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1.

INTRODUCTION

BluMetric Environmental Inc. (BluMetricTM) has been retained by Public Services and Procurement
Canada (PSPC), Western Region to develop this Water Quality Monitoring Program for the land
treatment unit (LTU) located on the Norman Wells Airport lands, administered by Transport
Canada (TC). This plan is required to meet requirements set out in the Sahtu Land and Water
Board (SLWB) Water License, S17L8-003 that was issued to Transport Canada (TC) on
December 5, 2017. BluMetric has supported the maintenance and sampling work that occurred at
the facility in 2017/2018 and provided contractor supervision for local contractor HRN
Contracting who provides heavy equipment and operators to conduct work at the site. The
BluMetric contract for the technical support and contractor supervision role for Norman Wells
Airside LTU project ends on March 31, 2018.

2.

BACKGROUND

The land treatment unit (LTU) is located on the Norman Wells Airport lands that are
administered by Transport Canada (TC). This LTU was constructed in 2004 by Winnipeg
Environmental Remediation Inc to contain petroleum hydrocarbon (PHCs) impacted soils from
several affected areas at the airport (Arcadis 2017).
The LTU was designed to hold approximately 2500m3 of PHC contaminated soil (Arcadis 2017).
Dimensions of the facility are approximately 100 m by 50 m with a 0.5 m berm surrounding the
LTU. This area was compacted and lined with a synthetic geomembrane to prevent contaminants
from leaching into the environment. No other specifics on the construction of the landfarm are
available (including design drawings).
The LTU is currently estimated to contain approximately 4,230 cubic metres (m³) of soil. The soil
is formed into three windrows, totaling approximately 2,950 m³, and the remainder of the LTU
has a covering of soil that is approximately 0.3 m thick that has been maintained to protect the
integrity of the LTU liner. This volume of soil is estimated to be approximately 1,280 m³.
Three (3) monitoring wells were previously installed around the facility (one upgradient and two
downgradient) to monitor possible groundwater impacts associated with the LTU. These wells
became damaged and were replaced by three (3) new monitoring wells in January 2018.

3.

SITE CONDITIONS

3.1

TOPOGRAPHY

Norman Wells is situated in physiographic area known as the Mackenzie Plain. This is a relatively
flat area approximately 60 kilometers wide, which includes the Mackenzie River. Elevation at
Norman Wells is approximately 72.5 masl. Norman Wells is flanked to the northeast by the
Franklin Mountains and the southwest by the Canyon Mountains.
3.2

GEOLOGY

The geology of the area is characterized by the presence of Paleozoic carbonates and sandstone
and Cretaceous sandstone (NRCan, 2013). Bedrock in the vicinity of the town is composed of
shale, siltstone and limestone. The Mackenzie Plain area has numerous deposits of glacio-lacutrine
silt and clay, and many alluvial sand, silt and gravel deposits in the flat river areas (NRC, 2013).
The surficial geology at the Site consists of fluvial deposits comprised of gravel, sand and silt,
typically highly permeable). Groundwater flow appears to be toward the Mackenzie River.
3.3

CLIMATE

Norman Wells is located in the Mackenzie district 145 km south of the Arctic Circle, at 65°
16’57” N and 126° 48’ 01” W. Daily average temperatures vary from -24°C in February to 17.1°C
in July (data corresponding to the period from 1981 to 2010, Canadian Climate Normals,
Government of Canada). Yearly rainfall and snowfall totals are 171.7 mm and 161.5 cm
respectively. (Environment Canada, 2018). Wind speed averages fall between 8.3 to 11.9 km/h,
blowing most frequently to the southeast (SE).
3.4

HYDROGEOLOGY

Norman Wells is located in an area of The Northwest Territories characterized by extensive
discontinuous permafrost (50 - 90%) (NRCan, 1999). Summer active layer depths above the
permafrost depend on vegetation cover, subsurface material type, and moisture conditions, but
typically range from about 0.15 m depth in areas supporting a thick organic mat to more than
1.2 m in areas where vegetation cover is thin. Any permafrost at the bottom of the active layer
can act as a barrier below the groundwater table, and the movement of groundwater and
infiltrating surface water at this site would be expected to follow the local contours of any
permafrost toward low-lying areas.

Groundwater is not used as a source of domestic water in Norman Wells and municipal water is
supplied from the Mackenzie River. Groundwater occurs mostly in the active zone above the
permafrost surface, located roughly at 2 mbgs.

4.

POTENTIAL ENVIRONMENTAL IMPACTS

The LTU has had several documented rips and tears during its use. These gaps in the liner give
preferentially pathways for contamination to migrate beyond the facility. Once the liner has been
removed from site, the underlying soil will need to be tested to ensure no migration of
contamination outside of the LTU footprint has occurred. This approach is detailed in the
Closure and Reclamation Plan under a separate cover.
The potential migration of contaminants from the LTU can be in the form of surface water runoff
from the working areas of the LTU, from soil migration through erosion and run-off or through
seepage of water from within the LTU through tears in the liner to the groundwater table.
The bermed area that contains the soil undergoing treatment provides a physical barrier to
minimize the potential for soil to migrate beyond the facility.
Ponded water within the bermed area is monitored and the water quality is characterized to
determine if the water is acceptable for discharge or if it requires further treatment. The
topography in the area outside of the berms is generally flat with a slight grade to the south. No
surface water features are located within the airport area and the nearest surface water body is
the Mackenzie River approximately 500 m to the south.
Groundwater monitoring wells have been installed to evaluate groundwater quality upgradient
and downgradient of the LTU to determine if any contaminants have migrated through tears in
the liner to the groundwater table and to determine if the site has been impacted by any
historical off-site contamination. These monitoring well locations are presented on Figure 1.
Monitoring of ponded surface water quality from within the LTU and groundwater quality is key
to evaluating the potential for environmental impacts from the site. The approach for water
quality monitoring is summarized in the following sections.

