












































~~ •;.~ ; ~, Fw: Muskrat Falls Updated McHg Mechanistic Model -Workshop (Webinar)
~- Peter Madden to: Gilbert Bennett 07/27/2017 10:51 AM

FYI

Peter Madden MASc., MBA, PMP

Regulatory Compliance Lead

PROJECT DELIVERY TEAM

Lower Churchill Project

t. 709.737.4972 c. 709.725.3044 f. 709.737.1985

e. PeterMadden@lowerchurchillproiect.ca

w. muskratfalls.nalcorener~y.com

----- Forwarded by Peter Madden/NLHydro on 07/27/2017 10:50 AM -----

From: Randy Baker <RBaker@azimuthgroup.ca>
To: Reed Harris <rh@reed-harris.com>, "PeterMadden@lowerchurchillproject.ca" 

<PeterMadden@lowerchurchillproject.ca>
Cc: 'McCarthy Jim' <James.McCarthy@amecfw.com>
Date: 07/25/2017 08:32 PM
Subject: RE: Muskrat Falls Updated McHg Mechanistic Model -Workshop (Webinar)

Nope ... I didn't see them available... although I am comfortable asking Prentiss for one. I took these
from the abstracts in the book. I did have discussions with Prentiss and Elsie about their posters.
The attached dots are related to this .... The study design document by Bell and Balcan, and our review
of this document

RB

Randy Baker* MSc, RPBio ~~ Azimuth Consulting Group Partnership ~ 218 — 2902 West

Broadway, Vancouver, BC V6K 2G8 ~ tel 604.730.1220 ~ email: rbaker@azimuth~roup.ca ~~

web: www.azimuthgroup.ca* Incorporated Partner

From: Reed Harris [mailto:rh@reed-harris.com]

Sent: July-25-17 3:45 PM

To: Randy Baker <RBaker@azimuthgroup.ca>; PeterMadden@lowerchurchillproject.ca
Cc: 'McCarthy Jim' <James.McCarthy@amecfw.com>

Subject: RE: Muskrat Falls Updated McHg Mechanistic Model -Workshop (Webinar)

Thanks Randy,

Did you happen to get 8.5"x 11" reprints of the actual posters?

Reed



Reed Harris Environmental Ltd.

180 Forestwood Drive,

Oakville, Ontario

L6J4E6

Canada
Tel: 905 339 0763
Cell: 289 259 0112
Email: RH@reed-harris.com
www.reed-harris.com

From: Randy Baker [mailto:RBaker@azimuth~roup.ca]
Sent: Tuesday, July 25, 2017 5:52 PM

To: Reed Harris <rh@reed-harris.com>; PeterMadden@lowerchurchillproject.ca
Cc: McCarthy Jim <James.McCarthy@amecfw.com>
Subject: RE: Muskrat Falls Updated McHg Mechanistic Model -Workshop (Webinar)

Hi guys
will assemble some key points that I took away from the conference ... to narrow it down, I am going

to focus a bit on the human health side of things and discuss bioaccessibility of McHg by fish and by
humans, selenium — Hg molar interactions and a brief discussion of ̀ecogenetics'

Peter I will spend a few hours today on this, as well as taking some key points of my review of the
Calder paper and combine this from what I learned from the conference- which may help to inform
their findings ... based on 2 posters given by Elsie (see attached) and by Prentiss Balcom (soil-water
methylmercury flux from newly flooded wetland and river valley soils) —see attached.
Talk to you soon!
RB

Randy Baker* MSc, RPBio ~~ Azimuth Consulting Group Partnership ~ 218 — 2902 West
Broadway, Vancouver, BC V6K 2G8 ~ te1604.730.1220 ~ email: rbaker@azimuth~roup.ca ~~
web: www.azimuth~roup.ca* Incorporated Partner

From: Reed Harris [mailto:rh@reed-harris.com]
Sent: July-25-17 6:21 AM

To: PeterMadden@lowerchurchillproiect.ca

Cc: McCarthy Jim <James.McCarthy@amecfw.com>; Randy Baker <RBaker@azimuth~roup.ca>

Subject: RE: Muskrat Falls Updated McHg Mechanistic Model -Workshop (Webinar)

Hi Peter,

Sure, I will add an agenda item to discuss the conference. Jim and Randy, I will assemble some points
and send them to you to add to, edit, etc.

Reed

Reed Harris Environmental Ltd.



180 Forestwood Drive,

Oakville, Ontario

L6J4E6

Canada
Tel: 905 339 0763
Cell: 289 259 0112
Email: RH@reed-harris.com
www.reed-harris.com

From: PeterMadden@lowerchurchillproject.ca [mailto:PeterMadden@lowerchurchillproject.ca]
Sent: Tuesday, July 25, 2017 8:01 AM

To: Reed Harris <rh@reed-harris.com>

Subject: Re: Muskrat Falls Updated McHg Mechanistic Model -Workshop (Webinar)

Hi Reed,

Do you think those who attended the ICMGP conference could give us a few highlights during a session?

Sent from my iPhone

> On Jul 24, 2017, at 12:58 PM, Reed Harris <rh @reed-harris.com> wrote:

> Hi,

> I have attached revised draft agenda for the mercury modeling webinar on
> Wednesday (option to extend into Thursday). Any comments welcomed.

> Reed

> Reed Harris Environmental Ltd.

> 180 Forestwood Drive,

> Oakville, Ontario

> L6J4E6

> Canada

> Tel: 905 339 0763

> Cell: 289 259 01 12

> Email: RH @reed-harris.com <mailto: RH @reed-harris.com>

> www.reed-harris.com <http://www.reed-harris.com/>
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AZIMUTH

Azimuth Consulting Group Partnership

21 &2902 West Broadway

Vancouver, BC

Canada V6K 2G8

Phone: 604-730-1220

Fa~c 604-739-8511

www.azimuthgroup.ca

Technical Memorandum

Date: March 14, 2017

To: Peter Madden, Nalcor Energy

From: Randy Baker, Dr. Ralph Turner

Our File: NE 16-01

RE: Review of Soil Incubation Chamber Study Design and Objectives

Background

This Technical Memo addresses a request from Nalcor Energy to review the six-page
document entitled "MeHg flux from incubation of soil cores from Muskrat Falls reservoir —
Experimental design and procedures", authored by Dr. Trevor Bell and Prentiss Balcom
on behalf of the methylmercury (MeHg) Research Team at Harvard University.
Specifically, we have been asked to comment on how the study design and objectives of
this experiment may help to advance our understanding of the dynamics of
methylmercury generation within reservoir soils of the proposed Muskrat Falls
hydroelectric project on the Lower Churchill River, Labrador.

Overview

The Bell and Balcom document provides a brief overview of the location of where soil
samples were collected from the reservoir, ranging from upland soils to wetlands. The
stated objectives are: "1) generate baseline measurements of McHg flux from soil cores
collected before permanent flooding of the reservoir and 2) establish McHg flux changes
over time, following flooding by Churchill River water." They further go on to state that
soil core incubation studies can provide ̀ environmentally realistic estimates' of McHg
flux and suggest that such estimates are ̀critical for driving mechanistic models of McHg
dynamics downstream'. We will address each of these two stated objectives, as well as
some details regarding the test conditions of the chambers that may influence results.

Page ~ 1 •~
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The Bell and Balcom document indicates that 3 — 9 field replicate soil cores were
collected from five discrete locations. Three of the five locations chosen represent forest
soil types that are within the flood zone (currently ̀ infrequently flooded'), while the other
two were collected from wetlands (one wet, one dry). Three replicate cores were tested
from each location. In addition, one set of forest soil cores was manipulated, by
removing the leaf litter layer, while another set had the leaf litter and top 5 cm of soil
removed. We are not aware if this captured all of the organic horizon above the mineral
layer, or if there was residual high organic soils remaining at surface. The investigators
do not indicate whether these soils were also subject to chemical analysis (e.g., TOC,
Hg, McHg, pH) before and after the experiment.

Assessment

With respect the first objective, it is unknown if the investigators chose the most
`representative' forest soil types that will be inundated upon reservoir creation or if the
intent was to capture a range of conditions. Considering the soil types chosen, it appears
to be the latter —comparing forest soils, mineral soil (possibly) and wetlands. For
example, within the forest soil types, even assuming these are ̀typical, the manipulations
(e.g., soil removal) appear intended to demonstrate the greatest potential difference in
McHg concentration, across the suite of forest soils collected. It is also well known that
wetlands generate disproportionately high amounts of McHg per unit area relative to
upland soils, so it would be expected that these soils should generate much greater
amounts of McHg. What is important is the proportion of wetland soils contained within
the Muskrat Falls reservoir. If this is significant (e.g., >10%), then understanding their
relative contribution of wetland soils experimentally might be useful.

Nevertheless, by comparing McHg flux from soil cores where much of the organic
horizon was removed, relative to wetland cores which are known to generate more
methylmercury than other soil types, large, inherent differences should be expected.
Given that results from this experiment should be obvious, we question why this needs
to be demonstrated experimentally, when this has been well demonstrated in other
experimental and field studies. Thus, the design does not appear to address what might
be expected if different soil types were sampled according to their relative abundance
within the reservoir —only the greatest potential range of difference in McHg flux to
overlying water within flux chambers.

Regarding the second objective, we are uncertain whether the statement, ̀following
flooding by Churchill River water' refers to within-chamber McHg concentrations or
extrapolates to post-inundation under in situ conditions. It would appear to be the latter
and if so, we don't necessarily agree that chamber studies can provide ̀ environmentally
realistic estimates of McHg flux'. At best, they would provide estimates of relative
differences within chambers between treatments. While experimental studies may be
useful to inform how different soil types (e.g., with variable %TOC, Hg concentration,
depth of organic soil that contributes substantially to McHg generation, %labile carbon
and pH, etc.) will generate different amounts of McHg, great caution should be exercised
when extrapolating this to the field, where conditions there are extremely difficult to
mimic in a laboratory situation. Having said this, we are sure that the authors must also
be aware of this. However, there is a temptation to speculate beyond what might be
justifiable.

Page ~ 2 ~~
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To this end, we would caution against putting much weight in the McHg flux data
generated by the soil and delivered to the overlying water as a direct surrogate for what
might happen within the reservoir, let alone downstream. Overall flux and surface water
concentrations loaded to the overlying water in the cores should be much higher than if
this experiment was conducted in the field. Although there were periodic water changes
within the chambers, the ̀ residence time' of water within the chambers is very long —
especially relative to in situ conditions, where there is a much higher rate of turnover and
recharge, which is also related to reservoir depth and water discharge velocity. While
experimental results are assumed to mimic what may occur at the sediment —water
interface, it would be extremely difficult to speculate how this translates to conditions
within a much larger water column, where much lower water column McHg
concentrations would be expected for the reasons stated above. Making the leap
befinreen what is observed in the soil/sediment core and in the field within the reservoir,
would be very difficult. Making further extrapolations to what may occur downstream at
different distances from the reservoir would be even more speculative.

Finally, there is the additional challenge of extrapolating chamber results over time —
especially in light of the exaggerated concentrations that are expected given the
experimental design and restricted area of the chambers. Forecasting how changes in
McHg concentration in the water column will change over time, within a dynamic
reservoir situation based on chamber results, would be extremely uncertain and
probably highly conservative.

Although we are not aware of what ancillary parameters were measured during the
course of the experiment, we also wonder whether the chambers were maintained in a
well-oxygenated condition. Although it is stated that the samples were stirred, it is
unclear if the chambers were allowed to go anoxic. If this was the case, the flux of McHg
would be highly exaggerated. In newly formed ̀ run of the river' style reservoirs, the water
column is typically highly oxic, except perhaps near the sediment-water interface in
sheltered areas away from the main area of flow.

Although we have not yet seen the data, we have the following cautionary notes:

1) Typically with flux measurements of Hg and McHg using "chambers", redox indicators
should be measured, especially Fe and Mn. These results are used to determine
when the experiment should be halted, or data not used to calculate flux. You can use
dissolved oxygen and platinum (Pt) electrode readings as well —but neither of these
are the best indicators. With daily water changes the redox indicators may not be
critical but are still informative.

2) There was no mention of whether samples taken from the chambers for McHg
analysis would be filtered. They should be.

3) It may not be too late to suggest they analyze the soils at the end of the experiment
for McHg, assuming of course the investigators took samples for pre-treatment
analyses. Pre-and post-analyses can be confirmatory that McHg was generated, and
captures changes in the solid phase, if the difference is large enough to be
statistically significant (i.e., a small difference in two large numbers problem).

I n summary, we find it difficult, given the stated assumptions, to understand how this
experiment can help to advance our understanding of the methylation potential of this

Page ~ 3 ~/~
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reservoir —and especially downstream, unless we have similar data from other soils to
put Muskrat soils into perspective. Otherwise the only hypothesis that can reasonably be
addressed is "what is the relative within-reservoir magnitude of McHg generation
between wetlands, forested and cleared soils, based on chamber results".

We do recognize however, that such empirical data from elsewhere are lacking, so there
is an inherent limitation as to how valuable these data can be. Nevertheless, we are
looking forward to seeing the data —but we caution against placing too much weight into
making confident assertions regarding predictions of what may occur within the reservoir
as well as downstream, especially over time.

Page ~ 4
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McHg flux from incubation of soil cores from Muskrat Falls reservoir -
Experimental design and procedures

Dr. Trevor Bell (tbell@mun.ca) and Prentiss Balcom on behalf of the McHg Research
Team

Introduction
Methylmercury (MeHg) flux core incubations were conducted on soil samples from
the Muskrat Falls reservoir) at the Labrador Institute field station in North West
River, under the direction of Dr. Elsie Sunderland's laboratory at Harvard
University, with support from Nunatsiavut Government and NunatuKavut staff. The
primary goals of the incubation experiment are to 1) generate baseline
measurements of McHg flux from soil cores collected before permanent flooding of
the reservoir and 2) establish McHg flux changes over time following flooding by
Churchill River water. Soil core incubations provide environmentally realistic
estimates of dissolved McHg flux from flooded soils. Such locally derived estimates
are critical for driving mechanistic models of McHg dynamics downstream of the
Muskrat Falls reservoir (Schartup et al., 2015) and evaluating health effects of McHg
on local populations following flooding (Calder et al. 2017).

In addition, the experimental design affords opportunities to 1) compare McHg flux
from reservoir soils located within and above the Churchill River flood zone, and
between mineral and wetland soils, and 2) evaluate the effects of manipulating soils
on McHg flux. The former opportunity investigates spatial patterns in McHg
production within the reservoir, whereas the latter informs potential mitigation
measures to reduce soil McHg production in the future reservoir. These McHg flux
measurements should be comparable to the results of more limited soil incubation
experiments (fewer sample sites, shorter incubation period) conducted by the
research group in 2013 (Schartup et al., 2015).

Sampling
Replicate soil cores were collected from 3 locations on the Churchill River above
Muskrat Falls from within the proposed reservoir area over a 5-day period in
November 2016 (Figures 1 and 2). Sites at Upper Brook and Edwards Brook were
selected based on their position relative to Churchill River flooding limits (Table 1).
The Edwards Brook sites were located above the seasonally flooded zone, whereas
the lower Upper Brook site was clearly within the maximum flood zone but likely
only infrequently flooded. The highest Upper Brook sites are interpreted to be
above the limit of Churchill River flooding. Two sites were sampled on a large
wetland about 7 km upriver from Upper Brook; one site had about 10 cm depth of
standing water on it. A 7-cm-diameter push-corer was used to retrieve cores and
care was taken to collect at least 15-cm of soil, including surface organic horizons
(Figure 3). Cores with surface water (i.e., wetland) were carefully drained before

1 The term "reservoir" relates to the area of the Churchill River valley that will be Flooded by
river damming.
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storage. All cores were capped, transported upright and refrigerated until
incubation.

Table 1: Soil sample site information
Access Point Site Description Coordinates Elevation # of Cores

Upper Brook
Uphill from infrequently flooded 530 13.649

22 m 9
area; spruce/birch forest 60 53.007

Infrequently flooded area; mostly 53° 13.732
Upper Brook

alder, occasional birch and poplar. 60° 52.852
20 m 3

Just above seasonally flooded zone; 53° 06.094
Edwards Brook

fir/alder/birch 61° 07.334
16 m 9

7 km past Large wetland within reservoir 53° 09.897

Upper Brook zone, dry soil core 60° 59.777
28 m 3

7 km past
Large wetland within reservoir o

53 09.892

Upper Brook
zone, soil core under 10 cm of

60° 59.794
2~ m 3

water

Flux core incubations
A total of 27 flux core incubations were set up with soil samples and water from the
Churchill River (Figure 4). For each of the five sites three replicate soil cores were
incubated. Additional soil cores were collected at the Upper Brook (higher) and
Edwards Brook sites to allow for two sets of soil core manipulations prior to
incubation. For one set of cores the leaf litter layer was removed, while in the other
the leaf litter layer and top 5 cm of soil were removed (Figure 5). Each manipulation
had 3 replicate flux cores from each site. A mixing head was attached to each soil
core tube and maintained circulation in the overlying water column. There was
complete replacement of water above soil cores every 24 hours and fresh Churchill
River water was collected for the incubation every 3 days. Churchill River water
McHg concentrations will be measured as part of the McHg flux core incubations.

Water was sampled for McHg analysis from the incubations on a declining
frequency of 2/3 days to 12 days over the 6-week experiment (see Table 2). The
interval timing and length were dictated by logistical considerations. Water samples
(n=261) were acidified, refrigerated and eventually shipped together to Harvard
University for analysis during February-March, 2017.

Table 2: Soil collection, incubation and sampling timelines
Soil cores collected November 18-22, 2016

Soil incubations started December OS, 2016

Water sampling Frequency Water sampling interval Water sampling dates

2-day December OS-07 December 07

3-day December 08-13 December 10, 13

4-7-day December 14-January 08 December 19, 23, 30

January 03, 08

12-day January 09-20 January 20

2
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Figure Z: Joseph Townley (Nunatsiavut Government) and Tammy Lambourne
(NunatuKavut) collecting a soil core from the Upper Brook site.
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Figure 3: Labeled replicate soil cores from the Upper Brook site in the laboratory at
North West River.

Figure 4; Soil core with top S cm of mineral soil (below Ieaf
litter horizon) ready to be removed.



core tube to maintain circulation in the water column overlying the soil sample.
Figure 5: McHg soil core flux incubation setup. A mixing head is attached to each soil



You owe it to yourself, and your family, to make it home safely every day. What have you done today so that
nobody gets hurt?
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Information for Stan's meeting on Wednesday
Deanne Fisher to: Cathy Ghaney 07/24/2017 03:54 PM
Cc: Gilbert Bennett, Karen O'Neill

Cathy,

Please find attached several background documents for Stan's meeting at GNL on Wednesday.
You will find two word documents: a water level management document from Gilbert, and a
Summary of Water Level Document from me. Also attached are copies of the letters and news
releases referenced in the summary report.

Please print this information and provide to Stan in a folder .

Thanks
Deanne

~~
Summary and Timeline of Water Level Documentation.docx water_level_management.docx

Letter from Perry Trimper -Dec 6.pdf Letter to Minister Coady Nov 30 16.pdf

~~ ~~

SNC Lavalin June_21_2017.pdf

Anastasia Quepee -May 25.pdf

SNC Lavalin October_28_2016.pdf

~~

NEWS-RELEASE-President-raises-concerns-over-delays-in-releasing-water-from-Muskrat-Falls-reserviorl.pdf

~~

News Release Leaders Respond to Engineering Reports.pdf

Deanne Fisher
~~ r General Manager, Corporate Affairs and Corporate Planning

e n e m y Nalcor Energy

t. 709 733-5299 c. 709 697-3418
e. DeanneFisher@nalcorenergy.com
w. nalcorener~y.com

You owe it to yourself, and your family, to make it home safely every day. What have you done today so that
nobody gets hurt?

Non-responsive attachments removed - "Letter from Perry Trimper - Dec. 6 is only 
responsive attachment
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Government of Newfoundland and Labrador
Department of Environment and Climate Change

Office of the Minister

DEC 0 6 2x16
COR-2016-1402

Mr. Gilbert Bennett, P. Eng.
Executive Vice President, Power Development
Nalcor Energy
PO Box 12800
St. John's NL A1B OC9

Dear Mr. Bennett:

Re: Enhanced mitisation measures for the Muskrat Falls Proiect regarding methylmercury

As you are aware from recent meetings with government officials, there are several areas
where Nalcor is being asked to undertake additional mitigation measures regarding
methylmercury associated with the filling of the Muskrat Falls reservoir. This letter is intended
to give general direction as opposed to specific terms and conditions, but I ask that you
immediately put in place the necessary resources to accomplish the goals that the Government of
Newfoundland and Labrador announced on October 19, 2016, and October 26, 2016.

1. Conduct a new water quality monitoring program, as per the October 17, 2016 plan
(attached for ease of reference). The objective of this requirement is to monitor water
quality for methylmercury throughout the affected reaches of the Churchill River and
Lake Melville. Based on prior dialogue when this plan was still in draft form, I
understand that Nalcor's consultant has begun the implementation of this work. Please
note that dialogue is occurring with experts on potential plan refinements. It is expected
that Nalcor will adapt its monitoring in accordance with any refinements that may result.

2. Provide funding to carry oul field and laboratory work to estimate methylmercury flux
from soil samples to be taken from the inundated area of the reservoir. Funding amounts
and the vehicle to have this work conducted are to be confirmed.

3. To fund the operations of an Independent Expert Advisory Committee (IEAC), the
purpose of which is, among other things, to oversee the environmental monitoring
activities listed above. The full mandate and scope of activities will be defined in the
coming weeks.

4. Initial impoundment of the reservoir has begun and Nalcor is renunded that in no case
sha.il flooding exceed 25 m elevation at the headpond. The impounded water shall be
released in the spring of 2017 with the date to be determined in consultation with the
IEAC so that water levels are allowed to return to the natural flow levels.

PO Box 8700, St. John's, NL, Canada A1B 4~6 t ;09.729.2574 f 709.729.0112
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5. Further vegetation removal from the reservoir area should begin as soon as practical.
This can include all previously identified buffer zone areas in the reservoir and where
possible by non-mechanical means, any areas where slopes exceed 30°Io, provided a safe
means of doing so can be achieved. This may include controlled burning subject to any
necessary permits and consultation with the IEAC. If an amendment is required to your
Environmental Protection Plan to achieve these requirements, please submit an
amendment.

Your cooperation is appreciated in implementing these additional measures in our efforts
to mitigate, to the greatest extent possible, the impacts of methylmercury associated with this
project.

Sincerely,

/ ~
f

PERRY RIMPER, MHA
District of Lake Melville
Minister

Enclosures

cc: Hon. Siobhan Coady
Minister of Natural Resources

Mr. Stan Marshall, CEO
Nalcor

PO Box 8700. St John's, NL, Canada A1B 4J6 t 709.729.2574 f 7t1J 729.0112
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Methylmercury Monitoring Plan

For Surface Water Quality

tV~uskrat Fa{Is Reservoir, Churchill !fiver and lake Melville

October 17, 2016



Introduction:

Environmental monitoring generally is comprised of three media —water, sediment and biota.

Water and sediment monitoring is regulated by the Department of Environment and Climate

Change while biota monitoring is regulated by the Federal Department of Fisheries and

Oceans. As per the Aquatic Environmental Effects Monitoring Plan (AEEMP) and

subsequent reports, there is extensive methylmercury data in biota (fish and seal). In July

2016 the Department of Fisheries and Oceans advised the proponent of modifications to be

made to the AEEMP to add sampling in the eastern part of Lake Melville, as well as

modifications to reporting protocols. This biota tissue testing for methylmercury is very

important as the tissue is the ultimate receptor for any environmental change and the best

indicator to monitor potential impacts on consumer's health. The AEEMP and related

addendums can be found at: https://muskratfalls.nalcorener~;v.com/environment/generation/

Accordingly, the intention of this plan is to augment the activities of the AEEMP. Under

Section 31 of the Water Resources Act, the Minister may order a licensee or other person to

undertake a required level of monitoring. Nalcor has agreed to engage an independent

consultant to implement this water and sediment monitoring plan for the Lower Churchill

project to augment the information collected under the AEEMP.

It should be noted that Churchill River or Lake Melville is not a source of drinking water for

any community. As such, any changes to methytmercury levels will have no effect on

community drinking water safety. The reason to design and implement the monitoring plan

is to monitor methylmercury changes in water column as the water level in Muskrat Falls

reservoir is being raised, and use this as an early indicator for methylmercury monitoring in

biota tissue, consumption of which might lead to health issues if levels are above the

recommended guidelines. The early indicator information from this plan, together with biota

tissue testing data from the AEEMP, will provide the relevant provincial and federal. agencies

of important information such that any necessary action to protect human health can be taken

at the earliest opportunity.

1. Objectives:

The objective of this plan is to assess changes in the levels of methylmercury in water and

sediment due to the creation of the Muskrat Falls Reservoir. The approach that will be used

to assess these changes is to directly measure the net increase in methylmercury in the water

at various locations in the reservoir and downstream in the Churchill River and Lake Melville

relative to the inflowing water from upstream of the reservoir and flooded areas.

The plan will initially monitor temporal and spatial aspects of ambient water and sediment

quality through the collection of grab samples with special emphasis on testing for total

mercury and methylmercury. Section 5 outlines the procedural details for water and

1



sediment samples to be collected in order to capture baseline, inundation and post-inundation

methylmercwry data.

This plan is specifically designed to monitor temporal and spatial changes in total mercury

and methylmercury levels associated with the first phase of flooding of the Muskrat Falls

reservoir. The water sampling locations and frequency maybe adjusted on an adaptive basis

as results become available, based on input from the Oversight Committee referenced in

section 3 of this plan. The overall plan will be revisited for appropriate changes once the

monitoring results related to the first phase of flooding have been analyzed.

2. Stakeholders:

An Oversight Committee will be established to oversee the implementation of this

monitoring plan. The committee will be comprised of representatives from: Nunatsiavut

Government, Innu Nation, NunatuKavut Community Council, identified experts, the

Department of Environment and Climate Change, Department of Health and Community

Services, and others as advised by the Committee. Environment and Climate Change Canada

and other appropriate Federal Government Departments will also be invited to participate.

The Department of Environment and Climate Change will chair the Oversight Committee

and provide oversight to the implementation of the monitoring plan.

3. Methodology:

The environmental impact monitoring proposed under this plan will focus on water and

sediment grab sampling at sites which are selected to capture the physiographic diversity of

the project area.

The Department of Environment and Climate Change requires that all monitoring results

adhere to the Accredited Laboratory Policy. The objective of the policy is to ensure that

environmental information produced and provided to the Province is comparable, of known

quality and adequate for its intended purpose, thereby providing a reliable and harmonized

basis for characterization and management of the Newfoundland and Labrador environment.

In accordance with the policy, the Department requires the use of commercial laboratories

which have a recognized form of laboratory accreditation to perform the xequired analyses.

Accreditation obtained from an accreditation body that is a signatory to the International

Laboratory Accreditation Cooperation (ILAC) Agreement and based on ISO 17025 is

considered a recognized form of accreditation. The Canadian Association for Laboratory

Accreditation (GALA) is signatory to ILAC. There are several laboratories in Canada that

are accredited by the Canadian Association for Laboratory Accreditation (GALA) for methyl



mercury in water, soil and/ or tissue. The selected laboratory provides direction for sample

collection, storage and handling to ensure the integrity of the sample. Deviations from the

accredited method, quality protocols, QA/QC or sample integrity concerns are reported by

the laboratory as part of adherence to the international standard on which the accreditation is

based.

The Accredited Laboratory Policy document is available on the departmental website at:
http://www.env.~ov.nl.ca/env/env protection/lab~olicv.pdf

Sampling sites identified in this plan are based on the physiographic (features and attributes

of land surface) and hydrologic (rainfall, runoff, inflow, outflow, etc.) features of the area.

The plan has also taken into consideration the spatial and temporal factors. In order to

capture the mixing and vertical profile of methylmercury, two sites (one in the Muskrat Falls

reservoir and another in Lake Melville) have been identified for multiple depth sampling.

4. Monitoring Guidance Framework:

The following guiding principles will be taken into consideration during the implementation

of this plan.

As shown in Figure 1, the Department of Environment and Climate Change currently

operates five real time water quantity and quality monitoring stations within the Lower

Churchill project area as well as two real-time weather stations. Grab water samples are

also collected at the five real-time water monitoring stations during the ice free period

from June to October. All these monitoring activities will continue and the collected data

will be available to all stakeholders.

• A water sample is to be collected at all sampling sites indicated on the maps and analyzed

for total mercury and methylmercury. Selected samples will be analyzed for dissolved

methylmercury as well as for methylmercury on suspended particulate matter. The

feasibility of sediment sampling at the sites indicated on the map will be determined by

flow regimes, depth and substrate condition in consultation between the proponent and

the Oversight Committee. Other chemical parameters of interest may also be tested. The

total number of sites where samples are to be collected in various zones of the project

area during each sampling cycle is summarized in Table 1.

• Approximate sample locations, sampling frequency and duration are indicated in Figures 2, 3,

4 and Table 2 respectively. Specific sample locations {i.e. GPS coordinates) must be provided

by the proponent. The location of each sampling point shall remain consistent over the life of

the monitoring programs, unless otherwise approved by the Oversight Committee. Using a

GPS or similar device, the northing and Basting of each sampling location shall be recorded

and submitted to the Oversight Committee, through the Chair.



• A minimum of two baseline water samples at all sample locations and sediment samples

where feasible are to be collected prior to inundation; preferably one week apart if possible,

however no less than 48 hours apart.

• The water samples collected at Site #3 and 7 should be analyzed as split samples whereby

the dissolved vs. suspended concentrations are measured separately.

• Select water samples {as indicated in red in Figures 2, 3, and 4) will be required to be

taken at multiple depths to capture water mixing and vertical profile of total and

methylmercury. The preferable location will be near the surface, mid water column, and

near the bottom depending on the depth of the water at the locations.

• It is recognized that the monitoring of Lake Melville is of particular interest for the

population who consume food harvested from this water body. As such four sampling

sites have been selected capturing inflow and outflow locations as well as two stations

within the lake, one of which will be sampled at multiple depths to capture the vertical

profile of methylmercury.

• Water samples are required to be collected in well-mixed areas.

A statistical power analysis provides a guide for the design and planning of scientific

studies and is used to indicate the sample size needed to detect environmental change.

The proposed methylmercury monitoring plan for surface water quality includes the

collection of 232 water samples for both total mercury and methylmercury. The

sampling encompasses 11 different sites with a minimum of 8 samples collected at each

site. As per Nalcor report IR#JRP.166, background methylmercury levels are

approximately 0.055 f O.OSng/L and background total mercury levels are approximately

1.2 f 0.01 ng/L. For methylmercury, with 8 samples taken from each site, there is a

power of 0.96 to detect a difference of 0.005 ng/L or more between each site. A sample

size of 8 results in a power of 0.9 to detect differences in concentration greater than

0.005 ng/L at any one sampling site. For total mercury, with 8 samples taken from each

site, there is a power of 0.96 to detect a difference of 0.02 ng/L or more between each

site. A sample size of 8 results in a power of 0.68 to detect differences in concentration
greater than 0.01 ng/L. Based on this analysis, the monitoring plan has sufficient

statistical power to detect changes in water quality from baseline conditions for each

station in this plan based on predicted methylmercury and total mercury concentrations

expected after flooding.

