCRIPTION: CHT CNe N4 G N3
SAMFLE TYPE: Ticcus Tiecue Tesus Ticcus
DATE SAMPLED: 3480711 20180711 20184711 20420711
unit @s RDL BIOTI9Z RDL 2287193 RDL 97184 RDL 8397108
rakg 03 03 as <05 02 <02 02 <02
. rgkg 0.8 <0s 0+ <04 o7 <07 04 <04
2,347 5Hexa COD rgkg 0s 05 a7 Q7 0s os 03 <03
1,2,3,6.7.5-Hexa COD ra%g (113 0= a7 -7 0s Qs 02 =02
1,23 rakg s s o7 a7 o5 s 02 <2
1,2,3.4.6.7.5-Hepta CDD ra%g (1 =7 1 =1 05 =05 0s =05
kg 3 3 3 =2 3 = 1 1
rakg = 01 02 02 =02 03 0s
rakg <05 as 05 0s <05 04 <04
2,3, 4.7 5-Pents COF ra%g 0s as 05 04 =04 03 =03
1,2,34.7 2-Hexa COF kg 5 . a5 <E ] <0E 04 =
1,2,3,5.7.5-Hexa COF ra%g =05 as =06 05 =05 04 =04
2,3, 45,7 5-Hexa COF ra%g s as 05 05 =05 04 =04
1,2,37.5 3-Hexa COF rakg o @ar 1 « o7 @7 05 <5
1 46,7 E-Hepta COF rakg 1 <1 as 035 05 os 04 <04
1,2,34.7 5.5 Hepts COF kg 1 =1 1 =1 L] =05 os 05
Ccta COF rgkg 2 = 2 <2 2 <Z 08 <08
|Total Tetrachiorodbenzodowns ra%g 03 15 as 0.& 02 o4 02 02
|Total Fentachiorsdbenzododns ra%g 0.8 1.7 0+ 1.9 1 14 0+ 10
|Total Hemachiordbenzodowns ra%g 0s 11 a7 2.8 05 12 03 12
|Total Heptscniorod Benzndicxins ra%g 1 =7 1 3 05 15 0s 1
[Total =ooios kg 3 8 3 [ 2 5 1 F
|Total Tetrachiorodbenzodurans rakg 52 o1 ar 02 <02 03 15
|Tolal Fentachiordbenzofurans rakg ar as 0s 0s os 04 11
|Total Hexachiorodbenzofurans rgkg o 15 1 1 o7 os 05 0.8
|Total Hepiachiorodbenzofurans rgkg 1 2 1 3 (1] 18 05 06
|Total FCOFs ra%g 2 12 2 9 2 3 08 1
2 &-Tetra CDD (TEF 1.0) TEQ o o o a
1 .7 8-Penta COD (TEF 1.0) TEQ o o 1] ]
1,2,34.7 8-Hexa COD (TEF 0.1} TEQ o o oosE a
) - 11 Morms Drive, Unit 122
,ﬁ. Certificate of Analysis Dartmoun, Nova Sansa
CANADA B3B 12
@ @ @ Laboratories AGAT WORK ORDER: 18X361280 TEL [3OZHEE-ETIE
PROJECT: FHXI.W
et i At ErT
CLIENT NAME: NOVA SCOTIA LANDS INC ATTENTION TO: Tony Walker
SAMPLING SITE: SAMPLED BY:
Dioxins and Furans (Tissue, WHO 2005)
DATE RECEIVED: 2018-07-12 DATE REPORTED: 2018-08-01
2AMFLE DESCRIPTION: C N7 CHE TN T HY
TAMPLE TYPE: Ticous Ticcus Tcus Ticgus
DATE SAMPLED: 20M8497-11 201840711 0189711 20112071
Parameter Umit [Tk ROL BERTIEZ RDL AT RDL HETI ROL BIATIRE
1.2,35.7.8-Hexa COD (TEF 0.1) TEQ 1] o 1] a
1,2,3.7 2.5Hexa COD (TEF 0.1) TEQ o o o a
1.2.34.5.7 8Hepta COD (TES 0.01) TEQ o [ o a
Ccta CDD (TEF 0.0003) TEQ 0.00CF34 o o 0.D00357
2,3,7.5Tetra CDF (TEF 0.1} TEQ <] ooasT o 0.0s00
1,2,3,7 5-Penia COF (TEF 0.03) TEQ [+] o o a
2,3,4,7 5-Penta COF (TEF 0. TEQ o1ss o 1] a
1,2,34.7, 5-Hexs COF (TEF 0.1) TEQ o [ o o
1.2,35.7.5-Hexa COF (TEF 0.1) TEQ 1] [ 1] a
2,3,45.7 2-Hexa COF (TEF 0.1} TEQ o o o a
1,2,3.7.5.5 Hews COF (TES 0.1] TEQ 1] [ o o
1,2,34.5.7 &-Hepla COF (TEF 0.0} TEQ o 1] oposta o
1,2,34.7.8 S-Hepla COF (TEF 0.0} TEQ o [ o ]
Ccia CDF (TEF 0.0003) TEQ [+] o o a
(Tew@l #CO0s and PCOFs (TEQ) TEQ 187 Q037 0042 0.0503
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11 Mormis Drive, Unlt 122
Dariouth,

Certificate of Analysis

, Nova B
@ @ @ i AGAT WORK ORDER: 18X361280 PPt
. TEL (SOZEE8ET1E
i Laboratories ; TEL XEsEre
PROJECT: hifipFaaan agetiabrs com
CLIENT NAME: NOWA SCOTIA LANDS INC ATTENTION TO: Tony Walker
SAMPLING SITE: SAMPLED BY:
Dioxins and Furans (Tissue, WHO 2005)
DATE RECEIVED: 2018-07-12 DATE REPORTED: 2018-08-01
SAMPLE DEECRIPTION: CHNY Che (=3 F ] C N3
SAMFLE TYPE: Tietue Ticgue Thezue Ticcus
DATE SAMPLED: g7 201e07-11 20189711 20120711
Sumogats Unit Aposptabls Limits BIETIE82 SaT183 L= ralt) 839 TIBE
13C-2378-TCDF % 3 ES (12 B4 (3]
13C-1237E-FeCDF % 30140 Eo] 55 48 (1]
13C-234TE-FeCDF % 3-a0 S T4 ET -1
13C-123478-+HCOF % 30140 43 ET 8 9
13C-1236T8-+HCOF % 30-130 52 9 55 B4
13C-234678-HCOF % 3 52 112 &0 B2
13C-1237E9-+HICDF % 30140 43 BE 55 ES
13C-12346T8-HpCOF % 3-a0 35 = a7 =
13C-123478S-HpCOF % 30140 21 53 48 47
13C-2378-TCDD % 30-130 45 Ba BT 9
13C-1237EFeCD0 % 3-a0 38 T8 B3 T8
13C-123478-+0C0O0 % 30140 53 99 %! B2
13C-1236T8+aCOD % 3-a0 53 1z B3 T8
13C-1234678-HpCOD % 30140 45 9 52 55
13C-0C00D % 30-130 kil 35 38 3z
" g " 11 Morris. Drive, Unk 122
Certificate of Analysis Dartmoum, Nova Seca
@ @ @ i AGAT WORK ORDER: 18X361280 i
. TEL T8
i Laboratories g TEL UGB ETE
PROJECT: it agatiabes. com
CLIENT NAME: NOWA SCOTIA LANDS INC ATTENTION TO: Tony Walker

SAMPLING SITE:

SAMPLED BY:

Dioxins and Furans (Tizssue, WHO 2005)

DATE RECEIVED: 2018-07-12

DATE REPORTED: 2018-08-01

ZAMFLE DEECRIFTION: o W2
SAMFLE TYPE: Tiesus
DATE SAMPLED:  318-07-11

Parametar untt o ROL BEET189

23,7 5 Tetra COD ] [ <0z
1,2,3.7 5-Fenta COO kg 0.4 <04
1,2,2.4,7 5-Hexs COD rkg 0.3 o3
1,2,3.5.7 5-Hexa OO kg 0z <0z
1,2,3.7.8.5-Hexa CDD kg 0.3 =03
1,2,3,4.5.7 5-Hepta CDD rakg 0. =03
(Ccta COD Rk 3 <3
2,3,7.5-Tetra COF g 0.4 =04
1,2,3.7 5-Fenta COF kg 0.4 <04
23,47 5-Ferta COF roka L] 03
1,2,3.4.7 5-Hexa COF kg 0.4 <04
1,2,3.5.7 5-Hexa COF kg 03 <03
2,3,25.7 5-Hexs COF rkg 0.3 o3
1,2,3.7 5 5-Hexa COF kg nE <05
1,2,3.4.6.7.5-Hepta COF kg 0.4 =04
1,2,3.4.7 5 %-Hepta COF kg nE <05
octa COF kg 2 <z
[Total Tetachiorodibenzodioxins kg 02 =z
[Total Fentachiondbenzododns gk 0.4 s
[Tetal Hemchiorodbenzodowins raka 0.3 s
[Total Hepichiorodiberendiorins gk n.s s
|Total FCODs na%g 3 <3
[Totl Tetachiorodibenzodurans kg 0.4 =04
[Total Fentachiorodbenzodurans rakg 0.3 15
[Tetal Hewachiorodibenzofaans raka 0.& k]
[Total Hepiachiorodiberenfurans gk 0.E s
[Total FCOFs rakg 2 3

2,3,7.5 Tetra COD (TEF 1.00 TEQ o

1,2,3,7.5~Penia COD (TEF 100 TEQ ]

1,2,3.4.7.8-Hexs CDD (TEF 0.1} TEQ ]

LT
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@ @ @ﬁ Laboratories

Certificate of Analysis

AGAT WORK ORDER: 18X361280
PROJECT:

CLIENT NAME: NOVA SCOTIA LANDS INC
SAMPLING SITE:

ATTENTION TO: Tony Walker
SAMPLED BY:

Dioxing and Furans (Tissue, WHO 2005)

DATE RECEIVED: 20180712

DATE REPORTED: 2018-08-01

EAMFLE DEECRIFTION:
TAMFLE TYFE:
DATE EAMPLED:

Parametar e/8 ROL

e
3
=

C W
Tieeus
I1aaT-11
BERT 19

12,357 &Hera COO TEF 0.1
1,2,375 % Haxa ©O0 (TEF 0]
1,2,34.5.7 5-Hepta COD (TE 0.01)
Ccta GO (TEF 0.0003)

23,78 Tetra COF (TE= 0.1}
1,2,3.75-Panta COF (TE
2,3,47 5-Panta COF (TES 0.3)
1,2,24.7.8-Hexa COF (TES 0.1
1,2,25.7.8-Hewa COF (TEF 0.1)
23,47 8-Hewa COF (TEF 0.1)
1,2,5.7.8 3 Hewa COF (TES 0.1
1,2,24.5.7.5-Hepta COF (TEF 0.01)
1,2,24.7.8 -Hepta COF (TEF 0.01)
Ccta COF (TEF 0.0003)

[Total FCO0s and FCOFs (TEQ)

EEEEEEEFEEEEEE

=]

000000 D0oO0o0oooo

@ @ @ﬁ Laboratories

Certificate of Analysis

AGAT WORK ORDER: 18X361280
PROJECT:

CLIENT NAME: NOVA SCOTIA LANDS INC

ATTENTION TO: Tony Walker

SAMPLING SITE: SAMPLED BY:
Dioxins and Furans (Tissue, WHD 2005)
DATE RECEIVED: 2018-07-12 DATE REPORTED: 2018-08-01
SAMPLE DESCRIPTION: Ch
LAMPLE TYPE: Tissus
DATE SAMPLED:  318497-11
Bumogate Unitt Apooptable Limits BEETIEE
13C-2378-TCDF % 30940 E
13C-12378-FeCDF L 30-940 iz
13C-23478-FeCDF L 30-140 50
13C-1234 7B+ COF L 30-140 Firy
130-123678-+020F % 3t440 50
13C-2346TE+COF L 30-940 55
13C-123785-+0COF L 30-940 <1
130-1234678-HRCDF % 30940 3
130-1234785-HpCDF % 3t440 3
13C-2378-TCOD % 30940 £3
13C-12378-FeCDD L 30-140
13C-1234TB+0COD L 30-140
13C-1236TE+0COD L 30-940
13C-1234678-HpC00D L 30-940
13C-0C00 L 30-940 3
Comments: ROL - Reporied Defection UmE, G/ 8 - Guideline | Etandard

B3HT188-B3ET168 The results wers comeched based on the sumogate pescent recoveries.
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o et A TS COT
Quality Assurance
CLIENT RANE: NOVA S00TIA LANDS INC ASAT WORE ORDER: 181581380
PROJECT. ATTENTEON TO: Ty Wil
SAMPLNG SITE: SAMPLED BY:
Soil Analysis
P Do s O, SR DUPLICATE [EeTer——y—y S THIE B A PR
re
FARAMETER mancs "r" Cupl | Dapas | arp | ek | M) L [ )
pl| [P preee [
Marcury Anafysiz in Tiasus
Maroury i Thmss 1 UNTEE el eDE KA oQE TAN TU% DNR MA  TUW IMR @0 TOW DNDR
Msiain I T
Al IR BN e “I0 KA «i0 DR T DNE IR TN IR MM TOW INDR
Anfroy ORI BN e a2 ha #7 @EF% TR INE IEE TR DN MA TOW DN
Areanc DTN I 4 = [ 1] R TR INE 9EL TR DM MA OB TNOE
Barier DT I e L] [ 18 JME TR INE 1D TR DM MA TOR INR
Barylur DTN ENTSE e 2 [ 17 1I7E TR DN 111% TR DM MA TOR INR
Eiarnch ORI BN e =5 ha =% MNE TOR INE MA INW DN MA  TOW 1N
Boron EETIRE BN X =2 ha =7 MOE TUR INE I0TR TUR DN MA TOW 1N
= ETIRE BN 10 0 WA =03 @TR T INE GUR TUW DM MM TOW DAOR
Chromium ORI BN e a2 ha #] @R TR INE W% TR DN MA TOW DN
Cobmk ORI BT el ut ha *1 @R T INE W% TR INE MA TO% DN
Coppar ORI BT 11 12 EER eI  BYR TUN DNOE GO TUN INPR MM TOW INDR
i ORI ENTER e =50 KA +S0 PN TUN DN S8R TUN INPR MM TOW INDR
Lanz EETIRE BN 04 04 KA +04 IR TUE DNE IR TUW IR MM TOW PO
Margarss ORI BN 8 s ha =7 OE TR INE IE% TUR INE MA  TOW 1N
Moy EETIRE BN e =2 ha 7 % B IOE SR EIR IDE MA  TOW INR
Fadal ORI ENTER T 2 [ 1 @R TR INE SR TFR DN MA TOW INDR
Salanium ORI BT 1 ' [ =1 O TR INE SR TPR DN MA TOW INDR
Sivar ORI ENTER S =08 KA =05 ODR TUE DNOE U TOW DMR MM TOW INOR
Stomaur EETIE BT M = 1% «3 MDR TON DOE (D4R TUN DNPR RA TOW INDR
Tamlam ORI BT el a0l KA =01 STR TUE DO GO TUW INPR MM TOW INDR
n ORI ENTER T 2 [ 1 @R TR INE SR TPR DN MA TOW INDR
Urankam ORI BT el a0l KA =01 SR TR DOE IR TOW DNPR MM TOW INDR
“warmdiom ORI BN T 2 [ 1 OTE TOR INE S TFR DN MA TOW INDR
T I % @ PR «3  OPR TUN DOE GSR TUN DMR MM TOW NN
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Quality Assurance
CLIENT RANE: NOVA SCOTIA LANDS INC AGAT WORS. (RDER 13381380
PROJECT: ATTENTION Tih: Toay Waiker
SAMPLING SITE: SAMPLED BY:
Ultra Trace Analysis
Ligle T o0 DUPFLICATE P A N THOD BN A TELL D
MTud
FARAMETER Bk ":"" Buphl | Dapi | app | ek | Mesmsed e [ e
Lo | gt (R [T
Décirm and Fursrs (Tinmss;, WSO 205
2,37 5-Taim COD 1 EETII4 e04 =03 KA e01 OFR 4R UNW MA ATE IR ST 4R IR
1,237 2-Parts T00 1 EETII4 05«07 KA 0 «0X BN 4R UNW MA AR IR BRR A0R IR
12,347 Brie CO0 1 XTI =07  «08 KA 0«02 OTR 4R INW MA AR IR B4R 0w ER
1,235.7 Bl COO 1 EETII4 06«08 KA e01 GFR 4T UNW MA AR MR @SR AR IR
1,237 2 S-Fiam SO0 1 EETII4 =0T «@27 KA =01 B4R 4R INE MA 4R I0R IO0R 40RO
123857 B-Hagt COD 1 gxTme w1 =1 KA 05 TR AR IXW ML TR DI0R S0R AR INDR
Octa COO 1 OXTIe =3 =z KA =04 TR ATR NXW MA 4R DIDR S0 4D INDR
237 B-Taim COF 1 EETII4 06«08 KA e01 % 4T INW MA 4R DM @R A R
1,237 - Parts I0F 1 EXTI4 =08 =1 KA =0F DR ATR NXOW MA ATR DIDR ID4% AR INDR
2347 8- Parts TOF 1 gxTzmse 09 =28 KA =01 MEN TR NNR MA ATR INDR I0MR TR INDW
123,87 B-rlacce COF 1 EETI4 =05 «37  KA <02 MO 4R IR MA 4R DR IDFR A% IER
12357 B-rlaccs COF 1 EETII4 e0E  «08 KA «0X OFR 4R IR MA 4R DA (D4R SR IE
24T Bl COF 1 NP4 =0B L1} ha =03 IR 4FE UXR MA 4R D30 (W aow U30R
123,72 B-Flaccs COF 1 EETII4 0B +08 KA 0 e0F B4R 4R INW MA 4R IOR IOTR AR INDR
123857, B-Hagl COF 1 ExTme w1 =z KA e0Z OTE ATR DX MA TR DI0R IDFE AR INDR
12347 B 5-Hazl COF 1 OXTEd a2 =3 KA e0F TR OATR UNW MA AR IMDW D4E AR INR
Octs COF 1 OXTEd a2 =3 KA e03 BEE AR NNW MA 4 IMR S0R AR N
Dicxirm ared Fursne (Tiesos., WSO 2008
237 5-Taln COOD 1 EETEE e0F  #02 KA 0 e02 A7 4% UNW MA 4R INA XM 4% IEA
12,37 2-Parkx 00 1 EETEE e04  +04 KA «04 IO0R 4R UNOR MA 4R MR SRR 4R IER
12387 Bl ©OO 1 EETEE =03 «22 KA 0 «0X OFR 4R IR MA 4R DA IR AR IER
12357 Bl ©OO 1 EETEE e0F «32 KA 0«02 MR 4R IR MA 4R DA 0N 4% IER
1,237 2 B-blam SO0 1 EETEE .03 «22 KA 0«02 MER 4R IR MA 4R DR 1ITR 4R IEE
123857 Bactn COD 1 EEFEE 05«05 KA 0«05 MR 4TR INW MA 4TR DN @R AR 10
Octa OOD 1 EmTEE 1 1 oI e03 M AT DNR MA 4TE IR @R 4TR 1NN
347 B-Teim COF 1 gxTEs DS o5 OfE e03  NDER ATR NN MA ATR DMR IR AR UXOR
1,237 2-Parts I0F 1 EETEE e04 =04 KA e02 NI0R AR UNR MA AR IMNA IER &R IEA
23478 Party (¥ 1 EETEE e03  #04 KA e02 NIFR 4R IR MA 4R IMNA 1I4E SR 1A
1.3347 Bl COF 1 EENEE 04«24 KA <03 1I0E 4T INE MA AR IR IPE AR IEE
13357 Bl COF 1 EEEE D4 +04 KA <03 IOR 4T INE MA 4R IR 1IEE AR IEE
Z3ABT Bl COF 1 EETEM 04 «04 KA e0X JI0E 4TR IR MA ATR INR DI4W am VER
133,72 -l COF 1 EETEE 0B +08 KA 0«03 MEW 4TR INW MA AT INR 1I0N AR IR
123857, B-Hagn COF 1 ENTEE D4 «04 KA 0 e04 IOW 4T INW MA 4TER DN IOOE AR DN
12387 B, 5-Hagl COF 1 EXTEE 06 +08 KA 0«05 II0E 4R INW MA ATE IR ISR 40% NN
Octs COF 1 EETEE 0B +04 KA 0 +04 ER 4R INW MA AR IR IDIR 0% IR

@ @ @ 'IT Laboratories n%&

T ety gETADE COIT
Quality Assurance
CLIENT RAME: NOWA SCOTIA LANDS INC ASAT WoRE ORDER: 12381380
PROJECT: ATTENTEOH Tk Tesy Whalkes
SAMPLING BITE: SAMPLED BY:
Ultra Trace Analysis (Continued)
BPT Dwiac dasg O, A0 O A TS BLRN A L S
FARAMETER : et Tl | Ll e L
- - L | L e
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@ @ @'ﬁ‘ Laboratories

CLIENT NAME: NOWA BCOTIA LANDE INC
PO B0 430, STATION &
SYDHEY , HE B1PEH2
[BOZ) B84-THES

ATTENTION TO: Tony Walker
FROJECT: Mues
AGAT WORK ORDER- 1EX2381333
MIECELL AMECUE ANAL YEIE REVIEWED EY: Kadly Hogus, B.8s, P.Chem, Operations Manager
T0IL ANSLYEIE REVIEWED EY: Laura Eaker, Inceganios Data Rsportsr
ULTRA TRACE REVIEWED EY: Fhillpps Momeau, chimiche
DATE REPORTED: Aug M, 2018
PAGES (IRCLUDIRG COVER): 1T
VERSIOH*1

A4 e Driva, Link 132
Carrwas o S
TAMALA IO - W
TEL F-0-07 43
Pl o4 08-0004
T ey METMAEE OST

Shioud you require Ay Imormakion regarding Tis anaiysis piesse onic your dient sendoes representathee af (900) 458-87 18

AN narrplan will be dlapomsd of wibin 3 days folowing arafyuis. Plsass conisc B b you mquins ssdSionsl sampks dionsgs Bme.