5.

ENVIRONMENTAL QUALITY GUIDELINES

Determination of applicable environmental quality soil guidelines for the LTU was based on the
current land use and the grain size analyses conducted during the January 2018 sampling
program. Due to the commercial nature of the airport lands, and the predominantly fine-grained
soil conditions measured within the LTU, the following criteria were selected for evaluation of
contaminants of concern in surface water and groundwater results:





Canadian Council of Ministers of the Environment (CCME) standard Canadian Water
Quality Guidelines (1999): Water Quality Guidelines for the Protection of Freshwater
Aquatic Life
Federal Interim Groundwater Quality Guidelines (2015): Tier 1 Levels - Fine-Grained Soils
and Commercial/Industrial Property Use Standards
Discharge Criteria from the Sahtu Land and Water Board – Water Licence S17L8-003

Parameters of Concern
Soil deposited within the LTU has been previously contaminated with fuel. Based on this
information the following list of parameters has been formulated as contaminants of concern
(COC) at the LTU. These parameters can be considered leachate indicators in the surrounding
environment.







Petroleum Hydrocarbons (PHCs) F1-F4
Benzene, Toluene, Ethylbenzene and Xylenes (BTEX)
Volatile Organic Compounds (VOCs)
PAHs
Metals
Phenols

It should be noted that no baseline data is available for the site to characterize conditions prior to
the operation of the LTU. The upgradient monitoring well location (MW1) was installed to
characterize groundwater quality prior to any interaction with the LTU.

6.

SURFACE WATER MANAGEMENT & MONITORING

Runoff/leachate from the soil undergoing treatment within the LTU is contained inside the lined
footprint of the facility. This surface water requires proper management as it has the potential to
contain contaminants that could exceed the applicable surface water criteria. Care must be taken

to ensure it does not breach the LTU and enter the environment. To limit leachate generation
and water runoff from the thawing of accumulated snow, the operator of the landfarm should
take reasonable measures to limit the amount of snow accumulation on the landfarm and
surrounding area. If snowfall is heavy during the winter, the top layer of non-impacted snow
should be removed prior to snowmelt in order to reduce the volume of water infiltrating
through impacted soil.
Any runoff water resulting from the landfarm operations must be controlled. In the event
discharge of excess water from the landfarm is required, a grab sample of the water must be
collected and analyzed for the parameters listed in the Water License: PHCs F1-F4, BTEX, VOCs,
metals, PAHs, phenols. The discharge criteria are summarized in the following Table:
Table 1:

Water License Wastewater Discharge Criteria
Parameter

pH
Aluminum
Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium
Chromium (VI)
Chromium (III)

Water License Criteria
(mg/L)
6.5-8.5
0.1
0.006
0.005
1
0.0053
1.5
0.001
0.001
0.0089

Cobalt
Copper
Iron
Lead
Manganese
Mercury (inorganic)

0.05
0.002¹
0.3
0.001²
0.05
0.000026

Methylmercury
Molybdenum
Nickel
Selenium
Silver
Zinc

0.000005
0.073
0.025³
0.001
0.00025
0.03

Uranium
Vanadium
Benzene
Toluene

0.02
0.1
0.37
0.002

Parameter
Ethylbenzene
Xylenes
Styrene

Water License Criteria
(mg/L)
0.09
3.9
0.072

F1
F2
Acenapthene
Acenapthylene
Anthracene
Fluoranthene

0.81
1.3
0.0058
0.046
0.000012
0.00004

Fluorene
Naphthalene
Phenanthrene
Pyrene
Carcinogenic PAHs (as B(a)P TPE)
Benz[a]anthracene

0.003
0.0011
0.0004
0.000025
0.00001
0.000018

Benzo[b+j]fluoranthene
Benzo[k]fluoranthene
Benzo[a]pyrene
Chrysene
Dibenz[a,h]anthracene
Indeno[1,2,3-c,d]pyrene

0.00048
0.00048
0.000017
0.0014
0.00028
0.00023

Phenols
Polychlorinated biphenyls (PCBs)
Perfluorooctane sulfonate (PFOS)
Ammonia
Total Nitrate
Nitrite

0.004
0.0094
0.0068
Temperature and pH dependent
13
0.06

Nitrate + Nitrite

100

Notes:
(1) If water hardness is >180 mg/L the Maximum Grab Concentration is 0.004 mg/L
(2) If water hardness is >180 mg/L the Maximum Grab Concentration is 0.007 mg/L
(3) If water hardness is >180 mg/L the Maximum Grab Concentration is 0.007 mg/L

The analytical results for the grab samples are to be provided 10 days prior to discharge to PSPC,
GNWT ENR Inspector and the SLWB and shall meet the established criteria (Water Licence) prior
to discharge. Discharge is only possible following approval by the GNWT ENR Inspector.