At sites 3 to 7, water samples will be split for analysis for dissolved methylmercury as

well as methylmercury on particulate matter. The number of samples will be sufficient to

provide statistical power in the obtained results.

This power analysis will be updated once actual baseline data is available, to confizm that

it is adequately powered. Further samples will be added if the results of that future power

analysis deem it to be necessary.

4



• Chemical analysis of the water samples shall be carried out by Flett Laboratories, who

are a commercial laboratory with a recognized form of accreditation. The proponent shall

ensure the detection limits to be used by the accredited laboratory is acceptable to the

Department of Environment and Climate Change in consultation with the Oversight

Committee. The detection level is specified as 0.01 ng/1. Separate samples may be split

and analyzed separately or at a different lab to from time to time for quality assurance

purposes.

• Monitoring will be re-evaluated as results are made available to determine if the sampling

program needs to be modified or extended past the initial two-month period as indicated

in Table 2.

• Monitoring will be re-evaluated prior to the further inundation of the reservoir to the full

supply level.

• Sample analysis results to be provided to the Oversight Committee, through the Chair, as
they become available.

• If any samples cannot be collected this must be communicated to the Chair of the

Oversight Committee immediately.

• The proponent shall bear all expenses incurred in carrying out the environmental monitoring,
analyses required, and reporting.

• The Department of Environment and Climate Change in consultation with the Oversight

Committee may order the proponent to alter monitoring programs or require additional

testing at any time under several circumstances including when an adverse environmental

effect may occur.

• The proponent may, at any time, request that the monitoring program or requirements in
terms of sampling frequency and locations be altered by:

o Requesting the change in writing to the Department of Environment and Climate
Change; and

o Providing sufficient justification, as determined by the Department of
Environment and Climate Change in consultation with the Oversight Committee

5. Considerations:

The following factors should be taken into consideration in overseeing the implementation of

this plan:

• Sample collection will require samplers to cover a length of over 200 km in rough terrain.

• Weather conditions might play a significant role whether planned number of samples can
be collected or not.

~~



• Occupational health and safety related measures must be a priority when implementing
the sampling.

• Analytical lab requirements for sample storage, holding time and shipping might require
adjustment to sampling frequency.

• Sediment sampling will take place only at selected sites depending on flow regime, depth
and substrate conditions.

Table 1 -Summary of sample sites

Location Number of Sample Sites
Upstream of Reservoir 1
Within Reservoir 5*

River below Reservoir 3

Lake Melville to Outlet 6

Total 15

* Because the inundation of the reservoir is anticipated to progress slowly, it is
acceptable to commence the sampling after the sampling location has been inundated
using a staggered approach.

This total includes 2 sites where 3 water samples are taken at each of 3 depth levels: near
the surface, mid water column and near the bottom, depending on the depth of the water
at the locations.

D



LAKE MELVILLF EAST~F UTTIE RfYEp (03PD001)

CHURCHIII RIVER AT ENGLISH POItJT (03PCQ01)

C4URCHILL RNER 6.15 KMS BELOW LOWER MUSKRAT FALlS (030EQSA)

CHURGHILt RIVfR ABOVE UPPER MUSKPAT FAILS {030EOOI) f

CHURCHILL 0.1VER BELOW GRI221E RAPIDS ~030E012)

♦ ~

8

Water Monitoring Station

~ ACTIVc

~UAfV i ITY &QUALITY

Sole = 1.1,500.000

~ .. ,r ~t:u .T~



gyp: ~ ~ at ~ .~ i

dF :~~ to ~ . . a ~ r. , ... ,.-,

~~ ~~~ _ ,.
.~: .. .~~r, _

~.
r . ~

~ rt'~

~_ r~~

3C -:a:.
,_

. .,~:.~
~9 r,Lake ~;lciv+ile East of Kittle Riverj :, ~

:~ y~

4 ̀#~ ,~ _r .

y ~-



,~,

4~ . .
_ ` ' ' h

ti ~

_ ~ ~~ ,'

a J

~
~ j

j7 (English Pointl
• ~~ ,, 7

r ~~, ~.~, Napp.y~Vall~,y~Goose Bay

~ ~ %~ ~ ~ R
a 

•_ ~ 1

4 (Upper 
Musk•~,at)''~~'' 

- ,, "` ̀ ' ' ,/' ~ ~~--- ~ t̀'

*-- R •~ ~~ ~6 (6.15km below Muskrat Falls) ,;' ' ~:~~y~. ,;

.. 

c. •. i ~ r 
.. a _



S
.̂.s+̀

. 4 lt,pper Musk~rat,;~`~,.. ~ ., ,

• ,!

~,

-' ,r'

'~Yi",_ ~ h,~ ~3

l .YR

` ~ ~ ~
~q ~~~

_ t J
' ~ ~ "-w .

r "~
e ~ "-

~ ~ ,

^R~
2 A.

# ~

~g h

",r ~

~1 {~elaw Grizzle Rapidsj
. .~,,'



TaUle 2 —Sampling Location and Frequency as per Maps

Site Frequency and (Duration)

1 —Below Grizzle Rapids Weekly (2 months)

2 —Reservoir below Pinus River Weekly (2 months)

3 —Reservoir between Pinus River &Upper Brook Three times per week (2 weeks) then

weekly (6 weeks)

4 —Above Muskrat Falls (multiple samples —depths) Three times per week (2 weeks) then

weekly (6 weeks)

5 —Below Muskrat Falls Three times per week (2 weeks) then

weekly (6 weeks)

6 — 6.15km below Muskrat Falls Three times per week (2 weeks) then

weekly (6 weeks)

7 —English Point Three times per week (2 weeks} then

weekly (6 weeks)

8 —Inflow to Lake Melville Weekly (Z months)

9 —Lake Melville East of Little River Weekly (2 months)

10 —Middle of Lake Melville (multiple samples —depths) Weekly (2 months)

11 —Near Rigolet (Lake outflow) Weekly (2 months

Notes:

The samples collected at Site #3 -7 should be analyzed as split samples whereby the dissolved vs.

suspended concentrations are measured separately.

As the inundation of the reservoir is anticipated to progress slowly, it is acceptable to commence the
sampling after the sampling location has been inundated using a staggered approach.
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..~ Re: Funding arrangements for soil study D
Kathy Knight to: Gilbert Bennett

k

Cc: Peter Madden

Peter

Here is the letter Gilbert asked me to send to you .

~~
Funding arrangements.pdf

Kathy

Kathy Knight

~a r 
Executive Assistant

e n e r g y Executive Leadership

Nalcor Energy

t. 709 737-1805 c. 709 685-9828 f. 709 737-1782

e. KathyKni~ht@nalcorener~y.com

w. nalcorener~y.com

07/17/2017 04:18 PM

This email communication is confidential and legally privileged. Any unauthorized reproduction, distribution or

disclosure of this email or any attachments is strictly prohibited .Please destroy/delete this email

communication and attachments and notify me if this email was misdirected to you .

Gilbert Bennett Peter. We have a memo from Jamie Chippett co... 07/17/2017 04:07:50 PM

From: Gilbert Bennett/NLHydro
To: Peter Madden/NLHydro@NLHYDRO
Cc: Kathy Knight/NLHydro@NLHydro
Date: 07/17/2017 04:07 PM
Subject: Funding arrangements for soil study

Peter,

We have a memo from Jamie Chippett confirming their support for funding the soil flux study .
On that basis, please arrange to have a payment made to NG for this work.

Kathy will send a copy of the letter via separate email; please append it to the payment
paperwork.

C

Gilbert J. Bennett, P. Eng., FCAE



~~ r Executive Vice President, Power Development

t' 1~ ~' ~ ~ fir' t. 709 737 1836 f. 709 737 1782
_~..~~~ ~~-t~~_~~:~_~ ~ •:~:._ e. gbennett@lowerchurchillproject.ca

w. muskratfalls.nalcorener~y.com



~~ rr .
,;~.

l~ ~o o~nd ande 1
Labrador

JUN 2 3 2017

Mr. Gilbert Bennett, P. Eng.
Executive Vice President, Power Development
Nalcor Energy
PO Box 12800
St. John's NL A 1 B OC9

Dear Mr Bennett:

Government of Newfoundland and Labrador

Department of Municipal Affairs and Environment
Office of the Deputy Minister

COR/2017/02234

Re: Funding Arrangements for the Independent Experts Advisory Committee

On March 15, 2017, Mr Martin Goebel, Senior Advisor for Methylmercury wrote to you
requesting transfer of funds in the amount of $126,885.48 to cover the cost of a soil flux
experiment that was being conducted on a go forward basis by the Nunatsiawt Government.
This project was sanctioned as a part of the future work of the IEAC and was referred to in
Minister Perry Trimper's (former Minister of Environment and Climate Change) letter of
December 6, 2016.

We acknowledge your response dated April 5, 2017 and have noted the detailed concerns raised
by Azimuth Consulting Group Partnership in their review of the Soil Incubation Study Design
and Objectives. Despite those concerns we feel there is value in the project because:

1. Results provide preliminary evaluation of inputs in Lake Melville model. It will provide
relative (not absolute) data on how much McHg is being produced in the reservoir.

2. Variation of McHg flux within the reservoir by looking at different soil types. This may
feed into potential mitigation of specific soils (e.g. soils which lead to high McHg
production).

3. If various soil types are manipulated, how will it impact McHg production? (e.g. remove
litter, remove mineral soil layer, etc.)

4. What is the differential effect of McHg on soil inundation history? (If there is a history of
inundation).

5. Examination of time interval needed to run these experimental tests: Research says it can
take several years for McHg to peak. The initial experiments were 3-5 days; current
experiment lasted for longer period (6 weeks) to see if McHg levels plateau or continue
to increase/decrease. This will provide information on how long to run experiments if
redone in the summer months.

During the conference call of members of the IEAC on March 9, 2017 there was a very healthy
discussion about the experiment, its limitations (similar to what your letter mentioned) and ways
to make substantial improvements to the study. We also feel this study should not be viewed as
an isolated definitive answer to all the methylmercury issues and questions that are being raised,

PO Box 8700, St. John's, NL, Canada A16 4J6 t 709.729.3052 f 709.729.0943
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rather it is a step in putting forward the best available science that will complement the many
other initiatives, environmental monitoring and protection plans that are required of the project
and that are already being undertaken by Nalcor and others.

I would, therefore, like to confirm that this project has been authorized by the Government of
Newfoundland and Labrador and that it is consistent with the terms of reference fox the IEAC.

Y~ cooperation in finalizing the payment of the invoice is appreciated.

Si

cc: Hon. Eddie Joyce, Minister of Municipal Affairs and Environment
Mr. Martin Goebel, Senior Advisor for Methylmercury

PO Box 8700, St John's, NL, Canada A1B 4J6 t 709.729.2572 f 709.729.0112



~ ~ Fwd: Briefin note for review and a few data oints9 P
~-~- -~ Scott O'Brien to: Gilbert Bennett

2 attachments

Information Note _Mitigation Activities_Draft 1_July 5 2017_draft 2.doc

Sent from my iPad

Begin forwarded message:

From: "Karen O'Neill" <karenoneill @ nalcorenergy.com>
Date: July 5, 2017 at 11:15:31 AM NDT
To: "Scott O'Brien" <ScottOBrien @ lowerchurchillproject.ca>
Subject: Briefing note for review and a few data points

07/05/2017 12:06 PM

n~l~or
'~ c y

O.A1 C.jpeg

Over to you to fill in. I'll then close the loop with Gilbert, Jim and Gov't.

Thanks
Karen

(See attached file: Information Note _Mitigation Activities_Draft 1 _July S 2017_draft
2. doc)

Karen O'Neill
Communications Manager

Lower Churchill Management Corporation

Nalcor Energy -Lower Churchill Project

t. 709.737.1427 c. 709.690.2012

e. koneill@nalcorener~y.com

1.888.576.5454

You owe it to yourself, and your family, to make it home safely every day. What have you done today
so that nobody gets hurt?



Information Note

Nalcor Energy —lower Churchill Project

Title: Mitigation activities on the lower Churchill River for the Muskrat Falls Project

Issue: Nalcor is implementing measures to remove more forest cover at the Muskrat Falls

reservoir on the lower Churchill River as an additional mitigation to further address concerns

surrounding methylmercury.

Background and Current Status:

• In October 2016, the Provincial Government informed Nalcor that it was required to remove

more forest cover at the Muskrat Falls reservoir as an additional mitigation to further

address concerns surrounding methylmercury. At that time, Nalcor was required by the

Provincial Government to "implement a clearing as much forest cover as possible scenario."

• Nalcor is lowering the water elevation of the Muskrat Falls reservoir from the peak level of

22.5 meters prior to the spring melt. The first reduction in water levels in the reservoir was

made on June 23rd and continues to be slowly and gradually lowered in a safe and prudent

manner. The current level at the Muskrat Falls is approximately 21m.

• The current water level has not impeded our ability to undertake mitigation activities and

Nalcor has advanced the opportunity for mitigation below 25m. While our assessment

indicates that the opportunities to mitigate below the 21m level are limited, we continue to

act in manner that is responsive to the desire to reduce water levels.

• Nalcor has reviewed the opportunities for mitigation around the reservoir and has

determined that Edwards Island offers the most significant opportunity for further

mitigation —there are XX hectares of trees that will be cut. Edwards Island is located xx km

upstream from the Muskrat Falls construction site.

• On July xx, Nalcor notified the Department of Fisheries and Land Resources of the

mitigation plan. Once the timber has been cut, it has been determined that burning the

timber offers the best option of reducing the volume and disposing of the timber. The plan

is to burn the cut trees on Edwards Island.

• Johnson's Construction has been contracted to carry out the tree clearing work. They have

been mobilized and will clear the trees on Edwards Island throughout the summer. They are

expected to complete this work by XX.

• Johnson's Construction has completed similar clearing work on numerous other areas of the

Muskrat Falls Project.



Action Being Taken:

• Nalcor will engage with and inform key stakeholders of the mitigation plan to cut and burn
trees on Edwards Island. Nalcor will first engage with project partner Innu Nation, followed
by the leaders of NunatuaKavut Community Council and Nunatsiavut Government.

• Information will be shared with the Independent Expert Advisory Committee (IEAC) via
Nalcor's representative on the committee.

• Nalcor will also share information with community leaders and representatives in the Upper

Lake Melville area.

• Further public communications will be shared by Nalcor via email and social media.

Key Messages:
Nalcor is implementing measures to remove more forest cover at the Muskrat Falls reservoir as
an additional mitigation to further address concerns surrounding methylmercury.

The opportunity for further mitigation at the Muskrat Falls reservoir been advanced and the
current water level has not impeded our ability to undertake mitigation activities.

The contractor has been mobilized to remove forest cover at the Muskrat Falls reservoir. Work
will be ongoing throughout the summer.

River users are advised to exercise extreme caution when using the lower Churchill River and to
be aware of construction activities as well as the potential risks of boating on the river near the
MF facilities.

Prepared by: Karen O'Neill, Communications Manager, Lower Churchill Project
Prepared on: July 5, 2017



.! ~~'. ~, Fw: Muskrat Falls U dated MeH Mechanistic Model - Worksho WebinarP 9 P~ )
David Haley to: Gilbert Bennett, Peter Madden, Jackie Wells 06/22/2017 09:14 AM

FYI, The highlighted statement below is of particular relevance to our reservoir (Churchill river
geomorphology). It may (will) have a significant impact on the prediction models .

David Haley P. Eng, FEC, EP

Environment and Regulatory Compliance Manager

PROJECT DELIVERY TEAM

Lower Churchill Project

t. 709 733-4498 c. 709 730-1029

e. DavidHaley@lowerchurchillproiect.ca

w. muskratfalls.nalcorener~y.com

Forwarded by David Haley/LCP/NLHydro on 06/22/2017 09:10 AM

From: Randy Baker <RBaker@azimuthgroup.ca>
To: Reed Harris <rh@reed-harris.com>, 'Peter Madden/NLHydro' 

<PeterMadden@lowerchurchillproject.ca>, "DavidHaley@lowerchurchillproject.ca" 
<DavidHaley@lowerchurchillproject.ca>, "JackieWells@lowerchurchillproject.ca" 
<JackieWells@lowerchurchillproject.ca>, "James.McCarthy@amecfinr.com"
<James.McCarthy@amecfinr.com>, "reed@reed-harris.com" creed@reed-harris.com>,
"rwillis@dillon.ca" <rwillis@dillon.ca>

Date: 06/21/2017 08:10 PM
Subject: RE: Muskrat Falls Updated McHg Mechanistic Model -Workshop (Webinar)

Hi Reed

Sounds like a good start to the agenda. One aspect that I suggest we add are lower trophic level biota
(e.g., zooplankton) and fish mercury concentrations of key species, both within the reservoir and
downstream (fish only) as sentinel species to track changes in Hg concentrations over time. I realize this
isn't a monitoring program (as yet), but fish Hg concentrations are the 'gold standard' and will

ultimately be needed as input parameters to human and wildlife risk assessment /exposure scenarios.
am sure that there are recent data from the river and would like to draw these in earlier than later. I'd
be happy to review the fish Hg data as well as any other lower trophic data, so I am familiar with

baseline concentrations /patterns.

I've also attached the HHRA that Norm and I wrote for Site C a few years ago .. there has been some
more recent and interesting work on HH aspects of McHg bioavailability snd bioaccessability thst could
be brought into this discus. The information contained herein might be of use to Rob et al.

Finally, particle dynamics I've attached a figure from an EBA report that examined geomorphology and
sediment transport /deposition following reservoir creation at 10-and 50- year intervals. The attached
figure shows that inorganic materials are predicted to blanket the reservoir to depth of at least 5 —10
cm over most of the reservoir after 10-y, with most of this happening within the first 2-3 y when there
is much more active slumping as the new shorelines stabilize. While we did not use this information in



our Hg modeling with Reed, we did acknowledge that this phenomenon has the potential to naturally

bury much of the organic material, effectively capping methylating sediments.

am out of country the next couple of weeks, but will be checking email... probably too regularly

Cheers
Randy

Randy Baker* MSc, RPBio ~~ Azimuth Consulting Group Partnership ~ 218 — 2902 West
Broadway, Vancouver, BC V6K 2G8 ~ tel 604.730.1220 ~ email: rbaker@azimuthgroup.ca ~~
web: www.azimuthgroup.ca* Incorporated Partner

From: Reed Harris [mailto:rh@reed-harris.com]

Sent: June-21-17 8:42 AM

To: 'Peter Madden/NLHydro' <PeterMadden@lowerchurchillproject.ca>;

DavidHaley@lowerchurchillproject.ca; JackieWells@lowerchurchillproject.ca;

James.McCarthy@amecfw.com; Randy Baker <RBaker@azimuthgroup.ca>; reed@reed-harris.com;
rwillis@dillon.ca

Subject: RE: Muskrat Falls Updated McHg Mechanistic Model -Workshop (Webinar)

Hi Peter et al.

J uly 26 works for me and I agree a webinar should work allows us to have the "meeting" sooner, which
is good.

Here is a rough proposed outline for the agenda:

1. Objectives of Hg modeling study (Peter)

2. Overview of Hg modeling components and how they fit together (Reed)

3. Building blocks for mercury modeling.

(In each case we can focus on the modeling approach (where applicable), what data we need,
and what data we have.)

a. Hydrodynamics (primarily AMEC Foster Wheeler for downstream modeling)

b. Particle dynamics (TSS, particle transport, sedimentation) (Reed/Jim for reservoir,
AMEC Foster Wheeler downstream)

c. Flood zone carbon and mercury pools (Jim/Randy)

d. Carbon in the reservoir and downstream (Reed, Ray Hesslein)

e. Food web characterization (Jim, Mathew)

4. Mercury modeling (Reed)
(including the modeling approach, what data we need, and what data we have)

5. Human and wildlife risk based on updated modeling (Rob)

6. Schedule and products (reports, papers)

Here is an initial list of proposed participants:
• Nalcor (Peter, David?,Jackie?, others?)
• RHE Ltd: Reed, David Hutchinson, and a student working on the project (Charlotte Mays)
• Ray Hesslein (carbon and modeling expert)
• AMEC F/W: Jim, Mathew, Trajce Alcinov, Patrick Roussel



• Azimuth Group: Randy, Ralph Turner(?)

• Dillon Ltd.: Rob

Maybe some of the above people would only want/need to participate in specific parts of the meeting.

If the group thinks the above agenda is roughly appropriate, my guess is that it would take most of a
day to get through it?

All feedback welcomed regarding the scope, topics and participants...

Reed

Reed Harris Environmental Ltd.

180 Forestwood Drive,

Oakville, Ontario

L6J4E6

Canada

Tel: 905 339 0763

Cell: 289 259 0112

Email: RH@reed-harris.com

www.reed-harris.com

-----Original Appointment-----

From: Peter Madden/NLHydro [mailto:PeterMadden@lowerchurchillproject.ca]

Sent: Wednesday, June 21, 2017 9:40 AM

To: Peter Madden/NLHydro; DavidHaley@lowerchurchillproiect.ca;

JackieWells@lowerchurchillproject.ca; James.McCarthy@amecfw.com; RBaker@azimuth~roup.ca;
reed@reed-harris.com; rwillis@dillon.ca

Subject: Muskrat Falls Updated McHg Mechanistic Model -Workshop (Webinar)

When: Wednesday, July 26, 2017 12:00 PM-5:00 PM (UTC-03:30) Newfoundland.

Where:

Invitation: Muskrat Falls Updated McHg Mechanistic Model -Workshop (Webinar)

o~/i6/ioi~-

Rooms: Torbay Road -Turbine Room/Lower Churchill Project@NLHydro

has invited you to a meeting. You have not yet responded.
Peter Madden



Require David Haley/LCP/NLHydro@NLHYDRO, Jackie Wells/NLHydro@NLHYDRO, lames.McCarthv@amecfw.com, RBaker@azimuth~roup.ca,
d: reed@reed-harris.com, rwillis@dillon.ca

Description

image002.png image003.gifimage004.png image005.png image006.png image008.png Hg HHRA.pdf

Figure 6.1_Fluvial Geomorph-Sediment TDR (RevC)_Full_Report.pdf

These attachments are not responsive, as they are portions of a report prepared for BC Hydro Site C Clean 
Energy Project



Fw: TOC and Hg in soils report
Peter Madden to: Gilbert Bennett 06/02/2017 01:39 PM
Cc: David Haley

Hi Gilbert,

This data report is ready to go. We completed another analysis of the soils and corrected the

data gap.

NG are looking for this report, but Reed will be preparing a 'contextual' report to discuss the

relevance of the data.

Should we wait for this and send as a package?

appreciate your advice!

Peter

Peter Madden MASc., MBA, PMP

Regulatory Compliance Lead

PROJECT DELIVERY TEAM

Lower Churchill Project

t. 709.737.4972 c. 709.725.3044 f. 709.737.1985

e. PeterMadden@lowerchurchillproiect.ca

w. muskratfalls.nalcorener~y.com

----- Forwarded by Peter Madden/NLHydro on 06/02/2017 01:38 PM

From: "McCarthy, James H (St. John's)" <James.McCarthy@amecfw.com>
To: "PeterMadden@Iowerchurchillproject.ca" <PeterMadden@lowerchurchillproject.ca>
Date: 06/02/2017 10:25 AM
Subject: TOC and Hg in soils report

Hi Peter

Attached is the revised draft report on soil TOC and Hg in the reservoir area. We've addressed all

comments and have revised the results to utilize the Hg and TOC data from ALS and to keep the metals
scan from AGAT and McHg from Flett. There are one or two comments that weren't specifically

addressed/incorporated into the document but I'll contact Reed about those (selection of 45 samples
and statistical implications -since no stats envisioned and no prior variability in soil parameters known,

we selected the typical 30+ samples to allow the assumption of normality).

also took the liberty to clip the ELC mapping so that only the reservoir area is shown in the mapping so
that folks can see the actual extent of flooding and not assume that the entire ELC study area

represents the reservoir area.



Have a l'ook and if you've got any questions/edits,, let me know. If not, 1"11 finalize alilld s:ubmit. Steve 

Walker and Tiitia: are workhi1g. on tine TO( est:imate with•n the rese·rvoir for Reed and his, modellling - I

think they've got some data on 11acal' soi� densities and willl use these to gelille.rate TO:C estimates ait the
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1.0 INTRODUCTION

Amec Foster Wheeler Environment & Infrastructure, a division of Amec Foster Wheeler Americas
Limited (Amec Foster Wheeler), was retained by the Lower Churchill Project in December, 2016 to
conduct a soil sampling program to determine potential concentrations of total mercury (THg), methyl
mercury (MeHg), and organic soil volume within the existing shallow soil horizons of the future reservoir
area of Muskrat Falls, Newfoundland and Labrador (NL) (herein referred to as the "site"). Also included
are measures of the total organic carbon (TOC) within the existing near surface organic soil horizons to
be used to generate estimates of the quantity of TOC available for potential methylation upon inundation.

2.0 SCOPE OF WORK

The scope of work included collecting soil samples in the future reservoir area, from each of the
Ecological Land Classifications (EEGs). The program was designed to obtain samples in approximate
proportion to corresponding ELC areas (i.e. higher numbers of samples for the largest ELC areas).
Samples were collected according to the sampling protocol outlined in Azimuth (2010). Samples were
collected from the A and E soil horizons.

3.0 METHODOLOGY

In general, the procedure followed the Azimuth (2010) methodology for soil sampling. The sampling
design and methodology are described in more detail in the following sections.

3.1 Sampling Design

A total of 11 different Ecological Land Classifications have been identified within the boundary of the
Muskrat Falls reservoir area; mapping of ELC within the reservoir is provided in Appendix A. To get a
representative estimate of mean THg, McHg, and TOG, proportional samples were chosen strategically
to represent dominant soil conditions within the ELCs. A total of 45 locations were partitioned based on
ELC proportions and each location was chosen randomly within each ELC for sampling. In total, there
are 11 different land classifications that are sub-divided into 1,331 separate ecological land GIS
polygons within the Muskrat Falls reservoir area (Table 1). The ELC polygons were chosen as units for
sample site selection because each is considered a separate habitat area and therefore samples
collected relatively close to each other (i.e., from within the same polygon) would be avoided. The total
number of sample blocks per ELC were determined based on the percentage of each ELC category.
Within each EEC, the specific polygons sampled were chosen using random number generation. It
should be noted that the classification "Water" was not included within those selected for sampling as
existing river habitat is not considered a type that will contribute new TOC upon inundation. It also
allowed as many samples as possible to be collected from other classifications. While the Wetland ELC
represents a relatively small proportion of the overall reservoir area, (approximately 2%), additional
samples were designated to this classification due to its potential for greater TOC and THg/MeHg
contribution. The number of sample targets within each ELC category are presented in Table 1 and
specific sample locations shown on Figures 1-4 in Appendix A.

Environment 8~ Infrastructure amecfw.com Page 5
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Table 1 Summary of Ecological Land Classifications (EEGs) and sample numbers chosen per EEC.

Ecological Land Classification ELC Block
Counts

Percent of
Block
Counts

Samples per
ELC

Black S ruce/Feathermoss Forest 404 30 12
Black S ruce/Lichen Woodland 155 11 5
Black S ruce/S ha num Woodland 2 0 12
Fir-White S ruce Forest 179 13 5
Gravel Bar 103 8 3
Hardwood Forest 65 5 2
Mixedwood Forest 213 16 6
Ri avian 101 8 3
S ruce Fir/Feathermoss Forest 82 6 2
Water 461 n/a 0
Wetland 26 2 63
Total' 1,331 100 45
Excludes blocks associated with Water EEC.

z Each ELC was sampled at least once for inclusion in mean TOC regardless of percent count.
3 Wetland ELC was increased in sample proportion due to potential for higher contribution to TOG.

3.2 Soil Sampling Procedures

Soil sampling was conducted on December 1, 4 and 5, 2016. Each sample location was reached via
helicopter, piloted by Canadian Helicopters based out of Goose Bay, NL. Temperatures ranged from
-15 °C to - 6 °C for the entire program. The helicopter was grounded due to freezing rain on December
2nd and 3rd.

Of the 45 sample targets, 41 were collected over the course of the three field days. Three of the sample
targets were not collected including: the three located on gravel bars had no soil horizon layer present
and one target location (Fir-White Spruce Forest type) was unreachable (BN 122). Sample collection
locations, with northings and eastings, are summarized in Table 2.

As per the procedures outlined in Azimuth (2010), the following steps were completed at each sample
location:

1. Collected GPS reading.

2. Removed living vegetation, coarse litter debris, and rock to expose the top of the soil profile.

3. Used a shovel to cut representative sample blocks of soil from each sample location.

4. Photographed one face of the block with a ruler for scale and the station ID.

5. Recorded the depth of soil horizons A and E (if reached) and to other obvious interfaces. Soil
horizons are shown in Figure 1

6. Separated the organic horizons from the mineral horizon.

Environmerrt 8~ Infrastructure amecfw.com Page 6
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7. Labelled sample bags.

8. Transferred soil samples from both the A and E horizon (Figure 1).into three medium sized Ziploc
bags.

9. Collected three sets of duplicate samples for the A horizon.

10. Stored the samples in a cooler.

1 1. Recorded a brief description of each sample.

At the end of each day of sampling, samples were transferred to a chest freezer. All samples were
shipped to St. John's at the end of the field program. Once in St. John's, samples were sorted and all
samples from the A horizon were transported to their respective labs for analysis. It should be noted
that in order to provide lower detection limits for total mercury and TOC, samples were shipped to ALS
labs in May 2017. Due to shipping and handling, samples were analyzed beyond the indicated hold
times for the samples. However, the nature of the analytes are not considered sensitive to exceedances
in hold times (see Appendix B).
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Figure 1 Soil horizons. Samples were collected from the A and E horizons for TOC composition.
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Table 2 Summary of ELC sample locations, 2016. All samples were analyzed for TOC and Total
Mercury.