ADAT e Pagw oA 17
T o Erghwss and iR o b ALAT Labormmsre B sooscies o (SOADC 15T by the Cansdian Ao ior for |
ﬁm.-u Inc. CALA) arciior Stardante Coanci of Canads (GOC) for specflc i M o fa
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Certificate of Analysis
@ @ Gﬂﬁ Laboratories AGAT WORK DRDER: 18X361338

PROJECT: Mussel

11 Morris Drive, Unit 122
Dertmouth, Nova Smis
CANADA B3B 1M

CLIENT NAME: NOVA SCOTIA LANDS INC ATTENTION TO: Tony Walker
SAMPLING SITE: SAMPLED BY:
Subcontracted Data Received
DATE RECEIVED: 2018-07-12 DATE REPORTED: 2018-08-01
SAMPLE DESCRIPTION: Lo W L
SAMPLE TYPE: Tiecus Ticocus Ticowe
DATE SAMPLED: 39180710 IEDT-0 20180710
Parameter Unit [Tk ROL BEBTEE BIBTRET Hareat
Subcontracied Data Y Y A
Comments: RDL - Reporied Defection UmE. G/ & - Guidelne | Standard
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Certificate of Analysis

11 Maorris Drive, Unk 122
Dartmouth, Novs

, Sty
CANADA B38 M2
Labo]‘atories AGAT WORK ORDER: 18X361338 TEL [SIZMEB-ET1H
i - FAN [SOZHER-8E24
PROJECT: Mussel i, agatiskes, com
CLIENT NAME: NOVA SCOTIA LANDS INC ATTENTION TO: Tony Walker
SAMPLING SITE: SAMPLED BY:
Mercury Analysis in Tissue
[DATE RECEIVED: 2018-07-12 DATE REPORTED: 2018-08-01
SAMPLE DESCRIPTION: [T M2 ] [T [ [T) [ ME
LAMFLE TYPE: Tiecue Tiecue Tiegue Ticcue Thkoue Tiecue Tiegus Thesue
DATE SAMPLED: 28185710 2120790 20180718 20120710 20185710 25120710 20120710 20135718
Parametar unitt als ROL BEETREN BEETEE0 s3a7R81 BIBTEET SIETETA 83878TH 8387880 saRTEE
Meroury in Tisue mgikg [T =005 =005 =005 =0.05 =00s =005 =0.05 =005
Comenante: RDL - Report=d Detection UME, G/ & - Guidelng | Ssandard
BEETBEE-BEBTEE] Results are based on the wet weigh of the sampie.
o = 1 Morris Drive, Unk 122
Certificate of Analysis Dartooun, oie Sz
CANADA B2E 1MZ
@ @ @ i Laboratories AGAT WORK ORDER: 18X361338 TEL [SOIMEEETIE
- = FAX [SOz4EE-2E24
PROJECT: Mussel e
CLIENT NAME: NOVA SCOTIA LANDS INC ATTENTION TO: Tony Walker
SAMPLING SITE: SAMPLED BY:
Metals in Tissue
[DATE RECEINED: 2018-07-12 DATE REPORTED: 2018-06-01
SAMPLE DESCRIPTION: [T [E ] M [ ME [ ME
ZAMFLE TYFE- Tiecus Tiecus Tiegwe Tiecus Thezue Ticous Ticcus Thesue
DATE SBAMPLED:  2018-57-10 212070 20180718 20120710 20185710 20120710 20120710 20185718
Parametsr untt (T8 RDL ‘BEETEED ‘BEETEED eaTeat BEETBET ETETS BIATETE B83a7eE0 ETE
|Adumirern gy 0 = n 36 26 il =10 20 0
|assmony oy 2 < <2 <z <2 <z <2 <z <2
|Arenic gy 2 =2 =2 =2 =2 =2 =2 =2 =2
Barium mg'kg 5 <= =5 <5 <5 <5 =5 <5 5
Eeryillum kg 2 =z =2 =z =2 <2 =2 <2 =2
Bismus g B < <5 <= <5 <z <5 <= <5
Eran mgikg 2 3 3 4 3 4 4 Fl 3
(Cadmium mgikg 03 <03 =0.3 03 «0.3 <03 a3 <03 =03
(Chromium kg 2 =z =2 =z =2 <2 =2 <2 =2
Cobal g 1 =1 =1 =1 =1 =1 =1 =1 21
Comper kg 2 <z <2 <2 <2 <z =2 <2 2
iron g Eul &7 £ BE L1 &0 =50 BT b
Lead kg 04 <04 =0.4 <04 =04 <04 =04 =04 =04
Mangarese g 2 18 13 13 1" 17 £ £ 1z
Moybdenum gy 2 =2 =2 =2 =2 =2 =2 =2 2
Micks g 2 <z =1 =2 =2 <2 =2 <2 =2
iz gy 1 =1 =1 =1 =1 =1 =1 =1 =1
Edhver mgikg os 05 =0.5 s <05 =05 «0.5 =15 =05
Erontium gy 5 8 L] 2 8 13 7 19 6
[Thailum mgikg o4 =01 =0.1 =01 =01 =01 =01 =01 =01
[Tin gy 2 =2 =2 =2 =2 =2 =2 =2 =2
Uiraniurm mgikg o4 =01 =0.1 =01 =01 =01 =01 =01 =01
[anadum kg 2 =z =2 =z =2 <2 =2 <2 =2
|2inc mgikg 5 7 3 13 " 13 T 15 1
Comments: ROL - Reporied Detection UmE, 5/ & - Guidedne | Standard
BITBEIBIRTEE] Resuls are based on the wel weioht of the samole.
= 11 Morms Drive, Unk 122
Certificate of Analysis Dartouth, Now Scois
TANADA B28 1N
@ @@ i Laboratories AGAT WORK ORDER: 18X361328 TEL [SIZHEE-ET18
PROJECT: Mussel ity
CLIENT NAME: NOVA SCOTIA LANDS INC ATTENTION TO: Tony Walker
SAMPLING SITE: SAMPLED BY:
Tissue Prep
DATE RECEIVED: 2018-07-12 DATE REPORTED: 2018-08-01
TAMFLE DEECRIPTION: L3l M2 L -] L0 ME L1 Lo} ME
TAMFLE TWFE- Ticcus Ticcue Tiesue Tiecue Thesue Thecue Tiesus Thecun
DATE EAMPLED: 20182710 INEOT-10 201e-07-19 20180710 20189710 220710 201840710 20189710
Parameter unit ars ROL BIBTEEN ‘BIBTEE0 287881 BIBTBET S2ETETL 8387ETH 8387880 2ETEE
Prep Compizte L Y Y Y ¥ L Y ¥

Commente: RDOL - Reporfed Defection UmE. G/ & - Guidelne / Standard
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@ @ @‘F Laboratories

CLIENT NAME: NOVA SCOTIA LANDS INC

SAMPLING SITE:

Certificate of Analysis
AGAT WORK ORDER: 18X361338

PROJECT: Mussel

ATTENTION TO: Tony Walker
SAMPLED BY:

11 Morris Drive, Unk 122
Carimouth, Mova B
CANADA B2 1ME
TEL [SIZHES-ET1E
AR, [SIXHES-EE04

Dioxins and Furans (Tissue, WHO 2005)

DATE RECEIVED: 2016-07-12

DATE REPORTED: 2018-08-01

LAMFLE DESCRIPTION: M | -3 [ -] ML
EAMFLE TYFE: Ticoue Ticws Thesue Tiecus
DATE BAMPLED: 31845710 2018407190 20184710 20180710
Paramistsr umitt [T F ] RDL BERTEED ROL 87880 RDL KETeE RDL 8397887
2,3,7 8-Tetra COD naxg 0.2 02 a2 =02 02 =02 a2 =02
rakg 0.4 A 04 4 04 ey 04 <04
rakg oa 04 as & 03 <03 a2 <02
rakg 03 <03 as s 03 <03 a2 <02
[1,2,3.7, 5 5-Heva COD rakg 03 <03 a5 <5 03 <03 (] <02
1.2,34.5.7 5&-Hepta COD kg ns as T o.e oS =05 0.5 1]
(Ccta COD kg 2 B3 2 [ 1 1 ar 0.7
2,3,7 5-Tetra COF raxg 03 oz 03 0.3 03 =03 03 =03
naxg 03 03 0+ =04 02 =02 a2 =02
rakg 0.2 oz 0.3 3 02 =0z 02 02
2,347 f-Hexa CDF rakg 03 <03 a3 03 03 <03 a3 <03
[1,2,36.7 5-Heva COF kg 03 <3 03 <03 (] <0z (] <02
2,3 46.7.5-Hewa COF kg 03 =03 0.3 =03 0.3 =03 a2 =02
1,2,3,7.6.5-Hexa COF kg 0.4 =04 0.4 =04 [ =04 0.3 =0.3
12,3457 3 Hepta COF ngkg 0.4 €4 04 04 04 <04 04 =04
1,2,2.4,7,8 5-Hepta COF rakg LE e s e 0E <0E 0% <05
Ccta COF naxg (18] s as =05 0a =09 2 <2
|Total TetRchordbenzodoEns raxg 0.2 as a2 [ 02 o3 a2 06
|Total Fentachiorodbenzodoxns rakg oa 04 0= 0.9 04 o4 04 0s
|Total Hemachiomdbenzodioxns rakg oa <04 as io 03 10 a2 0s
|Total Heptechiorodibenzndicrins kg ns 21 ar 33 0s 14 s [ 1]
|Total FCDDs kg 2 10 2 12 1 4 a7 7
[Total Tetachiorodbenzofurans kg 03 21 0.3 14 03 or 0.3 0T
|Total Fentachioredbenzcturans raxg 03 10 0+ 1.4 02 (L] a2 02
|Total Hexachiondbenzofurans naxg 04 ar 0+ 0.s 04 os 03 0.3
|Total Hepiachiorodibenzofurans rakg () ar as 13 o5 or as <06
[Total FCDFs rakg (1] 45 as 44 oS i 2 <2
T.5-Tetra SO0 (TEF 1.0 TEGQ o o o a
7. 5-Fenis COD (TEF 1.0 TEQ ] ] <] a
1,2,34.7.5-Hexa CDD (TEF 0.1) TEQ =] ] <] a
] - 11 Morris Drive, Unit 122
Certificate of Analysis Dertmouth, bowa ecpta
CANADA 3B 1M
@ @ @ i Laboratories AGAT WORK ORDER: 18X361338 TEL [S0ZHESET1S
PROJECT: Mussel AN e
P xgatiabes com
CLIENT NAME: NOVA SCOTIA LANDS INC ATTENTION TO: Tony Walker
SAMPLING SITE: SAMPLED BY:
Dioxins and Furans (Tissue, WHO 2005)
DATE RECEIVED: 2016-07-12 DATE REPORTED: 2018-08-01
2AMPLE DEECRIFTION: M L -3 - M
2AMFPLE TYPE: Tiecus Tiecuws Thous Tiegus
DATE SAMPLED: 291349710 2018079 201849710 201240710
Paramistsr unitt @/ RDL BEETRED RDL 97880 RDL aaTeE ROL 8397087
1,2,35.7 2-Hexa COD (TEF 0.1} TEQ o o o ]
1,2,3,7,5,5Hexa COD (TEF 0.1} TEQ o o [+] ]
1,2,34 6.7 8Hepta COD (TEF 0.01) TEQ 000548 000342 o 0.Dosas
(Oicts COD (TEF 0.00035 TEQ 0.00138 000183 0000365 1]
2,3,7.5-Tetra CDF (TEF 0.1} TEQ oa2s ooTa o L]
3.7,2-Pents COF (TEF 0.03) TEQ o o o ]
23,47, 5-Ferta COF (TEF 0.3} TEG -] o -] ]
1,2,34.7,5-Hexa COF (TEF 0.1) TEG -] o -] o
1,2,35.7.8-Hexa COF (TEF 0.1) TEQ 1] o 1] 1]
3,3,45.7.5Hevs COF (TES 0.1] TEQ o o 1] o
1,2,3,7,8.5Hexa COF (TEF 0.1) TEQ o o o ]
1,2,34,5.7 8-Hepta COF (TEF 0.0} TEQ o o [+] ]
1,2,3.4.7,8 3-Hepta COF (TEF 001} TEG -] o -] o
(Octs COF (TEF 0.0003) TEQ 1] o 1] 1]
[Total FCO0s and PCOFs (TEQ) TEQ 00343 00arr 0000365 0.00885
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Certificate of Analysis