6.1

SURFACE WATER SAMPLING APPROACH

Samples will be collected from ponded water areas using a clean 500 ml high density
polyethylene (HDPE) bottle that will be submerged to approximately half the depth of the
ponded water area. Precautions should be taken to minimize the amount of sediment that is
disturbed during the sample collection process. The surface water sample will be decanted from
the 500 ml HDPE bottle into the appropriate sample bottles provided by the analytical
laboratory.
Field readings of pH, conductivity, and temperature will be measured with a YSI 556 MPS
handheld multi-parameter instrument or similar. During the collection of surface water samples
the physical characteristics of each sample location will be recorded including the width, depth
and approximate volume of water at each location. Photographs of the sampling locations will
be taken and included in the sampling report.
Samples are to be stored at a temperature less than 4°C in a cooler during shipment to the
laboratory for chemical analyses. Holding times for samples should conform to the CCME
Standards (CCME, 1993). Samples will be handled under chain of COC procedures and COC
forms will accompany the samples at all times.
6.2

SURFACE & PONDED WATER ACTION LEVELS

The two action levels for surface water management are as follows:



Acceptable for Discharge – water quality meets the discharge criteria identified in the
Water Licence and can be approved for discharge by the ENR Inspector
Unacceptable for Discharge – water quality does not meet the discharge criteria and water
must be contained to minimize contact with the environment.

If results from the grab sample are below applicable criteria discharge to the environment may be
initiated following approval by the ENR Inspector. Water should be prevented from eroding
natural soils during discharge events. Using liner to intercept water before contact with the soil
will help disperse the water and avoid excess erosion. The proposed discharge location will be
identified and proposed to the ENR Inspector for approval prior to discharge.
In the event that water levels within the LTU are such that overflow is occurring or imminent,
water from with the LTU should be pumped into holding tanks. Enough water should be
emptied as to prevent overflow from the berm. Grab samples should be collected from each
holding tank to characterize the water quality. If the surface water quality meets the discharge

criteria identified in the Water Licence, approval to discharge will be requested from the ENR
Inspector as outlined above. If the surface water quality exceeds the applicable discharge criteria,
water may be shipped offsite for disposal at a licensed facility or contained within storage tanks
until water levels in the LTU have subsided and stored water can be returned and used to
increase the moisture content within the LTU as part of the operations. It should be noted that
during dry periods, standing water in the LTU may be used during tilling to increase soil moisture
as part of the operations of the LTU.
All Action Level exceedances and water sampling events will be summarized in the Annual Water
Licence Report.

7.

GROUNDWATER MONITORING

As per the SLWB water license S17L8-003 Groundwater monitoring at the Norman Wells Airside
LTU will be performed in accordance with the ASTM standard D4448-01 Standard Guide for
Sampling Ground Water Monitoring Wells. The proposed groundwater monitoring frequency is
twice per year: once at freshet in the spring and once in the fall prior to freeze up. Weather
conditions at the site should be monitored to select the appropriate timing for these sampling
events.
Groundwater quality will be compared to the following criteria based on the Federal Interim
Groundwater Quality Guidelines (FIGWQGs).
Table 2:

Groundwater Quality Criteria
Parameter

pH
Total Metals

Federal Interim Groundwater Quality Guidelines (mg/L)
Fine-Grained Soil – Commercial/Industrial Land Use
6.5-9

Aluminum
Antimony
Arsenic
Barium
Beryllium
Boron

Calculated
2.0
0.005
0.5
0.0053
1.5

Cadmium
Chromium (Total)
Copper
Iron
Lead

0.00009
0.0089
Calculated
0.3
Calculated

Parameter
Mercury
Molybdenum
Nickel

Federal Interim Groundwater Quality Guidelines (mg/L)
Fine-Grained Soil – Commercial/Industrial Land Use
0.000026
0.073
Calculated

Selenium
Silver
Thallium
Titanium
Uranium
Zinc
Total Petroleum Hydrocarbons & BTEX
Benzene
Toluene
Ethylbenzene
Xylenes
F1

0.001
0.00025
0.0008
0.1
0.015
0.01
19
240
150
74
9.9

F2
3.1
Extractable Petroleum Hydrocarbons
n/a
Other Parameters
Chemical Oxygen Demand
n/a
Perfluorooctane Sulfonate (PFOS)
0.06a
Total Suspended Solids (TSS)
n/a
Notes:
(a) – Final Groundwater Quality Guideline for Perfluorooctane Sulfonate (PFOS) – (2015)
(calculated) – refers to the fact that additional chemistry data from the sample is required to determine
the applicable criteria for this analyte
n/a – no applicable criteria

7.1

GROUNDWATER SAMPLING APPROACH

Groundwater samples will be collected from all existing monitoring wells onsite (as shown on
Figure 1) during each sampling event. Prior to sampling, each will be purged to remove stagnant
water from within the well bore and surrounding annulus to obtain samples that were
representative of formation groundwater. All new and existing wells will be purged and sampled
using the low-flow sampling method, with dedicated tubing for each well. Purging will be
conducted while monitoring and recording standard parameters (pH, DO, ORP, EC,
temperature) using multimeter field equipment. The multimeter will be calibrated daily before
each use.