Sample Name Ecological Land Classification Location (UTM)
Zones 20 and 21

Fasting Northing

AC147A Black Spruce/Feathermoss Forest 641233.2 5897956

AP126A Black Spruce/Feathermoss Forest 635941 5894728

BR102A Black Spruce/Feathermoss Forest 629943.2 5887692

CS79A Black Spruce/Feathermoss Forest 624184.8 5880984

DP52A Black Spruce/Feathermoss Forest 617440.4 5875229

DP53A Black Spruce/Feathermoss Forest 617676.4 5875250

DY36A Black Spruce/Feathermoss Forest 613462 5872966

DY47A Black Spruce/Feathermoss Forest 616206.6 5872993

EE40A Black Spruce/Feathermoss Forest 614436.5 5871427

EJ19A Black Spruce/Feathermoss Forest 609172 5870272

EK17A Black Spruce/Feathermoss Forest 608680.2 5870033

N153A Black Spruce/Feathermoss Forest 642638.4 5901716

AX117A Black Spruce/Lichen Woodland 633685.1 5892701

BM121A Black Spruce/Lichen Woodland 634672.3 5888989

DT41A Black Spruce/Lichen Woodland 614666 5874267

1164A Black Spruce/Lichen Woodland 645444.1 5902975

K153A Black Spruce/Lichen Woodland 642704.1 5902459

DQ50A Black Spruce/Sphagnum Woodland 616959.4 5874977

AW136A Fir-White Spruce Forest 638484.9 5893009

AX134A Fir-White Spruce Forest 637935 5892734

AZ132A Fir-White Spruce Forest 637413.3 5892228

DV46A Fir-White Spruce Forest 615977.6 5873717

EF27A Hardwood Forest 611149.8 5871183

W137A Hardwood Forest 638678.8 5899493

AJ139A Mixedwood Forest 639175.1 5896244

BN117A Mixedwood Forest 633692.5 5888717

BQ116A Mixedwood Forest 633451.9 5887972

BV86A Mixedwood Forest 625972 5886700

1159A Mixedwood Forest 644231.1 5902917

K161A Mixedwood Forest 644630.6 5902520

D153A Riparian 641733 5899853

DM46A Riparian 616749 5876019

P152A Riparian 642450.9 5901243
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Sample Name Ecological Land Classification Location (UTM)
Zones 20 and 21

Fasting Northing

EQ29A Spruce Fir/Feathermoss Forest 611666.3 5868457

ER25A Spruce Fir/Feathermoss Forest 610691.5 5868227

AW129A Wetland 636692.1 5893021

AY130A Wetland 636932.4 5892492

BB122A Wetland 634980.3 5891742

BF125A Wetland 635666 5890742

CG83A Wetland 625215.2 5883970

DH72A Wetland 622446 5877197

3.3 Laboratory Analysis

Homogenous samples of the A soil horizon were delivered to ALS laboratories for specific analysis of
TOC, inorganic mercury, and pH. Total mercury in soil is typically dominated by inorganic mercury;
however, a subset of samples were delivered to Flett Laboratories for methylmercury analysis to confirm
this assumption. Samples were also submitted to AGAT laboratory for general metals analysis.

TOC was analyzed using the method outlined within Method Reference SCCC (2008) 21.2. Total
Organic Carbon (TOC) was calculated by the difference between total carbon (TC) and total inorganic
carbon. (TIC).

Total mercury (THg) in soil samples was analysed using Cold Vapour Atomic Fluorescence
Spectroscopy (CVAFS), based on EPA 200.2/1631 E reference methods. Soil samples were digested
with nitric and hydrochloric acids, followed by analysis by CVAFS.

Methylmercury (MeHg) was analyzed on a subset of the samples using method M10240: Methyl Mercury
in Sediment by Distillation, Aqueous Ethylation, Purge and Trap, and with Automated Instruments.
Additional details on analytical methods are provided in Appendix B.

3.4 Health and Safety

Prior to the start of the field program, a HSE kickoff meeting was held (December 1, 2016) with
representatives from Amec Foster Wheeler. An Amec Foster Wheeler Health and Safety Plan was
prepared for the program including job hazard analyses (JHA). Daily toolbox forms were completed prior
to the start of each field component.

Environment &Infrastructure amecfw.com Page 9
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4.0 RESULTS

Results are provided in their raw format with limited analysis at this time (Appendix D).

4.1 Field Observations

Sampling was conducted in early winter weather. The soil, however, was generally not frozen in forested
areas and little snow cover was encountered, making sample collection possible. Sampling difficulties
were only encountered in ELCs designated as "wetland" or "riparian" in which the soil was highly
saturated and therefore frozen. Ideally samples would be collected when seasonal air temperatures are
above zero, however project schedules did not allow for work to be completed in warmer temperatures
and samples were nevertheless collected successfully and we expect frozen conditions had minimal
influence on sample quality. Photos of each field site are included in Appendix C.

4.2 Soil Horizon Thickness and Volume Estimate

Measurements of the A soil horizon thicknesses at each sample locations are included in Table 3 along
with TOC concentrations. Field measurements of the A horizon depth were used to estimate the total
volume of organic material within the Muskrat Falls reservoir area that will be inundated with reservoir
creation. The overall aerial extent of each ELC along with its mean horizon depth is provided in Table
4. The proportional mean of all those ELC types with organics present within the reservoir area (0.08
m) and the overall aerial coverage of these ecotypes (37,100,100 m2) provides an estimate of 2,968,008
m3 of organic material (A horizon) within the Muskrat Falls reservoir area (at full supply water elevation
of 39 mash. The 95% confidence interval around the mean (0.07-0.10 m) provides a volume estimate
range of 2,597,007 — 3,710,010 m3.

Table 3 Thickness of the A horizon and TOC concentrations at each sampling location. Mean values
presented along with 95% Confidence Intervals in brackets.

Sample
Description

Ecotype A horizon (m) TOC (%)

AC147A Black Spruce/Feathermoss Forest 0.14 26.55

AP126A Black Spruce/Feathermoss Forest 0.19 40.1

BR102A Black Spruce/Feathermoss Forest 0.07 42.6

CS79A Black Spruce/Feathermoss Forest 0.15 45.7

DP52A Black Spruce/Feathermoss Forest 0.08 44.65

DP53A Black Spruce/Feathermoss Forest 0.1 49.95

DY36A Black Spruce/Feathermoss Forest 0.1 28.6

DY47A Black Spruce/Feathermoss Forest 0.05 35

EE40A Black Spruce/Feathermoss Forest 0.04 11.1
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EJ19A Black Spruce/Feathermoss Forest 0.07 44

EK17A Black Spruce/Feathermoss Forest 0.08 32.9

N153A Black Spruce/Feathermoss Forest 0.06 6.41

AX117A Black Spruce/Lichen Woodland 0.02 36.05

BM121A Black Spruce/Lichen Woodland 0.08 18.4

DT41A Black Spruce/Lichen Woodland 0.05 47

1164A Black Spruce/Lichen Woodland 0.04 9.29

K153A Black Spruce/Lichen Woodland 0.06 8.835

DQ50A Black Spruce/Sphagnum Woodland 0.08 45.7

AW136A Fir-White Spruce Forest 0.12 14.1

AX134A Fir-White Spruce Forest 0.05 6.67

AZ132A Fir-White Spruce Forest 0.02 42.9

DV46A Fir-White Spruce Forest 0.05 44.45

EK27A Hardwood Forest 0.09 24.8

W137A Hardwood Forest 0.2 46.85

AJ139A Mixedwood Forest 0.05 39

BN117A Mixedwood Forest 0.06 42.5

BQ116A Mixedwood Forest 0.08 47.9

BV86A Mixedwood Forest 0.06 28

1159A Mixedwood Forest 0.08 5.71

K161A Mixedwood Forest 0.05 33.5

D153A Riparian 0 0.365

DM46A Riparian 0.08 7.24

P152A Riparian 0.11 1.26

EQ29A Spruce Fir/Feathermoss Forest 0.15 49.5

ER25A Spruce Fir/Feathermoss Forest 0.1 33.55

AW 129A Wetland 0.03 8.87

AY130A Wetland 0.03 42.8

BB122A Wetland 0.1 15.3

BF125A Wetland 0.3 41.15

CG83A Wetland 0.15 33.1

DH72A Wetland 0.05 29.9

Mean 0.08
(0.07-0.10)

29.57
(24.6-34.5)
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Table 4 Mean thickness of the A horizon and ELC coverage within the Muskrat Falls Reservoir area
at full supply (39 masl) elevation.

Ecotype Coverage (m2)' Mean A Horizon depth (m)

Black Spruce/Feathermoss Forest 8,562,607.5 0.09

Black Spruce/Lichen Woodland 908,846.7 0.05

Black Spruce/Sphagnum Woodland 159,935.8 0.08

Fir-White Spruce Forest 8,025,077.3 0.06

Hardwood Forest 2,214,288.0 0.15

Mixedwood Forest 6,955,229.5 0.06

Riparian 6,551,157.9 0.11

Spruce Fir/Feathermoss Forest 1,134,854.8 0.13

Wetland 2,588,103.0 0.11

Anthropogenic / Disturbedz 0.0 n/a

Black Spruce on Bedrock Outcropping2 0.0 n/a

Gravel Bare 6,925,569.6 0.0

Water2 56,897,480.0 n/a

Unvegetatedz 16129.9 n/a

Coverage is based on GIS mapping of ELC within the Muskrat Falls Reservoir area full supply (39 mash.

2 Not applicable for organic volume estimation (no organics present or ELC not present)

4.3 TOC Loading Estimate

The TOC results are included in Table 3 and will be used to generate an estimate of the total quantity
of organic carbon within the A soil horizon layer that may be available for biological activity upon
inundation. Estimates of soil bulk densities are pending and are required to estimate the total quantity
of TOC. Laboratory results are included in Appendix D.

4.4 Mercury Concentrations

Total mercury concentrations were relatively low within the soil samples analyzed (Appendix D) and
ranged between non-detect (<0.005 mg/kg) and 0.194 mg/kg. A comparison between THg values and
TOC indicate that a weak positive relationship exists (Figure 2). Results that were less than the method
detection limit (one sample) were set to the method detection limit of 0.005 mg/kg.

Methylmercury concentrations were very low and ranged between 0.04 and 1.41 ng/g within the subset
of soil samples analyzed (Appendix D). These values are generally less than one percent of the THg
concentrations. Two locations had McHg concentrations greater than one percent; 1159A (Mixedwood
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forest) had a McHg concentration of 1.41 ng/g which is approximately 3.1 % of THg and CG83A
(Wetland) had a McHg concentration of 0.76 ng/g which is approximately 1.6%.

Preliminary Mercury - TOC Relationship

o.~so

.~.
~ o.~oa ~
~ • •
.̀ r •c~.15~ ~ 1r

~ ~ • ~

~~ ~ • ~

~ o.o.sc~ .. 'i~ ~, -'!~,~~ 
!_ ,~ ~ ~

o.oac~ ~'
~~ 1Q 20 30 4~7 5U ~U

Total Organic Carbon ~%}

Figure 2 General relationship between TOC and inorganic mercury in soil. Values of method detection
limits if results were less than the method detection limit.
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5.0 CLOSURE

This report has been prepared for the exclusive use of Nalcor Energy. The project was conducted using
standard assessment practices and in accordance with verbal and written requests from the client. No
further warranty, expressed or implied, is made. The conclusions presented herein are based solely
upon the scope of services and time and budgetary limitations described in our contract. Any use which
a third party makes of this report, or any reliance on or decisions to be made based on it, are the
responsibility of such third parties. Amec Foster Wheeler Environment &Infrastructure accepts no
responsibility for damages, if any, suffered by any third party as a result of decisions made or actions
based on this report.

Yours sincerely,

Amec Foster Wheeler Environment &Infrastructure,
a Division of Amec Foster Wheeler Americas Limited

Prepared by:

DRAFT
Reviewed by:

d RAFT
Titia Praamsma, PhD, P.Geo
Senior Hydrogeologist

Steve Walker, PhD, P.Geo.
Associate Hydrogeochemist

Q RAFT
James H. McCarthy, MSc, CFP
Associate Biologist
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ALS

General Comments About Hold Times &Interpretation of Hold Time Exceedances

Under some circumstances, many test parameters can be altered between the time of sampling and the
time of analysis due to bacterial action, chemical reaction, evaporative loss, or other processes.

A sample hold time is the recommended maximum time between sampling and analysis, and is often
matched with a specified sample preservation practice (e.g. acidification or dechlorination). Maximum hold
times are established in order to protect the integrity of test samples, and to reduce potential changes in
the sample before analysis.

The hold time guidelines used by most laboratories in Canada are those established by organizations such
as US EPA, Environment Canada, or the American Public Health Association (APHA). ALS adopted our
recommended hold times after careful review of recent literature, including guidelines established by
provincial jurisdictions (notably British Columbia and Ontario).

However, rigorous scientific studies are not always available to substantiate reliable hold time
recommendations for all test methods. Because of this, published hold time guidelines may sometimes be
overly conservative. This problem has been recognized by the US EPA, and was the impetus fora 2006 EPA
study titled "Sample Holding Time Re-Evaluation". The EPA introduction to this project stated the following:

"While holding times may appear adequate to protect sample integrity and provide sufficient lime for laboratory analysis,
relevant data is sparse on individually defined holding times and, thus, some of the holding times appear to be arbitrary and/or
politically driven. Holding times appear to be arbitrary when a single value is applied over a large general class of compounds
(e.g., pesticides or polyaromaric hydrocarbons); when the holding time was originally "established" for aqueous media and then
blindly applied to other media (e.g., sediments and tissues); or when a contaminant is known io be chemically highly stable and
will still be present in the sample even if the sample is not extracted in the regulatory time frame. For example, if PCBs
significantly degraded after 7 days, then there would nor be an environmental problem with PCBs today."

Another reason for conservatism in hold time guidelines is that a single guideline will be applied to a vast
majority of sample types and compositions. A hold time guideline that is appropriate for a wastewater with
complex chemical and microbiological composition may be overly conservative for less complex samples.
Thus, it is important to note that for many test parameters and for many sample types, no noticeable
degradation or change to results will be observed long after the recommended hold time has passed.

Apart from microbiological test requirements pertaining to human health and drinking water, we are not
aware of any Canadian regulatory agencies that normally reject or invalidate laboratory test results solely
because of hold time exceedances, especially where the exceedance is marginal.

Because of the conservatism applied in the establishment of most hold time guidelines, one can generally
assume that the integrity of samples tested within the recommended hold time will be reliable if the
samples have been stored under appropriate conditions (for many tests, this means under refrigeration).
Although analysis within the recommended hold time is of course advisable, and is always the objective of
the laboratory, it is important to understand that sample integrity is not immediately compromised once
the recommended hold time has elapsed.

When analytical hold times are exceeded, it is common practice to apply professional judgement in order to
determine whether the results are useable and fit for purpose. Part of this assessment should include
whether the sample was appropriately preserved, whether it was appropriately stored, and whether the
magnitude of the hold time exceedance was substantial. In many cases, such results are simply flagged as
"estimates" to indicate that their degree of uncertainty may be higher than usual. This is a common
approach used under the US EPA Contract Laboratory Program.

Another factor that may help with the evaluation of the potential impact of hold time exceedances is a
comparison against historical data or with other available analytical results from related or similar samples,
if available (e.g. other samples collected from the same site).

Revision: Sept. 24, 201 2
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Method Summary: Total Organic Carbon in Sediment and Soil

Total organic carbon (TOC) is a calculated parameter which is derived from the difference between total

carbon (TC) and Total Inorganic Carbon (TIC). TC is measured using a high temperature combustion

method (SSSA (1996) Part 3 pg. 973-974) while the TIC is measured separately by acetic acid digestion

followed by evaluation against a pH standard curve (CSSS (2008) 20.2).

Sample Preparation:

The sample is dried at <40°C in a forced air oven and then is disaggregated by flail grinder to <2 mm.

The sample is then finely ground to <150 µm by mortar and pestle.

Total Carbon by high temperature combustion:

A representative subsample is weighed in a tin capsule. The tin capsule is inserted into a high

temperature furnace where the sample is ignited in the presence of oxygen. The resulting gases are

carried in a helium stream through an oxidizer tube and reducing tube. The total carbon content is

reduced to carbon dioxide which is then detected by a thermal conductivity detector.

Total Inorganic Carbon by acetic acid pH standard curve:

A representative subsample is weighed into a known quantity of acetic acid solution. The acetic acid is

consumed by the reaction with carbonates in the soil producing carbon dioxide and water. The pH of

the resulting solution is measured by pH meter and compared against a standard curve relating pH to

weight of carbonate.
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METHOD 200.2

SAMPLE PREPARATION PROCEDURE FOR SPECTROCHEMICAL DETERMINATION
OF TOTAL RECOVERABLE ELEMENTS

1.0 SCOPE AND APPLICATION

1.1 This method provides sample preparation procedures for the determination of
total recoverable analytes in groundwaters, surface waters, drinking waters,
wastewaters, and, with the exception of silica, in solid type samples such as
sediments, sludges and soils.' Aqueous samples containing suspended or
particulate material >_1% (W/~ should be extracted as a solid type sample.
This method is applicable to the following analytes:

Analyte
Chemical Abstract Services
Registry Number (CASRN)

Aluminum (Al) 7429-90-5
Antimony (Sb) 7440-36-0
Arsenic (As) 7440-38-2
Boron (B) 7440-42-8
Barium (Ba) 7440-39-3
Beryllium (Be) 7440-41-7
Cadmium (Cd) 7440-43-9
Calcium (Ca) 7440-70-2
Chromium (Cr) 7440-47-3
Cobalt (Co) 7440-48-4
Copper (Cu) 7440-50-8
Iron (Fe) 7439-89-6
Lead (Pb) 7439-92-1
Lithium (Li) 7439-93-2
Magnesium (M~ 7439-95-4
Manganese (Mn) 7439-96-5
Mercury (H~ 7439-97-6
Molybdenum (Mo) 7439-98-7
Nickel (Ni) 7440-02-0
Phosphorus (P) 7723-14-0
Potassium (K) 7440-09-7
Selenium (Se) 7782-49-2
Silicas (SiO~ 7631-86-9
Silver (A~ 7440-22-4
Sodium (Na) 7440-23-5
Strontium (Sr) 7440-24-6

aThis method is not suitable for the determination of silica in solids.
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Chemical Abstract Services
Analyte Registry Number (CASRN)

Thallium (Tl) 7440-28-0
Thorium (Th) 7440-29-1
Tin (Sn) 7440-31-5
Uranium (L~ 7440-61-1
Vanadium (V~ 7440-62-2
Zinc (Zn) 7440-66-6

1.2 For reference where this method is approved for use in compliance monitoring
programs [e.g., Clean Water Act (NPDES) or Safe Drinking Water Act
(SDWA) ] consult both the appropriate sections of the Code of Federal
Regulation (40 CFR Part 136 Table 1B for NPDES, and Part 141 § 141.23 for
drinking water), and the latest Federal Register announcements.

1.3 Samples prepared by this method can be analyzed by the following methods
given in this supplement: Method 200.7, Determination of Metals and Trace
Elements by Inductively Coupled Plasma-Atomic Emission Spectrometry;
Method 200.8, Determination of Trace Elements By Inductively Coupled
Plasma-Mass Spectrometry; and Method 200.9, Determination of Trace
Elements by Stabilized Temperature Graphite Furnace Atomic Absorption
Spectrometry. Also, this method can be used prior to analysis by direct
aspiration flame atomic absorption for the above list of analytes with the
exception of the following: As, B, Hg, P, Se, SiOZ, Th, and U.

1.4 The preparation procedures described in this method are not recommended
prior to analysis by the conventional graphite furnace technique, commonly
refered to as "off-the-wall", non-platform or non-delayed atomization. It is
believed that the resulting chloride concentration in the prepared solutions can
cause either analyte volatilization loss prior to atomization or an unremediable
chemical vapor state interference for some analytes when analyzed using the
conventional graphite furnace technique.

1.5 This method is suitable for preparation of aqueous samples containing silver
concentrations up to 0.1 mg/L. For the analysis of wastewater samples
containing higher concentrations of silver, succeeding smaller volume, well
mixed aliquots must be prepared until the analysis solution contains <0.1
mg/L silver. The extraction of solid samples containing concentrations of
silver >50 mg/kg should be treated in a similar manner. Also, the extraction
of tin from solid samples should be prepared again using aliquots <1 g when
determined sample concentrations exceed 1%.

1.6 When using this method for determination of boron and silica in aqueous
samples, only plastic or quartz labware should be used from the time of
sample collection to the completion of the analysis. For accurate
determinations of boron in solid samples only quartz or PTFE beakers should

200.2-3



be used during acid extraction with immediate transfer of an extract aliquot to
a plastic centrifuge tube following dilution of the extract to volume. When
possible, borosilicate glass should be avoided to prevent contamination of
these analytes.

1.7 This method will solubilize and hold in solution only minimal concentrations
of barium in the presence of free sulfate. For the analysis of barium in
samples having varying and unknown concentrations of sulfate, analysis
should be completed as soon as possible after sample preparation.

1.8 This method is not suitable for the determination of volatile low boiling point
organo-mercury compounds.

2.0 SUMMARY OF METHOD

2.1 Solid and aqueous samples are prepared in a similar manner for analysis.
Nitric and hydochloric acids are dispensed into a beaker containing an
accurately weighed or measured, well mixed, homogeneous aqueous or solid
sample. Aqueous samples are first reduced in volume by gentle heating.
Then, metals and toxic elements are extracted from either solid samples or the
undissolved portion of aqueous samples by covering the beaker with a watch
glass and refluxing the sample in the dilute acid mixture for 30 minutes. After
extraction, the solubilzed analytes are diluted to specified volumes with ASTM
Type I water, mixed and either centrifuged or allowed to settle overnight
before analysis. Diluted samples are to be analyzed by the appropriate mass
and/or atomic spectrometry methods as soon as possible after preparation.

3.0 DEFINITIONS

3.1 Field Reagent Blank (FRB) - An aliquot of reagent water or other blank matrix
that is placed in a sample container in the laboratory and treated as a sample
in all respects, including shipment to the sampling site, exposure to the
sampling site conditions, storage, preservation, and all analytical procedures.
The purpose of the FRB is to determine if method analytes or other
interferences are present in the field environment (Section 8.3).

3.2 Solid Sample -For the purpose of this method, a sample taken from material
classified as either soil, sediment or sludge.

3.3 Total Recoverable Analyte -The concentration of analyte determined to be in
either a solid sample or an unfiltered aqueous sample following treatment by
refluxing with hot dilute mineral acid.

3.4 Water Sample -For the purpose of this method, a sample taken from one of
the following sources: drinking, surface, ground, storm runoff, industrial or
domestic wastewater.

~III~~



4.0 INTERFERENCES

4.1 In sample preparation, contamination is of prime concern. The work area,
including bench top and fume hood, should be periodically cleaned in order to
eliminate environmental contamination.

4.2 Chemical interferences are matrix dependent and cannot be documented
previous to analysis.

4.3 Boron and silica from the glassware will grow into the sample solution during
and following sample processing. For critical determinations of boron and
silica, only quartz and/or PTFE plastic labware should be used. When quartz
beakers are not available for extraction of solid samples, to reduce boron
contamination, immediately transfer an aliquot of the diluted extract to a
plastic centrifuge tube for storage until time of analysis. A series of laboratory
reagent blanks can be used to monitor and indicate the contamination effect.

5.0 SAFETY

5.1 All personnel handling environmental samples known to contain or to have
been in contact with human waste should be immunized against known
disease causative agents.

5.2 The acidification of samples containing reactive materials may result in the
release of toxic gases, such as cyanides or sulfides. Acidification of samples
should be done in a fume hood.

5.3 Material safety data sheets for all chemical reagents should be available to and
understood by all personnel using this method. Specifically, concentrated
hydrochloric acid and concentrated nitric acid are moderately toxic and
extremely irritating to skin and mucus membranes. Use these reagents in a
hood whenever possible and if eye or skin contact occurs, flush with large
volumes of water. Always wear safety glasses or a shield for eye protection
when working with these reagents.Z'3,4

6.0 EQUIPMENT AND SUPPLIES

6.1 Analytical balance, with capability to measure to 0.1 mg, for use in weighing
solids, and for determining dissolved solids in extracts.

6.2 Single pan balance, with capability of weighing to 0.01 g, for use in rapid
weighing solids and liquids or samples in excess of 10 g.

6.3 A temperature adjustable hot plate capable of maintaining a temperature of
95°C.

6.4 (Optional) A temperature adjustable block digester capable of maintaining a
temperature of 95°C and equipped with 250 mL constricted digestion tubes.
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6.5 (Optional) A steel cabinet centrifuge with guard bowl, electric timer and
brake.

6.6 A gravity convection drying oven with thermostatic control capable of
maintaining 180°C ± 5°C.

6.7 (Optional) An air displacement pipetter capable of delivering volumes ranging
from 0.1 to 2500 µL with an assortment of high quality disposable pipet tips.

6.8 Mortar and pestle, ceramic or nonmetallic material.

6.9 Polypropylene sieve, 5-mesh (4 mm openin~ .

6.10 Labware -For determination of trace levels of elements, contamination and
loss are of prime consideration. Potential contamination sources include
improperly cleaned laboratory apparatus and general contamination within the
laboratory environment from dust, etc. A clean laboratory work area
designated for trace element sample handling must be used. Sample
containers can introduce positive and negative errors in the determination of
trace elements by (1) contributing contaminants through surface desorption or
leaching, (2) depleting element concentrations through adsorption processes.
All reusable labware (glass, quartz, polyethylene, PTFE, FEP, etc.) should be
sufficiently clean for the task objectives. Several procedures found to provide
clean labware include soaking overnight and thoroughly washing with
laboratory-grade detergent and water, rinsing with tap water, and soaking for
four hours or more in 20% (V/~ nitric acid or a mixture of dilute nitric and
hydrochloric acid (1+2+9), followed by rinsing with ASTM Type I grade water
and storing clean.

Note: Chromic acid must not be used for cleaning glassware.

6.10.1 Glassware -Volumetric flasks, graduated cylinders, funnels and
centrifuge tubes (glass and/or metal free plastic).

6.10.2 Assorted calibrated pipettes.

6.10.3 Conical Phillips beakers (Corning 1080-250 or equivalent), 250 mL with
50 mm watch glasses.

6.10.4 Griffin beakers, 250 mL with 75 mm watch glasses and (optional) 75
mm ribbed watch glasses.

6.10.5 (Optional) PTFE and/or quartz beakers, 250 mL with PTFE covers.

6.10.6 Evaporating dishes or high-form crucibles, porcelain, 100 mL capacity.

6.10.7 Wash bottle -One piece stem, Teflon FEP bottle with Tefzel ETFE screw
closure, 125 mL capacity.
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7.0 REAGENTS AND STANDARDS

7.1 Reagents may contain elemental impurities which might affect analytical data.
High-purity reagents should be used whenever possible. All acids used for
this method must be of ultra high-purity grade.

7.1.1 Nitric acid, concentrated (sp.gr. 1.41).

7.1.2 Nitric acid (1+1) -- Add 500 mL conc. nitric acid to 400 mL of ASTM
Type I water and dilute to 1 L.

7.1.3 Hydrochloric acid, concentrated (sp.gr. 1.19).

7.1.4 Hydrochloric acid (1+1) -- Add 500 mL conc. hydrochloric acid to 400
mL of ASTM Type I water and dilute to 1 L.

7.1.5 Hydrochloric acid (1+4) -- Add 200 mL conc. hydrochloric acid to 400
mL of ASTM Type I water and dilute to 1 L.

7.2 Reagent water -- For all sample preparation and dilutions, ASTM Type I water
(ASTM D 1193) 5 is required. Suitable water may be prepared by passing
distilled water through a mixed bed of anion and cation exchange resins.

7.3 Refer to the appropriate analytical method for the preparation of standard
stock solutions, calibration standards, and quality control solutions.

8.0 SAMPLE COLLECTION, PRESERVATION, AND STORAGE

8.1 For determination of total recoverable elements in aqueous samples, the
samples must be acid preserved prior to aliquoting for either sample
processing or determination by direct spectrochemical analysis. For proper
preservation samples are not filtered, but acidified with (1+1) nitric acid to pH
<2. Preservation may be done at the time of sample collection, however, to
avoid the hazards of strong acids in the field, transport restrictions, and
possible contamination it is recommended that the samples be returned to the
laboratory within two weeks of collection and acid preserved upon receipt in
the laboratory. Following acidification, the sample should be mixed and held
for 16 hours. (Normally, 3 mL of (1+1) nitric acid per liter of sample is
sufficient for most ambient and drinking water samples). The pH of all
aqueous samples must be tested immediately prior to withdrawing an aliquot
for processing to ensure the sample has been properly preserved. If for some
reason such as high alkalinity the sample pH is verified to be >2, more acid
must be added and the sample held for 16 hours until verified to be pH <2. If
properly acid preserved, the sample can be held up to six months before
analysis.
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Note: When the nature of the sample is either unknown or is known to be
hazardous, acidification should be done in a fume hood. See Section
5.2.

8.2 Solid samples require no preservation prior to analysis other than storage at
4°C. There is no established holding time limitation for solid samples.

8.3 For aqueous samples, a field blank should be prepared and analyzed as
required by the data user. Use the same container and acid as used in sample
collection.

9.0 QUALITY CONTROL

9.1 Each laboratory determining total recoverable elements is required to operate a
formal quality control (QC) program. The minimum requirements of a QC
program consist of an initial demonstration of laboratory capability, and the
analysis of laboratory reagent blanks, fortified blanks and quality control
samples as a continuing check on performance. The laboratory is required to
maintain performance records that define the quality of data generated.

9.2 Specific instructions on accomplishing the described aspects of the QC
program are discussed in the analytical methods (Section 1.3) .

10. CALIBRATION AND STANDARDIZATION

10.1 Not applicable. Follow instructions given in the analytical method selected.

11.0 PROCEDURE

11.1 Aqueous Sample Preparation -- Total Recoverable Analytes

11.1.1 For the determination of total recoverable analytes in aqueous samples,
transfer a 100 mL (tl mL) aliquot from a well mixed, acid preserved
sample to a 250 mL Griffin beaker (Sections 1.2, 1.5, 1.6, 1.7, and 1.8).
(When necessary, smaller sample aliquot volumes may be used.)

Note: If the sample contains undissolved solids >1°/o, a well mixed,
acid preserved aliquot containing no more than 1 g particulate material
should be cautiously evaporated to near 10 mL and extracted using the
acid-mixture procedure described in Sections 11.2.3 through 11.2.8.

11.1.2 Add 2 mL (1+1) nitric acid and 1.0 mL of (1+1) hydrochloric acid to the
beaker containing the measured volume of sample. Place the beaker on
the hot plate for solution evaporation. The hot plate should be located
in a fume hood and previously adjusted to provide evaporation at a
temperature of approximately but no higher than 85°C. (See the
following note.) The beaker should be covered with an elevated watch
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glass or other necessary steps should be taken to prevent sample
contamination from the fume hood environment.

Note: For proper heating adjust the temperature control of the hot
plate such that an uncovered Griffin beaker containing 50 mL of water
placed in the center of the hot plate can be maintained at a temperature
approximately but no higher than 85°C. (Once the beaker is covered
with a watch glass the temperature of the water will rise to
approximately 95°C.)

11.1.3 Reduce the volume of the sample aliquot to about 20 mL by gentle
heating at 85°C. DO NOT BOIL. This step takes about two hours for a
100 mL aliquot with the rate of evaporation rapidly increasing as the
sample volume approaches 20 mL. (A spare beaker containing 20 mL
of water can be used as a gauge.)

11.1.4 Cover the lip of the beaker with a watch glass to reduce additional
evaporation and gently reflux the sample for 30 minutes. (Slight
boiling may occur, but vigorous boiling must be avoided to prevent
loss of the HCl-HZO azeotrope.)