AGAT WORK ORDER: 18X361338
PROJECT: Mussel

@ @ @ﬁ Laboratories

11 Mors Ditve, Ukt 122
Dartmouth, Mova Sl
CANADH B35 1h2
TEL (BZHEEET1S
FA (BTHEEEE04

CLIENT MAME: NOVA SCOTIA LANDS INC ATTENTION TO: Tony Walker
SAMPLING SITE: SAMPLED BY:
Dioxins and Furans (Tissue, WHO 2005)
[ATE RECEIVED: 2018-07-12 DATE REPORTED: 2018-08-01
SAMPLE DESCRIPTION: M L -3 L) M
EAMFLE TYFE: Tiecusa Tiesuwe Thesus Tiesus
DATE SAMPLED:  2018-97-10 20180710 20188710 20150710
Sumogate unit Appeptabls Limits BERTRED FaATHEN FARTEE] BI8TRET
13C-2378-TCDF % 30140 &1 ES &4 53
13C-12378FelDF % 30-1a0 55 B2 3 =
13C-23478-FeCDF % 30140 63 T2 63 62
1301234 78+CDF % 30-4a0 63 B0 =] 3
13C-1236TB+CDF L 30-140 T B3 ES B4
13C-234678+CDF % 30-4a0 T2 81 B4 EE
13C-123TES+CDF L 30-140 58 B4 B0 &1
13012346 T8-HplDF % 30-4a0 &0 EY = E3
13C-123478%HplDF L 30-140 57 55 a3 =
13C-2378-TCDD % 30-140 7 B0 a7 T8
13C-123T8FeCDOD L 30-140 T 78 T8 &8
13C-123478+C00D % 30-140 75 [ &7 [
13C-12367T8+COD L 30-140 83 T8 T8 T
13C-12346TE-HpC0D % 30-140 B2 &0 24 &8
13C-0C00 % 30140 3= xS E- 34
- - 11 Morms Drive, Unk 122
‘E. Certificate of Analysi Dartmoush, bowa saoa
CANADA B35 M2
@ @ @ Laboratori@s AGAT WORK ORDER: 18X361338 TEL [3ITMEE-ETIE
PROJECT: Mussel PR s
et SRtk com
CLIENT NAME: NOVA SCOTIA LANDS INC ATTENTION TO: Tony Walker
SAMPLING SITE: SAMPLED BY:
Dioxins and Furans (Tizssue, WHO 2005)
DATE RECEIVED: 2018-07-12 DATE REPORTED: 2018-08-01
SAMPLE DESCRIPTION: ME WE L w3
LSAMFLE TYPE: Ticous Ticeue Thsus Ticcue
DATE SAMPLED:  2018-97-10 201840719 20189710 201180710
Parametsr unitt a8 RDL BERTETS ROL /778 ROL ST ROL 8397881
2,3,7.5Tetra COD kg 0.2 <02 a2 032 02 <02 a2 <02
1,2,3,7,5-Penta COD kg 04 <04 04 <04 [ F] <04 0.4 <04
1,2,34.7 2-Hexa COD kg 0.2 0z 0z <z [ F] <04 0s <05
1.2,35.7.5-Hexa COD na%g 0.2 =02 a2 =02 03 =03 as =05
1,2,3.7.2 5-Hexa COD rkg 0.2 2 0z @2 [ F] =04 0s =05
1,2,34.5.7.5-Hepta COD rg o= s 0s 5 o7 =07 1 2
Ocia COD kg 1 27 1 <1 k] <03 4 7
2,3,7 3-Tetra COF kg D3 oz 03 3 (k] o4 04 [\
1.2,3,7.5-Penta COF na%g 0.2 02 a2 @02 02 =02 0= =04
2,347 5-Penta COF na%g 0.2 =02 a2 =02 02 =02 as =04
1.2,34.7 5-Hexa COF na%g 0.3 =03 03 =03 03 =03 a3 =03
1,2,35.7 2Hexa COF kg 0.2 02 0z 0z [ ] <0 03 <03
2,345 7 5-Heva COF rg 0.2 2 oz @2 [ ] =02 os =05
1,2,3.7.8 3-Hexa COF kg 0.3 03 0.3 03 D3 <03 07 <07
1.2,34.5.7 5-Hepta COF na%g 04 04 04 04 0s =05 as <0&
1.2,34.7.8.9-Hepta COF na%g 0.s 0 0s e [E:) =0s 1 =1
Ccta COF rpkg [ ) 07 1 =1 1 =1 1 =1
[Total Tetachiorodbenzodoxins rakg 0.2 a3 a2 02 02 1T a2 15
[Total Fentachiorodbenzodoxns kg oa as 04 L [ 14 04 38
[Totl HexachiondbenzodoEns naxg 0.2 as 02 03 0+ 26 as 14
[Tetal Hepiaxchiorodbenzodicxing rpkg 0.s 12 0s 05 0T 15 1 &
[Totl FCO0s na%g 1 & 1 =1 02 71 £ 19
[Total Tetrachiorodbenzofurans rpkg 03 as a3 os 03 13 04 23
[Total Fentachiorodbenzofurans rakg 0.2 ar a2 032 02 os 04 a7
[Tetal Hexachioodbenzofurans rpkg 0.3 a3 03 03 0.3 os a7 11
[Total Hepixchiorodibenzofurans rakg [ ) <08 as 05 08 <05 1 <1
[Total FCOFs na%g 0T 18 1 1 1 3 1 9
2,3,7.5-Tetra CDD [TEF 101 TEQ =] o ] a
1.2,3.7.5-Penta COD (TEF 101 TEQ =] o 1] ]
1,2,34.7 2-Hexa COD (TEF 0.1} TEQ =] 0 =] a
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11 Moris. Drive, URk 122
Cartouth, Mova Somds
CANADA BB 1R
TEL [S0ZME8-5718
P [SOX4EE-S804

Certificate of Analysis

AGAT WORK ORDER: 18X351338
PROJECT: Mussel

@ @@ﬁ Laboratories

CLIENT MAME: NOVA SCOTIA LANDS INC ATTENTION TO: Tony Walker
SAMPLING SITE: SAMPLED BY:
Dioxins and Furans (Tissue, WHO 2005)
DATE RECEIVED: 2018-07-12 DATE REPORTED: 2015-08-01
LAMFLE DESCRIFTION: ME WE L ) -3
SAMPLE TYPE: Tieous Tiecws Thsus Tiesus
DATE SAMPLED: 201897-10 20184079 20184710 20180710
Parametar unitt a8 RDL BIOTETS RDL 287870 RDL KETE RDL 8397881
1,2,3,5,7 8~Hexa COD (TEF 0.1) TEQ o o ] a
1,2,3.7.,6.9-Hexa COD (TEF 0.1) TEQ ] o 1] ]
1,2,3.4 5.7 2-Hepta COD (TES 004} TEQ o o (] 0.0438
(Ccia CDO (TEF 0.0003) TEQ 0.0007sE o [+] 0.002140
2,3,7.5-Tetra COF (TEF TEQ ooz o ooEss 0.0365
1,2,37 5-Perta COF (TES 0.03) TEQ o o o o
2,3,4,7 &Penta COF (TEF 0.3) TEQ o o <] a
1,2,34.7.8~Hexa COF (TEF 0.1] TEQ o o [+] a
1,2,36.7 8-Hexa COF (TEF 0.1] TEQG o o o a
23,45 7 2~Hexa COF (TEF 011 TEQ o o o o
1,2,3,7.8.9-Hexa COF (TEF 0.1) TEQ o o 1] ]
1,2,34 5.7 5-Hepta COF (TEF 0.0} TEQ o o o o
12,34 7.5 5-Hepta COF (TEF 0.04) TEQ o o 1] o
(Cicts COF (TEF 0.0003% TEQ ] o 1] ]
|Tolal FCOOs and PCOFs (TEQ) TEG 0.0300 o o03ss 0.0555

Certificate of Analysis

@ @ @ i Laboratori@s AGAT WORK ORDER: 18X381328
FROJECT: Mussel

CLIENT NAME: NOVA SCOTIA LANDS INC
SAMPLING SITE:

ATTENTION TO: Tony Walker
SAMPLED BY:

11 Morris Drive, UnE 122
Darimouth, Mova Sooda
CANADA 538 1INE
TEL [SOZHEE-ET1E
FAN [SOZMEE-E524

Dioxins and Furans (Tizssue, WHO 2005)

DATE RECEIVED: 2018-07-12

DATE REPORTED: 2018-08-01

ZAMFLE DEECRIFTION: W L] L3 L=
EAMFLE TYPE: Tiecus Tiegus Thesus Tiesus
DATE BAMPLED:  3A18-57-10 201B0T0 20185710 20120710
Tumcgats unit Aposptabés Limits BEETETY SI9TETY SISTEED 8387881

13C-2378-TCOF % 30-140 56 36 E 38
13C-12378-FeCDF % 30-140 a4 41 116
13C-234T8-FeCDF % 30-140 a7 48 EE
13C-12347E-HeCDF % 30-140 B2 T2 B2
13C-1236TE-HACOF % 0440 Be 14 BO
13C-2346TE-HwCDF % 30-140 as 85 0
13C-123TES-HwCDF % 30-140 ral 55
13C-1234878-HpCOF % 30-140 cB B3 B2
13C-12347ES-Hp COF % 30-140 50 55 52
13C-2378-TCOD % 0440 ] 82 B2 S
13C-12378-FeCDD % 30-140 B4 T3 a8 112
13C~12347E-+wiCDD % 30-140 T T2 az 55
13C-1236TE-HECOD % 30-140 a2 113 123 a2
13C-1234678-HpCDD % 30-140 54 81 B4 55
13C-0CD0 % 0440 Dl S 2 2
Commsnbe: ROL - R=pomad Detection UmE;, G/ 8 - Guideine | Stanadard

B38TBEM-B3ETEBE1 The resulis were comected based on the sumogate percent recoveries.
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@@@ I Laboratori Ry
TEL FREA0-0T 4
OTaories ity
o e dGETaE Co
Quality Assurance
CLIENT RAME: NOVA SCOTIA LANDS INC AGAT WORF ORDER: 18X581 58
FROIECT: Musssl ATTENTION T Tosy Wl
EAMPLING SITE: SAMPLED BY:
Soil Analysis
RFT Dmiac busg O, 2080 I A THOD B MATRLL B
STl
FARANETER makcs R e [ ]
[
L | Ui u-lll.-.u
Mstal ir Tz
Alsminur EEUEE| ENETER1 X = hi =10 SR TR IXE IDE TR EMNAR MA TOR INDR
Antiroy EEUEE| BXETEE1 a2 -2 hi =7 9% TR IXE IHE TUR NN MA TOR INDR
Armanic EEUEE| BXETEE1 a2 -2 hi =7 G TR IXE NS TR NN MA O UNDR
[ EEUER| GXETER1  em e} hi =% R TR INS S8R TUR IR MA TOR INDR
Barylur EEUEE| BXETEE1 a2 -2 hi =7  I4E TUR IXE IOTE TUR EMFR MA TOR INDR
Biarrth EEUER| GEETER1  em L} hi =% I4E TUR INE MA DXW ENR MA TOR INDR
Boron EETER| GXETER1 3 4 hi =7 MEE TUR IXE DR U EMAR MA TOR INDR
CadmiuT EEUER| GXETER1 a3 =03 KA =03 O™ TR CNW 9 TUN DR RA TOR IR
Chromium EEUEE| BXETEE1 a2 -2 hi =7 MR TUR IXE I0TER 7O EMR MA TOR INDR
Cobut EEUER| GXETER1 «l =t hi =1 IDEE TUR IXW IOTER TUR EMR MA TOR INDR
{Copoer EETER| pXETER 2 2 hi =1 IDER TUR IXE 1I0S TUR DM MA O INDR
Ima EETER| gXPER T - hi «H] MR TUR IXE 1I4E TUR EMFR RA TOR INDR
L=nd EORTER| GISTER1 4 -2 ha =04 4R TR IR IR TOW MR R o I3DR
Margurm EEUER| GXETER1 1T 13 4% =2 ¥R TUR IXE 1I4% TUR EMNAR MA TOR INDR
Mokybcsrur EEUEE| BXETEE1 a2 a2 hi =7 R MR IOE IR OO NIDR MA TOR INDR
Racksl EEUEE| GXETEET a2 a2 hi =7  MER TR INW I0FR TUR EMAR MA U INDR
Saksriam EEUER| gXPERY o« =t hi =1  OFR T INS SR TR IMAR MA O INDR
Shver EETER| GXPERY a0 =02 KA =05 N0ER TUR ENW IR TUR DR RA TR 1IN
Stonfur EETER| pXTEN & 7 hi =% MR TUR INE IR TUR DMAR MA TOR INDR
TemBam EETER| OXIPERY  wll =0 KA =01 MR TUR IXE IR TUR EMFR RA TOR INDR
Tn EETED BNTE eT £ ha #1 R TP INW SR TR INFR MA TOR INDR
Lrankam EETED SNTE el =Ll KA 01 MR TR INE DR TR OENFE MA TOR INDR
“Waradiam EETED BNTE e a3 ha =7 MEE TR INW IOMR TUR OEMNFR MA TOR INDR
Trc EEUER| gXVEN X iH] hi =% MR TR INW 4% TUR EMAR MA TOA UNR
Marcury Anafysiz in Tiasus
Marmry i T 1 BINTE OIS OE KA D KA TR ENE MA TR DR &4 TR I
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11 o Diriva, Link 123