Purging and sampling at each well will be accomplished using a portable peristaltic pump,
multimeter and an electronic water level meter. For each well, a short section of new 3/8-inch
outer diameter (OD) silicone tubing will be installed at the pump head and attached to new
dedicated 1/4-inch OD, HDPE tubing in the well. A small section of silicone tubing will be used to
connect the LDPE to a flow-through cell for parameter reading and groundwater sampling. The
tubing intake will be lowered slowly into the water column of the well to minimize mixing of
groundwater, and the intake positioned approximately 0.30 m above the bottom of the well.
The outlet LDPE from the peristaltic pump will be placed into a small volume calibrated flowthrough cell for monitoring geochemical groundwater parameters using the YSI multimeter, and
the discharge from the flow through cell was directed into a pail, for cumulative purge water
volume measurements. Silicone tubing on the pump and the LDPE discharge tubing are to be
replaced with new sections of clean tubing at each well sampled. New nitrile gloves will also
used at each monitoring well sampled.
The pumping rate of the peristaltic pump will be adjusted based on the hydraulic performance of
each well to achieve a minimal, stabilized drawdown at a constant pumping rate of 50 to
300 mL/min. Upon initiation of pumping, the water level will be periodically checked to monitor
the drawdown in each well, and the flow rate adjusted as required to obtain stabilization of the
water level in the well as quickly as possible. All purge water produced during sampling will be
contained on site.
Purging is to be continued until all parameters stabilize for three successive readings. The
following stabilization criteria will be used:
temperature +/- 3%
conductivity +/- 3%

pH
+/- 0.1units
ORP +/- 10mV

DO +/- 10%

After parameter stabilization criteria are met, personnel will remove the LDPE tubing from the
flow-through cell to fill bottles for sampling. Groundwater samples will be collected directly from
the HDPE tubing into clean, laboratory-prepared sample containers, except for samples intended
for dissolved metals analysis; these will be field-filtered using new, dedicated in-line 0.45 µm
Waterra filters. Following collection, samples are to be packed in a cooler with ice to keep them
at approximately 4°C, pending shipment to a CALA certified laboratory. Laboratory analysis
should be conducted for the following COCs: metals, PHCs F1-F4, VOCs, BTEX, PAHs and
phenols.
It should be noted that sampling for PFOS in groundwater requires specific protocols due to the
low detection limits and the many potential sources of PFOS in the environment. The Transport

Canada Perfluorochemical (PFC) Field Sampling Protocol (February 2017) has been included in
Appendix A and should be adhered to when conducting groundwater sampling at the site.
7.2

GROUNDWATER ACTION LEVELS

Groundwater quality will be compared to the applicable FIGWQGs as described above. There
are three action levels for the assessment of groundwater quality and they are described as
follows:






Meets Applicable Groundwater Quality Criteria – groundwater quality meets the
applicable criteria which suggests that groundwater quality has not been impacted by the
LTU – No Further Action Required
Exceeds Applicable Groundwater Quality Criteria but Concentrations are Less than the
Upgradient Groundwater Monitoring Well (MW1) – groundwater quality does not meet
the applicable groundwater criteria but concentrations are less than or equal to those
found in the upgradient monitoring well MW 1 which suggests that groundwater quality
has not been impacted by the LTU – No Further Action Required
Exceeds Applicable Groundwater Quality Criteria but Concentrations are Greater than the
Upgradient Groundwater Monitoring Well (MW1) - groundwater quality does not meet
the applicable groundwater criteria and concentrations are greater than those found in
the upgradient monitoring well MW 1 which suggests that groundwater quality has been
impacted by the LTU – Resample and further investigate groundwater quality if criteria
continue to be exceeded (see details below)

If the groundwater quality in monitoring wells MW2 and MW3 (downgradient) indicates that
groundwater has been impacted by activities at the LTU, additional monitoring should be
conducted to confirm the groundwater quality.
An investigation into the anticipated
groundwater flow rate and direction at the site should be conducted to estimate the possible
extent of the groundwater plume and the travel time.
The installation of additional groundwater monitors may be required to further delineate the
groundwater plume. Remedial options should be evaluated if impacted groundwater is
encountered at the site. Based on topography, local groundwater is believed to flow to the south
towards the Mackenzie River. Further confirmation of the groundwater flow direction will be
completed following the sampling of the newly installed groundwater wells.
All Action Level exceedances and water sampling events will be summarized in the Annual Water
Licence Report.

8.

QUALITY ASSURANCE AND QUALITY CONTROL

Quality Assurance and Quality Control (QAQC) is key in providing a dependable data set by
which to evaluate the potential for environmental impacts at the site. A Quality Assurance
Project Plan (QAPP) has been provided in Appendix B which details how QAQC is incorporated
into all aspects of the water quality monitoring program for the Norman Wells LTU.

9.

CLOSURE

This Water Quality Monitoring Program has been prepared on behalf of Public Services and
Procurement Canada and Transport Canada for submission to the Sahtu Land and Water Board
as part of the requirements for Water Licence S17L8-033. Any use a third party makes of this
report, any reliance on the report, or decisions based upon the report, are the responsibility of
those third parties unless authorization is received from BluMetric Environmental Inc. in writing.
BluMetric Environmental Inc. accepts no responsibility for any loss or damages suffered by any
unauthorized third party as a result of decisions made or actions taken based on this report.
If you have any questions please do not hesitate to contact the undersigned.
Respectfully submitted,
BluMetric Environmental Inc.