11.1.5 Allow the beaker to cool. Quantitatively transfer the sample solution to
a 50 mL volumetric flask, make to volume with reagent water, stopper
and mix.

11.1.6 Allow any undissolved material to settle overnight, or centrifuge a
portion of the prepared sample until clear. (If after centrifuging or
standing overnight the sample contains suspended solids that would
clog the nebulizer, a portion of the sample may be filtered for their
removal prior to analysis. However, care should be exercised to avoid
potential contamination from filtration.) The sample is now ready for
analysis by either inductively coupled plasma-atomic emission
spectrometry or direct aspiration flame and stabilized temperature
graphite furnace atomic absorption spectroscopy (Sections 1.3 and 1.4) .

11.1.7 To ready the sample for analyses by inductively coupled plasma-mass
spectrometry (Section 1.3), adjust the chloride concentration by
pipetting 20 mL of the prepared solution into a 50 mL volumetric flask,
dilute to volume with reagent water and mix. (If the dissolved solids
in this solution are >0.2%, additional dilution may be required to
prevent clogging of the extraction and/or skimmer cones. Internal
standards are added at the time of analysis.)

11.1.8 Because the effects of various matrices on the stability of diluted
samples cannot be characterized, all analyses should be performed as
soon as possible after the completed preparation.

11.2 Solid Sample Preparation -- Total Recoverable Analytes
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11.2.1 For the determination of total recoverable analytes in solid samples,
mix the sample thoroughly and transfer a portion (>20 ~ to tared
weighing dish, weigh the sample and record the wet weight. (For
samples with <35% moisture a 20 g portion is sufficient. For samples
with moisture >35% a larger aliquot 50-100 g is required.) Dry the
sample to a constant weight at 60°C and record the dry weight for
calculation of percent solids (Section 12.1). (The sample is dried at 60°C
to prevent the loss of mercury and other possible volatile metallic
compounds, to facilitate sieving, and to ready the sample for grinding.)

11.2.2 To achieve homogeneity, sieve the dried sample using a 5-mesh
polypropylene sieve and grind in a mortar and pestle. (The sieve,
mortar and pestle should be cleaned between samples.) From the
dried, ground material weigh accurately a representative 1.0 t 0.01 g
aliquot (V~ of the sample and transfer to a 250 mL Phillips beaker for
acid extraction (Sections 1.5, 1.6, 1.7, and 1.8).

11.2.3 To the beaker add 4 mL of (1+1).HNO3 and 10 mL of (1+4) HCI. Cover
the lip of the beaker with a watch glass. Place the beaker on a hot
plate for reflux extraction of the analytes. The hot plate should be
located in a fume hood and previously adjusted to provide a reflux
temperature of approximately 95°C. (See the following note.)

Note: For proper heating adjust the temperature control of the hot
plate such that an uncovered Griffin beaker containing 50 mL of water
placed in the center of the hot plate can be maintained at a temperature
approximately but no higher than 85°C. (Once the beaker is covered
with a watch glass the temperature of the water will rise to
approximately 95°C.) Also, a block digester capable of maintaining a
temperature of 95°C and equipped with 250 mL constricted volumetric
digestion tubes may be substituted for the hot plate and conical beakers
in the extraction step.

11.2.4 Heat the sample and gently reflux for 30 minutes. Very slight boiling
may occur, however vigorous boiling must be avoided to prevent loss
of the HCl-HZO azeotrope. Some solution evaporation will occur (3-4
mL) .

11.2.5 Allow the sample to cool and quantitatively transfer the extract to a
100 mL volumetric flask. Dilute to volume with reagent water, stopper
and mix.

11.2.6 Allow the sample extract solution to stand overnight to separate
insoluble material or centrifuge a portion of the sample solution until
clear. (If after centrifuging or standing overnight the extract solution
contains suspended solids that would clog the nebulizer, a portion of
the extract solution may be filtered for their removal prior to analysis.
However, care should be exercised to avoid potential contamination
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from filtration.) The sample is now ready for analysis by either
inductively coupled plasma-atomic emission spectrometry or direct
aspiration flame and stabilized temperature graphite furnace atomic
absorption spectroscopy (Sections 1.3 and 1.4) .

11.2.7 To ready the sample for analyses by inductively coupled plasma-mass
spectrometry (Section 1.3), adjust the chloride concentration by
pipetting 10 mL of the prepared solution into a 50 mL volumetric flask,
dilute to volume with reagent water and mix. (If the dissolved solids
in this solution are >0.2%, additional dilution may be required to
prevent clogging of the extraction and/or skimmer cones. Internal
standards are added at the time of analysis.)

11.2.8 Because the effects of various matrices on the stability of diluted
samples cannot be characterized, all analyses should be performed as
soon as possible after the completed preparation.

11.3 Sample Analysis -- Use an analytical method listed in Section 1.3.

12.0 DATA ANALYSIS AND CALCULATIONS

12.1 To report percent solids in solid samples (Section 11.2) calculate as follows:

solids (S) = Dw x 10
VVVV

where:
DW = Sample weight (~ dried at 60°C
WW =Sample weight (~ before drying

Note: If the data user, program or laboratory requires that the reported
percent solids be determined by drying at 105°C, repeat the procedure given in
Section 11.2.1 using a separate portion (>20 ~ of the sample and dry to
constant weight at 103-105°C.

12.2 Calculation and treatment of determined analyte data are discussed in
analytical methods listed in Section 1.3.

13.0 METHOD PERFORMANCE

13.1 Not applicable. Available data included in analytical methods listed in
Section 1.3.

14.0 POLLUTION PREVENTION
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14.1 Pollution prevention encompasses any technique that reduces or eliminates the
quantity or toxicity of waste at the point of generation. Numerous
opportunities for pollution prevention exist in laboratory operation. The EPA
has established a preferred hierarchy of environmental management techniques
that places pollution prevention as the management option of first choice.
Whenever feasible, laboratory personnel should use pollution prevention
techniques to address their waste generation. When wastes cannot be feasibly
reduced at the source, the Agency recommends recycling as the next best
option.

14.2 For information about pollution prevention that may be applicable to
laboratories and research institutions, consult "Less is Better: Laboratory
Chemical Management for Waste Reduction", available from the American
Chemical Society's Department of Government Relations and Science Policy,
1155 16th Street N.W., Washington D.C. 20036, (202)872-4477.

15.0 WASTE MANAGEMENT

15.1 The Environmental Protection Agency requires that laboratory waste
management practices be conducted consistent with all applicable rules and
regulations. The Agency urges laboratories to protect the air, water, and land
by minimizing and controlling all releases from hoods and bench operations,
complying with the letter and spirit of any sewer discharge permits and
regulations, and by complying with all solid and hazardous waste regulations,
particularly the hazardous waste identification rules and land disposal
restrictions. For further information on waste management consult "The Waste
Management Manual for Laboratory Personnel", available from the American
Chemical Society at the address listed in the Section 14.2.

16.0 REFERENCES

1. Martin, T.D. and E.R. Martin, "Evaluation of Method 200.2 Sample Preparation
Procedure for Spectrochemical Analyses of Total Recoverable Elements",
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"Proposed OSHA Safety and Health Standards, Laboratories", Occupational
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Metais
Revision Date: Nov 6, 2015

1.2.1 Strong Acid Leachable Metals (BALM) in Soil -Prescriptive

Parameters Metals in Soil and Sediment.

Parameter List
~ EMS Codes

This method is applicable to the following parameters:

Parameter
C de

Parameter
C de

Parameter C de
Aluminum AL-T Iron FE-T Silver AG-T
Antimon SB-T Lead PB-T Sodium NA-T
Arsenic AS-T Lithium LI-T Strontium SR-T
Barium BA-T Ma nesium MG-T Sulfur S-T
Be Ilium BE-T Man anese MN-T Thallium TL-T
Boron B-T Mercu HG-T Thorium TH-T
Cadmium CD-T Mol bdenum MO-T Tin SN-T
Calcium CA-T Nickel NI-T Titanium TI-T
Chromium CR-T Phos horus P-T Uranium U-T
Cobalt CO-T Potassium K-T Vanadium V-T
Co er CU-T Selenium SE-T Zinc ZN-T

Other metals may be analyzed by this method if acceptable performance is
demonstrated and validated. This method is not suitable for the determination of
silica or silicon.

Analytical Method Nitric —Hydrochloric acid digestion, Instrumental analysis.

Introduction This revised method was prepared for BC MOE by the BCELTAC to provide
improved consistency of results for metals in soil, in support of the Waste
Management Act, Contaminated Sites Regulation (CSR). All definitive elements of
the method have been prescribed to minimize inter-laboratory variability,
particularly for incompletely recovered elements like barium.

The BC CSR includes Water and Soil as matrix types, but Soil is only broadly
defined (CSR, section 1). Carter's definition of Soil (Reference: Carter) as being
"less than 2 mm" material is used for this method.

This method may also be used for marine and freshwater sediment applications,
where sediment is defined as being "less than 63 Nm" material. However, by
default, laboratories are instructed to apply the method on the "less than 2 mm"
fraction, except by special request.

This method uses a mixture of nitric acid, hydrochloric acid, and de-ionized water,
with a standardized digestion time and temperature. Laboratories are allowed
some flexibility regarding apparatus and heating methods, but variations in acid
mixture composition, digestion time, or digestion temperature are not permitted.

Method Summary Samples are dried at <_ 60°C, sieved, and digested with a mixture of nitric acid,
hydrochloric acid, and de-ionized water. Instrumental analysis of sample extracts
can be performed by a variety of analytical methods.

This method provides the sample preparation procedure for the analysis of Total
Metals, as referenced within the BC CSR. Total Metals does not imply a complete
dissolution of silicate materials, as would occur with digestions using perchloric and
hydrofluoric acids. The strong acid leach prescribed by this method is intended to
dissolve those metals that may be environmentally available. The method achieves



near complete recoveries of some important metals, but many others are only
partially recovered (see Table 1 for examples). Metals not dissolved with this
method are unlikely to be of environmental consequence.

This method is prescriptive. It must be followed exactly as described. Where minor
deviations are permitted, this is indicated in the text. All results must be reported
on a dry weight basis.

Method Limitations This method does not dissolve all silicate materials and may result in a partial
extraction, depending on the sample matrix, for some metals, including, but not
limited to aluminum, barium, beryllium, chromium, strontium, titanium, thallium, and
vanadium.

Unpublished studies by some BC laboratories have shown that dissolved antimony
and tin may re-sorb to undigested solids over time after the sample extract has
been diluted. Once the solids have been removed from the sample extract,
antimony and tin are more stable.

This method is suitable for the digestion of samples with silver concentrations of up
to 0.5 mg/L in the sample extract after dilution to final volume, which is equivalent
to 50 mg/kg in soils, based on a one gram sample size and 100 mL final volume
(Reference: US EPA 200.2).

This method is suitable for digesting samples with tin concentrations of up to 100
mg/L in the sample extract after dilution to final volume, which is equivalent to 1%
in soils, using a one gram sample size and 100 mL final volume (Reference: US
EPA 200.2).

The solubility and stability of barium is limited in the presence of free sulfate using
this method (Reference: US EPA 200.2).

Matrix Soil and sediment

Interferences and The interferences encountered will differ depending on the instrumental method
Precautions used to analyze the sample extracts. These interferences should be clearly

outlined and controlled in the analysis procedure. High concentrations of acids may
cause physical interferences with some instrumental techniques.

Sampling, Sampling should be done by qualified personnel. Samples must be collected and
Handling, 8~ stored such that degradation or alteration of the sample is minimized. Collect the
Preservation sample in a clean polyethylene or glass container, and tightly cap immediately after

sampling.

Preservation: None

Stability Holding Time:
Metals (except Mercury): 180 days
Mercury: 28 days

When tin and antimony analyses are required, the sample extracts must be
separated from the undigested solids within 4 hours of diluting to final volume. The
decanted or filtered sample extract must be analyzed within 7 days.

Results reported for samples digested beyond holding times must be qualified.

Storage: No requirement for storage temperature. Ambient storage temperature
conditions are suitable.



Equipment and 1. Heating source (e.g. block digester, hotplate, water bath) capable of
Supplies maintaining a sample extract temperature of 95 t 5°C.

2. Balance, minimum 3 place.
3. Drying oven (not required).
4. Sieve, 2 mm (ASTM-E11 Sieve No. 10, US Sieve No. 10, Tyler 9 Mesh) or

Sieve, 63 Nm (ASTM-E11 Sieve No. 230, US Sieve No. 230, Tyler 250
Mesh). It is recommended that a stainless steel screen/sieve with all tin
solder be used. Sieves must not be constructed of brass or contain lead
solder. Polypropylene or nylon sieves may also be used.

5. Acid dispensers.
6. Vapor refluxing cover to fit digestion vessel (e.g. reflux cover, watch glass

etc.).
7. Digestion vessels (e.g. block digester tube, beaker, flask, etc.).
8. Gloves.
9. Spatula.

Reagents 1. Nitric acid (HNOs) conc. (67 - 70%), reagent grade minimum.
2. Nitric acid (1+1) —add 500 mL concentrated HNOs to 400 mL de-ionized

water and dilute to 1 L.
3. Hydrochloric acid (HCI) conc. (34 - 37°/o), reagent grade minimum.
4. Hydrochloric acid (1+1) —add 500 mL concentrated HCI to 400 mL de-ionized

water and dilute to 1 L.
5. Water, de-ionized (ASTM Type I or equivalent recommended).

Safety Nitric and hydrochloric acid must not be premixed; they should be added
individually to each sample vessel. Mixtures of nitric and hydrochloric acid must
not be stored in closed containers.

Wear appropriate PPE (Personal Protective Equipment) including lab coat,
gloves, and safety glasses. Add acids to samples and perform digestions under a
fume hood.

Procedure Samples are prepared and digested using the following procedures:

Samale Homoctenization and Sub-Samalin

1. Inspect the sample and record any unusual or significant characteristics (e.g.
lead shot pellets, metal turnings, nails, shells, etc).

2. Remove any obviously foreign material such as vegetation.

3. If the sample has separated into visually discrete layers (e.g. aqueous, organic,
and sediment phases), the entire sample must be homogenized prior to sub-
sampling. The aqueous phase must not be decanted.

Note: Special project requirements may involve alternative procedures such as
decanting of the aqueous fraction. Indicate any departures or deviations from
the prescribed method with a qualifying statement in the laboratory report.

4. Homogenize the entire sample by vigorous stirring using a spatula. If it is not
possible to homogenize the sample in the container it was received in, the
sample can be transferred to a larger container prior to homogenization. Clean
the spatula and mixing container between samples.

5. Where moisture determination is required, a separate sub-sample must be
taken prior to drying and sieving.



Sample Preparation — Dryinq

1. Dry the sample to a constant weight at a temperature of <_ 60°C. Freeze drying
is acceptable.

Note: Sample drying temperature must not exceed 60°C to minimize
volatilization of analytes such as mercury (Reference: US EPA 200.2).

2. Alternatively, moist or wet samples may be wet-sieved. If a sample is sieved
when moist, a moisture determination must be done on the sieved portion (not
on the "as received" sample) in order to convert results to dry weight.

Sample Preparation —Sieving

Sieve each sample through a 2 mm sieve. By special request, some sediment
applications may require the use of a 63 Nm sieve. If a 63 Nm sieve is used,
this must be indicated on the laboratory report. DO NOT pulverize samples to
pass through either sieve type. Easily friable materials (dried clay clods,
disintegrating rock, etc.) should be disaggregated prior to screening. Where
necessary, non-pulverizing disaggregating tools like rolling mills, mortar and
pestle, or flail grinders may be used.

2. Where available, it is recommended that a minimum of 25 grams of sample is
sieved to ensure representative sub-sampling for the digestion stage.

3. Discard the portion of sample that did not pass through the sieve.

4. Field sampling personnel may pre-screen the samples in the field.

Sample Preparation - Digestion

1. Weigh 1.0 t 0.1 g (dry weight) of sample into a digestion vessel, which must
be fitted with a cap that supports open vessel reflux action (e.g. hotblock
digestion tube, beaker, or Erlenmeyer flask with watch glass). At minimum,
include Method Blanks, Lab Duplicates, and Reference Materials with each
batch of samples. Laboratory Control Samples are also recommended.
Weights must be recorded using a minimum 3 place balance.

Note: In cases where one gram of sieved sample is not available, perform the
analysis as described, and qualify the results (results for poorly recovered
metals like Barium may be increased).

2. Add 5 t 0.2 mL de-ionized water, 2.5 t 0.2 mL concentrated HNOs, and 2.5 t
0.2 mL concentrated HCI. Alternatively, add 5.0 t 0.2 mL of HNOs (1+1) and
5.0 t 0.2 mL of HCI (1+1).

3. Add a reflux cap to the top of the digestion vessel. Swirl acid and sample to
mix gently. It is permitted to allow samples to cold digest prior to heating to
reduce any potential effervescence from reactive samples.

4. Digest samples for 2 hours t 15 minutes at a temperature of 95 ± 5°C at
atmospheric pressure. A digestion block or waterbath are the preferred
methods of heating. The heat for digestion must maintain the sample extract
temperature at 95 t 5°C. This refers to the temperature of the sample extract
in a digestion vessel covered with a reflux cap, not the temperature setting on
the heating source, and not the temperature of an uncovered digestion vessel.



It is recommended that the sample extract temperature be monitored and
recorded with each batch.

Quality Control

5. Allow the sample to cool and dilute the entire sample with de-ionized water to
the volume required for the analysis. The dilution volume will depend on the
analytical method and objectives. Typical final dilution volumes will be 25 mL,
50 mL, or 100 mL. Include all undigested solid material as part of the final
diluted volume. Sample extracts should not be stored in glass.

6. When tin and antimony analyses are required, sample extracts must be
separated from the undigested solids within 4 hours of diluting to final volume.
The decanted or filtered sample extract must be analyzed within 7 days. These
steps are necessary to minimize tin and antimony losses due to re-sorption.

7. Analyze the final extract using appropriate analytical methods and report the
results on a dry weight basis.

8. Report any anomalies observed during the digestion and analysis.

Summary of QC Requirements

Method QC Minimum Frequency Minimum Data Quality
Com onent Ob'ectives*
Method Blank 1 per batch Less than reported DL

max 20 sam les
Reference Material 1 per batch 70 - 130% of the laboratory's

(max 20 samples) long term mean value (see
validation section for

additional re uirements
Laboratory Control 1 per batch 80 - 120%
Sample (recommended) (recommended)
recommended
Lab Duplicates 1 per batch <_ 30% RPD for all metals

(max 20 samples) except those indicated below

<_ 40% RPD (Ag, AI, Ba, Hg,
K, Mo, Na, Pb, Sn, Sr, Ti

Field Duplicates Recommended None Specified

Minimum DQOs apply to individual QC samples, not averages, and only at levels above
10x MDL. Laboratories must report qualified data when DQOs are not met.

QC Details Reference Material requirements: Any suitable RM (including in-house RMs) may
be utilized for this method for routine Quality Control purposes, but the RMs listed
below under validation requirements are recommended. RMs provide QC data that
includes digestion elements of the method and which is representative of method
performance for typical samples.

Laboratory Control Sample: Recommended 1 per batch. An LCS for this method
is a spiked Method Blank (no blank matrix exists for metals in soils). An LCS has
more precisely defined targets than soil RMs, can cover all parameters reported by
the method, and allows for better and more precise Quality Control of basic elements
of the method (e.g. volumetric precision and controls and instrumental analysis).



Method Validation Initial Method Validation requirements as outlined below must be completed before
Requirements this method may be used to generate results for unknown samples. The method

must be re-evaluated periodically (every two years is recommended as a suitable
frequency). Prepared validation samples must be analyzed by all instrument
methods used for routine analysis.

Demonstration of Accuracy and Precision
Prepare and analyze at least 8 replicates of at least two of the following Certified
Reference Materials:

- NRC PACS-2
- CCRMP TILL-1
- CCRMP TILL-3
- SCP Science SS-2

Where the above RMs are utilized for routine QC purposes, re-validations should be
conducted using all routine QC data available for the review period.

Accuracy is measured as Percent Recovery versus the Interim Targets outlined in
Table 1. For each metal, average accuracy must be within 70-130% of the Interim
Targets, for results >_ 5 times the Reported Detection Limit. Precision must be <15°/o
RSD for results >_ 5 times the Reported Detection Limit.

The Interim SALM Targets and DQOs may be re-assessed in the future if RMs
become unavailable or if otherwise required.

References US EPA Method 200.2, Sample Preparation Procedure for Spectrochemical
Determination of Total Recoverable Elements, National Exposure Research
Laboratory, Office of Water, US EPA, Cincinnati, OH, October 1999.

Soil Sampling and Methods of Analysis, Carter, M.R., editor, for Canadian
Society of Soil Science, Lewis Publishers, 1993.

Revision History Nov 6, 2015 Changed storage temperatures to be consistent with current BC
MOE requirements. Removed requirement for minimum one hour
cold digestion (not necessary with version 2 of SALM method).
Added LCS to QC and Procedure sections (recommended).
Removed unnecessary references.

July 7, 2009 Version 2 of BC SALM Method for 2009 BC Lab Manual. Method
revised from performance based to prescriptive. All key defining
elements of the method are now prescribed. New interim RM
targets assigned.

Feb 2001 Version one of BC SALM Method was introduced. Incorporated
into Lab Manual November 2002.



TABLE 1. Interim Target Values for Reference Materials using BC SALM~a~

Parameter CCRMP
TILL-1
Certified
("Total")

CCRMP
TILL-1
SALM
Interim
Target

CCRMP
TILL-3
Certified
("Total")

CCRMP
TILL-3
SALM
Interim
Target

NRC
PACS-2
Certified
("Total")

NRC
PACS-2
SALM
Irrterim
Target

SCP
Science
SS-2

EPA3050A
Digestion
Targets

SCP
Science
SS-2
SALM
Interim
Target

Aluminum - AI (%) 7.25 1.82 6.45 1.15 6.62 1.75 1.33 1.37

Antimony - Sb (mg/kg) 7.8 6.27 0.9 0.724 11.3 7.3 - 4.16

Arsenic - As (mg/kg) 18 15.4 87 82.1 26.2 23.3 75 88.4

Barium - Ba (mg/kg) 702 80.6 489 40 - 294 215 224

Beryllium - Be (mg/kg) 2.4 0.544 2.0 0.369 1.0 0.408 -

Boron - B (mg/kg) - - - - - 38.1 - -

Cadmium - Cd (mg/kg) < O.Z~b) - < O.Z~b) - Z.~ ~ 1.98 - 2.2

Calcium - Ca (%) 1.94 0.332 1.88 0.517 1.96 0.779 11.3 12.3

Chromium - Cr (mg/kg) 65 27.2 123 63.1 90.7 48.1 34 34.6

Cobalt - Co (mg/kg) 18 12.5 15 10.4 11.5 8.75 12 13.1

Copper - Cu (mg/kg) 47 44.9 22 19.8 310 297 191 211

Iron - Fe (%) 4.81 3.33 2.78 2.02 4.09 3.12 2.10 2.53

Lead - Pb (mg/kg) 22 14.4 26 17.3 183 167 126 132

Lithium - Li (mg/kg) 15 - 21 - 32.2 - 14 14.3

Magnesium - Mg (%) 1.30 0.583 1.03 0.609 1.47 0.99 1.11 1.24

Manganese - Mn (mg/kg) 1420 1100 520 315 440 253 457 511

Mercury - Hg (mg/kg) 0.092~b~ 0.098 0.107~b~ 0.11 3.04 2.88 - 0.33

Molybdenum - Mo (mg/kg) 2 0.738 2 0.619 5.43 4.57 - 2.94

Nickel - Ni (mg/kg) 24 17.4 39 31.7 39.5 31.6 54 63

Phosphorus - P (%) 0.0930 0.0796 0.0490 0.042 0.096 0.0838 0.0752 0.0832

Potassium - K (%) 1.84 0.0619 2.01 0.0965 1.24 0.323 0.342 0.342

Selenium - Se (mg/kg) - - - - 0.92 - - -

Silver - Ag (mg/kg) 0.2~b~ - 1.6~D~ 1.75 1.22 - - 1.1

Sodium - Na (%) 2.01 0.0340 1.96 0.027 3.45 1.86 0.0558 -

Strontium - Sr (mg/kg) 291 11.6 300 20.3 276 68 214 232

Sulfur - S (%) < 0.05 - < 0.05 - 1.29 1.22 - -

Thallium - TI (mg/kg) - - - - 0.6~`~ - - 0.38

Thorium - Th (mg/kg) 5.6 - 4.6 - - - - -

Tin - Sn (mg/kg) - - - - 19.8 19.1 - 0.74

Titanium - Ti (%) 0.599 0.0764 0.291 0.0645 0.443 0.09 0.0850 0.0969

Uranium - U (mg/kg) 2.2 - 2.1 - 3~`~ - - 1.34

Vanadium - V (mg/kg) 99 54.9 62 33.5 133 74.4 34 39.9

Zinc - Zn (mg/kg) 98 67.5 56 40.2 364 337 467 546

(a) Interim Targets from "Report on Results of 2007 Inter-laboratory Study to Re-establish Data Quality Objective for BCMOE Strong Acid Leachable
Metals (BALM) in Soil Method, Prepared for the BC Ministry of Environment, JRD Consulting Company, 2007 June 20. Interim Targets for SS-2 RM are
single lab values provided to BCLQAAC.
(b) Parameter not listed as "Total". Listed as "Summary of partial extraction elements concentrated HNOs -concentrated HCI".
(c) Parameter not certified, provided as informational value.



Methyl Mercury in Sediment
Method: Methyl mercury in Sediment

Sample Prep: Wet or Dry. Sieving or grinding as specified by client.

Extraction /Digestion: Distillation/Ethylation

Separation: Purge &Trap, GC

Detection: Cold-vapour atomic fluorescence spectrometry (CVAFS)

Detection limit: 200 mg wet sample: MDL 0.1ng/g and ML 0.4ng/g
50 mg dry sample: MDL 0.4ng/g and ML 1.3ng/g

Reference Method
The analytical methodology used is a modification of the draft EPA Method 1630 for the determination of methyl mercury in aqueous
samples. Adaptations have been made to the method for use of distillation based on peer-reviewed, published procedures for the determination
of CH3Hg (Horvat et all 1993) and work completed by the Florida Department of Environmental Protection Bureau of Laboratories (2011).

Sediment samples are first extracted by distillation. The non-volatile methyl mercury in a subsample of the distillate is converted to volatile
ethylmethyl mercury and purged with argon, collected on a Tenax adsorbant trap, and then thermally desorbed onto a GC column where the
ethylmethyl mercury is separated from several other volatile Hg species. The exiting species are sequentially reduced to Hg° while passing

through a pyrolytic furnace and finally they are detected by an atomic fluorescence detector (which is connected to an electronic integrator).

Extraction and Digestion
A subsample of wet or dry sediment is placed in a Teflon distillation vessel. After adding reagent water and an aliquot of KCl/HZSO4, the sample
is distilled. After distillation, a subsample is adjusted to ~pH 4.9 with a citrate or acetate buffer, a surrogate standard (n-propyl Hg) is added, and
the solution is ethylated in a closed purge vessel by the addition of sodium tetraethyl borate (NaBEt4).

Separation
The ethylated subsample is purged under Hg-free UHP Argon flow onto a Tenax trap. Following a brief drying period, the trap is desorbed once
again under Hg-free Ar flow. The various ethylated Hg species are swept through the GC column and are thereby separated.

Detection
As the various Hg species leave the column they pass through a pyrolyser, by which they are reduced to Hg° and are now visible to the atomic
fluorescence detector (CVAFS: cold-vapour atomic fluorescence spectrometer).

References
US EPA. "Method 1630: Methyl Mercury in Water by Distillation, Aqueous Ethylation, Purge and Trap, and CVAFS," EPA-821-R-01-020, 2001.

Horvat, M., Bloom, N., and Liang, L. 1993. Comparison of distillation with other current isolation methods for the determination of methyl

mercury compounds in low level environmental samples. Part 1. Sediments. Anal. Chim. Acta, 281: 135 - 152.

Horvat, M., Liang, L. and Bloom, N., 1993. Comparison of distillation with other current isolation methods for the determination of methyl

mercury compounds in low level environmental samples. Part II. Water. Anal. Chim. Acta, 282: 153 - 168.

Liang, L., Horvat, M., and Bloom, N.S., 1994. An improved speciation method for mercury by GC/CVAFS after aqueous phase ethylation and

room temperature precollection. Talanta. 41: 371 - 379.

C:\Users\jmacdonald\Documents\Client\MEthod Summaries\Methylmercury_soil.doc
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Available Metals in Soil and Sediment using Inductively

Coupled Plasma-Mass Spectrometry (ICP-MS)

Introduction

This method is applicable to the determination of metals in soil, sediment and sludge samples. An acid

digestion combined with hydrogen peroxide to break down any organo-metallic complexes is used. The

resulting solution is analysed for metals by Inductively Coupled Plasma-Mass Spectrometry (ICP-MS)

Results re expressed as mg/kg metal in solid sample.

This method is based on USEPA Method SW — 846 Method 30506 Acid Digestion of Sediments, Sludges

and Soils, 1996.

Principle

A representative (air dried and sieved), 0.5 g (dry weight) sample aliquot is digested in nitric acid and
hydrogen peroxide with a few drops of HCI at the end to aid in dissolution. The sample is then cooled,
made up to SO ml, centrifuged and/or filtered then diluted. The resulting solution is then analysed by
ICP/MS.

The most common sample introduction system used on ICP-MS consists of a nebulizer and spray

chamber. The nebulizer converts the liquid samples into aerosol. This sample aerosol is carried through

the spray chamber and into the injector that is the center channel of the torch and then into the plasma.

The plasma ionizes the elements present in the aerosol. The difference between the processes that

occur in the flame of AA, or plasma ICP-OES instruments and ICP-MS is that ICP-MS measures the ions

themselves and the other techniques measure light instead. These ions then pass through the interface

and the ion lens. After being focused by the ion lens, the ions are separated by their mass-to-charge

ratio in the mass spectrometer and measured by the detector. Once the detector measures the ions, the

computerized data system is used to convert the measured signal intensities into concentrations of each

element and generate a report of the results.

Using calibration curves for each element, the amount of each metal present in the digested sample is

determined and is used to calculate the metal content of the solid sample.

Measurement

An aliquot of soil is air dried and ground using a mortar and pestle and passed through a #100 sieve. A

0.5 g portion of the dried sieved sample is used for sample digestion and analysis. The following is a list

of typically reported metals and standard reporting limits for this analysis. Additional metals can be



Method S

reported on request. Lower RDL's are available for some metals. Contact your AGAT Representative for

additional information.

Element RDL
(mg/kg)

Element RDL
(mg/kg)

Aluminum 10 Lithium 5

Antimony 1 Manganese 2

Arsenic 1 Molybdenum 2

Barium 5 Nickel 2

Beryllium 2 Selenium 1

Boron 2 Silver 0.5

Cadmium 0.3 Strontium 5

Chromium 2 Thallium 0.1

Cobalt 1 Tin 2

Copper 2 Uranium 0.1

Iron 50 Vanadiuim 2

Lead 0.5 Zinc 5

Quality Control

The ICP-MS is with a series of standards containing all of the metals being reported. The metals

concentration determined in each of the digested samples is related to the amount in the original solid

sample. Results are expressed as mg/kg of each metal in the solid sample.