ik Carrwat, Ho fcods
| @@@ . CANAT 128 140
1 TEL ST 1A
J I Laboratories . A
. e BGEAEE 2T
Quality Assurance
GLIENT KANE: NOWVA SCOTIA LANDS INC AOAT WORK CRDER: 182058138
PROJECT: Muissl ATTENTHON Tidx Tosy Walked
SAMPLING SITE: BAMPLED BY:
Ultra Trace Analysis
RPT D darg 0, 200 DUPLICATE FEPRECE A MTHOE BLA ]
e [C——— [r— [——
Intum Ena | VEmu e Ll Lills L
FARANETER Bakh l Bupn | Dapik | &FD preen L
Lo Ui Lo Ui L |
ez ared Fussne [Tieses, WO 008
237 8-Tain COO 1 EETEE =03 «32 KA e02 TR AR INE MA 4% 1B SR 44 1XR
1,237 - Parky 00 1 EETE =04 «04 KA 04 OO AR INR MA 4R 10BN 44 1XR
1,347 By OO0 1 EEMEE <03 «02 KA  e02 BUR 4TE INR MA 4R IME (DR 4 X
1,387 By 00 1 BETEE «0F  «02 KA  e02 TR 4TE INR MA 4R UM ID0R &R IR
1,078 By 00 1 BETEE «0F  «02 KA 02 P ATE INR MA 4R UM 1ITR &4 IXR
1, 23417 BHaza COO 1 BETEE «0f  «05  HA 05 ND4R 4TE INR MA 4R UM WA 44 1XR
et CO 1 EmmE | 1 oM e03 MR AR INE M4 4 D0 BR &% IXA
237 B-Taim COF 1 gNvEE 08 05 o0 =03 NDER AR INR MM AN 00 DR o 'R
1,237 8- Pariy O0F 1 EETE =04 «04 KA =02 11D AR INR MA 4R 10B IER 44 1XR
2347 Parky OOF 1 EETE =02  «34 KA 02 11PN AR INE MA 4R 10B 1I4% £ 1XR
1, 2347 B-Hlay COF 1 EETE =04 «04 KA 03 1IDR AR INE MA 4R 10B I0R 44 1XR
1, 2357 B-vlay COF 1 EETEE =04 «04 KA 02 MDER AR INW MA 4R 10B 1IO% 44 1XR
L3AKT Brlca COF 1 BETEE <04 «04 KA 02 1IDR 4TR INR MA 4R UM (4% 4 X
1,078 B SO 1 BEMEE «0F <08 KA 03 MR 4T INR MA 4R IME IR &R IXA
1, 23417 BHagia COF 1 BETEE <04 <04 KA e04 UOE ATE INR MA 4R UM (MR &R IR
1,047 A B-Hagln COF 1 BETEE «0F <08 KA e0F IDR 4T INR MA 4R UM 1ITR &R IXA
et COF 1 BETEE «0F  «04 KA e04 MIER ATE INR MA 4R UM IR &R 1XA
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oy COC. & SR4T1354

Anetion: Tery Walker
CALHOUSIE IMIVERSITY
VHATER RESOUBCE STUCHES
PO 15000 [[4211)

1960 BARFINGTON ST
HALIFAY, NS

CAMADA  BIHAR2

eport Date: FO19/07/31

Fmpor & 2PEL1SE
Warskon: 3 - Rewison

CERTIFICATE OF ANALYSIS — REVISED REPORT

BV LS JOb & SNaEIE0
Recehed: FI1O6], Fh0
Sample Matrie. Wals
#Samples Recsived: 10

Date DCute
P— Fra——— 4 Ansbmed  Lab ¥ Method Assbyticad Wsthod
Mercury [Total) by O W BSOS AA0T0 BEVISOP-000S BCMOE BCLM Dethirdd m
Mercury [Total) by O W PAOTS MAN0TE BEVISOP-0001S BCMOE BELM Oethirdd m
Elements by KPS Digested 1L [tetal] W HOSOTS MLA0TIL BEYTSORO000 EPA BO00b F2 m

BEYTSOP-O0002

Hemackac

Burnay Veritis Laborateries are accrndited to BO/EC 17125 for specific parametens o scopes of sccreditation. Unles otherwtis noted, proceduses used
bry BY Labs o bired upsn fecogaieed Provincal, Federal o LS method compendia siich as OCME, MELCE, BPA, APHA

Al vk pecoided hiteln his bish donms i sccordancs with peocedii ahd b diraiil Had by profesionab s BY Labd proldlon ilig

d thoduloges, guality and quality control provedunes [encept whers otherwia ageeed by the dient and By Laks in wilting]. &1
data b in icathstical control and has met guality contned and method peiformance aiteda unbris stherwise aoted. Al method Blanks are reported; waless
indicated ctheraise, miodated samele data are not Blank corrected, Whees applicable, wsleis otherete noted, Meassrement Uncertainty has sol Bsen
sccounted For when stating cenlomity 1o the feferenced suandasd.

B Lk Bailiny is lrmited 1o tha actual cot of the requested anabaes, unbes otherstis agreed in wiitihg. Thers s so otfer wartanty sxpressed o implied.

B Lk has besn relained 1o prosdde analysb of samples grovided by the Oisnt using the beating methosds & d i this nepsrt. i el
i o Ldl et afw the ol respena iy of the Client and ane sot withis the dcope of derdces provided by BY Laks, unbiss cthaiwise ignend s stiting,
BW L i ot responsible for the scourecy of afry dita imsects, that reseht from the inf fon provided by the oF thisk dganL.

Sl sarnple Pesults, sacept bists, e based on dry weight unkes othersise isdicated. Organic analyses ame not Fecovery corrected mcepl for motoges
dlution mathods.

Fesults relate 1o samphes teited. When sampling B sol conducted by B Labs, reiubs relabe 1o the sepplied samsle tested,
This Certificate ihall not Be reproduced seept in Tull, without the weltten azeroval of the labor atery.
Eafwrance Muthod o m” Indlcten tas s trom

* FDa calcubatad Laing rrw dirta. Tha masding of final rescits rray resk In the sapannt dFsrsncos.
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[ DUAELy ]

BV Labs Job & BA48E30
Report Date: 2019/07/31

DALHOUSIE UNIVERSITY

MERCURY BY COLD VAPOR (WATER)

BV Labs ID VVOZBE | WVYOZET | WW02BS | Vv02ES | wyozop | wvozoi | wwpraz
Sarmpling otc 2019,/06/18 | 2019/06/18| 2010/06/18 | 2018/06/18 | 2019,06,18 | 2019/06/18 | 2019/086/12
09-35 09:42 09:50 09:52 09:59 10407 10:15
COC Nurnber 08471354 | o@a71354 | oaa7assa | osa7i3ss | osariase | ossriase | ossmiase
UNITS|  BHMAL BHM-Z BHM-3 BHM-4 BHM-5 BHM-5 BHM-7 | ROL |QC Batch
Elements
Total Mercury (H) [gn] -vozoqy] <oozogy] -oozoqy] -vozoy] -oezoqy)| <wozoqy] <0020 (1) 0.0zo0] ss1s064

LRDL = Reportzble Detection Limit

1} Detection limit rmised based on sample wolume used for analysis.

BV Labs ID viozes | wiozss | wvDz2as viozgs | videsr | vvozee
2019/06/15 | 2018,06,18 | 2018,06/18 2018/06/18 | 2015,05/18 | 2019/05/18
e 10:21 10:22 10:36 09:35 09:42 0%:50
[C0C Mumber 08471354 | oe4713sa | omamiase 08471354 | 02471354 | oE471354
UNITS|  BHM-E BHM-2 | EHM-10 |OCBatch| BHHG-1 | BHHG2 | BHHG-3 | RDL |OC Batch
Elemiznts
Total Mercury [Hg) [ wg | <oo2oqy) <0ozoiy| <oozo(y)|ssisoss|  -nozo <0.020 <0020 |0.020] 3494508
RDL = Reportzble Detection Limit
Li] Detection limit raised based on sample wolumie used for analkysis.
BV Labs ID viozss | wiosoo | weosol | wwosoz | wvo3os VD304 | vin3os
Sampling Date 2018/06/15 | 2019/06/15 | 201/D6/18 | 2013/06/15 | 2013/06/15 | 2013/06/15 | 2018/06/15
8-52 019:5% 10:07 10:15 10:21 10:22 10:36
COC Numnber 08471354 | 0m471354 | 0a471354 | 08471354 | 08471354 | oBaT13se | oE4Tiise
UNITs| BHHG-4 | BHHGS | BHHGS | BHHG-7 | BHHG-E | BHHG | BHHG-10 | ADL |QC Batch
Elernenits
[Tatal Mereury [He) [ ] w30 0020 0020 0020 0.030 0.025 0020 [o0.020] sa0as0s

ROL = Reportable Detection Limit
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8% Labsz Job & BSSSE3D
Repart Date: 20090731

DALHOUSIE UNIVERSITY

ELEMEMNTS BY ATOMIC SPECTROSCOPY |WATER]

[Bv Labs 1o VYDRES VYDZET WYDLEE VYORED VNOZa0 LLLTLE] V¥zaz
|5ump|in;lm: IIZI:I.B_.'FE.-'!.E 1015.. £/18 mis.-‘F-a-'is lDiE.":J;_.'iE 1515.-'::5,"_2 1:11‘5.-'0&.""_2 2:1:‘5.-'-.:15,.':3
0%:33 o942 09:30 0532 0538 107 013

COC Mumiber 0247135 | 02471354 | OBATLISY | 0B471334 | 08471334 | 08471334 | 08471334