Aaron Barker, B.Sc.
Environmental Scientist

Andrea Jenney, P.Eng.
Senior Engineer

10.
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1.0

INTRODUCTION

This document provides guidance on field sampling procedures to be used for
per-and polyfluoroalkyl substances (PFAS).The information was adapted from
various sources including SLR Consulting, Environmental Sciences Group (Royal
Military College), SNC-Lavalin, Arcadis Canada Inc., Golder Associates, AXYS
Analytical Services Ltd., and MAXXAM Analytic Inc. However, the majority of the
PFAS field sampling procedures and work methodologies outlined in this
document were adapted from Dillon Consulting Limited.
Special thanks to Lindsay Patterson of SLR Consulting, Stefano Marconetto of
Golder Associates, Andrew Thalheimer of Dillon Consulting, John Vogan of
Arcadis and David Tarnocai of SNC-Lavalin for taking the time to review and
provide valued comments on this document.
2.0

GENERAL INFORMATION

Given the extremely low detection limits associated with PFAS analysis and the
many potential sources of trace levels of PFAS, field personnel are advised to err
on the side of caution by strictly following these procedures and frequently
replacing nitrile gloves and cleaning field equipment (refer to section 3.0) to help
mitigate the potential for cross contamination or false positives. Specific items
related to field sampling are discussed below.
2.1

Cautions

Field Gear:
•

Water resistant, water proof or stain-treated clothing (i.e. Gore-Tex™, coated
Tyvek™ suits) must not be worn during the field program. Waterproof field
clothing comprised of PVC or HDPE materials (i.e. non-coated Tyvek™) is
acceptable. Field clothing to be worn on site should be restricted to natural
fibers (preferably cotton), old and well laundered, and not synthetic. Field
clothing should be laundered with minimal use of soap (at least 6 washings
since purchase), no fabric softener or scented products and after they have
been cleaned, the clothing should be rinsed again with water only before
drying (no fabric softener, etc.). New cotton clothing may contain PFAS
related treatments, such as for enhancing stain release and should be
avoided. Certain durable water repellent (DWR) finishes applied by garment
manufactures, or applied as an aftermarket product to improve a products
water resistance, may contain PFAS. The PFAS containing DWR treatment
may remain on a garment through multiple launderings, therefore only welllaundered old raingear should be worn as opposed to new raingear.

•

Waterproof field books are not to be used. Field reports should be on loose
paper on masonite or aluminum clip boards (i.e. plastic clip boards, binders
or spiral hard cover notebooks are not acceptable) and activities
documented using a non-gel pen or marker. If a marker is used, then
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donning new nitrile gloves prior to use and removing/disposing following use
and affixation of label to sample bottles should be undertaken. Post-it type
notes should not be used. Gel pen ink in particular may contain fluorinated
wetting agents. Use of ink pens should be avoided unless the ink is
confirmed to be free of fluorinated compounds.
•

Most safety footwear are made from leather and synthetic fibres that have
been treated to provide some degree of waterproofing/increased durability
and represent a source of trace PFAS. For the health and safety of field
personnel, protective footwear must be worn. However, field personnel
should not come into contact with footwear until new nitrile gloves are
donned to minimize any potential for transfer of PFAS to skin. Gloves should
be disposed of if footwear is contacted and prior to beginning any other
activities. Boots covered with non-coated Tyvek™ booties are acceptable. If
using waders to collect water samples, the waders must not have a
fluorinated surface coating.

•

Disposable nitrile gloves must be worn at all times. Further, a new pair of
nitrile gloves must be donned prior to the following activities at each sample
location:





decontamination of re-usable sampling equipment;
prior to contact with sample bottles or “PFAS free” water containers;
insertion of anything into the sample ports (e.g. HDPE tubing);
handling of any QA/QC samples including field blanks and equipment
blanks; and,
 after the handling of any non-dedicated sampling equipment, contact with
non-decontaminated surfaces, or when judged necessary by field
personnel.

•

Table 1 on page 17 contains a crib sheet (i.e. concise set of notes for quick
reference) of sampling cautions and acceptable alternatives.

Field Vehicle:
•

The field vehicle seats may be treated with stain resistant products by the
manufacturer. The seats of the vehicle must be covered with a well
laundered cotton blanket for the duration of the field program in order to
avoid direct contact between field clothing and the seats of the vehicle.

Personal Hygiene:
•

Field personnel may use personal hygiene products such as non-coated
dental floss, shampoo, conditioner, body gel, cosmetic or hand cream made
only from natural products. It is strongly recommended that field personnel
shower as per normal routine the night before and then rinse with water only
on the morning of the sampling event. Use of bar soap is considered
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acceptable, although soap containing moisturizing lotions should be avoided,
unless made from natural ingredients.
•

The use of PFAS containing sunscreens and insect repellents should be
avoided. Sunscreens that are 100% natural are acceptable. Insect repellants
such as DEET is acceptable. Examples of natural products are provided on
Table 2 on page 18. Alternatively, personnel may wear long sleeves, light
colored 100% cotton shirts tucked into pants and socks tucked into pant legs
for insect protection and wide brimmed hats for sun protection.

•

For washroom breaks, field personnel will remove themselves from the
immediate vicinity of the sampling location (i.e. 10m) and then remove gloves
and overalls. Field personnel should wash as normal with extra time for
rinsing with water after soap use. When finished washing, the use of air dryer
is preferred and the use of paper towel for drying is to be avoided (if
possible).

Visitors:
•

Visitors to the site are asked to remain at least 10m from sampling areas.