The test uses Method Blanks, Calibration Standards, Certified Reference Materials, Sample Spikes and

Duplicates in order to ensure method performance.
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Photo 2: Sample AP126A, black spruce/feathermoss forest,
19 cm horizon, collected 05/12/2016.

Photo 3: Sample BR102A, black spruce/feathermoss forest, 7 Photo 4: Sample CS79A, black spruce/feathermoss forest, 15
cm horizon, collected 05/12/2016. cm horizon, collected 05/12/2016.

Photo 1: Sample AC147A, black spruce/feathermoss, 14 cm

horizon, collected 01/12/2016.



Photo 6: Sample DP53A, black spruce/feathermoss forest, 10
cm horizon, collected 04/12/2016.

Photo 8: Sample DY47A, black spruce/feathermoss forest, S
cm horizon, collected on 04/12/2016.

Photo 5: Sample DP52A, black spruce/feathermoss forest, 8

cm horizon, collected 04/12/2016.

Photo 7: Sample DY36A, black spruce/feathermoss forest, 10

cm horizon, collected 04/12/2016.



Photo 9: Sample EE40A, black spruce/feathermoss forest, 4 Photo 10: Sample EJ19A, black spruce/feathermoss forest, 14
cm horizon, u

~ .~. 
ti:

Photo 12: Sample AX117A, black spruce/lichen woodland, 2
cm horizon, collected 05/12/2016.

Photo 11: Sample EK17A, black spruce/feathermoss forest, 8
cm horizon, collected 04/12/2016.



Photo 14: Sample DT41A, black spruce/lichen woodland, 5
cm horizon, collected 04/12/2016.

Photo 13: Sample BM121A, black spruce/lichen woodland, 8
cm horizon, collected 04.12.2016.

Photo 16: Sample DQSOA, black spruce/sphagnum
woodland, 8 cm horizon, collected 04/12/2016.

Photo 15: Sample K153A, black spruce/lichen woodland, 6
cm horizon, collected 01/12/2016.



Photo 17: Sample AW136A, fir-white spruce forest, 12 cm
horizon, collected 05/12/2016.

Photo 19: Sample AZ132A, fir-white spruce, 2 cm horizon,
collected 04/12/2016.

►~
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Photo 18: Sample AX134A, fir-white spruce forest, S cm
horizon, collected 04/12/2016.

Photo 20: Sample DV46A, fir-white spruce forest, 5 cm
horizon, collected 04/12/2016.



Photo 21: Sample W137A, hardwood forest, 20 cm horizon,
collected 03/12/2016.

~.

. ~,
.~~~

Photo 23: Sample AJ139A, mixed wood forest, S cm horizon,
collected 01/12/2016.

Photo 24: Sample BN117A, mixed wood forest, 6 cm horizon,
collected 05/12/2016.

Photo 22: Sample EK27A, hardwood forest, 9 cm horizon,
collected 04/12/16.
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PAGE 2 of 10

ALS ENVIRONMENTAL ANALYTICAL REPORT 17-MAY-1712:26(MT)

Version: FINAL

Sample ID L1900783-1 L1900783-2 L1900783-3 L1900783-4 L1900783-5

Description Soil Soil Soil Soil Soil

Sampled Date

Sampled Time

C~lent ~~ 
DM 46 A (A) AP 126 A DH 72 A EJ 19 A BN 117 A

Grouping Analyte
--- ------- ----------------------
SOIL

Physical Tests Moisture (%)

pH (1 :2 soil:water) (pH)

Organic / Total Organic Carbon (%)
~I Inorganic Carbon

Metals Mercury (Hg) (mg/kg)

41.7 61.6 66.1 67.2 74.9

5.48 3.37 4.69 3.94 4.49

5.73 40.1 29.9 44.0 42.5

0.0190 0.112 0.109 0.160 0.154
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ALS ENVIRONMENTAL ANALYTICAL REPORT 17-MAY-1712:26(M~

Version: FINAL

___ - __

Sample ID L1900783-6 L1900783-7

-
L1900783-8

-- — —
L19o0783-9 L1900783-10

Description Soil Soil Soil Soil soil

Sampled Date
Sampled Time

Client ID I DM 46 A (B) D 153 A P 152 A CG 83 A EE 40 A

Grouping Analyte

SOtL

Physical Tests Moisture (%)

pH (1 :2 soil:water) (pH)

Organic / Total Organic Carbon (%)
Inorganic Carbon

Metals Mercury (Hg) (mg/kg)

41.6 8.43 26.5 91.8 58.1

5.61 5.56 6.09 6.57 4.84

8.75 0.365 1.26 33.1 11.1

0.0213 <0.0050 0.0101 0.0470 0.104
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ALS ENVIRONMENTAL ANALYTICAL REPORT 17-MAY-1712:26 (M~

Version: FINAL

Sample ID L1900783-11 L1900783-12 L1900783-13 L1900783-14 L1900783-15

Description Soil Soil Soil Soil Soil

Sampled Date

Sampled Time ~

CII@nt ID ~ 132 A DY 36 A BB 122 A II 64 A AJ 139 A

Grouping Malyte
r----------._ .------ -------
SOIL

Physical Tests Moisture (%) gg g

pH (1 :2 soil:water) (pH) 3.55

Organic / Total Organic Carbon (%) 42 9
~~ Inorganic Carbon

Metals Mercury (Hg) (mg/kg) 0.130

51.5 60.4 24.9 77.1

4.02 3.43 4.10 3.74

12.2 15.3 9.29 39.0

0.111 0.0505 0.0249 0.0842
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ALS ENVIRONMENTAL ANALYTICAL REPORT 17-MAY-1712:26(MT)

Version: FINAL

Sample ID L19007a3-16 L1900783-17 L1900783-18 L1900783-19 L1900783-20

Description soil Soil Soil Soil Soil

Sampled Date

Sampled Time

Client ID N153 A AW 129 A CS 79 A BR 102 A BQ 116 A

Grouping Analyte

SOIL ---- --

36.9 47.6 76.1 45.4 77.5

4.05 4.41 4.06 3.89 3.48

6.41 8.87 45.7 42.6 47.9

0.0382 0.0295 0.151 0.0351 0.185

Physical Tests Moisture (°/a)

pH (1 :2 soil:water) (pH)

Organic / Total Organic Carbon (%)

Inorganic Carbon

Metals Mercury (Hg) (mg/kg)
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ALS ENVIRONMENTAL ANALYTICAL REPORT 17-MAY-1712:26(Ml~

Version: FINAL

Sample ID L1900783-21 L1900783-22 I L1900783-23 L1900783-24 L1900783-25

Description Soil Soil Soil Soil Soil

Sampled Date
Sampled Time

ClientlD DQ50A BV88A AY130A II59A AX-134A

Grouping Analyte

SOIL

Physical Tests Moisture (%)

pH (1:2 soil:water) (pH)

Organic / Total Organic Carbon (%)
Inorganic Carbon

88.9 ~ 61.7 95.4 45.7

4.36 4.19 4.06 4.41

45.7 I 27.5 42.2 5.71

i

- "-- - --- - -- • ~ 0.0451

63.5

4.06

6.67

0.0456
■~~a~~~ ~Ae~rn~ ~n~ /LJn\ /mn/4n1
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ALS ENVIRONMENTAL ANALYTICAL REPORT 17-MAY-1712:26(M~

Version: FINAL

_ _

Sample ID I'

-_

L1900783-26 L1900783-27

_-

L1900783-28

-- -_

L1900783-29 L1900783-30

Description ' Soii Soil Soil Soil Soil

Sampled Date
Sampled Time

ClientlD K161A DV46A K153A K161A DY47A

Grouping Analyte
— -- -

SOIL
- --~

i
Physical Tests Moisture (°/a) 42.8 70.8 37.9 59.9 75.6

pH (1:2 soil:water) (pH) 4.14 3.46 4.32 3.53 3.68

Organic / Total Organic Carbon (%) 3.77 41.8 7.83 18.2 35.9
Inorganic Carbon

Metals Mercury (Hg) (mg/kg) 0.0231 0.194 0.0383 0.0779 0.189
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ALS ENVIRONMENTAL ANALYTICAL REPORT 17-MAY-1712:26(MT)

Version: FINAL

Sample ID L1900783-31 L1900783-32 ~i L1900783-33 L1900783-34 L1900783-35

Description Soil Soil i Soil Soil Soil

Sampled Date
Sampled Time ~

ClientlD DT41A AX117A i W137A AC147A ER25A

-----
Grouping

SOIL

Analyte 
--------

I

-- - - -__ - - --- -

Physical Tests Moisture (%) 76.3 67.9 72.2 76.8 74.7

pH (1:2 soil:water) (pH)
I

3.84 ~I 3.79 3.93 4.41 3.66

', Organic / Total Organic Carbon (%) 47.0 ~ 35.6 46.5 26.8 30.3
Inorganic Carbon

~ Metals Mercury (Hg) (mg/kg) 0.0838 I 0.138 0.143 0.0942 0.124



ALS ENVIRONMENTAL ANALYTICAL REPORT

Sample ID L1900783-36 L1900783-37 L1900783-38

Description - Soi~ Soi~ Soi~

Sampled Date
Sampled Time

ClientlD DP52A BF125A DP53A

Grouping Analyte
- --
SOIL

__ --

Physical Tests Moisture (%) 92.1 92.3 78.3

nH (1 •7 cnil•watarl (nHl 4.48 4.23 3.72

43.1 42.1 49.3

0.0951 0.0365 0.102

L1900783 CONTD....

PAGE 9 of 10

17-MAY-17 12:26 (MT)

Version: FINAL

Organic / Total Organic Carbon (%)



Reference Information

Test Method References:

ALS Test Code Matrix Test Description Method Reference**

L1900783 CONTD....

PAGE 10 of 10

17-MAY-17 12:26 (MT)

Version: FINAL

C-TIC-PCT-SK Soil Total Inorganic Carbon in Soil CSSS (2008) P216-217

A known quantity of acetic acid is consumed by reaction with carbonates in the soil. The pH of the resulting solution is measured and compared
against a standard curve relating pH to weight of carbonate.

C-TOC-CALC-SK Soil Total Organic Carbon Calculation CSSS (2008) 21.2

Total Organic Carbon (TOC) is calculated by the difference between total carbon (TC) and total inorganic carbon. (TIC)

C-TOT-LECO-SK Soil Total Carbon by combustion method CSSS (2008) 21.2

The sample is ignited in a combustion analyzer where carbon in the reduced CO2 gas is determined using a thermal conductivity detector.

HG-200.2-CVAF-VA Soil Mercury in Soil by CVAFS EPA 200.2/1631 E (mod)

Soil samples are digested with nitric and hydrochloric acids, followed by analysis by CVAFS.

IC-CAC03-CALC-SK Soil Inorganic Carbon as CaCO3 Equivalent Calculation

MOISTURE-VA Soil Moisture content CWS for PHC in Soil -Tier 1

This analysis is carried out gravimetrically by drying the sample at 105 C for a minimum of six hours.

PH-1:2-VA Soil pH in Soil (1 :2 Soil:Water Extraction) BC WLAP METHOD: PH, ELECTROMETRIC, SOIL

This analysis is carried out in accordance with procedures described in the pH, Electrometric in Soil and Sediment method -Section B
Physical/Inorganic and Misc. Constituents, BC Environmental Laboratory Manual 2007. The procedure involves mixing the dried (at <60 C) and sieved
(No. 10 / 2mm) sample with deionized/distilled water at a 1:2 ratio of sediment to water. The pH of the solution is then measured using a standard pH
probe.

** ALS test methods may incorporate modifications from specfied reference methods to improve performance.

The last two letters of the above test codes) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

SK ALS ENVIRONMENTAL - SASKATOON, SASKATCHEWAN, CANADA

VA ALS ENVIRONMENTAL -VANCOUVER, BRITISH COLUMBIA, CANADA

Chain of Custody Numbers:

GLOSSARY OF REPORT TERMS
Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples. For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.
mg/kg -milligrams per kilogram based on dry weight of sample.
mg/kg wwt -milligrams per kilogram based on wet weight of sample.
mg/kg Iwt -milligrams per kilogram based on lipid-adjusted weight of sample.
mg/L -milligrams per litre.
< -Less than.
D.L. -The reported Detection Limit, also known as the Limit of Reporting (LOR).
N/A -Result not available. Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.
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Pa9e ~of
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Email 2 Analysis Request
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E ~maQe^~Y (1.2 bus. days I( r000vad by 3om) 100% wrtM.vc - tmtdct A'S eo caifirm TAT

~2 ❑5arr~e Gay ar weekaid m+Cgenq • Oa~ts0. ALS t0 coMimt TAT and sur[I~arpe

Contact Randy Baker

Addre59: 218-2902 W. Broadway

Vancouver BC V6K 2G8

Phone: g04 730-1220 Email 1 or Fax rbaker~ezimuthgroup.ca Spedfy Date Required for E2.E a P:

Email 2 Anatyais Request

Invoice To Same es Report To f7 Vas f~ No Invoice Distrlbutlon hainle FlteroO (F;. Pro~ervaC (P7 or Fllmrnd ant Preesry~ (F/P) beWw

Copy of Invoirx with Report r Yes f No Select Invoice DlsVibutio~: ~rw~ L7~uu O~~x

Cor:~pany: Email 1 or Fax rbaker~azimuthgroup.ca

T
~
q

~
0
~

~

~E

z

Contact Email 2

Protect Inforn+etlon 011 and Gas Required fields (client use)

AlS Quote !~: ARCHIVE Approver ID: Cost Center:

JoD ~ MFC-17-Ot GL Account: Routing Code:

PO t AFE: ~vfty Code:

LSD: Locatlon:

ALS Lab Work Order x (lab use on~y~ ALS Contact: Brent Mack Sampler

ALS Sample i
(Isb use only)

Sample IdentHlcatlon andlpr Coordlnate9

(Tn~s desCJiption will a ar on the re ortppe p )

Date
~~~mm_ yy)

Tlma

(hh:mmj
Sample Type

Soil ~~

sail

13 ' ba+~
l 3 So~~ Z

l soil

soil

soil

sail

soil

Soil

soil

soil

Drinking Water (OW) Samples' (cllenl uSC) Spsclal Inatructbns 1 Spsclfy Cnterta to sdd on report (cllanl Usa}
SAMPLE CONDITI N ASRECEIVED(lab use only)

Frozen SIF Observelions Yes Mo

Ice packs Yes ❑ No ~ Cu6tody seal intact Yes ~ No
Cooling InAialed

Are samplos Uken from a Regulated DW System9

f Yes r No

An simples for human drinking watOr usa7

r Ye8 r NO

ARCHIVE FOR AZIMUTH

INIITAL COOLER TEMPERATURES'C FIHA~ COOLER TEMPERATLIFES'C

SHIPMENT RELEASE (client use) INITIAL SHIPMENT RECEPTION (lab use only) FINAL SHIPMENT RECEPTION (lab use only)

Released Cy. Date: Time: Received by: Date: Time: Received by' ~C Date' Time:

5:p
HLl~tK 1U l3A(GK NAGS FOR FIL,LUI.AiIUnJ ~~rvu Jr~Mr~irvu iVrultMhliun WMllt-LAt7U1iA~urtl ~.Ur'7 ~kLIVW-1.41trvi l:VY~' w.uoiw:.ali+na~~.~c'~

Felh~re to eompele al portions M fhb form may delay o^alysn. Reaee fil 4+ Inl~ form LEG18L~. By she use of chit form the ufer eckno~wlWps~ enC sp.oes wilh Ue Yorm~ a~a Cond lions e~ ~pacH'~0 a~ 11~~ Deck papo of .M wt+lle - reacn copy.

7. If anywatar sam~ca a•e tukon'rom a Regulated Drinkinp Water~OW~ Systom, proaee eutxnll ~nirx~ xi Authorlicd DYV COC cum.



Chain of C 
Request 

O~c~! Analytical 

II I IIIIIII~II~ 1 I~~~III~~II ~ I! II I II ~ "I, I I~` 
COC Number: 14

A L S E~ u i r o n m~ n t a l Canada ToII Free: 1 800 6fi8 9878 ', ~~ 900783-COFC Pa9~ _ of

www alsalobal_com ~ /

RCpOR TO Report Format 1 DlstNbutlon S~i~ct Servlp Lhwl Balmv (Rued Tumoraund Tlme (TqT~ I~ rq! av~epb b• a~ y=es)

Company; Azimuth Consulting Group PaMershlp Select Report Format: ~oF f~c~~ moo (ot~[ru}

Quality Control HOC) Report with RepoA ~ Yes I— No

CGiterta on rtepo2 - prvdde debi~c btlaN it baa~ cnectea

Select Distribution: ~nui a+w~ Luc

R ~e9u~a~ (snrwera tar K.eceNod ey ~ om -nosiness oars}

p [AipAty (24 buf. dryf H reoeNed yy 3pm) 5096 surrharg[ • coots¢ MS ro co'+(Mrn TAT

E ~++trv~+~n (1-2 bus. days r iecdved by Tom) g00% wrd~ne - con~ct u5 m cannrtn 7A7

EI QSRn! di/ Or W!lktlM CmerpeM.y • ODn~G ALS to tCnfhn TAT i~d SurchBfp!

Contact: Randy Baker

Address: 218-2902 W. Broadway

Vancouver BC V6K 2G8

Phone'. 804 730-1220 Emall 1 or Fax rbaker(8~azimut~group.ca Speciy Date Required for E2,E or P:

Email 2 Analysis Request

InvOlte TO Same as RepoA To r Yea ~' No Invoice DisVfbutfon ~nOt~s FiRe~~Q(F), Reserve0 ~P) a FAIereE eM Praaervee (FiP) Below

Copy of Invoice with Report r Yea r' No Select Invoice DiolribuUon Oenuic Q~t~.a ~~x

Company: Email 1 or Fax rDaker(~azimuthgroup.ca

w
Z
=
~

~

ac
~

~U

~

gE
i

Contact: Email 2

Project Information 011 and Gas Required Fields (client uee)

ALS quote #: ARCNNE Approver IU; Cost Center:

Job J~: MFC-17-01 GLAOCOUnt: Routing Code'

PO ! AFE: Activity Code:

LSD: Location:

ALS Lab Work OMer ft (lab use only) ALS Contact: Brent Mack Sampler:

ALS Sim • •~
(INS~se only)

Semple Idcnttflcation ~ndfor Coordinates

(This tlescription will eppe8r on the repoA)

Date

(dd-mmrtryy)

Tlme

(hh:mm)
Semple Typo

~ Soil

O Z son

c3, i b ~«' 2
o ~~

;~, {~ sou

~ ~JJ /~yr s°'i

1 5 ~~ i
— ~ ~ ~a~

~~~
5~i~

r
~ ~j Soil j

soil r

~rinking Water (DW) Samples' (client use) Specld In~tructlone 15pecHy Criterl~ to aaa on roport (cusnt Ueo)
SAMPLE CpkDIT10N AS RECEIVED(lab use only)

Frozen SIF Observations Yes No

!ce packs Yes ~ Na ~ Custody seal Intact Yes ❑ No 
❑

Cooling Initial@tl

Are samplos taken from a ReyulateG Dri System?

f Vas r No

Are o~mptes for human drinklnp water usa9

r Yos r No

ARCHIVE FOR AZIMUTH

IN~TiALCOp~ERTEMPERATURES~C Fiw~,LC00lERTEMPERATURES'C

SHIPMENT RELEASE {Giant use) INITIAL SHIPMENT RECEPTION (tab use only) FINAL SHIPMENT RECEPTION (18b use only}
Released hy: Date: Time: Received by: Date: Time: Received by: `I ~p~~ ~0~~ Time:

REFER TO 6AGK P/~GE FDIi ALS LUCAI IONS ANU ,A171YLINCi INhUKMAI IUN wMl I t - LAtlVT(N 1 V~+~ I:VYY YtLWW - I;UtN I ~UPY w~+auor+a~....~-~++.zi~

Failure Oo comWete aP poAian~ o'this form may delay aMlysh Please fit in This lortn I.EG'9LY. By the use of ~hls tom the user ecKnowleQpea antl apreas with tM Tema ~nG ConAitions as epecifieC on tha back pepo d ton while •report copy.

1. It arty wnle' samolee are taken from a RoquWt6tl DAnking Wmr (Owl Systom, plea5a auCmi! uainp en AuthoAted DW COC loan.



ALS Enulronmental

Chain of Custody (COC)1 Analytical ~ (I I III~~~II III I IIII~{IIIIII ~ 1~ ~I~ I II I III) ~ ~II coc Number' 14
Request Form ~~ ~ ~~ ~ ~~

~ L1900783-COFC Page of
Canada Toll Frea: 1 800 668 9878 ~

y •_-- . — -----,..~ _ ~ - .~
Report To R@port FofT110t / Di8tr16utI0f1 6ehct SHv~c~ Loinl Below (Rush Tumuvun0 ~i:ne (SAT} ~s nil av~ilaWo fa all tests)

Company: Azimuth Consulting Group Partnership Select Report Farmat: pip ~~L ~Do (olGcr~~)

~uaBty ConVol (OC) Repori with Report r Yes ~ No

~GKu1a an Report • D~~ debRs CdDw H ba [heckM

S21ect Distributim: ~roA~~ aua ~Nc

R ~+~G~r (Standard TAi H rooNvM by 3 pn -business dOysJ

p ~rgrrty (z-~ bus. days e reoetred by 3pmj 50% wrd~agc • cmmct nis m connnn 1~t

E ~~Q~ry ~ ~"2 but dl1~f N ra0pv~ py 3pn) 100Yo wcharge - centxct AlS m mr~rtn TAT

E2 QSame AaY a ,~rd vncpe~cy - mntaR n~S ~o cmfrm TAT and surchnrye

Contact Rantly Baker

Address: 218-2902 W. BroaOway

Vancouver BC V6K 2G8

Phone: 80a 730. 7.~o Email t or Fax rbaker~azimuingroup.ca Specify Date Required fa E2,E or P'

Email 2 Anslysk Request

Involte To Same es Report To r Yes r No InvolCa Dilt►16utlOn InCicale Ftlerea ~FJ, Preserved (P) a Fmered and PreasneG (F/P} Oelow

Copy of Invace with RepO~ ~ Ycs f No Select Invoice OiSVibulion: pEM~u~ D4A1L ~Ax

Company: Email 1 or Fax rbaker~azlmuthgroup ca

2
z
~

~
v

~
a
~
z

Contact: Email 2
Protect In(armatlon Oii anA Gas Requlro0 fields (cliern use)

ALS Quote N: ARCHNE Approver ID: Cost Center:

dap ~t: MFC-17.01 GL Accounts Routing Code:

PO ! AFE~ Activlry Code:

LSD: Location:

ALS Lab Work Order p (lab use Onty) ~ ALS Contact Brent Mack Sampler:

ALS S■m 10 /
lab use onl y)

Sample Identlflcation andlor Coordinates
(This tlescription will appear on the report}

Date
(dd-mmm-yy)

Time
(hh:mm}

Sample Type

Sai

soil

t SOiI

soil

C Soll

~, 25 s~~
~ So,~

sal

~~-- so~i

sdl

sal

soil

Drinking Water (DWf Samptes~ {client uBC) Spacial In~[ructions !Specify C~it~rie to add on sport (client U~~)
SAMPLE CONDITION A$ RECEIVED (lab use OnFy)

Fr02Cn SIF Observaeong Yes No
Ice pack9 Yes ~ No ~ Custody seal intact Yes ❑ No

Cooling Initiated

Are e~mplcs taken from a R~gulatW OW System?

r Yes r No

Are samp~ae for human drinking water use?

~ Yes ~ No

ARCHNE FOR AZIMUTH

i NIIT1AL COOLER TE l~PE4ATVRES'C FINAL COOLER 7tMPERATJRES 'C

SHIPMENT RELEASE (Giant use) INffIA~ SHIPMENT RECEPTION (lab use only) FINAL SHIPMENT RECEPTION (lab use only)

Released by Date: Time: ReceiveC Dy Daly- Time• Received by ~ ~ ARe:~ n ~n ime S.I ~

~, v ' 05
Failure :~ GOmp~lc all poi ono of Ws tam may daby enelytip. P~ye~e III In Ifti~ •orrr LEGIBLY. By fhe uao U. N1~ tcrR the user ncknowleGpes antl eg~ecs with the Terns and Cond~cm~ n ~poclnoa on U» DacF peps of tho M^Y;e - rcpa~ copy

'.Many weer sa'npes ere Wken hem a RopW~trd DrinRlnp W~1t~ (DUV) Sye[am, please subrt'It using en Aullrortxetl DW COC form.



Methyl Mercury Results
Flett Research Ltd.

440 DeSalaberry Ave. Winnipeg, MB R2L OY7

Fax/Phone (2041 667-2505
E-mail: flett@fiettresearch.ca Webpage: http://w~nrov.fleriresearch.ca

MVSEDD122016XW1
Page 1 of 1

CLIENT: AGAT Labs - Dartmouth:16x169732 Matrix: Sediment (dry)

Unit 122-11 Morris Drive Transaction ID: 718

Dartmouth, NS 636 1M2 PO/Contract No.:
Date Received: December 13, 2016 Date Analysed: December 23, 2016

Sampling Date: December 4, 2016 to December 5, 2016 Analyst(s): Xiang W.

Analytical Method: M10240: Methyl Mercury in Sediment by Distillation, Aqueous Ethylation, Purge and Trap, and CVAFS with Automated Instruments (Version 2)
P:\Methyl MercurylMethod and SOPS\M10240 McHg in Sediment by Distillation -Automated method.doc

Comments: Samples were freeze dried and ground prior to analysis

Detection Limit: 1.3 ng/g (ML) MDL= 0.4 ng/g The MDL was determined based on greater than 7 replicates of analytical blanks (98%
For reporting purposes results will be flagged below the ML which is considered a
practical quantitation limit.

Estimated The estimated uncertainty of this method has been determined to bet 20% at a concentration level of 0.1 and 170 ng/g (95% confidence)

Uncertainty:

Rasuks authorized by Dr. Robert J. Fktt, Chief Scientist

Blanks 
pg of McHg in whole Gross Peak Mean Ethylation
ethylation EPA vial Area Blank (ng/L)

Ethylation blank (HZO+Reagen 0.55 1617 0.01

Mean Eth. Blank (last 30 runs) 0.40 0.01

Equiv. CH Hg Conc. -

Net pg McHg in based on current

whole Ethylatfon 
Gross Peak batch mean weight

EPA vial 
Area (0.12058) of dry

sample, nglg

Mean Method Blank

Standards

0.14 0.031

Me Hg Standard
Added to Ethylation Gross Peak

Net Corrected Me Hg
RSD of McHg

EPA Vial (pg Area
Std Calibration

Standard
CH3Hg) Factor (units / pg)