UNITS| BHM-1 EHM-2 BHM-3 BHM-4 BHNS BHM-E BHM-7 | ROL | QC Batch
[Total Metals by KOPMS
[Total Akumirum [al] il ELL 17 E10 L] 551 30 | s4sasm
[Totnl Antimony (Sb) L o020 «0.20 ] <0 20 «020 | 0.20 | 5434804
[Totnal Arsenic |As) il 107 1.E0 135 116 136 0.20 | 5434804
[Tetal Barium [Ba] L 638 1120 £ =74 0.30 | 5434802
[Total Baryllium |Be] L ol Al .40 10 «010 | 0.10 | 5434804
[Total Bizmuth |Bi) =L ol 10 .10 <010 0,10 0.10 | 5433804
[Total Baran (8) =L 100 w100 100 100 100 | 5454804
[Total Cagmium [Cd) il | 0090 «0.030 0TS0 <0030 |0.050| 5934804
[Total Chramium (Cr| L 1.4 14 13 12 10 | s4sasoe
[Total Cooalt {Co] L 0.18 0.27 0.8 0220 0.10 | 5434800
[Total Conper (Cul L L.l ] =] =) ] 10 10 10 | s4sasoe
[Total irom |Fe| il 50 <30 154 e L] L] 38 50 | s4sasm
[Total Lead {Fo] L 0.24 1.03 0.54 122 111 113 149 0.20 | 5434800
[Total Lithium L] el .0 <3.0 3.0 3.0 3.0 3.0 <0 5.0 | sazamoe
[Tetal Manganese (M) il | 10100 10300 B340 12700 5610 E320 5770 10 | 5434800
[Total Molybcenum [Mo| L 0. 30 «0.30 <030 il %0 I3 B0 077 100 0.50 | 5434804
[Tetzl Hicked (i L 2.7 2.3 0 23 10 10 4 1.0 | s4za801
[Total Prasphorus |P) L 18200 2150 1380 2230 B2l = 781 30 | s4sasme
[Total S=lenium [Sa) L 0.37 .4 L] 058 < 40 o 20 <0140 | 0.40 | 5994804
[Totnl Silicon |50 L <300 £l <300 £70 300 300 300 300 | s4sasod
[Total Sikver [Ag] el ol Al .40 L] .40 40 10 <010 | 0.0 | 5454804
[Total Stromtium {5r] L 43.3 131 4314 1.7 442 29.0 43.7 0.50 | 5434800
[Total Thallium {T1) wefl | w020 «0.020 o D2 <030 <0020 ) 20 oor?  |oo2o| 5434804
[Tetal Tin [3n] L 2.0 w20 2.0 20 ] ] 20 20 | sasasm
[Toital Titanium (Ti] L EES 524 433 150 ErH FE] 7 20 | s4sasme
[Tetal Uranium (U] L 0.102 0.214 0.250 0.057 073l ozl 0766  |0.090| 5934801
[Total vanadium [V L 2.0 w2 <20 ] <20 <20 o2 0 | 5434804
[Total Zinc (2n] L b Al e 1] =11} 20 12 =] 10 | s4sagod
[Total Zirconium [Zr] L L.l ] L i ] 10 L0 1.0 | s4sasod
[Total Sulphur 5] ue/l | <6000 <E000 <E000 «E000 <E000 E000 <000 | 6000| 5434804

RGL = Reportabie Detection Limit
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LYER TG ]
BY Lans Job : B34BE30
Renort Dake: 2049,07/31

DALHOWUSIE U ERSITY

ELEMENTS BY ATOMIC SPECTROSCOPY (WATER)

BV Labs I VY253 VYOZ54 VYazI3
. 204 1015/06/18 | 2018/06/18

s 10:22 I :;
COL Numib 02471334 | 0B471334 | oB4713S4

UNITS|  BHM-E BHNA-S EHM-10 | RODL [ OCBatch
Total Metsls by ICPME
Total Alumiram {Al] ugiL 523 Aoz 3z 30 | s4s480l
Total Antemony | 5b] ugfL .20 il 21} <020 0.20 | 5454801
Total Arsenic [As] gL 141 133 148 0.20 | 9454801
Total Barium [Ba) uglL 245 234 a7z 0.30 | sas2e0e
Total Beryllium (Be| ugfL o010 il 10 010 0.10 | 5454804
Tortal Bismuth |Bi] uglL 010 <10 <010 0.10 | 9454800
Total Boron (8) uglL 100 100 100 100 | 9454800
Tortal Cadmium [Cd] ug/L | «oosm <0030 <0030 |0.000| 9454801
Total Chromiusm (Cr) us/L 17 14 13 10 | s4s4801
Total Cobalt {Cao) uglL 039 020 032 0.40 | 3454604
Total Copper (Cul uglL 13 1.0 ] 10 | 9454800
Tortal iron (Fe ug/L 30 50 30 30 | s4s4800
Total Lead (Po) ugiL 053 107 1L&3 0.20 | 9454800
Total Lithium [Li] ugfL 3.0 <3.0 <30 3.0 | 3452804
Total Manganese [Mn) ug/l | 10500 SOE0 2430 10 | 9454800
Total Maolybdenum (Mo) uglL .30 034 153 0.30 | 9454800
Tortal Mickel (i ugiL 2.1 14 1 10 | 94s48m
Total Phosphorus (F ug/L 17BD 1500 ET3 30 | s4s4800
Tortal Selenium [Se] ugiL .40 057 <040 0.40 | 9454800
Tortad Silicon (5i] uglL 757 E10 1440 300 | 9454800
Total Silver [Ag) us/L <010 <. 10 <0.40 0.40 | 5454804
Total Stromtium |Sr uglL 1] 122 159 0.30 | 9454800
Total Thallium [T1) ug/l | onoem <0020 «0.020 | 0.020| 9454804
Torkad Tin [5n] ug/L 2.0 <200 2.0 20 (9454800
Tortal Titanium (Ti) ug/L 459 451 LI 20 | 5454804
Tortad Uranium U] uglL 0198 0323 0.474 |0.000| 9454801
Tortal vanadium [v) uglL 2.0 2.0 20 20 | 454804
Total Zinc (2n) uglL 10 <10 20 10 | sas4mol
Total Zircorium |2r| ugfL 1.0 1.0 0 10 | 3454804
Total Sulphur |5) ug/L 5000 <000 <E000 5000 | 9454800

ROL = Repaortsble Detection Limit
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BY Laks fob B BSLER
Report Date: 20950731

EUALHOUSIE UNIVERSITY

QUALITY ASSURANCE REFORT

Babch Int OC Typs

E

Lid URITS:  OC Limits

FHSRI0T WM Sghed Blatk

S0 WON  AFD

L .| L__
Tobsl Alumirem [A) LHOTLL
Fotul ketmony (3] HILHOTIL
Totsl el () MLHOTIL
Totsl Barium [Ba) MLHOTIL
Fotal Barylium [Bs) MLHOTIL
Total Bamuth @0 MLHOT1L
Total Boron |6 MLROT1L
Tobsl Cadmium (0 HILHOTIL
Tobsl Chromiem iCr) HILHOTIL
Tobsl Cabelt |Ca] MLHOTL
ol Copper |Cul HLHOTIL
Totad lron {raj MLHOTLL
“ctl Les=s e JHOTAL
Tobsl Lithium U] MLHOTIL
Totsl Mangarsss k| MLHOTL
Totsl Malybderum (o) MLHOTL
Totsl Kicksl KD MLHOTIL
Total Selarkir |Sa) MLHOTLL
Total Shewr (Ag) MLHOT1L
Total Strosthum |5t} MLROT1L
Tobsl Thalliern (T} HILHOTIL
Totsl Th (Sn) HILHOTL
Tobsl TRaskis [T1] MLHOTL
Tobsl Liranium {U] MLHOTL
“stl Varsdiem ¥ JHOTAL
Total Zinc {2 MLEOTLL
Totsl Trooskum [2r) MLHOTIL
Totsl Alumirem [A) MLHOTIL 75
Fotul ketmony (3] HILHOTIL L)
Totsl el () MLHOTIL 2B
Total Barium [Ea) MLHOTLL [T+
Total Barglium {Be) MLHOTLL 7
Total Bamuth @0 MLHOT1L E3T4]
Total Boron |6 MLROT1L L]
Tobsl Cadmium (0 HILHOTIL 11
Tobsl Chromiem iCr) HILHOTIL 13
Tobsl Cabalt |Ca] MLHOTL L1
Total Capper |Cu) MHOTIL un
Totad lron {raj MLEOTLL 2861
Totsl Lasd P} MLHOTIL a8
Tobsl Lithium U] MLHOTIL a5
Totsl Mangarsss k| MLHOTIL [T
Totsl Malybderum {io) MLHOTIL 13
Tatal Ficksl | KD MLHOTLL 51
Total Selarkir |Sa) MLHOTLL FEA]
Total Shewr (Ag) MLHOT1L 71
Total Strosthum |5t} MLROT1L m
Tobsl Thalliern (T} HILHOTIL 15
Totsl Th (Sn) HILHOTIL 2561
Tobsl TRaskis [T1] MLHOTL 2868
Tobsl Liranium {U] MLHOTL =T
“stl Varsdiem ¥ JHOTAL 12
Totsl Tz f2e) JHOTAL RE-]
Totsl Trooskum [2r) MLHOTIL 2B
Totsl Alumirem [A) MLHOTIL HC

gEEIi!sEEESEEISE!:EEE!EEEEE

FE R EERER R R R R R R PR R R E R R R R R R R R R R R R R R R R EE R R R R R R R R R

ED-1I0
ED-1I0
ED-1I0
BD-1I0
K-1
-1
-1
K-13
K-13
E-13
E-13
BD-1I0
BD-1I0
ED-1I0
ED-1I0
ED-1I0
ED-1I0
K-1
-1
-1
K-13
K-13
E-13
E-13
BD-1I0

HE BB BB BB B BB BB EEEER
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BY Laks bob B BSER M)
Report Date: 2319,07/31

DALHOUEHE UNIVERSITY

QUALITY ASSURANCE REP ORT[CONTT]

CAAaT

Batch  Int  OC Parasatsr Dt Aryre Vs Ascowsry  URITS
Totml Artimony (5] EOTAL MC £y
Total Aranic (Ax) MLROTLL 144 1} %
Total Barium [Ba) MLROTLL EL TR %
Total Barplium | MLROTLL L %
Total Bwreth B0 MLROTLL L %
Total Boron B MLROTLL L %
Total Cadeiumn [0 MLROTLL L %
Tatal Chromism (2r} MLROAIL M L3
Tatal Cotakt |Ca) MLROALL M L3
Total Copper |Cul MLROT1L N %
Total Iron ira) LWL N %
Totsl Lasz PE] MLROT1L W7 1) %
Totnl Lithium | MLROT1L N %
Totsl Mangarass W] MLROTL L %
Totnl Malybdaeum {kio] MLROTL L %
Total Ficksd |l MLEOTLL HT L]
~stml Phoagton F) AEOTAL MC £
Totsl Sebsrhin [Sa) MLROTLL L %
Total Slikcon [51) MLROTLL L %
Total Shews (Ag) MLROTLL L %
Total Strasthum |50 MLROTLL 157 3} %
Total Thalllern (11} MLROTLL L %
Tatal Th (Sn) MLROAIL M L3
Tatal TRankim [T1] MLROALL 1m0 3} L3
Total Lrnium {U) MLROT1L N %
tul Vanaciem (4] LWL N %
Totnl Zinz iz} MLROT1L N %
Totnl Zircoekum [2r) MLROT1L N %
Total Sulphur (5} MLROT1L L %

HMBAE01 WON Mathod Blank Totnl Alumirem (M} MLROT1E =30 ugfl
Totml Artimony (5] NEOTAE 070 ugfl
Total drvenic (Ax) MR8 031 ugfl
Total Barium [Ba) MLROTLE s, ugfl

ROL=050 {2
Total Barplium {Bs MLROTLE 010 e
Total Bwreth B0 MLROTLE 010 e
Total Boron [B) MLROTLE <100 ugfl
Total Cadmiumn [0} LRI 1E D00 ugfl
Tatal Chromism (2r} MLROI1E 1} gl
Tatal Cotakt |Ca) MLROI1E 010 gl
Fotml Copper [Cu| LR 18 =10 wl
Total Iron ira) MLROT1E =30 ugfl
Totsl Lasz PE] MLROT1E 130 e
Totnl Lithium {U] MLROT1E 50 gl
Totsl Mangarass W] MLROT1E w1 ugfl
Totnl Malybdaeum {kio] MLROT1E 150 e
Tobml Kicksi [KD NEOTAE 10 ugfl
Total Phosgbono {F MR8 =20 ugfl
Totsl Sebsrhin [Sa) MLROTLE 1400 e
Total Slikcon [51) MLROTLE =00 ugfl
Total Shews (Ag) MLROTLE 010 e
Total Strasthum |50 MLROTLE L ugfl
ROL=050 (3]