Rain Events:
•
•

•

•

Only rain gear that is PFAS free is to be worn. Polyethylene, vinyl or PVC
rain gear is acceptable.
Field sampling should not take place when rain fall is consistent and
persistent (i.e. at a rate that it saturates the ground), unless rain gear is
PFAS free. Intermittent showers or fog are acceptable conditions to proceed.
If/when showers occur; non-PFAS free field gear will be removed from the
monitoring well location (i.e. 10m radius) until rain subsides.
Precautions should be taken to avoid contact between sample materials and
containers and the saturated ground surface and/or rain splashes during rain
events. Collection and analysis of an ambient field blank is recommended
under such conditions (discussed later in this document).
If project timelines are tight, the use of a gazebo tent, which can be erected
overtop of the monitoring well and provide shelter from the rain should be
considered. The suitability for use of any shelter should be confirmed prior to
sampling based on the potential presence of PFAS containing products or
finishes on or comprising the shelter. It should be noted that the canopy
material is likely a treated surface and should be regarded as such;
therefore, nitrile gloves should be worn when moving the tent and changed
immediately afterwards. Further contact with the tent should be avoided until
all sampling activities have been finished and personnel are ready to move to
the next site.
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Food considerations:
•

Certain food packaging has historically been treated with PFAS to improve its
ability to resist wetting. As such, field personnel should avoid the use of
paper bags and not bring food on-site in any paper packaging (i.e. do not
bring any fast food to the sites that uses any form of paper wrapping such as
sandwiches, coffee in paper cups, etc.). If possible use cotton or hard plastic
food containers. Avoid products such as aluminum foil (thin HDPE sheeting
is acceptable), coated papers, and coated textiles.

•

Snacks and meals (lunch) are not to be eaten in the field vehicle or in the
immediate vicinity of the monitoring wells (i.e. within 10m). When field
personnel require a break to eat or drink, they should remove their sampling
gloves (i.e. nitrile) and outer field clothing and move to an appropriate
location (preferably downwind). When finished, field personnel should then
tidy up and don their field clothing and a new pair of nitrile gloves prior to
returning to the work area.

3.0

FIELD EQUIPMENT CLEANING

Field equipment that is utilized at each sample location will require cleaning
between uses. Upon donning a new pair of nitrile gloves:
 rinse sampling equipment with Alconox®, Citranox® or Liquinox® cleaning
solution;
 then with laboratory-provided, "PFAS-free" water (for small scale
sampling/testing equipment);
 followed by PFAS free methanol rinse (PFAS free methanol can be
supplied by the laboratory or from another supplier); and,
 finally, rinse with laboratory-provided, "PFAS-free" water.
All rinsate including methanol and the cleaning and water rinsate can be
combined with purge water, excess sampling water and drummed for disposal to
keep waste disposal costs down.
Table 3 on page 19 consists of a crib sheet version of unacceptable sampling
equipment and acceptable alternatives.
NOTE: A lot of water is required to decontaminate large field equipment (i.e. drill
rig). Use of PFAS pre-tested tap or tanker water is acceptable for use. However,
pre-testing the water before the field program begins must be carried out and
included in the consultant’s field protocol. Pre-testing should occur at least 3
weeks before the field work starts to receive the results and make any
necessary plans in time.
Due to the large volume of PFAS free water that would be required to clean soil
sampling equipment (i.e. split spoons and augers), a local (to the site) PFAS free
water should be explored. Sources such as spring water readily available at
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pharmacies or grocery stores may represent a low cost viable alternative to
laboratory supplied water. Pre-confirmation through PFAS analysis would be
required and water source (i.e. spring location) and batch information should be
recorded so that follow up sampling could utilize the same pre-confirmed water.
For groundwater sampling, the flow-through cell and any non-dedicated equipment
(i.e. interface probe) that comes into contact with well water should be
decontaminated between uses.
Field equipment used at locations that are suspected of containing high
concentrations of AFFF (i.e. sample bottles that foam during shaking) will be
cleaned as per above in triplicate.
If possible, background locations should be sampled first, followed by
locations with expected low PFAS concentrations and lastly locations with
expected highest concentrations.
4.0 BOREHOLE/MONITOR WELL
•
•
•

•

Monitoring well installations should be designed to ensure that surficial soil is
not accidentally transferred to the subsurface.
Take measures to minimize the spread of contamination in the subsurface
(casings sealed in bedrock, short well screens, and/or use of direct push
sampling technology - as appropriate for the site).
If a drill rig is being used to drill for soil cores or to install monitoring wells,
clean nitrile gloves shall be worn prior to the collection of each continuous soil
sample collection. Soil samples are collected in laboratory-supplied, "PFAS
free" HDPE jars and labelled in pencil. Samples should be stored in coolers
and kept at 0 – 4 ºC until transported to the lab.
 Consultants should liaise with contractor and subcontractors well ahead of
the beginning of the field program to ensure their personnel are fully
familiar with the precautions detailed in Section 2.1 and to ensure
products/equipment to be supplied are unlikely to contain fluorochemicals.
Fluorochemical-based compounds have been known to be employed by
subcontractors in equipment greases and components in soil sample
sleeves. These products should be substituted with non-fluorochemical
products.
 If a drill rig is being used to drill soil cores or to install monitoring wells, new
nitrile gloves shall be worn by the drilling contractor prior to the handling
and recovery of the sampling equipment (e.g. split spoon).
All sampling equipment must be reviewed to evaluate potential for cross
contamination. Specific lubricating compounds may contain PFAS, therefore
lubricants used on drill equipment or which may be present on sealing O-rings
should be evaluated during the field program design stage. If bailers are used
to sample for PFAS compounds, should not be constructed of PTFE.
Fluorinated tubing (e.g. TeflonTM) should not be used on the site. Sampling
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equipment should not contain PTFE bladders (e.g. as is present in certain
Solinst and QED Sample Pro pumps), PTFE check valves (e.g. as is present
in QED Sample Pro Portable MicroPurge Pumps), fluorinated sealing rings
(e.g. fluoroelastomers such as VitonTM), fluorinated greases or fluorinated
sealing tapes.
4.1
•
•
•