496 B 3 J

Gross Peak % CH~Hg Recovery
Net CH3Hg as CH~Hg

Sample Type
Area Used for Calculations

Dry Sample Mass (g) Hg (ng/g-Dry- Recovery
Wt) (~

MS2 1244152 100% 0.116 46 106.3
MS2D 1222656 100% 0.121 45 107.8
MS3 1256408 100% 0.121 46 110.3

MS3D 1225038 100% 0.121 45 109.5

108.5

1097121 100% 0.201 24.5 89.3

Repeat Aliquot 1116683 100% 0.201 24.9 90.9

24.7 90.1

628456 100% 1072 107.2

Mean Value

QUALITY DATA
Spike Recovery
~~~ sP~x~ ~rns~ ~,a

ra,m. seas a,pw<aa nasoi
Sample Identification

8083116C (DQSOA )

8083116C (DQ50A )

8082971C (AW136A )

8082971C (AW136A )

Mean o(Recoveries

QC SOTpIES

Al1~rM~ Sovu Standud (A.S.S.)

FRES02 ID1201 (27.4± 3.6 nglg)

FRES02 ID1201 (27.4± 3 6 nglg)

Mean of FRES02

A S.S. -Alfa ID1302 (1000 ng/L)

LAB ID ~ Sampling Details Sample ID ~ Date Sampled ~ Sample Type

8082889C EK17A December4 2016

8082969C CG83A Decembers 2016

8082971C AW136A Decembers 2016

8082974C AP126A Decembers 2016

8082979C P152A Decembers 2016

8082980C 1159A December 5. 2016

8082996C BM121 A December 4. 2016
8083116C D~50A December4 2016

8083118C EQ29A December4 2016 DupA1

8083118C EQ29A December 4, 2016 DupA2

Q:\Gients A-LWGAT Labs - Dartmouth~2016(718)\Methyl Mercury WIV5EDD122316XW1.xls

This 1tsY report shall not be reproduced, except in full, wilfiout written approval of the laboratory.
Note: Results relate only to the items tested.

E'~i~c ' C ~ A L A

IS01ECR025:OQ5 AureY.M~iththe Gn~x~ 0.ssa~Ywnfor Labtta~.t~9 Accr?b~uian

Gross Peak
°/, CH~Hg Recovery

Weighed Dry Sample
Net CH3Hg as
Hg Dry

Area
Used for

Mass (g)
(nglg)

Wt. [recovery
Calculations

corrected]

4975 108.5 0.1100 ~ 0.11

21148 108.5 0.1000 ~ 0.76

3251 108.5 0.1240 ~ 0.04

3676 108.5 0.1210 ~ 0.05

4357 108.5 0.1550 ~ 0.06

49105 108.5 0.1290 1.41

5647 108.5 0.1400 ~ 0.10

8950 108.5 0.1050 ~ 0.26

25607 108.5 0.1150 ~ 0.80

26636 108.5 0.1240 ~ 0.78

See 'Comments' section above for discussion.

: Result below the official detection limit for this analyte in this matrix.

Dup :Duplicate -two subsamples of the same sample carried through the analytical procedure in an identical manner.



Methyl Mercury Results
Flett Research Ltd.

440 DeSalaberry Ave. Winnipeg, MB R2L OY7

Fax/Phone (2041 667-2505
E-mail: flett@fiettresearch ca Webpage: http://~wvw.flettresearch.ca

MVSEDD010417XW1
Page 1 of 1

CLIENT: AGAT Labs - Dartmouth:16x169381 Matrix: Sediment (dry)

Unit 122-11 Moms Drive Transaction ID: 718

Dartmouth, NS B3B 1 M2 PO/Contract No.:

Date Received: December 14, 2016 Date Analysed: January 4, 2017

Sampling Date: December 3, 2016 Analyst(s): Xiang W.

Analytical Method: M10240: Methyl Mercury in Sediment by Distillation, Aqueous Ethylation, Purge and Trap, and CVAFS with Automated Instruments (Version 2)

P:Wlethyl MercuryWlethod and SOPsUv110240 McHg in Sediment by Distillation -Automated method.doc

Comments: Samples were freeze-dried and ground at Flett Research prior to analysis

Detection Limit: 1.3 ng/g (ML) MDL= 0.4 ng/g The MDL was determined based on greater than 7 replicates of analytical blanks (98%confidence
level) and a 50 mg dry sample size.

For reporting purposes results will be flagged below the ML which is considered a
practical quantitation limit.

Estimated The estimated uncertainty of this method has been determined to bet 20% at a concentration level of 0.1 and 170 nglg (95%confidence)

Uncertainty:

Results authorized by Dr. Robert J. Flett, Chief Scientist

Blanks
pg of McHg in whole Gross Peak Mean Ethylation
ethylation EPA vial Area Blank (ng/L)

Ethylation blank (H2O+Reagen 0.75 2396 0.02

Mean Eth. Blank (last 30 runs) 0.40 0.02

Equiv. CH Hg Conc. -

Net pg McHg in
Gross Peak

based on current

whole Ethylation batch mean weight

EPA vial
Area (0.12558) of dry

sample, ng/g

Mean Method Blank

Standards

Mean Value

QUALITY DATA
Spike Recovery
Matra Sv~ka (M51 end

Matrix Spike Dupliole (MSD)

Sample Identification

8079206 (W137A )

8079206 (W 137A )

Mean of Recoveries

QC Samples

ace~~ace so~«e s~a~aam ~n s s i

FRES02 ID1201 (27.4s 3.6 ng/g)

FRES02 ID1201 (27.41 3.6 ng/g)

Mean of FRES02

A.S.S. -Alfa ID1302 (1000 ng/L)

-0.35 -0.079

McHg Standard
Added to Ethylation Gross Peak

Net Corrected McHg
RSD of McHg

EPA Vial (pg Area
Std Calibration Factor

Standard
CH3Hg)

(units / pg)

5460 5.6

Gross Peak
o 
/o CH~Hg Recovery

Net CH3Hg as
CH3Hg

Sam le T e
P yP Area Used for Calculations

D Sam le Mass
ry p (9~ Hg ~ W~9-~ry Recovery (°/a)

MS1 567181 100% 0.110 44 95.0

MS1D 566851 100% 0.103 45 92.2

93.6

1015223 100% 0.160 26.0 95.0

Repeat Aliquot 1017169 100% 0.160 26.1 95.2

26.1 95.1

349158 100% 1080 108.0

LAB ID ~ Sampling Details ~ Sample ID ~ Date Sampled

CH3Hg Recovery 
Net CH3Hg as

Sample Type 
Gross Peak 

Used for 
Weighed Dry Sample Hg (ng/g) Dry

Area Mass (g) Wt. [recovery
Calculations

corrected]

79257 8079206 W137A December 3, 2016 6806 93.6 0.1100 ~ 0.38

* : See 'Comments' section above for discussion.

Q'\Clients A-LWGAT Labs - Dartmouth\2016(718~\Methyl Mercury\MVSEDD010417XW1.xls
: Result below the official detection limit for this analyte in this matrix.

This test report shall not be reproduced, except in ful/, without written app~o ual of the laboratory.

Note: Results re/ate only to the Items tested.

~~•r
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Laboratories

CLIENT NAME: AMEC FOSTER WHEELER E&I
133 CROSBIE ROAD
ST. JOHNS, NL A1B4A5
(709) 722-7023

ATTENTION TO: MATT GOSSE

PROJECT: TF13104119.5600

AGAT WORK ORDER: 16X169732

SOIL ANALYSIS REVIEWED BY: James MacDonald, Technical Services Manager

DATE REPORTED: May 31, 2017

PAGES (INCLUDING COVER): 13

VERSION*: 5

11 Morris Drive, Unit 122
Dartmouth, Nova Scotia

CANADA B3B 1 M2
TEL (902)468-8718
FAX (902)468-8924

http://www.agatlabs.com

Should you require any information regarding this analysis please contact your client services representative at (902) 468-8718

*NOTES

VERSION 5:Version 5.0 supersedes Version 4.0. Updated report to separate analyses at client request. Issued, May 31, 2017.

Version 2.0 supersedes Version 1.0. Lower RDL for Hg reported. Issued, May 12, 2017.

Partial report for soil data, issued, January 5, 2017.

All samples wil l be disposed of within 30 days following analysis. Please contact the lab if you require additional sample storage time.

AGAT Laboratories (V5) Page 1 of 13

Member of: Association of Professional Engineers and Geoscientists of Alberta AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory
(APEGA) Accreditation Inc. (GALA) and/or Standards Council of Canada (SCC) for specific tests listed on the
Western Enviro-Agricultural Laboratory Association (WEALA) scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian
Environmental Services Association of Alberta (ESAA) Association for Laboratory Accreditation Inc. (GALA) for specific drinking water tests. Accreditations

are location and parameter specific. A complete listing of parameters for each location is available
from www.cala.ca and/or www.scc.ca. The tests in this report may not necessarily be included in
the scope of accreditation.

Results relate only to the items tested and to all the items tested
Aii reportable information as specified by ISO 17025:2005 is available from AGAT Laboratories upon request



Laboratories

CLIENT NAME: AMEC FOSTER WHEELER E&I

SAMPLING SITE:

Certificate of Analysis
AGAT WORK ORDER: 16X169732

PROJECT: TF13104119.5600
ATTENTION TO: MATT GOSSE

SAMPLED BY:

11 Moms Drive, Unit 122
Dartmouth, Nova Scotia

CANADA B3B 1M2
TEL (902)468-8718
FAX (902)468-8924

httpJAvww.agatlabs. com

Available Metals in Soil

DATE RECEIVED: 2016-12-12 DATE REPORTED: 2017-05-31

SAMPLE DESCRIPTION: EK17A BF125A DP52A DY47A DT41A DY36A AY130A BB122A

SAMPLE TYPE: Soil Soil Soil Soil Soil Soil Soil Soil

DATE SAMPLED: 2016-12-04 2016-12-04 2016-12-04 2016-12-04 2016-12-04 2016-12-04 2016-12-04 2016-12-04

Parameter Unit G I S RDL 8082889 8082890 8082892 8082899 8082909 8082910 8082911 8082916

Aluminum mg/kg 10 1600 406 540 377 910 2510 405 5800

Antimony mg/kg 1 <1 <1 <1 <1 <1 <1 <1 <1

Arsenic mg/kg 1 2 Z 4 2 2 2 3 3

Barium mg/kg 5 158 13 53 30 101 54 6 24

Beryllium mglkg 2 <2 <2 <2 <2 <2 <2 <2 <2

Boron mg/kg 2 Q <2 <2 3 <2 <2 <2 <2

Cadmium mg/kg 0.3 <0.3 <0.3 <0.3 <0.3 0.3 <0.3 <0.3 <0.3

Chromium mg/kg 2 3 3 <2 <2 2 7 3 26

Cobalt mg/kg 1 <1 <1 <1 <1 <1 2 <1 2

Copper mglkg 2 7 <2 <2 3 3 3 <2 7

Iron mglkg 50 1450 952 1580 344 343 2990 940 14400

Lead mglkg 0.5 8.5 2.9 3.7 8.7 20.3 9.2 0.8 4.8

Lithium mg/kg 5 <5 <5 <5 <5 <5 <5 <5 <5

Manganese mg/kg 2 15 3 21 280 12 63 17 83

Molybdenum mg/kg 2 <2 <2 <2 <2 '2 <2 <2 <2

Nickel mg/kg 2 2 <2 <2 <2 <2 4 <2 8

Selenium mg/kg 1 <1 <1 <1 <1 <1 <1 <1 <1

Silver mg/kg 0.5 0.8 <0.5 <0.5 2.2 1.0 <0.5 <0.5 <0.5

Strontium mg/kg 5 39 22 42 23 28 18 <5 6

Thallium mglkg 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Tin mgJkg 2 3 4 7 3 3 3 5 <2

Uranium mglkg 0.1 0.4 <0.1 <0.1 <0.1 <0.1 0.4 <0.1 1.0

Vanadium mg/kg 2 7 5 7 3 6 11 10 26

Zinc mg/kg 5 6 11 11 38 19 15 9 15

-,mow ~~-'`",.~~

Certified By: ,•~
~ "~-~=-

A~AT CERTIFICATE OF ANALYSIS (V5) Page 2 of 13

Results relate only to the items tested and to all the items tested



Laboratories

CLIENT NAME: AMEC FOSTER WHEELER E&I

SAMPLING SITE:

Certificate of Analysis
AGAT WORK ORDER: 16X169732
PROJECT: TF13104119.5600

ATTENTION TO: MATT GOSSE

SAMPLED BY:

11 Moms Drive, Unit 122
Dartmouth, Nova Scotia

CANADA 83B 1 M2
TEL (902)468-8718
FAX (902)468-8924

htlp://www.agatlabs. com

Available Metals in Soil

DATE RECEIVED: 2016-12-12 DATE REPORTED: 2017-05-31

SAMPLE DESCRIPTION: DV46A AX134A BR102A D153A CS79A DH72A CG83A AW136A

SAMPLE TYPE: Soil Soil Soil Soil Soil Soil Soil Soil

DATE SAMPLED: 2016-12-04 2076-12-04 2016-12-OS 2016-12-05 2016-12-OS 2016-12-05 2016-12-OS 2016-12-05

Parameter Unit G /S RDL 8082928 8082931 8082932 8082933 8082966 8082967 8082969 8082971

Aluminum mg/kg 10 1310 2280 1970 3520 468 3800 1110 3260

Antimony mg/kg 1 <1 <1 <1 <1 <1 <1 <1 <1

Arsenic mg/kg 1 2 2 2 2 2 3 2 2

Barium mglkg 5 77 19 66 36 38 112 30 17

Beryllium mg/kg 2 <2 <2 <2 Q <2 <2 c2 <2

Boron mglkg 2 Q <2 Q <2 <2 2 <2 <2

Cadmium mg/kg 0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3

Chromium mg/kg 2 3 6 3 9 Q 20 4 9

Cobalt mglkg 1 1 <1 <1 3 <1 4 4 1

Copper mg/kg 2 2 3 <2 6 <2 12 3 3

Iron mg/kg 50 1270 2570 901 5040 334 16000 21400 4630

Lead mg/kg 0.5 11.4 8.2 6.1 1.3 2.3 13.7 1.2 7.2

Lithium mg/kg 5 <5 <5 <5 <5 <5 <5 <5 <5

Manganese mg/kg 2 12 16 15 152 34 115 362 36

Molybdenum mg/kg 2 <2 <2 Q <2 <2 <2 <2 <2

Nickel mg/kg 2 3 <2 <2 7 <2 10 3 3

Selenium mg/kg 1 <1 <1 <1 <1 <1 ~1 <1 <1

Silver mg/kg 0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

Strontium mg/kg 5 27 <5 20 8 18 26 15 5

Thallium mg/kg 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Tin mg/kg 2 3 2 3 3 3 3 3 <2

Uranium mg/kg 0.1 0.2 0.7 0.4 0.5 <0.1 0.8 <0.1 0.7

Vanadium mg/kg 2 6 8 5 14 5 23 5 9

Zinc mg/kg 5 18 <5 11 19 10 17 16 8

~ ~~~

Certified By:
AGAT CERTIFICATE OF ANALYSIS (V5) Paye 3 of 13

Results relate only to the items tested and to all the items tested
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CLIENT NAME: AMEC FOSTER WHEELER E&I

SAMPLING SITE:

Certificate of Analysis
AGAT WORK ORDER: 16X169732

PROJECT: TF13104119.5600
ATTENTION T0: MATT GOSSE

SAMPLED BY:

11 Morris Drive, Unit 122
Dartmouth, Nova Scolia

CANADA B3B 1M2
TEL (902)468-8718
FAX (902)468-8924

hrip:/hvww agatlabs.com

Available Metals in Soil

DATE RECEIVED: 2016-12-12 DATE REPORTED: 2017-05-31

SAMPLE DESCRIPTION: BQ116A AX117A AP126A P152A 1159A BN117A 8M121A AW129A

SAMPLE TYPE: Soil Soil Soil Soil Soil Soil Soil Soil

DATE SAMPLED: 2016-12-05 2016-12-05 2016-12-OS 2016-12-05 2016-12-05 2016-12-05 2016-12-04 2016-12-04

Parameter Unit G / S RDL 8082972 8082973 8082974 8082979 8082980 8082985 8082996 8082997

Aluminum mg/kg 10 633 1390 2200 8650 16100 748 3290 8600

Antimony mg/kg 1 <1 <1 <1 <1 <1 <1 <1 <1

Arsenic mg/kg 1 2 2 2 3 2 1 2 2

Barium mg/kg 5 77 27 101 97 61 89 74 106

Beryllium mg/kg 2 <2 <2 <2 <2 <2 Q <2 <2

Boron mg/kg 2 <2 <2 <2 3 Q Q Q <2

Cadmium mg/kg 0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3

Chromium mg/kg 2 2 2 6 31 39 a2 3 25

Cobalt mg/kg 1 <1 <1 2 11 9 <1 <1 8

Copper mg/kg 2 Q <2 3 28 12 4 7 14

Iron mg/kg 50 520 683 2980 17800 45400 818 1950 14400

Lead mg/kg 0.5 18.6 4.8 10.2 4.9 6.6 9.1 12.0 6.4

Lithium mglkg 5 <5 <5 <5 12 9 <5 <5 9

Manganese mg/kg 2 59 12 69 502 290 380 14 381

Molybdenum mg/kg 2 Q <2 <2 <2 <2 Q <2 <2

Nickel mg/kg 2 <2 Q 5 23 17 3 3 18

Selenium mglkg 1 <1 <1 <1 <1 <1 <1 <1 <1

Silver mg/kg 0.5 1.3 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

Strontium mg/kg 5 30 7 26 21 7 20 <5 17

Thallium mg/kg 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Tin mg/kg 2 3 3 3 3 <2 3 2 2

Uranium mglkg 0.1 <0.1 0.3 0.3 1.8 1.0 0.1 0.3 0.9

Vanadium mglkg 2 5 5 11 38 48 4 5 31

Zinc mg/kg 5 30 7 11 53 49 39 12 51

// ~/`'

Certified By:
A~AT CERTIFICATE OF ANALYSIS (VS) Page 4 of 13

Results relate only to the items tested and to alI the items tested



Laboratories

CLIENT NAME: AMEC FOSTER WHEELER E&I

SAMPLING SITE:

Certificate of Analysis
AGAT WORK ORDER: 16X169732

PROJECT: TF13104119.5600
ATTENTION TO: MATT GOSSE

SAMPLED BY:

11 Moms Drive, Unit 122
Dartmouth, Nova Scotia

CANADA B3B 1 M2
TEL (902)468-8718
FAX (902)468-8924

http://www.agatlabs. com

Available Metals in Soil

DATE RECEIVED: 2016-12-12 DATE REPORTED: 2017-05-31

SAMPLE DESCRIPTION: AZ132A EK27A ER25A EJ19A EE40A DM46A D~50A EQ29A

SAMPLE TYPE: Soil Soil Soil Soil Soil Soil Soil Soil

DATE SAMPLED: 2016-12-04 2016-12-04 2016-12-04 2016-12-04 2016-12-04 2016-12-04 2016-12-04 2016-12-04

Parameter Unit G I S RDL 8083019 8083054 8083081 8083083 8083098 8083115 8083116 8083118

Aluminum mg/kg 10 2510 1100 842 524 7330 6400 442 282

Antimony mg/kg 1 <1 <1 <1 <1 <1 <1 <1 <1

Arsenic mg/kg 1 3 2 2 1 2 2 2 1

Barium mg/kg 5 136 27 65 71 153 89 15 29

Beryllium mg/kg 2 <2 Q <2 <2 <2 <2 ~2 <2

Boron mg/kg 2 <2 <2 Q <2 <2 Q Q Q

Cadmium mg/kg 0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3

Chromium mg/kg 2 3 3 <2 Q 22 19 <2 <2

Cobalt mg/kg 1 <1 <1 <1 2 10 6 1 <1

Copper mglkg 2 <2 2 5 8 17 13 3 3

Iron mg/kg 50 1180 710 576 514 11600 10900 1730 211

Lead mg/kg 0.5 17.0 7.9 21.4 11.6 7.7 2.8 9.2 12.4

Lithium mg/kg 5 <5 <5 <5 <5 8 7 <5 <5

Manganese mg/kg 2 81 23 18 190 1470 315 30 442

Molybdenum mg/kg 2 <2 <2 <2 <2 <2 <2 <2 <2

Nickel mg/kg 2 3 <2 3 3 17 13 2 <2

Selenium mg/kg 1 <1 <1 <1 <1 <1 <1 <1 <1

Silver mg/kg 0.5 <0.5 <0.5 <0.5 1.4 <0.5 <0.5 <0.5 <0.5

Strontium mg/kg 5 42 15 33 55 33 16 56 13

Thallium mglkg 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Tin mglkg 2 4 3 4 4 2 3 4 3

Uranium mg/kg 0.1 0.2 0.5 <0.1 <0.1 0.6 0.7 <0.1 <0.1

Vanadium mg/kg 2 5 6 5 3 25 25 4 3

Zinc mg/kg 5 24 6 23 46 57 37 9 31

~~z~.,~
~~ i

Certified By:
A~AT CERTIFICATE OF ANALYSIS (V5) Page 5 of 13

Results relate only to the items tested and to all the items tested



Laboratories

CLIENT NAME: AMEC FOSTER WHEELER E&I

SAMPLING SITE:

Certificate of Analysis
AGAT WORK ORDER: 16X169732

PROJECT: TF13104119.5600
ATTENTION TO: MATT GOSSE

SAMPLED BY:

11 Moms Drive, Unit 122
Dartmouth, Nova Scotia

CANADA 83B 1 M2
TEL (902)468-8718
FAX (902)468-8924

http://www.agatlabs.com

Available Metals in Soil

DATE RECEIVED: 2016-12-12 DATE REPORTED: 2017-05-31

SAMPLE DESCRIPTION: DP53A BV86A

SAMPLE TYPE: Soil Soil

DATE SAMPLED: 2016-12-04 2016-12-OS

Parameter Unit G / S RDL 8083119 8083120

Aluminum mg/kg 10 723 2370

Antimony mg/kg 1 <1 <1

Arsenic mglkg 1 2 2

Barium mg/kg 5 109 36

Beryllium mg/kg 2 <2 <2

Boron mg/kg 2 <2 <2

Cadmium mg/kg 0.3 <0.3 <0.3

Chromium mg/kg 2 <2 5

Cobalt mg/kg 1 2 2

Copper mg/kg 2 2 7

Iron mg/kg 50 536 2800

Lead mg/kg 0.5 5.2 6.9

Lithium mg/kg 5 <5 <5

Manganese mg/kg 2 91 34

Molybdenum mg/kg 2 <2 <2

Nickel mg/kg 2 2 4

Selenium mg/kg 1 <1 <1

Silver mglkg 0.5 <0.5 <0.5

Strontium mg/kg 5 40 18

Thallium mg/kg 0.1 <0.1 <0.1

Tin mg/kg 2 3 3

Uranium mg/kg 0.1 <0.1 0.6

Vanadium mg/kg 2 3 8

Zinc mg/kg 5 26 12

Comments: RDL -Reported Detection Limit; G / S -Guideline /Standard

8082889-8083120 Results are based on the dry weight of the sample.

~/~ ~r

Certified By:
A6AT CERTIFICATE OF ANALYSIS (V5) Page 6 of 13

Results relate only to the items tested and to all the items tested



Laboratories

11 Morris Drive, Unit 122
Dartmouth, Nova Scotia

CANADA 636 1 M2
TEL (902)468-8718
FAX (902)468-8924

http://www.agatlabs.com

Quality Assurance
CLIENT NAME: AMEC FOSTER WHEELER E&I AGAT WORK ORDER: 16X169732

PROJECT: TF13104119.5600 ATTENTION T0: MATT GOSSE

SAMPLING SITE: SAMPLED BY:

Soil Analysis
RPT Date: May 31, 2017 DUPLICATE

Method

REFERENCE MATERIAL METHOD BLANK SPIKE MATRIX SPIKE

Acceptable Acceptable Acceptable

PARAMETER Batch Sample Dup #1 Dup #2 RPD Blank Measured Limits Recovery Limits Recovery Limits
Id Value

Lower Upper Lower Upper Lower Upper

Mercury Analysis in Soil

Mercury 1 8082932 0.053 0.055 NA < 0.015 83% 70% 130°/a 70% 130% 77% 70°/a 130%

Available Metals in Soil

Aluminum 1215201 8650 8420 2.7% < 10 106% 80% 120% 102% 80% 120% 92% 70% 130%

Antimony 1215201 < 1 < 1 NA < 1 89% 80% 120% 108% 80% 120% 91 % 70% 130%

Arsenic 1215201 3 3 NA <1 98% 80% 120% 95% 80% 120% 91% 70% 130%

Barium 1215201 97 94 3.1 % < 5 94% 80% 120% 93% 80% 120% 94% 70% 130%

Beryllium 1215201 < 2 < 2 NA < 2 115% 80% 120% 111 % 80°/a 120% 102°/a 70% 130%

Boron 1215201 3 3 NA < 2 120% 80% 120°/a 115% 80% 120% 130% 70% 130%

Cadmium 1215201 < 0.3 < 0.3 NA < 0.3 98% 80% 120% 100% 80% 120°/a 92% 70% 130%

Chromium 1215201 31 30 3.3% <2 111% 80% 120% 110% 80% 120% 100% 70% 130%

COb21t 1215201 11 10 9.5% < 1 108% 80% 120% 107% 80°/a 120% 102% 70% 130%

Copper 1215201 28 26 7.4% < 2 105°/a 80% 120% 109% 80% 120% 104% 70% 130%

Iron 1215201 17800 16700 6.4% < 50 110% 80% 120% 101% 80% 120% 97% 70% 130%

Lead 1215201 4.86 4.59 5.7% < 0.5 103% 80% 120% 104% 80% 120% 88% 70% 130%

Lithium 1215201 12 12 NA < 5 107% 70% 130% 107% 70% 130% 98% 70% 130%

Manganese 1215201 502 476 5.3°/a < 2 105% 80% 120% 104% 80% 120% 98% 70% 130%

Molybdenum 1215201 < 2 < 2 NA < 2 105% 80% 120% 100% 80% 120% 107% 70% 130%

Nickel 1215201 23 23 0.0% < 2 107% 80% 120% 108% 80% 120% 101 % 70% 130%

Selenium 1215201 < 1 < 1 NA < 1 106% 80% 120°/a 81 °/a 80% 120% 98% 70% 130%

Silver 1215201 < 0.5 < 0.5 NA < 0.5 117% 80% 120% 112% 80% 120% 97% 70% 130%

Strontium 1215201 21 21 NA < 5 97% 80% 120% 96% 80% 120% 111 % 70% 130%

Thallium 1215201 < 0.1 < 0.1 NA < 0.1 112% 80% 120% 99% 80% 120% 91 % 70% 130%

Tin 1215201 3 3 NA < 2 105% 80% 120% 99% 80% 120% 98% 70% 130%

Uranium 1215201 1.8 1.7 5.7% < 0.1 108% 80% 120% 107% 80% 120% 92% 70% 130%

Vanadium 1215201 38 35 8.2% < 2 107% 80% 120% 103% 80% 120% 102% 70% 130%

Zinc 1215201 53 51 3.8% < 5 105% 80% 120% 107% 80% 120% 97% 70% 130%

pH in Soil

pH 1 8083452 8.42 8.62 2.3% < 98% 80°/a 120%

Mercury Analysis in Soil

Mercury 1 8083120 0.065 0.067 NA < 0.015 115% 70% 130% 70% 130°/a 103% 70% 130%

TOC (Soil)

Total Organic 8082889 8082889 30.0 30.4 1.3°/o < 0.30 116% 70% 130% 75% 70% 130%
Carbon(Walkley-Black Wet
Oxidation)

TOC (Soil)

Total Organic 8082980 8082980 8.97 9.05 0.9°/o < 0.30 116% 70°/a 130% 106% 70% 130%
Carbon(Walkley-Black Wet
Oxidation)

A6AT QUALITY ASSURANCE REPORT (V5) Page 7 of 13

3AT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory Accreditation Inc. (GALA) and/or Standards Council of Canada (SCC) for specific tests
ted on the scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian Association for Laboratory Accreditation Inc. (GALA) for specific drinking water
sts. Accreditations are location and parameter specific. A complete listing of parameters for each location is available from www.cala.ca and/or www.scc.ca. The tests in this report may
~t necessarily be included in the scope of accreditation.

Results relate only to the items tested and to all the items tested



Laboratories

CLIENT NAME: AMEC FOSTER WHEELER E&I

PROJECT: TF13104119.5600

SAMPLING SITE:

Quality Assurance

11 Morris Drive, Unit 122
Dartmouth, Nova Scotia

CANADA B38 1 M2
TEL (902)468-8718
FAX (902)468-8924

http://www.agatlabs.com

AGAT WORK ORDER: 16X169732

ATTENTION TO: MATT GOSSE

SAMPLED BY:

Soil Analysis (Continued)
RPT Date: May 31, 2017 DUPLICATE REFERENCE MATERIAL METHOD BLANK SPIKE MATRIX SPIKE

Method Acceptable Acceptable Acceptable

PARAMETER Batch
Sample

Dup #1 Dup #2 RPD Blank Measured Limits Recovery Limits Recovery Limits
Id Value

Lower Upper Lower Upper Lower Upper

Certified By: ~,~
A6AT QUALITY ASSURANCE REPORT (V5) Page 8 of 13

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory Accreditation Inc. (GALA) and/or Standards Council of Canada (SCC) for specific tests

listed on the scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian Association for Laboratory Accreditation Inc. (GALA) for specific drinking water
tests. Accreditations are location and parameter specific. A complete listing of parameters for each location is available from www.cala.ca and/or www.scc.ca. The tests in this report may
not necessarily be included in the scope of accreditation.

Results relate only to the items tested and to all the items tested
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CLIENT NAME: AMEC FOSTER WHEELER E81

PROJECT: TF13104119.5600

SAMPLING SITE:

11 Morris Drive, Unit 122
Dartmouth, Nova Scotia

CANADA B3B 1 M2
TEL (902)468-8718
FAX (902)468-8924

http://www.agatlabs.com

AGAT WORK ORDER: 16X169732

ATTENTION TO: MATT GOSSE

SAMPLED BY:

PARAMETER I AGAT S.O.P ~ LITERATURE REFERENCE I ANALYTICAL TECHNIQUE

Soil Analysis

MET-121-6105 & EPA SW 846 6020A/3050B & SM
Aluminum MET-121-6103 3125

ICP/MS

MET-121-6105 & EPA SW 846 6020A/30506 & SM
Antimony M ET-121-6103 3125

ICP/MS

MET-121-6105 & EPA SW 846 6020A/30506 & SM
Arsenic M ET-121-6103 3125 ICP/MS

Barium
MET-121-6105 & EPA SW 846 6020A/3050B & SM

ICP/MSM ET-121-6103 3125

MET-121-6105 & EPA SW 846 6020A/3050B & SM
Beryllium M ET-121-6103 3125

ICP/MS

Boron
MET-121-6105 8~ EPA SW 846 6020A/3050B & SM

ICP/MS
M ET-121-6103 3125

Cadmium
MET-121-6105 & EPA SW 846 6020A/30506 & SM

ICP/MS
M ET-121-6103 3125

MET-121-6105 & EPA SW 846 6020A/30506 & SM
Chromium M ET-121-6103 3125

ICP/MS

Cobalt
MET-121-6105 & EPA SW 846 6020A/30506 & SM

MCP/MS
M ET-121-6103 3125

Copper
MET-121-6105 & EPA SW 846 6020A/30506 & SM

ICP/MS
MET-121-6103 3125

MET-121-6105 & EPA SW 846 6020A/3050B & SM
Iron MET-121-6103 3125

ICP/MS

Lead
MET-121-6105 & EPA SW 846 6020A/3050B & SM

ICP-MS
MET-121-6103 3125

MET-121-6105 & EPA SW 846 6020A/30506 & SM
Lithium M ET-121-6103 3125 ICP-MS

Manganese
MET-121-6105 & EPA SW 846 6020A/30506 & SM

ICP/MS
M ET-121-6103 3125

MET-121-6105 8~ EPA SW 846 6020A/3050B & SM
Molybdenum M ET-121-6103 3125

ICP/MS

Nickel
MET-121-6105 & EPA SW 846 6020A/30506 & SM

~CPlMSM ET-121-6103 3125

Selenium
MET-121-6105 & EPA SW 846 6020A/30506 & SM

ICP/MSM ET-121-6103 3125

Silver
MET-121-6105 & EPA SW 846 6020A/3050B & SM

ICP/MS
MET-121-6103 3125

Strontium
MET-121-6105 & EPA SW 846 6020A/3050B & SM

ICP/MS
M ET-121-6103 3125

Thallium
MET-121-6105 & EPA SW 846 6020A/3050B & SM

ICP/MS
M ET-121-6103 3125

Tin
MET-121-6105 & EPA SW 846 6020A/3050B & SM

ICP/MSMET-121-6103 3125

Uranium
MET-121-6105 & EPA SW 846 6020A/3050B & SM

ICP/MS
M ET-121-6103 3125

Vanadium
MET-121-6105 & EPA SW 846 6020A/3050B & SM

ICP/MS
M ET-121-6103 3125

Zinc
MET-121-6105 & EPA SW 846 6020A/30506 & SM

MCP/MS
M ET-121-6103 3125

Mercury
INOR-121-6101 &

Based on EPA 245.5 & SM 31128 CV/AA
I NOR-121-6107

Total Organic Carbon(Walkley-Black Wet INOR-93-6062 Skjemstad 8~ Baldock, 2008 & Walkley
SPECTROPHOTOMETER

Oxidation) &Black 1934

pH INOR-121-6006
modified from Canadian Society of

pH METER
Soil Science p15

Method Summary

~gGA-t- METHOD SUMMARY (V5) Page 9 of 13

Results relate only to the items tested and to all the items tested



Laboratories

11 Morris Drive, Unit 122
Dartmouth, Nova Scotia

CANADA 636 1 M2
TEL (902)468-8718
FAX (902)468-8924

http://www. agatlabs. com

Method Summary
CLIENT NAME: AMEC FOSTER WHEELER E&I AGAT WORK ORDER: 16X169732

PROJECT: TF13104119.5600 ATTENTION TO: MATT GOSSE

SAMPLING SITE: SAMPLED BY:

PARAMETER AGAT S.O.P LITERATURE REFERENCE ANALYTICAL TECHNIQUE

Nater Analysis

Subcontracted Data

~gGA-r METHOD SUMMARY (V5) Page 10 of 13

Results relate only to the items tested and to all the items tested
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Unit 122 - 11 Morns Ur. Vhone: 902-468-8718
Dartmouth, Nova Scotia Fax: 902-468-8924

B3B tM2 www.agatlabs.com
http://webearth.a9 atlabs.co m

Laboratory use Oniy

Arrival Condition: ❑ Good ❑ Poor {complete .o s̀'~' f}/ --''

Arrival Temperature: ~~, Z AGATJobNumber: ~ ~ "~ ~vv~ ~ ~ ~-

Notes:

Drinking Water Sample (y/n): Reg. No.

Wa[ervvorks Num~e~:

Rept7rt 'fo: Report Tnfarmation rteport Formac Turnaround Time (TAT) Business Days
~ompany; Amec Foster Wheeler 1. Name: Matthew Gosse

Email: matthew.gosse(c~amecfw.com
2. Name' James Mccathy T

Email: ames.mcca a amPc com

[~ Single PDF
sampi~~ per

~ vie

Regular TAT:
A 5 - 7 days

Rush TAT•

contact: Matthew Gosse 
~~4ddress: 133 Crosbie Road

Phone; 722-1023 FAX: 722-7353 Regulatory Requirements (Check): Mulbpie PDF d 1 day ❑ ~ days

POtt' TF13104119.5600 ❑List Guidelines on Report AI Do Not list Guidelines en Repwt

❑ PtRI Site Into (check a!i that apply).

samples per
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~ Exce! Format

~ 3 - 4 days
Date Required:4GAT Quotation:
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f_] rer2 D cam D N~oi. ❑Fine

Included Time Required:
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Unit 122 - li Morris dr. Phone: 902-468-87]R

Dartmouth, Nova Scotia Fax: 902-468-8924
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Unit 122 - 11 Morris Dr.

Dartmouth, Nova Scotia
636 IM2
http://webearth. agatlabs.com

Phone: 90)_-468-8716
Fax:902-468-8924
www.agatlabs.com
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Laboratories

CLIENT NAME: AMEC FOSTER WHEELER E&I
133 CROSBIE ROAD
ST. JOHNS, NL A164A5
(709) 722-7023

ATTENTION TO: MATT GOSSE

PROJECT: TF 13104119.5600

AGAT WORK ORDER: 16X169381

SOIL ANALYSIS REVIEWED BY: James MacDonald, Technical Services Manager

DATE REPORTED: May 31, 2017

PAGES (INCLUDING COVER): 5

VERSION*: 5

11 Morris Drive, Unit 122
Dartmouth, Nova Scotia

CANADA 636 1 M2
TEL (902)468-8718
FAX (902)468-8924

http://www. agatlabs. com

Should you require any information regarding this analysis please contact your client services representative at (902) 468-8718

*NOTES

VERSION 5:Version 5.0 supersedes Version 4.0. Updated report to separate analyses at client request. Issued, May 31, 2017.

Version 2.0 supersedes Version 1.0. Lower RDL for Hg reported. Issued, May 12, 2017.

All samples wil l be disposed of within 30 days following analysis. Please contact the lab if you require additional sample storage time.

AGAT Laboratories (V5) Page 1 of 5

Member of: Association of Professional Engineers and Geoscientists of Alberta AGAT Laboratories is accredited to ISOlIEC 17025 by the Canadian Association for Laboratory
(APEGA) Accreditation Inc. (GALA) and/or Standards Council of Canada (SCC) for specific tests listed on the
Western Enviro-Agricultural Laboratory Association (WEALA) scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian
Environmental Services Association of Alberta (ESAA) Association for Laboratory Accreditation Inc. (GALA) for specific drinking water tests. Accreditations

are location and parameter specific. A complete listing of parameters for each location is available
from www.cala.ca and/or www.scc.ca. The tests in this report may not necessarily be included in
the scope of accreditation.

Results relate only to the items tested and to all the items tested
All reportable information as specified by ISO 17025:2005 is available from AGAT Laboratories upon request



Laboratories

CLIENT NAME: AMEC FOSTER WHEELER E&I

SAMPLING SITE:

Certificate of Analysis
AGAT WORK ORDER: 16X169381

PROJECT: TF13104119.5600
ATTENTION TO: MATT GOSSE

SAMPLED BY:

11 Morris Drive, Unit 122
Dartmouth, Nova Scotia

CANADA B38 1 M2
TEL (902)468-8718
FAX (902)468-8924

htlp://www.agatlabs. com

Available Metals in Soil

DATE RECEIVED: 2016-12-09 DATE REPORTED: 2017-05-31

SAMPLE DESCRIPTION: AC147A AJ139A 1164A K153A K161A N153A W137A

SAMPLE TYPE: Soil Soil Soil Soil Soil Soil Soil

DATE SAMPLED 2016-12-01 2016-12-01 2016-12-01 2016-12-01 2016-12-01 2016-12-01 2016-12-03

Parameter Unit G / S RDL 6079180 8079198 8079200 8079202 8079204 8079205 8079206

Aluminum mg/kg 10 3580 1510 1880 3400 1780 1200 601

Antimony mg/kg 1 <1 <1 <1 <1 <1 <1 <1

Arsenic mg/kg 1 3 2 2 2 3 2 2

Barium mg/kg 5 70 57 20 45 118 47 64

Beryllium mg/kg 2 <2 <2 <2 Q <2 <2 <2

Boron mg/kg 2 3 <2 <2 <2 <2 2 2

Cadmium mg/kg 0.3 <0.3 <0.3 <0.3 0.4 <0.3 <0.3 <0.3

Chromium mg/kg 2 7 3 5 4 6 3 2

Cobalt mg/kg 1 2 <1 <1 1 2 <1 2

Copper mg/kg 2 6 2 3 4 18 5 5

Iron mglkg 50 5290 964 2290 1560 2530 1310 700

Lead mg/kg 0.5 8.9 6.2 7.4 29.4 26.2 14.0 20.9

Lithium mg/kg 5 <5 <5 <5 <5 <5 <5 <5

Manganese mg/kg 2 92 12 18 41 35 65 10

Molybdenum mg/kg 2 <2 <2 <2 <2 <2 <2 <2

Nickel mg/kg 2 5 2 <2 2 14 3 3

Selenium mg/kg 1 <1 <1 <1 <1 <1 <1 <1

Silver mg/kg 0.5 <0.5 0.5 <0.5 <0.5 <0.5 <0.5 <0.5

Strontium mg/kg 5 16 10 <5 ~5 23 15 63

Thallium mg/kg 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Tin mg/kg 2 2 3 <2 3 3 3 3

Uranium mg/kg 0.1 0.5 0.2 0.6 <0.1 0.3 0.1 <0.1

Vanadium mg/kg 2 10 5 8 5 10 6 6

Zinc mg/kg 5 16 10 <5 18 10 24 22

Comments: RDL -Reported Detection Limit; G / S -Guideline /Standard

8079180-8079206 Results are based on the dry weight of the sample.

./~~~~
Certified By:

A~3AT CERTIFICATE OF ANALYSIS (VS) Page 2 of 5
Results relate only to the items tested and to all the items tested



-- Laboratories

11 Morris Drive, Unit 122
Dartmouth, Nova Scotia

CANADA B3B 1 M2
TEL (902)468-8718
FAX (902)468-8924

http://www.agatlabs.com

Quality Assurance
CLIENT NAME: AMEC FOSTER WHEELER E&I AGAT WORK ORDER: 16X169381

PROJECT: TF13104119.5600 ATTENTION TO: MATT GOSSE

SAMPLING SITE: SAMPLED BY:

Soil Analysis
RPT Date: May 31, 2017 DUPLICATE REFERENCE MATERIAL METHOD BLANK SPIKE MATRIX SPIKE

PARAMETER Batch
Sample

Id
Dup #1 Dup #2 RPD

Method

Blank Measured
Value

Acceptable
Limits Recovery

Acceptable
Limits Recovery

Acceptable
Limits

Lower Upper Lower Upper Lower Upper

Available Metals in Soil

Aluminum 1214201 601 583 3.0% <10 98% 80% 120% 98% 80% 120% 130% 70% 130%

Antimony 1214201 < 1 < 1 NA < 1 89% 80% 120% 104% 80% 120% NA 70% 130%

Arsenic 1214201 2 2 NA < 1 99% 80% 120% 96% 80% 120% 94% 70% 130%

Barium 1214201 64 64 0.0% < 5 96% 80% 120% 97% 80% 120% 102% 70% 130%