Total Thalliern (11} LRI 1E om0 ugfl
Tl Th (Sn) LRI 1E 20 ugfl

i
EEEEEEEEEEEEEEEEEEEEHHEEEEEEE;
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BV Labs lob #: BOABE30
Report Date: 2019,/07/31

QUALITY ASSURAMNCE REPORT[CONT D)

DALHOUSIE UNIVERSITY

QA/mc
Batch Init_ QC Type Parameter Date Analyzed Value Recovery UNITS  OF Limits
Taotal Ticanium (Ti) 2018,/07 /16 <20 ugsl
Total Uranium U] 2019/07/16 «0.050 ug/L
Total Vanadium [V} 201907 /16 2.0 ugfl
Taotal Zinc {Zn] 2018,/07/16 =10 ugsL
Total Zirconium [Zr 2019,07 /16 1.0 ugfl
Total Sulphur (5] 2019/07 /16 <6000 ugfl
9404808 ELZ Spiked Blank Total Mercury (Hg) 2019,/07/10 i3 % BD-120
9484808 ELZ RPD Total Mercury (Hg) 2019,07/10 0 % 20
Total Mercury (Hg) 2019,07/10 N % 20
9404808 ELZ Method Blank Total Mercury (Hg) 2019,/07/10 =0.020 ug/L
9516062 CI¥  Spiked Blank Total Mercury (Hg) 2018/07/29 o2 % ED - 120
9516062 CIf  RPD Total Mercury (Hg) 2019,/07/29 077 % 20
Total Mercury (Hg) 2019,/07 /29 NC{4) % 20
9516064 CI¥  Method Blank Total Mercury (Hg) 2018,07/29 <0.020 [4) ugsL

(4] Datection limit raised based on sample volumea usad for analysis.

Duplicate: Paired analysis of 2 separate portion of the same sample. Used to evaluate the variance in the measurement.

Method Blank: A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamination.

(2] reagent Blank exceads acceptance limits for (Barium) - 2X RDL acceptable for low level metals determination.

(3]} reagent Blank exceads acceptance limits for (Strontium) - 2X RDL acceptable for low level metals determination.

Spiked Blank: A blank matrix sample to which 3 known amount of the analyte, usually frem a second source, has been added. Used to evaluate method accuracy.

MC {Duplicate RPD): The duplicate RPD was not caloulated. The concentration in the sample andfor duplicate was too low to permit a reliable RPD calculation [absolute
difference <= 2x ROL].

1) Recovery or RPD for this parameter is cutside controd limits. The overall quality control for this analysis meets acceptability criteria.
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Four COLC & DEIP0ETE

Attention: Tony Walker

CALHOUSIE UWINERSITY

\AATER RESOIUROE STIUDHES

P 35000 | D401 )

1360 EARRINGTON 5T

HALIFAX, NS5

CAMADS E3H4RZ

Report Date: 2019/07/26

Report & RITIEZIL
Werzion: 2 - Rasizion

CERTIFICATE OF AMALYSIS — REVISED REPORT

BYW' LAES BOE 3 BS41359

Reeived: 20H3/05/30, 05045
FTainpees Recmee 12

Dt Date
Anzhyes Cuantity Extracted  Analyzed  Laborstory Method Anatgtical Method
Mercury (Tatal] oy OV 15 2015/06/07 B0L506/13 EEVTSOF-0001S EMOE ECLM Oct2043 m
Elerremts by [CPMES Digested LL ftoksl]) S 2Ms/06/05 201506,07 EEYTSOF-00003 EPA 600t AZ m

EEVTZOR-00002

Ferrarks:

Eures Varitas Lsborabories are acoredited to BOVIEC 17025 for specific parameters an soopes of accnedietion. Uniess othensise noted, procedures wad
by EN' Lisbs e ‘Dol wapcn recognized Provingal, Fadersl or LS misthod compendia such s O0ME, MELDC, EPA, APHA

&l work recorded hensin hes been done in aooordencs with procedures and pracicss ondinarily exerdsed by professionals in BY Lats profession using
aepted testing methodcingies, queality assuranoe and quality controd procedures (esoept where othenwizse sgresd by the dient and 5Y Lats inwiiting). Al
dmtn is in statistical control and has met qualty control and method performancs oriters uniess otheraise noted. &1l method bianks ane reported; unksss
indicated othersise, assodsted sampls debs ane not bisnk comected. Where sonlicable, unkess otherwise noted, Maasurement Uncertsinky has not besn
arrounberd for when stating conformity to the referenosd standad

E% Liabs imbility is limited to the achusl cost of the requested analyses, uniess obhenwize szreed in wiiting. There is no other warmanky expreszed or implied,
E% Liabs Ias been retained bo provide anaiysis of samples provided by the Qient using the testing methodoksgy referenced in this report. Inberpretation and
e of best results ane the sl responsibility of the Dient and 2re not within the soope of serdces provided by BY Labs, unies othensise ggnsed in wiiting,
E'' Liahis s not responsibie for the: Bcurcy oF sy daks impacts, that result from the information provided oy the customer or their agent

Solid sample results, sxcepk biota, are bassd on dry weight uniess othenwise incicrbad. Organic anahyses ars not rsovery ormeched swept for isobope
cilution methods.

Fizsults: redate to samples beshesd Mmmwnin;bmtmmwwummunsmmmunmpp&dmpﬂm.

This Certificate: shall not be reprocuced except in ful, without the: wiitten sporoval of the laborsbony.

Raferancs Method 10y “m” imrt misthooh g b from apedfic refsrencs mathod bo improvs parformenca.

* D calculnbed uning rew data. The munding of fnsl resuits mey et in the scparent diffesence.
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BY Labs Job £ BS41365 CHALESOLFZIE LINIVERSITY
Report Dete: 300 60726

MERCURY BY COLD VAPOR [WATER]

EV Laitrs I wTE22E | wisaz7 | wTEzzs | wmeazs | wTEzSo | wiEasa | wmE2Ez
Date 20150725 2019/09/28 | 2028 | 2005%05/22) 2019/00/28 | 2008 o2E | 2015/09/25
e 08:20 0523 DsEs 0S4z 0548 o MRS
COC Number (05470675 | DBATOETE | OS4TOETE | OS470ETS | DB4TOETE | DS4TOSTE | QS4T0ETS
UNITS|  EshL ESM-Z ESM3 EShHL ESMES EShHS Esm7 | RDL | OCBatch
Elements
Total Mercury (He) [ugi | «oceofi)] «nomofy)] owzoiy] -ooeojy] <0omo(i] «wo2o0iy] -ooeo ] ooeo] w3818
FDL = Reportabie Detection Limit
|1] Detection limit reised due to interferent.
EV Labs ID WTEI33 VTEZSS VTEI3E WTE23T | WTE2IE | wTEzEs
. ooy o Lvall vald Kanl] T w Ty
Sampling Date znii::gzs :m:.o't::g“za m:g.;c:eza 2:11:;::25;23 1:113&'0::.‘15 EJ&;EE
(OO Murmiber DB4TOETE | DE4TOETE DBLTOETE DE47087S | DE4TOETE | 0S470ETE
UMITS| EShE EsMS (PDL| EsHEL | RO | Esvez | EsHE3 | Eswe4 | FOL [OCEawn
Elements
Total Mercury [Hel [ue| woeopy] avozo(yfo.ceo] cooes(yfeoo] comeoip] <oosojy] coceniyocen]sassss
RDL= Reportable Debection Limit
|1} Dskmction bmit raised dues to inberfensnt.
e Labs 1 wTEzan | wiEz41 | wmE2dz | wTEaas | wTER4S
iFnld ) 0} s A0 ik 0y
sampiingDate T | wm | ||
oo rumiber DB4TOETE | DE4TOSTE | OS470ETS | DB4TOETE | DS4TOETE
UNITS| ESHGS | ESHEHE | ESHGT | ESHES | ESHG10 | ROL | O Batch
Elements

[rot=l Mercury [He) [ [ amof)] <oy <ooceniy]
ROL = Reportabie Detection Limit

1) Detection imit reized due to interferent.

<0020 [1f] 020 j)] ooz0] sas41E3
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E¥ Labs Job £ B341355
Renort Date: 201500725

ELEMENTS BY ATOMIC SPECTROSCOPY (WATER)

DL H0AITIE URINVERSITY

EWV Laites I WTEZRE | WTEI2T vTB2zs | wmEars | wTEmO0 | wTEZL | wTEIER
— 2015/0%/28( 2043,/09/28 | 2oes/o%/28 | 200505 22| 2009/00/28 | 2008 fon2E | 2015/05/28

Samyling 03:20 0523 oeEs 0S4z o548 0557 0s
(COC Number 0S470E7S | DB4TOETE | DS470E7E | OB470ETS | OB4TOETE | DE470ETE | OE4TOETS

UNITS|  ESmtL EShEZ ESMH3 EShHY ESMES ESMHE EsMtT | ROL | OC Bstch)
Total Mstais by KPMS
Total Aluminum &1 =L 161 176 105 150 135 52 56 30 | saqs3s
Total Anti mony 50] usil | 2D 020 430 .20 .20 20 20 | oo | seasaes
Total Arsenic |&s usiL 3.53 433 2.30 411 413 313 3.87 020 | 44539
Total Barium |B2) uglL 110 1% 133 ! SLE 503 336 | om0 [ seasmes
Totml Baryllium (2] ugl | D 010 110 EET) 110 010 | 04D [ s4as3rs
Totnl B=muth B ugl | i 010 110 010 110 @10 | 040 [ sd4as3as
Total Boron [E) usil | ctno 100 100 100 <100 <00 | 100 | saaszs
Total Cacmium |Cd] u=iL | ooes DL 0093 0410 0.100 oa06 | ooso| sassazs
Total Chromium {Cr] ugL Z1 12 20 17 17 L8 e
Total Codelt |Co) =il 0.33 [ 048 031 [ET] 048 | oo [ seasaes
Total Copper |Cul usiL 21 o1l wi0 ! 13 w10 L0 10 | sa4s3rs
Total Iron |Fe) ugiL <30 51 w30 &2 5 30 30 lETE]
Totnl Laad |Ph] uglL 137 159 215 154 177 128 182 | 020 [sdasaas
Total Lithium (L] ugL 3.0 =T <30 <3.0 <30 <30 3.0 30 | 345319
Totml Manzanase W] e 1530 1340 1230 1370 535 EES] R EEE
Total Motybdenum | o) usiL £.34 128 100 140 141 127 160 | om0 [ seasaes
Total Micke [Ni] usiL 30 13 1z 13 17 13 L 10 [ saas3s
Total Phosphorus (F] usiL 209 243 150 242 30 135 135 50 | saasazs
Totnl Selenium |52) usiL a0 LA L4 ] a4 40 a0 | 040 | Sa4839
Total Silcon [5i] ugiL 300 HE 00 <300 <0 <500 <300 30 | saasas
Total Sitver [ 4] ugL 10 P 110 10 PR <l 10 EET N ET ) TR
Total Strontium [Sr] uglL 1 123 537 130 127 521 113 I EEEE
Total Thatium [T ugl | oms? 0053 [ o.os2 0082 0051 o027 |ooeo|sdasans
Total Tin {5nj usiL <20 10 <20 <2.0 20 «20 <20 10 | saasmrs
Total Titanium (T6) usiL 335 10 337 418 414 293 351 10 | saasas
Total Urenium (U] usiL 0738 132 1.40 129 142 149 123 0L090| S448335
Total Venadium (v usiL 3.8 4 5 4.1 i iz 3.z I ETEE
Total Zinc {2n] sl 4 1 T 13 1 10 1 10 | sd4s323
Total Zinconium [2r] ugL <10 il «ld <10 ve i) «10 <10 10 | sa4s323
Total Sulghur [5] ugl | 000 5000 5000 5000 5000 <5000 6000 | 60D [ s4asszs