4.2

Well Condition Survey/Water Level Monitoring
If previous PFAS data is available at the site, begin water level measurement
with background and then lowest PFAS concentration locations.
The water level tape must be carefully cleaned after every measurement.
Once all monitoring wells have been sampled, field personnel should conduct
monitor well inspections and recorded water levels. An interface probe must
not be used to record water levels or evaluate presence/absence of nonaqueous phase liquid (NAPL).
Monitoring Well Development and Purging

•

Do not use Teflon™ or low density polyethylene tubing for purging or sample
collection. High density polyethylene (HDPE) tubing is acceptable. No
materials should be re-used between wells. Upon completion of use, all
disposable materials (e.g. HDPE and/or silicon tubing if not dedicated to the
well) should be removed and placed in heavy duty garbage bags for disposal.

•

During development of the well, following drilling, sufficient energy should be
created to agitate the water column and create flow reversals in the well
screen, filter pack and formation to loosen fine-grained materials and draw
them into the well. The pumping or bailing action should then draw all drilling
fluids and fine-grained material out of the borehole and adjacent formation
and then out of the well. Monitoring wells should be developed until visibly
clear water is discharged from the well. Development water for disposal
should be collected, stored on-site, tested and then disposed of accordingly.

•

Low flow purge and sampling techniques as per the US EPA "Low Stress (low
flow) purging and Sampling Procedure for the Collection of Ground Water
Samples from Monitoring Wells" and the ASTM "Standard Practice for LowFlow Purging and Sampling for Wells and Devices Used for Ground-Water
Quality Investigations" should be followed.

•

To purge the well, if using HDPE tubing and a peristaltic pump, the end of the
tubing should be inserted to the approximate depth of the midpoint of the
screened section of the monitor wells. The length of HDPE tubing to be
inserted into each monitoring well will be measured and pre-cut to approximate
lengths (i.e. previously measured arm span of field technician) to avoid contact
with any materials other than the monitoring well and peristaltic pump. The
tubing should be kept at least 0.6 m from the bottom of the well to prevent
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intake of particulates. Flow rates should be as low as can be reasonably
achieved. Purge water should be collected and disposed of appropriately.
•

Silicon tubing should direct the purge water through a flow-through cell for field
parameter measurements of pH, conductivity, temperature, dissolved oxygen
and turbidity. The instrument should be calibrated in the field prior to use, and
the instrument and flow-through cell should be decontaminated at each
monitoring well location prior to purging.

•

Field parameters should be recorded in intervals (generally of three minute
duration) to ensure purge water has cycled through the flow-through cell. Wells
should be sampled after field parameter measurements indicate stabilization,
which allows collection of representative formation water (generally acceptable
standards are three consecutive pH readings to within ±0.1 units, and three
consecutive conductivity, temperature and dissolved oxygen measurements to
within three percent, although the benchmarks may vary depending on the low
flow SOP being followed). Turbidity is monitored, but should not be used as an
indicator of purge completion with the possible exception that it is desirable to
obtain a sample with the minimum amount of suspended sediments as
possible. It is anticipated that suspended sediments could high bias water
quality results due to measurement of sorbed PFAS. Field parameter
measurements should be recorded at each well. As outlined below, drawdown
should not be monitored throughout the purge in order to mitigate possible
cross-contamination of groundwater samples introduced by the interface
probe.

•

If wells are suspected to be dewatering throughout the purge (i.e. reduced flow
rate/difficulty pumping water or bubbles begin to come through the flow
through cell), the pump should be turned off, and the water level allowed to
recover for ½ hour, followed by sample collection. This should be documented
in the Field Reports.

5.0

SAMPLE COLLECTION

5.1

General

•

Different laboratories may supply sample collection containers of varying
sizes dependant on the type of media to be sampled (i.e. soil, groundwater,
etc.). Results of an inter-laboratory comparison conducted by Environmental
Sciences Group (ESG) suggest that standardizing sample container size and
performing whole-sample analysis (i.e. no sub-sampling) will optimize interlaboratory comparability and ensure result consistency for departments,
regardless of which laboratory is used. The use of different laboratory testing
methods (i.e., Solid Phase Extraction (SPE) and Direct Injection) could be
responsible for result variability between laboratories. Sub-sampling is
inherent to the direct injection method and introduces possible bias in either
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direction. To achieve “reportable quantitative results” in aqueous samples,
the use of the SPE method is recommended.
5.2
•

•
•
5.3

Sample Containers
All samples should be collected in polypropylene or high density polyethylene
(HDPE) bottles fitted with an unlined (no Teflon™) or HDPE lined,
polypropylene screw cap. Sample containers should be laboratory supplied
to ensure compatibility with the requested analysis.
Container Labels will be completed using marker after the caps have been
placed back on each bottle. If a marker is used, then current nitrile gloves
should be removed after use and replaced with new ones.
Glass containers should also be avoided due to potential loss of analyte
through adsorption.
Equipment List

The following materials shall be available, as required, during groundwater
sampling:
•
•
•
•
•
•
•
•
•
•
•
•