BerylllU►Tl 1214201 < 2 < 2 NA < 2 107% 80% 120% 110% 80% 120% 102% 70% 130%

Boron 1214201 2 2 NA < 2 111 % 80% 120% 111 % 80% 120% 103% 70% 130%
Cadmium 1214201 < 0.3 < 0.3 NA < 0.3 101 % 80% 120% 103% 80% 120% 91 % 70% 130%
Chromium 1214201 2 2 NA < 2 109% 80% 120% 110% 80°/a 120% 109% 70% 130%
Cobalt 1214201 2 2 NA <1 106% 80% 120% 107% 80% 120% 101% 70% 130%
Copper 1214201 5 5 NA < 2 112% 80% 120% 120% 80% 120% 106% 70% 130%

Iron 1214201 700 682 2.6% < 50 105% 80% 120% 103% 80% 120% 109% 70% 130%
Lead 1214201 20.9 21.5 2.8°/a < 0.5 103% 80% 120% 106% 80% 120% 97% 70% 130%
Manganese 1214201 10 10 0.0% < 2 103% 80% 120% 104% 80% 120% 109% 70% 130%
Molybdenum 1214201 < 2 < 2 NA < 2 98% 80% 120% 95% 80% 120% 95% 70% 130%
Nickel 1214201 3 3 NA < 2 109% 80% 120°/a 112% 80% 120% 105% 70% 130%

Selenium 1214201 < 1 < 1 NA < 1 100% 80% 120% 100% 80% 120% 90% 70% 130%
Silver 1214201 < 0.5 < 0.5 NA < 0.5 109% 80% 120% 107% 80% 120% 100% 70% 130%
Strontium 1214201 63 64 1.6% < 5 95% 80% 120% 98% 80% 120% 101 % 70°/a 130%
Thallium 1214201 < 0.1 < 0.1 NA < 0.1 106% 80% 120% 105% 80% 120% NA 70% 130%
Tin 1214201 3 3 NA < 2 101 % 80% 120% 99% 80% 120% 94% 70% 130%

Uranium 1214201 < 0.1 < 0.1 NA < 0.1 100% 80% 120% 103% 80% 120% 93% 70% 130%
Vanadium 1214201 6 5 NA < 2 105% 80% 120% 103% 80% 120% 106% 70% 130%
Zinc 1214201 22 22 NA < 5 109% 80% 120% 112% 80% 120% 102% 70% 130%

Mercury Analysis in Soil
Mercury 1 8082932 0.053 0.055 NA < 0.015 83% 70% 130% 70°/a 130% 77% 70% 130%

pH in Soil
pH 1 8083452 8.42 8.62 2.3% < 98% 80% 120%

TOC (Soil)
Total Organic 8079180 8079180 44.1 44.7 1.4°/o < 0.30 116% 70% 130% 80°/o 70% 130%
Carbon(Walkley-Black Wet
Oxidation)

«~

Certified By: ~ ~~±
Ac~iAT QUALITY ASSURANCE REPORT (V5) Page 3 of 5

GAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory Accreditation Inc. (GALA) and/or Standards Council of Canada (SCC) for specific tests
sled on the scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian Association for Laboratory Accreditation Inc. (GALA) for specific drinking water
gi sts. Accreditations are location and parameter specific. A complete listing of parameters for each location is available from www.cala.ca and/or www.scc.ca. The tests in this report may
~t necessarily be included in the scope of accreditation.

Results relate only to the items tested and to alI the items tested



Laboratories

11 Morris Drive, Unit 122
Dartmouth, Nova Scotia

CANADA 83B 1 M2
TEL (902)468-8718
FAX (902)468-8924

http://www.agatlabs.com

Method Summary
CLIENT NAME: AMEC FOSTER WHEELER E&I AGAT WORK ORDER: 16X169381

PROJECT: TF13104119.5600 ATTENTION T0: MATT GOSSE

SAMPLING SITE: SAMPLED BY:

PARAMETER AGAT S.O.P LITERATURE REFERENCE ANALYTICAL TECHNIQUE

Soil Analysis

Aluminum
MET-121-6105 & EPA SW 846 6020A/30506 & SM

ICP/MSM ET-121-6103 3125

Antimony
MET-121-6105 & EPA SW 846 6020A/3050B & SM

ICP/MSM ET-121-6103 3125

MET-121-6105 & EPA SW 846 6020A/3050B & SM
Arsenic M ET-121-6103 3125

ICP/MS

MET-121-6105 & EPA SW 846 6020A/30506 8 SM
Barium M ET-121-6103 3125 ICP/MS

MET-121-6105 & EPA SW 846 6020A/3050B & SM
Beryllium M ET-121-6103 3125 ICP/MS

MET-121-6105 & EPA SW 846 6020A/3050B & SM
Boron M ET-121-6103 3125

ICP/MS

MET-121-6105 & EPA SW 846 6020A/30506 & SM
Cadmium M ET-121-6103 3125 ICP/MS

MET-121-6105 & EPA SW 846 6020A/3050B & SM
Chromium MET-121-6103 3125

ICP/MS

Cobalt
MET-121-6105 & EPA SW 846 6020A/30506 & SM

ICP/MSM ET-121-6103 3125

MET-121-6105 8 EPA SW 846 6020A/30506 & SM
Copper MET-121-6103 3125

ICP/MS

Iron
MET-121-6105 & EPA SW 846 6020A/3050B & SM

ICP/MSMET-121-6103 3125

MET-121-6105 & EPA SW 846 6020A/30506 & SM
Lead MET-121-6103 3125 ICP-MS

Lithium
MET-121-6105 8~ EPA SW 846 6020A/3050B & SM

ICP-MSM ET-121-6103 3125

Manganese
MET-121-6105 8~ EPA SW 846 6020A/30506 & SM

ICP/MSMET-121-6103 3125

Molybdenum
MET-121-6105 ~ EPA SW 846 6020A/3050B & SM

ICP/MSM ET-121-6103 3125

MET-121-6105 8~ EPA SW 846 6020A/3050B & SM
Nickel M ET-121-6103 3125 MCP/MS

Selenium
MET-121-6105 8~ EPA SW 846 6020A/30506 & SM

ICP/MSM ET-121-6103 3125

MET-121-6105 8~ EPA SW 846 6020A/3050B 8~ SM
Silver M ET-121-6103 3125 ICP/MS

MET-121-6105 & EPA SW 846 6020A/3050B & SM
Strontium M ET-121-6103 3125 ICP/MS

Thallium
MET-121-6105 & EPA SW 846 6020A/3050B & SM

ICP/MS
MET-121-6103 3125

MET-121-6105 & EPA SW 846 6020A/3050B & SM
Tin M ET-121-6103 3125 ICP/MS

MET-121-6105 & EPA SW 846 6020A/3050B & SM
Uranium M ET-121-6103 3125 ICP/MS

Vanadium
MET-121-6105 & EPA SW 846 6020A/30506 & SM

ICP/MSM ET-121-6103 3125

Zinc
MET-121-6105 & EPA SW 846 6020A/30506 & SM

ICP/MS
M ET-121-6103 3125

Mercury
INOR-121-6101 8~

Based on EPA 245.5 & SM 3112B CV/AA
INOR-121-6107

Subcontracted Data

Total Organic Carbon(Walkley-Black Wet INOR-93-6062
Skjemstad & Baldock, 2008 8~ Walkley

SPECTROPHOTOMETER
Oxidation) &Black 1934

pH INOR-121-6006
modified from Canadian Society of

pH METER
Soil Science p15

~gG~q-t- METHOD SUMMARY (V5) Page 4 of 5

Results relate only to the items tested and to all the items tested



~~+ ~
~ y~~

Laboratories
Unit 122 - 11 Morris Dr. Phone: 902-468-8718
Dartmouth, Nova Scotia Pax: 902-468-8924
B36 IM2 www.agatlabs.cam
hCtp: J/webearth, aga! labs.com

laboratory use Only
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~lJ~ier',~forks lVumher:
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ǹi
F-

Y
F-

~

°c
Q

—

o
5-

~

r
d

m

~~i.
►-

m
a
i-

o
~

~
x
i-

¢
4

m
d

a:
~
C

~a
~
~$AMPLE IDENTIF1CATtOM o r s iMr a ri.e

y ~ e~ S t ~ i~ / i!' ti%

G 1 ui ~ ~ ~ ~ ~ t t 1 / "~ v

f~ l5~ ~~ '~ S~~ i w ~'
i~li3~I ~►-3 r 5~~j ✓` ~ v v

Sam I elinquis y (prink name &sign) date/Time Samples Recely d y ' not name sign}, te/Time Special Instrucbo~s

'~ ~`""~ --- '' '2G« ~ ~ averned by the Terms and Conditions of the agreement No.
MIS 016Sample Relinquished By ( rinC name & si n) Date/Time Samples Received pant name d s~~n DaEeJT~me

Matthew Gosse 'Pa e of

Reg. No.

0

a~
a,

a





Fw: draft HHRA program status memo
Jackie Wells to: Gilbert Bennett 05/26/2017 02:24 PM

Hi Gilbert,

Here's the memo prepared by Rob and the link to the VOCM story .

http://vocm.com/news/majority-of-nunatsiavut-homes-have-little-access-to-healthy-food-sury
ey/

Thanks,
Jackie

Jackie Wells, M.Sc., B.Sc., B.Ed.
EA Commitments/Environmental Effects Monitoring Programs Lead

PROJECT DELIVERY TEAM
Lower Churchill Project

t. 709 737-1711 c. 709 693-7721 f. 709 754-0787

e. JackieWells@lowerchurchillproiect.ca

w. muskratfalls.nalcorenergy.com

You owe it to yourself, and your family, to make it home safely every day. What have you done today so that
nobody gets hurt?

Begin forwarded message:

From: "Willis, Rob" <rwillis@dillon.ca>
To: "JackieWells @ lowerchurchillproject.ca" <JackieWells @ lowerchurchillproject.ca>
Subject: Re: draft HHRA program status memo

Here is a revised version (both Word and pd~. Enjoy your break!

Rob.

On Wed, May 3, 2017 at 10:15 AM, <JackieWells @ lowerchurchillproject.ca> wrote:
Thanks!

I'm on annual after today but will be checking my email etc.

Jackie Wells, M.Sc., B.Sc., B.Ed.
EA Commitments/Environmental Effects Monitoring Programs Lead

PROJECT DELIVERY TEAM

Lower Churchill Project

t. 709 737-1711 c. 709 693-7721 f. 709 754-0787

e. lackieWells@lowerchurchillproject.ca

w. muskratfalls.nalcorener~y.com



You owe it to yourself, and your family, to make it home safely every day. What have you done today

so that nobody gets hurt?

From: "Willis, Rob" <rwilli dillon.ca>

To: "JackieWells(c~lowerchurchillprojectca" <JackieWells(c~lowerchurchillgroiectca>

Date: 05/03/2017 10:44 AM

Subject: Re: draft HHRA program status memo

Good to hear. I'll look to turn this around for you today at some point.

Cheers,

•.

On Wed, May 3, 2017 at 9:41 AM, <JackieWells@lowerchurchillproject.ca> wrote:
Hi Rob,

This looks great!

A few suggested edits of a minor nature
• page 9, 3rd pars. Last sentence. Add "and also suggest a low probability of

consumption."

• page 9, 6th pars. Add the year to the Minaskuat reference.
• page 11, 4th bullet. "consumption advisory" was CA everywhere else.
• page 11, Path Forward. 2nd sentence. Add "including the health benefits of

including fish in one's diet" to the end of the sentence. Or something like that.

Once you've revised, or considered these edits, please resubmit and I will share with
Peter and Gilbert.

Thanks again,

Jackie

Jackie Wells, M.Sc., B.Sc., B.Ed.
EA Commitments/Environmental Effects Monitoring Programs Lead
PROJECT DELIVERY TEAM

Lower Churchill Project

t. 709 737-1711 c. 709 693-7721 f. 709 754-0787

e. JackieWells@lowerchurchillproiect.ca

w. muskratfalls.nalcorener~y.com



You owe it to yourself, and your family, to make it home safely every day. What have you done today

so that nobody gets hurt?

From: "Willis, Rob" <rvvilli dillon.ca>

To: "JackieWells(a)lowerchurchillnrojectca" <JackieWells(a)lowerchurchillorojectca>

Date: 04/25/2017 02:58 PM

Subject: draft HHRA program status memo

Hi Jackie,

I think I've spun my wheels enough on this now. A draft memo is attached. Feel free to
suggest edits. I've tried to make it go along the lines of what we discussed, but along the
way I felt that it might be good to include the HHRA summary and a summary of the
recommendations made in the HHRA...given that it seems unlikely anyone other than
Health Canada has read it.

I'm open to any changes you and others there feel are necessary.

Cheers,
Rob.

Rob Willis, B.Sc., M.E.S., EP,
QPRA

Senior Toxicologist &Risk Assessor
Associate
Dillon Consulting Limited
137 Chain Lake Drive Suite 100
Halifax, Nova Scotia, 635 163
T - 902.450.4000 ext. 5031
F - 902.450.2008

M - 902.802.7634

RWillis@dillon.ca

www.dillon.ca
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MEMO ~~ ~.j .~-~~3

TO: Jackie Wells (Lower Churchill Project); Peter Madden (Lower Churchill Project)

FROM: Rob Willis

DATE: May 3 d̀, 2017

SUBJECT: Lower Churchill Hydroelectric Generation Project (LCHGP) Human Health Risk

Assessment (HHRA) Program Status

OUR FILE: 12-6331-6000

Introduction

This memo provides a brief interim status report that summarizes the major activities and studies
conducted within the LCHGP HHRA program to date. It also summarizes some relevant activities and
studies within other EEM programs that link to the HHRA program, and which provide data that are

evaluated within the HHRA program.

This memo also suggests some recommended next steps with respect to human health-based

monitoring programs for methylmercury (MeHg), and considerations for future risk management and/or
mitigation options regarding potential human health effects and/or public health concerns that may be
associated with McHg.

LCHGP HHRA Program Overview

The LCHGP HHRA Program was initiated in 2013 and is ongoing. Creation of the HHRA program was a
regulatory requirement and a condition for release of the LCHGP from the EA process. Key HHRA

program components and milestones to date are briefly summarized in the following bullets. Further

details are provided within a number of HHRA program documents posted to the Muskrat Falls

Generation website (i.e., https://muskratfalls.nalcorener~y.com/environment/generation/), under the
"Human Health Risk Assessment Plan” header, including: the HHRA Plan, the Final Baseline HHRA report,
the Baseline Dietary Survey and Human Hair Sampling Program report, and others. This memo does not
elaborate on information that is covered in detail within these previous HHRA program documents.

Fall, 2013: Development of the HHRA Plan (HHRAP) and initiation of the Baseline HHRA
Program. The HHRAP was submitted to NLDEC in February of 2014. It was also submitted at that

time for review and consultation with LCHGP study area aboriginal organizations and
Health Canada. Comments received by Health Canada and the Aboriginal organizations on the
HHRAP were reviewed and responded to, and modifications were made to the HHRAP. Such

modifications were reflected in the final HHRAP version that is posted to the above noted
Muskrat Falls website. The final HHRAP was approved by NLDEC on June 14th, 2016 as per NL
Reg. 18/12, subject to the following condition: "Should downstream methylmercury monitoring
identify the need for consumption advisories as a result of the project, Nalcor shall consult with
relevant parties representing Lake Melville resource users. Based on the location of the

consumption advisories these users could include Aboriginal Governments and organizations as
well as other stakeholder groups. Following consultation, Nalcor shall provide reasonable and
appropriate compensation measures to address the impact of the consumption advisory."
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Spring to Fall of 2014: Preparation of Baseline Diet Survey (DS) and Human Biomonitoring

Program (HBP) Work Plans, and associated ethics approval processes and consultation with

Health Canada. Aboriginal consultations (i.e., Innu Nation; NunatuKavut Community Council

Research Advisory Committee (NCC RAC); Nunatsiavut Government Research Advisory

Committee (NGRAC), and consultation with NLDEC, NLDHCS and Labrador-Grenfell Health also

occurred over this period, as did the notification and planning process for the DS and HBP in

LCHGP study area communities. NGRAC did not grant approval, and as a consequence, one of

the study area communities of interest (i.e., Rigolet) could not be included in the Baseline HHRA

program studies.

• November 2014 to February 2015: The Baseline DS and HBP programs were conducted in the

participating LCHGP study area communities. Data compilation and reporting was conducted by

Golder Associates from early to late 2015.

• December 2015: The Final Baseline DS and HBP Report was posted to the Muskrat Falls

Generation website.

• April 2016 to October 2016: The Final Baseline HHRA study is conducted, building on and

incorporating the outcomes of the Final Baseline DS and HBP Report.

• March 2016 and August 2016: Two McHg workshops are held (St. Johns, NL and Happy Valley-

Goose Bay, NL) which were attended by representatives of several provincial and federal

government departments, Nalcor Energy and their experts, Labrador-Grenfell regional health

authority, and Labrador Aboriginal organizations (Happy Valley-Goose Bay workshop only;

included representatives of NG, Innu Nation and NCC, and their experts).

• October 18th, 2016: The Final Baseline HHRA report is submitted to NL DEC and NL DHCS and

forwarded to Health Canada for review and comment. The HHRA report and its technical

appendices are subsequently reviewed by Health Canada experts from the First Nations and

I nuit Health Branch, Contaminated Sites Division, and Food and Drug Directorate.

• April 2017: Health Canada written comments on the baseline HHRA report were received (April

215̀ ) and are in the process of being reviewed and addressed. The lead HHRA consultant met

with Health Canada representatives to informally discuss their comments, impressions and

advice. This meeting resulted in consensus that the Health Canada comments result in no

modifications being required to the baseline HHRA report or its technical appendices. While

Health Canada expressed some concerns regarding data gaps and uncertainties and made some

recommendations to address such items, it was agreed that these concerns are best addressed

in future monitoring or assessment work. Specific Health Canada recommendations will be

addressed to the extent possible/practical in such future work.
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Final Baseline HHRA Summary

As the final baseline HHRA study is a key component of the HHRA program and will serve as a key point

of reference for future McHg monitoring and assessment programs, the baseline HHRA study is briefly

summarized below. Further details are available in the HHRA report itself and within its technical

appendices.

The final baseline HHRA builds upon a number of previous studies and documentation

conducted/prepared during the EA of the LCHGP, and post-EA. The HHRA focused on the evaluation of

potential human exposures and risks associated with the presence of methylmercury (MeHg) and

inorganic mercury (Hg) in a variety of country food and store-bought food items that are commonly

consumed by residents of the LCHGP study area communities. Various food ingestion-based exposure

pathways and routes were assessed for male and female human receptors of all age classes, in the

participating LCHGP study area communities.

A study area-specific dietary survey (DS) and human biomonitoring program (HBP; which involved

human hair sampling and analysis for THg and McHg) were key aspects of the final baseline HHRA. The

DS outcomes were the basis of the assessed food item consumption rates and frequencies, and the HBP

outcomes provided a line of evidence regarding current baseline Hg exposures within residents of the

study area communities.

The final baseline HHRA was conducted according to standard regulatory guidance including HHRA

guidance documentation developed and endorsed by Health Canada. The HHRA was also conducted in a

highly conservative manner that applied/used various approaches, models and assumptions which

tended to overestimate (to a substantial degree) McHg and inorganic Hg exposures and risks for the

assessed human receptors.

Within its major steps, the final baseline HHRA evaluated multiple lines of evidence (LOEs). These LOEs

(as follows) comprised the main outcomes of the HHRA.

• Calculated human health risk estimates for each of the assessed human receptors, in each study

area community, expressed as hazard quotients (HQs). HQs in this HHRA are the estimated total

exposures to both McHg and inorganic Hg divided by the applicable regulatory toxicological

reference values) (TRVs) for these substances.

• Relative exposure contributions of the assessed human exposure pathways and food items to

total McHg and inorganic Hg exposure for the assessed human receptors, and the relative

proportion of McHg and inorganic Hg exposure that is attributed to country food consumption

versus market basket (store-bought) food consumption.

• Consideration of the conservative assumptions and uncertainties (including data variability)

within the exposure assessment and hazard (toxicity) assessment steps of the HHRA and their

impact on human health risk estimates.

• Consideration of the potential impact of key toxicological interactions on predicted human

health risk estimates, and the relationship of predicted risk estimates to the health benefits of

including locally harvested fish, seal and game species in traditional diets. This consideration

was only treated in a brief and cursory manner in the HHRA as it will be addressed in greater

detail in a forthcoming consumption advisory/advice protocol and program.
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• Evaluation of human biomonitoring data (i.e., measured hair THg and McHg concentrations)
from the baseline HBP conducted in LCHGP study area communities, and comparison of the hair
THg and McHg data to regulatory toxicological guidelines for THg/MeHg in hair.

• Comparison of the measured hair THg and McHg data from the HBP to predicted hair McHg
concentrations estimated using a widely accepted one compartment toxicokinetic model
(developed by the World Health Organization) with extensive global regulatory precedent, that
converts estimated McHg exposures (expressed as a dose) to blood McHg concentrations. Blood
McHg concentrations were then converted to hair concentrations using a common and widely
accepted blood to hair conversion factor of 250.

• Comparison of estimated human receptor blood McHg concentrations (from the toxicokinetic
model) to Health Canada blood McHg guidance values (i.e., Legrand et al., 2010).

• Comparison of predicted hair McHg concentrations to regulatory toxicological guidelines for
THg/MeHg in hair.

• Comparison of estimated fetal blood McHg concentrations to Health Canada blood McHg
guidance values (i.e., Legrand et al., 2010).

• Comparisons of LCHGP study area fish THg concentration data against regulatory human health-
based fish tissue residue guidelines for THg/MeHg.

• General comparisons of study area fish muscle, seal muscle and liver, and wild bird egg THg
concentrations to selected fish, seal and egg THg data reported in the literature for various
northern locations within Canada, the U.S., and northern Europe.

Some other features of the baseline HHRA included: the development of HHRA exposure (consumption)
scenarios from baseline DS outcomes; validation of country food intake rates against literature values
and leading North American regulatory agency HHRA guidance resources; the use of study area-specific
data (where available) on locally harvested country food item Hg concentrations (e.g., the aquatic EEM
program has extensive data on Hg levels in numerous fish species and ringed seal); the use of

reasonable and representative surrogate data from other northern subarctic locations (a common and
standard HHRA practice for country food items that lack study-area specific data); the use of store
bought food item Hg data from established Health Canada and USFDA publications and datasets; the use
of established and widely accepted regulatory toxicity values and toxicological benchmarks for McHg
and inorganic Hg.

Based on the outcomes of the HHRA LOEs, the final baseline HHRA concluded that there is a low to
negligible potential for human health risk resulting from McHg exposure, and a negligible potential for
human health risk resulting from inorganic Hg exposure. The calculated McHg and inorganic Hg

exposures and risks are similar to what would be expected in numerous communities in North America
where food consumption patterns comprise the ingestion of both store-bought foods and country food
items that are of aquatic origin. A brief summary of the key final baseline HHRA LOE outcomes follows.

Calculated HQs for inorganic Hg suggested a negligible potential for human health risk.

Calculated HQs for McHg suggested a negligible to low potential for human health risk.

All calculated HQs are considered to be substantial overestimates of potential human health risk
due to the various and numerous conservative approaches and assumptions that were
used/applied in the HHRA. In particular, the HHRA did not quantitatively account for the
numerous interactions between McHg and inorganic Hg and other substances in the assessed
food items that would likely reduce the bioaccessibility, bioavailability snd toxicity of these
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substances, nor did the HHRA account for other factors (such as cooking processes) that also
likely reduce the bioaccessibility, bioavailabilityand toxicity of McHg and inorganic Hg.

• Country food items dominate as potential sources of McHg and inorganic Hg exposure in some,
but not all LCHGP study area communities.

• Comparisons of measured hair THg and McHg concentrations (for baseline DS and HBP

participants) against regulatory toxicological guidelines for THg/MeHg in hair indicated no

human health concerns.

• LCHGP study area DS and HBP participants had hair THg concentrations that were similar to

those observed in a number of other First Nations communities located across Canada.

• Predicted hair McHg concentrations in the assessed receptors (which are conservative
overestimates) had a low frequency of exceedance and low margins of exceedance over
regulatory toxicological guidelines for THg/MeHg in hair, and do not suggest a potential human
health concern.

• Predicted blood McHg concentrations in the assessed receptors (which are conservative
overestimates) also had a low frequency of exceedance and low margins of exceedance over
regulatory toxicological guidelines for THg/MeHg in blood, and do not suggest a potential
human health concern.

• There was a generally low frequency of exceedance for LCHGP study area fish muscle THg
concentrations over conservative human health-based fish tissue residue guidelines for
THg/MeHg.

• LCHGP study area THg concentrations in fish, seal and wild bird eggs are not elevated relative to

reported THg concentrations in these food items for numerous other northern locations in

Canada, the U.S., and Europe.

Final baseline HHRA outcomes did not indicate a need for corrective action or risk management (such as

specific consumption advisories) at this time. However, precautionary recommendations were made, as

were recommendations related to potential future risk management measures and/or future follow-up

studies that may be necessary after the LCHGP is operational.

Final Baseline HHRA Recommendations

While final baseline HHRA outcomes do not indicate a need for corrective action or risk management at

this time, standard precautionary measures related to McHg or THg in fish and other country foods of

aquatic origin are considered to be prudent.

For example, despite the conservatism and the high likelihood that the HHRA substantially

overestimated McHg exposures and risks to nursing mothers, breast-feeding infants, females of child-

bearing age and the developing fetus, standard universal advice that pregnant women and nursing

mothers avoid, restrict or temporarily cease their consumption of certain country and store-bought food

items that tend to be elevated in McHg, is prudent, and should apply within the LCHGP study area

communities. It must be recognized that this well -established precautionary advice applies to pregnant

women and nursing mothers anywhere, and is not made for the study area communities because of

final baseline HHRA outcomes.

It must also be recognized that there are numerous and universally well-established benefits (to both

the infant and mother) of breast-feeding, and HHRA outcomes indicate no reason whatsoever for there

to be concerns regarding breast-feeding in relation to baseline levels of Hg exposure within LCHGP study
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area communities. In general, breast-feeding should never be stopped due to fears over chemical

exposure unless specifically recommended by a physician. Even in rare situations where a mother does
have elevated exposures to certain chemicals that can accumulate in breast milk (which is not the case
in the final baseline HHRA), the benefits of breast-feeding far outweigh the potential health risks from
chemical exposure in the overwhelmingly vast majority of cases.

Given the conservative HHRA outcomes, there is no cause for concern in relation to potential infant
McHg exposures that may be incurred via breast-feeding. Thus, any new orsoon-to-be mothers within
the study area communities should continue to be encouraged to breast-feed their infants and young
toddlers, if they are able to. Following the standard universal precautionary measures will further
minimize what is an already negligible to very low potential for exposure and risk.

I n addition (as noted previously in an interim assessment of seal meat and liver consumption), it may be
prudent to recommend to those study area residents that consume ringed seal meat and organs, that
only younger ringed seals be harvested for human consumption (as older seals tend to have higher THg
concentrations in both their muscle and liver tissue). Typically, it is the younger seals that are
preferentially harvested, but encouraging this practice would likely reduce the Hg exposures that may
be incurred from seal meat and liver consumption.

Ongoing existing monitoring programs will continue to provide data that enables tracking of McHg and
THg concentrations in the assessed aquatic country food items of interest. The aquatic EEM program will
also continue to collect data on selenium and PUFA in study area fish and seal muscle tissue samples,
which will provide information that will be helpful should there be a need for future consumption
advisories. Should future monitoring data suggest a need to modify or expand these monitoring
programs, adaptive management approaches will enable appropriate changes to be made, where/if
warranted.

The major potential future risk management measure that is being considered at this time is a
consumption advisory/advice program. For scenarios where food items may be contaminated by
chemicals such that their consumption may pose potential human health risks, the most common risk
management measure or approach is to issue specific consumption advisories (CAs). Often, few other
options are feasible or available. CAs are very commonly applied around the world as the primary and
often only form of mitigation for addressing increased McHg concentrations in fish and other harvested
country food items affected by hydroelectric projects. CAs are likely to be the primary risk management
approach if future McHg levels within study area food items increase such that they may pose a
potential human health risk. The potential need for CAs (or possibly other risk management options) will
be largely determined based on the outcomes of operations phase monitoring programs, particularly
the aquatic EEM program, in conjunction with the outcomes of the final baseline HHRA. The potential
need for CAs would be expected to be triggered by trends of increasing THg levels in study area fish
muscle samples and ringed seal muscle and liver samples.

Future HHRA studies perseare not likely to be necessary to support CA programs. Rather, the final
baseline HHRA models and approaches and assumptions can be modified and adjusted (as new
information becomes available) to provide data and outcomes that would support any risk-based
approaches that may be applied within future CA programs. While CAs can often be partially risk-based,
they are not entirely dependent on HHRA outcomes. HHRA outcomes and/or other risk-based

DILLON CONSULTING LIMITED

www.dillon.ca



Page 7 of 11

approaches can clearly be important considerations in determining if consumption advisories are

warranted, but the need for advisories (and the form that advisories take) typically considers various

other factors too, such as the variability in chemical concentrations within the food items of interest, the

health and nutritional benefits of consuming a certain food item, potential interactions of the chemical

of interest with other substances in consumed food items, the social and cultural benefits of consuming

a certain food item, and various practical, economic and communications considerations as well.

CAs are often an inexact and complex process that must be carefully planned if they are to have a

reasonable likelihood of being effective risk management measures. When CAs are based solely on