ROL = Risportabie Detection Limit
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BV Labs Job & BS41385 DALHOUTIE UINIVERSITY
Remort Date: 3015071

ELEMENTS BY ATOMIC SPECTROSCOPY [WATER)

e Labs 1 WTE233 | wTEzs:

. 2015/09/28 | 20eafn28

ping ot P
|0 Murmiber DBLTOETE | DE4TOETE

UNITS|  ESM-E EsMS | RDL | OC Batch

[Totel Metals by ICPME
|Total Alurmiream (Al el 3 38 30 | 5a45525
[Total Antimony |5t ugiL L2 30 | 020 | sa45305
[Tkl Arsenic jAs) gL 241 185 0.20 | 544325
[Total Barjum |Ba] gL 23 a11 0,30 | sass32s
[Total Berylium | gL T 110 | 0.i0 | SaaE33S
[Total Bisouth [Bi) gL AT 10 | 020 | 5443325
[Total Boran (8] ugiL A0 <100 100 | sasz3os
[Ttz Cadmium ) gL 0146 ooED | 0090 5448305
[Total Chromium [Cr] upiL i) 18 10 | sassars
[Tokal Cobait [Ca] gL 018 035 0,10 | 5443325
|Total Copper [Cu) gL ip 10 10 | sa43325
[Total iron |Fe| ugiL = <50 30 | 5449325
[Total Le=a |Fir) gL Al 130 0.20 | sass325
[Tkl Lithium |Li) upfL =T [T 30 | seas32s
|[Total Manganese (kin| gl Fiov] 2280 10 | 45305
[Ttz Mchyoerum |Ma) gL 134 162 0.30 | Sa4s325
[Total Micke| {5 gL 14 13 10 | 5449305
[Totzl Phosphons [F gL 142 132 30 | 544325
[Total Setenium [52] [r LD dlad | 040 | 545325
[Tkl o (5] uglL =] <500 300 | 5445325
[Tkl Sikeer 4] uglL LA 10 | 040 | 5349325
[Total Srontium (Sr] gL B BEL 0.30 | sass32s
[Tkl st 1] gl | -open Q0 | 0020 5349325
[Tzl Tin [Sn] upfL L] Lr ] 20 | Seas32s
[Tkl Titamium [Ti) ugiL 3 351 20 | 5443325
[Tkl Liranium (U] gL 128 132 |o0o0| 544835
|Total Varadium W] =il 32 27 20 | sa45305
[Total Zinc |2n] gL 0 11 10 | 5443325
|Total Zirconium (Zr ugfL <l <10 10 | s49329
[Tkl Sulphur (5] el | <5000 6000 | 5000| 5443305
RDL = Renoriabie Debection Limit
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HY Lais bob B- B5 1580
Heport Date: D097/ 26

DIALHOAISIE UNIVERSITY

QUALITY ASSURANCE REPORT

oA

Babch vt OCTyps Fwamatsr Duts s Becowery  UKITS  OF Limits

WATIN VAA  Sohed Hark Tobad Aluminum (M) TS TL ™ = -1
Total Antimeny (5] TOLWOSTL H % m-13
Total Arenic (8] TOLHOETL H % m-13
Totsd Barium [ TOWOSTL 5L % m-11
Totd Barglium | TOLWOETL ] % m-13
Tobd Bt B0 TOOETL T % D-1m
Tl Baron (B TOOETL 4] % D-1m
Tobad Cadmiun [T MEOETL ] % E-13
Tobad Chromism (Cr MSOETL L] % E-13
Totsd Cobak [Ca] MOOETL ] = -1
Tots Copper [Cu] DS TL = = -1
Totsd Irzn {ra) OO TL LY. 1] = -1
Tt Less PE] OO TL i = -1
Totsd Lshium L] OO TL = = -1
~otad Mangarass [W] OO TL i = -1
" otad Moibderum (W) OO TL ] = -1
Totad Kicksl [Rlj OO TL ] = -1
Total Phoapbon {F TOLHOSTL LA 1] % m-13
Total Sslarium [5a) TOWOSTL ] % m-11
Totad Sllicon |5 TOLWOETL iy % m-13
T otmd Shene (AR TOOETL 5 % D-1m
"ot Shrantium |Sr) TOOETL ] % D-1m
Tobsd Thalliem (T} MEOETL I % E-13
Tobsd Tin (Snj MSOETL 0 % E-13
Totsd TRaskum [T1] MOOETL ] = -1
Totsd Uranium {U] DS TL 0 = -1
Tobad Vimnmdiom (4] OO TL ] = -1
Totad Zinc {2} OO TL ] = -1
Tobsd Tircoekum [2r) OO TL L] = -1
Tobud Suiphur 5] OO TL = = -1

HATIN VAL RFD Tobsd Alurmirum [A] OO TL L3 = m
Tobad Antimeny (S| OO TL 104 3} = ]
Total Arenic (8] TOLWOSTL 4 1511 % ']
Total Barium () TOLHOETL T % ']
Totsd Baryllium | TOWOSTL 15 % ]
Totsl Mamurth 8 TOLWOETL iy % ]
Tl Baron (B TS TL 7 % el
Tobad Cadmiun [T MEOETL =3 % e ]
Tobad Chromism (Cr MSOETL 1n % ]
Totsd Cobak [Ca] MOOETL a3 = ]
Tots Copper [Cu] DS TL 78 = m
Totsd Irzn {ra) OO TL 15 1} = m
Tt Less PE] OO TL 25 = m
Totsd Lshium L] OO TL 1 = m
~otad Mangarass [W] OO TL 14 = m
" otad Moibderum (W) OO TL 152 1) = m
Totad Kicksl [Rlj OO TL 54 = ]
Total Phoapbon {F TOLWOSTL L % ']
Total Smlar i [Sa) TOLHOETL m % ']
Totad Sllicon |5 TOWOSTL o % ]
Totd Sihenr (g TOLWOETL 1n % ]
"ot Shrantium |Sr) TOOETL 51 % m
Tt Thalliem (11} TOOETL m % m
Tobad Tin (Snj MEOETL 182 1} % e ]
Tobsd TRankum [T1] MHOETL 15 1} L ]

Paps 7of 1
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QUALITY ASSURANCE REP ORT[CONTT]

CAAT
Babch  Int  OC Farasatsr Dits Aryrsd Vil Ascowsry  URTS  GC

Totsl Lranium U] LHOETL 4L % 0
Totsl Vassdiomn (4] MLHOETL 12 % 0
Totsl Zinc {2} MLHOETL 5 % 0
Totsl Zircoekum (2 MLHOETL 14 1} % 0
Totsl Sulphur (5} MLHOETL ] % 0
Totsl Alurmirem | M) MLHOLTL N % 0
Totsl Antimony (] MLHOLTL N % 0
Tatal Arvenic (AL TOLHOSTL 143 3} % an
Total Barium [Bal TOLHOSTL 238 % an
Total Berylium {Bad TOLROSTL HC % n
Total Bamuth B0 TLROSTL HC % I
Tztsl Baron (B HLROETL HC % I
Totsl Cadesiumn | HLROETL HC % I
Totsl Darormism (Cr) MLHOLTL 11 % I
Totsl Cabalt |Ca] MLHOETL N % I
Totsl Capper |Cul MLROsTL N % 0
Totl Iron {Fa| MLHOsTL N % 0
Totsl Lusc (Pt MLHOETL 1481} % 0
Totsl Lithium {U] MLHOETL N % 0
Totsl Mangarsss W] MLHOETL N % 0
Totsl Malybdesum ko) MLHOLTL N % 0
Tkl Kicksd [K1) MLHOLTL N % 0
Total Phasgbon (F TOLHOSTL MO % an
Total Selanbur [Se) TOLHOSTL MO % an
Total Slikcon [5) TOLROSTL HC % n
Total Shewr (Ag) TLROSTL HC % I
Totsl Shrostium |56 HLROETL 182 1) % I
Totsl Thalliem (T} HLROETL HC % I
Tkl Th (Sn) MLHOLTL N % I
Totsl TEaskie [T1] MLHOETL 1BL (1} % I
Totsl Lranium U] MLROsTL N % 0
~ztal Varsdiom ] TOLBOETL NC LY an
Totsl Zinc {2} MLHOETL N % 0
Totsl Zrcoekum (2 MLHOETL N % 0
Totsl Sulbphur (5} MLHOETL N % 0

B4TIZE WA Mathod Blank Totsl Alurmirem M) MLHOETL =30 s
Totsl Antimony (2] MLHOLTL .30 s
Tatal Arvenic (AL TOLHOSTL .30 sl
Total Barium [Bal TOLHOSTL nE, .8

RIL-0.20
Total Berylium {Bad TOLROSTL .10 8
Total Bamuth B0 TLROSTL 110 8
Tztsl Baron (B HLROETL £1m 8
Totsl Cadesiumn | HLROETL D00 .8
Total Darormism (Cr) MLHOETL 14, sl
FOL=10
Totsl Cabalt |Ca] MLHOETL .10 sl
Total Capper | Cul IMHOLTL =12 el
Totad Iron e MILROETL ] gl
Totsl Lusc (Pt MLHOETL .30 s
Totsl Lithium {U] MLHOETL 50 s
" ctul Mangarsas || IOLEOETL 210 il
Totsl Malybdesum ko) MLHOETL .50 s
Tkl Kicksd [K1) MLHOLTL =10 s
Total Phosghonus (P MLHOLTL =0 gl
Papal of 17
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i

8% Labs Job £: B521365
Report Date: 2013/07/26

DALHOUSIE UNIVERSITY

QUALITY ASSURANCE REPORT[CONT'D)

oafioc
Batch Wit OCType Farmmeter Dte Analyzed vae Remwery  UNITS O Limits
Total Seienium |5z| 201150621 LAD e
Total Sificon [5) 205,06/ 21 300 gL
Total Siker [5z) 205,06/ 21 LA gL
Total Stromtium (50 05,0624 30 L
Total Thallium (1) 015,06/ 21 L lor]i] gL
Total Tin {50 AM506/21 20 gL
Total Titanium (Ti) 2015,06/21 <20 L
Total Uramium [U) 205,06/ 21 L0 gL
Total Varadium (V] 205,06/ 21 20 L
Total Zinc {Zn) 205,06/ 21 <10 gL
Total Zirconium [2) 2015/06/21 Al L
Total Sulpur 5] 05,0624 <000 L
5454153 EL2  Spiled Blark Total Meroury (Hel 2015,06/13 721 % BO- 120
SqM123  H2I RPD Total Meroury (Hel 20150613 24 % ]
Total Meroury (He) 20450613 M (2) % m
5434153 E2  Method Blank Total Meroury (Hel 2045/06/13 020 |2) gL

difference <= 2x ROL).

|2] Detection fmit raizsd dus to interferent.

Duplicrte: Pained analhyzis of & separyte portion of the same sample. Used to evaluste the warisnce in the messunsment.
Spiloer] Bisni: & biank matrix mple to which 8 knosn amount of the anaiyte, usully froma second source, has been added. Used to evaluste method scoumcy.
Method Elmnic A bisnk mertric containing il resgets used in the snabytiosl procsdure. Used to identify sborstory contaminstion.

NC | Duplicte RPD: The duplioste RPDwas not ailodsted The ooncentration in the sample and/or dupliorh: was 0o low o parmit 8 relisbie RPD ol culstion (shsolte

|1] Rezowery or RFD for thiz parmmeter is outside controd imits. The oversll quality controd for this snalysis meets scospesbility oiteria.
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