HHRA outcomes, any uncertainties within the HHRA (which can be substantial) transfer to the

development of CAs. This is why robust CA programs must consider factors other than just calculated

potential human health risks. It must also be recognized that CAs are more about caution and

prevention than they are about addressing imminent health risks. In situations of imminent harm,

prohibitions are more effective risk management measures than CAs. A consumption advisory issued for

a specific food item does not mean that the food item is not safe to eat; rather, it means that the

amount eaten and the frequency by which it is eaten should be reduced to avoid potential health risks

that may occur if the food item is consumed at the current or higher rate and/or frequency.

Should CAs become necessary, they would be anticipated to provide specific cautionary consumption

information on the affected species, as well as meal size recommendations, and recommended meal

consumption frequency.

As has been noted previously, a detailed CA program (and associated protocols) will be developed in

forthcoming LCHGP HHRA program documentation (under separate cover from the final baseline HHRA),

ideally in collaboration with Health Canada, NLDEC, NLDHCS, Labrador Aboriginal organizations, and

other stakeholders, as necessary. Such documentation is expected to include information regarding

considerations for, and the design and implementation of CAs, and would be anticipated to refer

to/acknowledge CA approaches currently used by a number of regulatory authorities in North America

as well as previous efforts made during the EA of the LCHGP to develop an approach to CAs (e.g., Golder,

2011; JRP.IR# 156).

I n the event that CAs become necessary, there will be consultation with Health Canada, NLDEC, NLDHCS,

Labrador-Grenfell Health, Aboriginal groups (including the Innu, and Inuit as represented by the

Nunatsiavut Government) and others as necessary, prior to the issuance and communication of such

advisories.

It is noted that CAs for McHg or THg in fish are extremely common across North America and around the

world, and include numerous areas where there is no influence of hydroelectric power generation or

point sources of Hg emissions or discharges. The following webpages illustrate the widespread and

common nature of fish CAs for McHg/THg (e.g., https://fishadvisoryonline.epa.~ov/Advisories.aspx;

https://www.epa.~ov/fish-tech; https://www.Ontario.ca/environment-and-energy/eating-Ontario-fish.

There are also current fish CAs in Newfoundland and Labrador that are based on Hg levels in certain fish

species (http://www.ec.~c.ca/mercure-mercury/). Overall, Hg is the single biggest reason for fish CAs

anywhere in North America. There are thousands of fish CAs in place for Hg at any given time in North

America. There are also existing current commercial fish consumption advisories for Hg that are

presented in Health Canada (2007) and CFIA (2014).
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If determined to be necessary, additional focused supplemental diet surveys and/or human

biomonitoring (hair sampling) programs may also be considered in order to reduce uncertainty.

However, as it is expected that increased McHg levels in study area environmental media and key

country food items would not manifest for a number of years post-inundation, there is no anticipated
need to conduct additional DS and/or human hair sampling programs on an annual basis. Rather, it is

expected that outcomes of the ongoing EEM programs, which will continue to track THg and McHg

concentration trends in study area fish and seal, will inform on the need for and timing of future

operations period DS and/or HBP studies (e.g., if McHg trends up in commonly consumed fish over a few

monitoring/sampling events, that may serve as a trigger for follow-up studies to confirm current

consumption patterns and/or determine if changes have occurred to baseline human hair THg/MeHg

concentrations). In the event that a future DS and HBP is warranted, it would be anticipated that the

same communities (as surveyed and sampled in the baseline DS and HBP) would likely be targeted.

However, follow up studies with human subjects are often not able to target the same individuals, for a
number of reasons (out-migration, death, illness, refusal or lack of interest to participate etc.). It should
also be recognized that it could be a number of years between baseline DS and HBP studies and similar

post-operations follow-up DS and HBP studies. In the event that future DS and/or HBP studies are

deemed necessary, it is suggested that such programs could potentially be facilitated by cooperation or

collaboration with the same organizations involved in developing and implementing CA programs. Thus,
future collection of data on individual's dietary patterns and/or hair THg or McHg concentration could

potentially be conducted at community public health clinics or physician's offices.

The Lake Melville: Avativut, Kanuittailinnivut (Our Environment, Our Health) Program

Under this program, there have been similar studies conducted as have occurred for the LCHGP HHRA
Program, although focused entirely on Lake Melville Inuit communities (as the work has been sponsored
by the NG). These studies have included a diet survey, a hair sampling program and HHRA activities.

While a summary report and a few papers have been published by the researchers, insufficient data has
been made publicly available to determine if the data collected within the Lake Melville program studies
could be used to complement or supplement the data collected from the LCHGP HHRA and other EEM

programs. Also, to date, the summary report and published papers are insufficiently transparent to

determine if the Lake Melville program studies' outcomes could be potentially applied to LCHGP EEM

and HHRA programs. Various technical issues, some of which are major, were also identified in reviews

of the available papers and reports to date (addressed under separate cover).

Moving forward, if the NG is willing to share information, it may be of interest to consider consolidating

data collected during the Lake Melville program with the data collected for the LCHGP baseline HHRA

program and ongoing LCHGP EEM programs.

AMEC-FW (2017) Aquatic Species Habitat Utilization Overview

Recently, AMEC-FW prepared an overview of aquatic species habitat utilization within the LCHGP study

area. This overview summarizes LCHGP study area fish species habitat preferences, foraging

preferences and behaviour, life history, distribution, abundance, and prevalence within LCHGP-affected

water bodies (i.e., within or downstream of the Muskrat Falls reservoir). Similar types of information are
also provided for ringed seal in the overview.

The overview confirms the fish species that are most likely to experience increases in McHg

accumulation within their tissues, as a result of the LCHGP. In combination with the baseline DS and
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HHRA outcomes, it is expected to provide key information towards determining which species are most

appropriate to target for potential future CAs.

Based on the AMEC-FW (2017) overview, as well as the baseline DS and HHRA outcomes, the following
locally harvested and consumed fish species are most likely to be affected by the LCHGP, such that

McHg concentrations may increase in fish muscle tissue. This may potentially lead to increased McHg

exposure among human consumers of these species.

• Rainbow Smelt (Osmerus mordax)

• Brook Trout (Sa/velinus fontinalis)

• Burbot (Lota Iota)

These species would be potential target species for establishing CAs (should fish THg concentration data
collected in the aquatic EEM program indicate a need to consider CAs). While burbot is not currently a

target EEM species (though some are captured opportunistically), consideration could be given to

including burbot as a target aquatic EEM program species in future monitoring events. However, it is a
less prevalent and less abundant species than trout or smelt which may make capture and collection

efforts challenging. These features also suggest a low probability that burbot is harvested and

consumed on a regular basis.

Based on the AMEC-FW (2017) overview, as well as the baseline DS and HHRA outcomes, the following

locally harvested and consumed fish species are unlikely to be influenced by the LCHGP (with respect to
McHg concentrations), given their habitat preferences, distribution, foraging preferences, life history,

and prevalence and abundance within LCHGP study area water bodies. Overall, these fish species are
unlikely to be present in LCHGP-influenced water bodies to any significant extent, and would therefore

be unlikely to experience LCHGP-related increases in McHg tissue concentrations.

• Lake Trout (Salvelinus namoycush)

• Atlantic Salmon (So/mo solar)

• Ouananiche (land-locked salmon)

Thus, these species are less likely to be considered as potential target species for establishing CAs, as

their McHg concentrations are unlikely to change significantly in the future, as a result of not being

significantly influenced by the LCHGP. These species are currently included in the aquatic EEM program.

Based on the baseline DS and HHRA outcomes, the following species were not reported to be harvested

and consumed within the LCHGP study area. Similar results were obtained in a previous angling survey

conducted by Minaskuat in 2009. However, these species are likely to be affected by the LCHGP such

that they may experience increases in McHg tissue concentrations, based on information summarized in

AMEC-FW (2017).

• Threespine Stickleback (Gasterosteus aculeatus)

• Longnose Sucker (Catostomus catostomus)

• Lake Whitefish (Coregonus clupeoformis)

• Round Whitefish (Prosopium cylindraceum)

• Rock Cod/Greenland Cod (Gadus ogac)

DILLON CONSULTING LIMITED
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• Longhorn Sculpin (Myoxocephalus octodecemspinosus)

While these species are unlikely to be targeted for potential future CAs (as they are not consumed by
people within the LCHGP study area), a few are target species within the aquatic EEM program.

Based on the AMEC-FW (2017) overview, as well as the baseline DS and HHRA outcomes, the following
species are not reported to be harvested and consumed within the LCHGP study area and are also
unlikely to be influenced by the LCHGP (with respect to McHg concentrations), given their habitat
preferences, distribution, foraging preferences, life history, and prevalence and abundance within
LCHGP study area water bodies. These fish species are unlikely to be present in LCHGP-influenced water
bodies to any significant extent, and would therefore be unlikely to experience LCHGP-related increases
in McHg tissue concentrations.

• Northern Pike (Esox lucius)

• Arctic Charr (Sa/velinus o/pinus)

• Atlantic Cod (Gadus morhua)

• Capelin (Mollotus villosus)

Given these species' insignificant presence within LCHGP-influenced water bodies, and the fact that
these species are not harvested and consumed from within the LCHGP study area (while some species,
such as cod, capelin and charr are consumed, they are either purchased at stores or otherwise obtained
from locations outside the study area), they do not merit being targeted for potential future CAs at this
time. Of these species, one (Northern Pike) is currently included in the aquatic EEM program.

Revised Mercury Mechanistic Modelling and Peak Factors Estimates
Revised mechanistic modelling of mercury within the reservoir and downstream areas is in progress at
this time. An outcome of this modelling will be revised McHg peak increase factors for fish species that
are likely to be affected by the LCHGP. These new peak factors will replace those estimated during the
EA process and are expected to be available in a few months. When the revised peak factors are
available, a supplementary HHRA evaluation will then be conducted to predict potential future peak
McHg exposures and risks within the LCHGP study area communities and determine if there is a need to
consider a CA program for certain fish species.

Consumption Advisory (CA) and Advice Program and Protocols
Preliminary plans and concepts are being considered for what a CA /advice program would/should
entail. Briefly, it is envisioned that such a program would include, but not necessarily be limited to, the
following elements:

• It would build on the baseline HHRA outcomes and recommendations along with
recommendations that stem from Health Canada's review of the baseline HHRA.

• A review of existing CA approaches, methods and guidance from major regulatory agencies and
programs (e.g., Health Canada, Environment Canada and Climate Change, provincial programs,
International Joint Commission, U.S. EPA, U.S. FDA).

• Identification of key stakeholders and agencies that would have a role in CAs and identification
of the lead agencies or organizations, and their primary roles.
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• Identification of the data sources and monitoring programs that would be used to track and
determine the need for CAs (e.g., aquatic EEM program).

• Notification protocols for when CAs are needed, including who is to be notified (within the
LCHGP study area communities) and the means by which notification would occur.

• A communications plan for CAs which will relate directly to notifications and provide a means of
rapidly and efficiently communicating a CA, as well as provide a possible means of verifying or

tracking adherence to issued CAs.

• Protocols that provide technical details on CAs such as equations, approaches, assumptions and
parameters.

• A system for providing consumption advice in addition to consumption advisory information.
This would include communication of the health benefits of eating fish (and seal), in language
the target audience can understand. It would also involve technical and plain language reviews
and summaries of the literature on how different cooking methods and how consuming country
foods with certain other foods and beverages, can greatly reduce gastrointestinal McHg and Hg

absorption (bioaccessibilityand bioavailability) and/o r, can offset the potential toxic effects of
McHg and Hg in the consumed food items.

• Any CA program would link closely to the aquatic EEM program.

Path Forward
The potential future need for CAs will be informed by results of the aquatic EEM program. Should there
be substantial future increases in McHg or THg concentrations in fish species that are harvested and

consumed from water bodies affected by the LCHGP, the CA program will develop appropriate

consumption precautionary information (advisories), as well as advice on how to minimize McHg

exposure and risk while still enjoying the consumption of a given type of fish, and information regarding

the health benefits of consuming locally caught fish. If necessary, information would also be provided on

potential lower Hg alternative fish species and/or potential alternative fish harvesting locations that are
not influenced by the LCHGP.

The role of the Independent Expert Advisory Committee in overseeing future CA/advice programs is

unclear at this time. It is our understanding that this committee is in the process of being formed and

their role will be to recommend options for mitigating human health concerns related to McHg

throughout the Muskrat Falls reservoir and in the Lake Melville ecosystem. How this committee will

work with or oversee the current and existing LCHGP HHRA and aquatic EEM programs will need to be

determined in the coming months.
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Fw: Azimuth WQ Recommendations -Lower Churchill River
Peter Madden to: Gilbert Bennett, David Haley 05/16/2017 01:01 PM

For your reading pleasure

Peter Madden MASc., MBA, PMP
Regulatory Compliance Lead

PROJECT DELIVERY TEAM

Lower Churchill Project

709.737.4972 c. 709.725.3044 f. 709.737.1985

PeterMadden@lowerchurchillproject.ca

w. muskratfalls.nalcorenergy.com

Forwarded by Peter Madden/NLHydro on 05/16/2017 01:01 PM

From: Randy Baker <RBaker@azimuthgroup.ca>
To: "PeterMadden@lowerchurchillproject.ca" <PeterMadden@lowerchurchillproject.ca>
Cc: "rtgeo@shaw.ca" <rtgeo@shaw.ca>
Date: 05/15/2017 09:39 PM
Subject: Azimuth WQ Recommendations -Lower Churchill River

Hi Peter

Attached is our Technical Memo the provides recommendations for water quality parameters related to
mercury on the Lower Churchill River. We have divided our comments into a) sampling parameters b)
frequency of sampling and c) methodology. Our recommendations are based on our review of the WQ
data collected between October 2016 and February 2017, which included a brief period of limited
inundation, as outlined in our March Technical Memo.

Briefly, we recommend the following:

Parameters — A different laboratory should be used for the analysis of total (i.e., unfiltered) and
dissolved mercury and total suspended solids, due primarily to detection limit limitations by AGAT that
are unlikely to be overcome.

Frequency —Once weekly sampling, especially during 'baseline' conditions is far too frequent. We
advocate a maximum of twice monthly sampling. This could be increased to no more than three times
per month following initial periods of inundation. An adaptive management program could be

developed to determine how the schedule should change, based on results over time. As we are not
aware of the proposed schedule of flooding, we did not specifically address the idea of adaptive
management —but we could.

To assist in making this alteration, we have provided the protocol fora 'variability study' to
q uantitatively define both field and laboratory variability, thus providing confidence limits for both —
allowing to distinguish between 'real' changes and natural lab and/or field variability moving forward.

Methodology— We strongly recommend that a different water collection system be adopted. This
system, involving direct pumping and discharge to sampling vessels from discrete depths is fast,



efficient and has high quality control. This method allows for field filtration and preservation, thereby
extending holding times. Azimuth can provide the equipment 'at cost' to AMEC, with an established SOP
/ QA program with no mark-up and minimal labour expense. Should the regulators be wary of the
change, a 'side-by-side' event could be undertaken. We have used this system for many years on both
routine and metals / Hg contaminated sites and have never had any problems.

Please review the document and we can discuss. I will call you in the morning.
Cheers
Randy

Randy Baker* MSc, RPBio ~~ Azimuth Consulting Group Partnership ~ 218 — 2902 West
Broadway, Vancouver, BC V6K 2G8 ~ tel 604.730.1220 ~ email: rbaker@azimuthgroup.ca ~~
web: www.azimuthgroup.ca* Incorporated Partner
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Azimuth Consulting Group Partnership

218-2902 West Broadway

Vancouver, BC

Canada V6K 2G8

Phone: 604730-1220

Fax: 604739-8511

www.azimuthyroup.ca

Technical Memorandum

Date: May 15, 2017

To: Peter Madden, Nalcor Energy

From: Randy Baker, Ralph Turner

Our File: NE 16-01

RE: Recommended Changes to Water Quality Monitoring Program for the

Lower Churchill River, Labrador

Scope of Work and Assumptions

Azimuth Consulting Group Partnership (Azimuth) reviewed the water quality data
collected from the Lower Churchill River, Labrador, between October 14, 2016 and
January 20, 2017. Detailed comments were provided in our March 21, 2017 Technical
Memo. This current memo makes several recommendations to the current water quality
monitoring program moving forward. Our recommendations are based on the empirical
data collected to date and our experience in monitoring for mercury in water.

During the monitoring period above, the Lower Churchill River was partially impounded
only in November, inundating the river upstream of the dam site at monitoring station N4.
During this period, we did not observe any difference in water quality parameters related
to unfiltered mercury, methylmercury, total suspended solids (TSS) or total organic
carbon (TOC) concentrations between N4, the upstream reference station N 1 or
downstream, at N5. For example, methylmercury concentrations were low (near the
method detection limit of 0.01 ng/L) and within a narrow range around 0.02 ng/L at N4
on all occasions, including before and after the period of inundation. The upstream
station N1 had higher or similar methylmercury concentrations as N4, with no difference
in concentration at downstream stations (N5, N6). Similarly, total mercury concentration,
TSS (near or just above the DL of 5 mg/L) and TOC (~5 mg/L) did not differ between
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upstream (N1), N4 and downstream (N5). Thus, temporary inundation did not result in
changes to water quality related to mercury concentrations in the river.

Recommendations

Given the absence of (or very small) changes to water quality within the inundation zone
of the river and based on our detailed examination of the data described in our March
memo, we have made several recommendations with respect to mercury monitoring in
the Lower Churchill River. Our objective is to improve sampling efficiency /data quality,
while at the same time reducing sampling frequency and increasing cost effectiveness.
We have divided our recommendations among sampling parameters, sampling
frequency and sampling equipment /methodology.

Sampling Parameters

As noted in our March Memo, we focused on total and methylmercury concentrations
and those parameters that may influence these, including total suspended solids (TSS)
and total and dissolved organic carbon (TOC / DOC). We have the following
recommendations:

Total Mercury— Unfiltered ̀ total mercury' (i.e., all forms, including methylmercury)
concentration in the Lower Churchill River, given its relatively pristine status, should
measure 2.0 ng/L or less (in the absence of detectable TSS which can confound this
result). The AGAT detection limit (DL) for total mercury 1.9 ng/L, which is too high to
reliably detect changes in total mercury concentrations that are within one order of
magnitude of the DL (i.e., up to 19 ng/L). We recommend that monitoring for total
mercury in water be conducted by a laboratory following US EPA Method 1631 with a DL
equal to or less than 0.5 ng/L. This could be ALS, Maxxam or Flett. Both total and
dissolved mercury concentrations should be analysed to distinguish between mercury
that is adhered to sediment particles and that which is truly dissolved. ̀ Pushing' a DL to
levels that are lower than a laboratory is typically accustomed to doing can introduce
variability that may exaggerate and/or cause ̀noise' around true values. Total and
dissolved mercury should be analysed during each monitoring event using the methods
described below.

Total Suspended Solids — TSS in water is an indicator of erosion /sediment transport or
water column productivity (algae and zooplankton) but is also an important transport
vehicle for inorganic mercury. Accurate measurements of TSS are useful in
understanding the total load of mercury adhered to sediment particles and carried or
deposited downstream. The AGAT DL of 5 mg/L is too high to reliably detect small
changes in TSS (and mercury, as noted above). A lab able to achieve a DL of 1 mg/L (or
less) TSS should be used.

Methylmercury— We recommend that analysis of water for total and dissolved
methylmercury by Flett Laboratories in Winnipeg continue.

Sampling Frequency

During the period between October 2016 and February 2017, water quality parameters
related to mercury, especially methylmercury, showed no consistent temporal or spatial
patterns and were reasonably consistent geographically, even during the brief period of
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impoundment. Based on this, it is our opinion that weekly sampling, especially in the
absence of flooding, is far too frequent. This level of monitoring intensity is
unprecedented —especially under ̀ baseline' conditions.

We recommend that the frequency of sampling be reduced to no more than 1 or 2
occasions per month at all locations during periods when there is no, or minimal
inundation (such as occurred during November 2016). A sufficiently large data set has
been acquired that appears to be more than adequate in characterizing baseline
conditions with a high degree of confidence, prior to inundation.

To further verify this, we are recommending that aone-time variability study be
conducted. For example, total and methylmercury concentrations within the Lower
Churchill River are low and within 2 — 4 x MDLs. When parameter concentrations are
within 10 x of the MDL, there is inherent natural variability in the data and less
confidence should be placed in it. Differences in parameter concentrations on the order
of 2 — 3 x between river stations, or from the same station within narrow time frames,
may not be ̀real' and may simply be due to laboratory variability.

The degree of variability associated with laboratory accuracy when parameters near the
laboratory MDL are present and natural variability in the field, can be measured. To do
this, a specific location is chosen within the river and intensively sampled for key
parameters (e.g., total and dissolved total and methylmercury, TSS) up to ten (10) times.
The procedure is as follows:

Select a single station in mid-river during a particular sampling episode that
represents typical, baseline conditions (i.e., not during spring freshet or located
near a sediment source, such as tributary stream).

Collect 10 independent field samples for mercury, methylmercury and TSS using
the same equipment, waiting for at least 2 minutes between sample collections.
Label the samples ̀blind' so that the laboratory is not aware they are replicates
from the same station.

Collect a single large sample volume (e.g., 2L) of water and instruct the
laboratory to analyse 10 aliquots for total and methylmercury. Liaise with the
laboratory to have them provide sampling containers) of sufficient size to allow
for this. In addition, three replicates of TSS are sufficient to characterize
laboratory variability of this parameter; thus collection of at least 3L of water for
this assay should be sufficient.

Results of the field replicate samples are used to determine natural variability and derive
confidence limits beyond which differences in the field between stations can be
attributed to real differences and not simply natural variability. Result of the laboratory
replicates will be used to determine intra-sample variability due to variation in laboratory
procedures. Statistical analyses (e.g., ANOVA) of these results will be used to inform the
overall study and justify less frequent field sampling.

Should it be deemed necessary, this study can be repeated downstream, within the
dynamic estuarine environment, to characterize laboratory variability and variability
associated with variable or heterogeneous field conditions.
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Sampling Methodology

Azimuth is recommending a move away from sampling using a Niskin bottle or similar
device in favor of a pumping system, whereby water is actively pumped from the
receiving environment directly into the sampling vessels. This method is well
established, has rigorous quality assurance (QA) procedures and allows for field filtering
and preservation, thereby extending holding times for all parameters. It also allows rapid
filling of sample bottles without a volume limit set by use of Niskin bottles.

Equipment needed includes a diaphragm pump (e.g., 4 gal/minute), 12 v battery and
food grade silicon tubing (C-flex tubing; Cole Parmer Cat #06424-79, 3/8" inner
diameter, 5/8" outer diameter), plastic weight and high capacity 0.45 um groundwater
filters (Voss, Wattera).

The basic methodology is as follows:

1. Anchor the sampling vessel at an established station and ensure that there is no
potential for entrainment of sediment.

2. Set up the water pump in the boat; attach the tubing to the pump and attach the
12V battery. Attach the long tubing (up to 8 m) to the intake fitting, and a short,
~1 meter length to the output fitting. If sampling in current attach the plastic-
coated weight (do not use lead) to the end of the longer length of tubing. Lower
the longer tubing into the water to a depth of 0.5 m from surface (and as
appropriate, subsequently to deeper depths). Run the pump for 2 minutes at
each depth to be sampled to flush the tubing and pump.

3. Once the system has been flushed, fill the required pre-labeled sampling
containers with water from the discharge hose directly into the sampling vessels.

After all unfiltered samples have been collected, disconnect the battery from the pump
and insert the 45-µm in-line filter into the end of the discharge hose. Re-connect the
pump and allow the water to discharge and flush through the filter for 15 — 20 seconds. It
may be necessary to pinch the tubing and the inlet side of the pump to reduce flow rate
through the filter.

4. Add the specified preservatives to the appropriate sampling containers, seal and
mix thoroughly. Put in a cooler on ice.

5. A QA/QC protocol will be provided. Essentially, this involves flushing the system
with 2 — 3 L of laboratory supplied DI water and then filling bottles for the
parameters of interest (e.g., metals, total and methylmercury) to verify that the
equipment is not contributing detectable levels of any parameter. Note that for
QA/QC samples, use a new filter when collecting equipment blank samples, not a
used filter.

A more detailed sampling protocol will be provided assuming that this recommended
change is acceptable. Again, as for other mercury collections, the ̀ clean hands /dirty
hands'technique (USEPA Method 1669) should be followed.

If desired /approved, Azimuth will provide AMEC with a pump and tubing system for
water sampling. The pump system is well-proven, very fast and efficient and allows easy
field filtration and thus, preservation. Azimuth will purchase pumps and fit with wires and
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food grade silicon tubing and a sample of in-line filters for water collection; this will be
accompanied by a field method and a Quality Assurance SOP to provide assurance that
the pump and tubing do not contribute any potential contaminants.

A photograph of the diaphragm pump is provided below.
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