5.4

site plan of sampling locations (sample ports) and Standard Operating
Procedures;
appropriate health and safety equipment, as specified in the site Health and
Safety Plan;
dedicated plastic sheeting or other clean surface to prevent sample contact
with the ground;
conductivity/temperature/pH meter;
dissolved oxygen meter, oxidation reduction potential meter, and turbidity
meter;
pre-labelled water sample containers – 500 mL high density polyethylene
(HDPE) bottles fitted with HDPE liner screw cap only;
Ziploc© bags for use as ice containers;
appropriate blanks (field reagent blanks supplied by the laboratory);
appropriate transport containers (coolers) with ice and appropriate labeling,
no reusable chemical or gel ice pack (i.e. NO blue ice);
packing, and shipping materials;
appropriate groundwater sampling log; and
chain-of-custody forms completed using pen (NOT gel ink based) or markers.
If a marker is used, then current nitrile gloves should be removed after
use and replaced with new ones.
Sample Procedures

5.4.1 Groundwater Sampling
•

Place plastic sheeting adjacent to the sample port for use as a clean work
areas, if conditions allow. Otherwise, prevent sampling equipment from
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•
•
•

•
•
•
•

•

•
•

contacting the ground or other surface that could compromise sample
integrity.
Sample collection will take place upon stabilization of field parameters. The
silicon tubing should be disconnected from the flow-through cell, enabling
collection of groundwater samples prior to passing through the cell.
Samples must not be field filtered as this procedure is expected to low bias
PFAS analytical results.
Collect the groundwater sample (up to the brim of the sample container
leaving no head space) from the dedicated sampling ports into the prelabelled 500 mL HDPE bottles and tightly screw on the HDPE lined cap
(snug, but not too tight). Do not filter samples in the field for PFAS analysis.
Samples should be collected from the sample ports in pre-labelled water
sample containers – HDPE bottles fitted with HDPE liner screw cap only. Do
not filter samples.
Turbidity should be noted and the physical appearance of the purged water
should be noted on the groundwater sampling log.
Groundwater samples should be taken at the water table to ensure PFAS are
collected and not missed.
Prior to collection of samples, field personnel must wash their hands and don
a new set of nitrile gloves. Gloved hands must not be used to subsequently
handle papers, pens, clothes, etc., prior to the collection of PFAS samples.
The PFAS samples bottle caps must remain on the bottle until immediately
prior to sample collection and the bottle immediately sealed after sample
collection. This will minimize potential loss of PFAS, through volatilization. The
bottle cap must remain in the other hand of the sampler, until replaced on the
bottle. PFAS sample bottles will not be rinsed during sampling.
Ensure the rim of the bottle does not come into direct contact with the pumping
equipment or tubing. Groundwater samples will be collected in pre-labelled,
laboratory-supplied "PFAS free" HDPE sample bottles. Each "PFAS clean"
sample vial should then be placed in a sealed Ziploc© bag. Labelling
information and time of sampling should be recorded on the Field Reports. All
sampling materials should be dedicated instead of replacement of new tubing
each time requiring disposal at each monitoring well.
IMPORTANT: Fill bottles/vials completely to minimize the surface area of
potential water/air interfaces.
To mitigate cross contamination, groundwater samples are to be collected in
a pre-determined order from least impacted to greater impacted wells based
on previous analytical data. If no analytical data are available, samples are to
be collected in the following order:
 First sample the upgradient well(s) relative to the interpreted or known
source;
 Next, sample the well located furthest downgradient of the interpreted
or known source; and,
 The remaining wells should be progressively sampled in order from
downgradient to upgradient, such that the wells closest to the
interpreted or known source are sampled last.
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•

Keep samples as dry as possible. Ensure that sample bottles are securely
closed.
• Group samples in Ziploc© plastic bags according to the sampling event.
• Note the time on the sample label. Samples should be placed in coolers and
kept at a cool temperature until laboratory receipt. Samples must be kept at
between
0-4 ºC in an insulated, durable transport container and shipped under chain
of custody. No blue ice should be used.
NOTE: Where PFAS sampling has not been conducted previously or if required
by the project laboratory for sample handling purposes, a small portion of the
sample (~10-25mL) should be collected and shaken vigorously by the sample
collector on site. If foaming is noted within the sample, this should be
documented when samples are submitted for laboratory analysis; the 'shaker
test' bottle can then be disposed of. This shaker test provides qualitative
information about anticipated contaminant levels.
5.4.2 Surface Water Sampling
•
•
•
•
•
•
•
•

•

Background samples should be collected first.
Avoid sampling the water surface.
For sampling use a 500 mL wide mouth HDPE bottle or alternate as supplied
by the laboratory.
Surface water must be collected by inserting a capped sampling container
(polypropylene or HDPE) with the opening pointing down to avoid the
collection of surface films.
Where surface water samples and sediment samples are collected at the same
location, surface water samples will be collected first to minimize siltation of
the sample location.
If sampling requires physical entry by field staff into the water body, the
sampler should stand at the downstream side of the sample location to
minimize disturbance of the sample location.
Surface water pH, conductivity, temperature and total suspended solids (TSS)
will be measured at each location after sediment sampling.
Sample collection will take place prior to measurement of water level and well
depth as to minimize the potential for cross-contamination due to surface
water/sediment contact with field equipment.
Surface water samples will be placed directly into laboratory supplied
containers suitable in both material and size, placed in supplied packaging
and immediately stored in cooler with ice. Jar lids will remain in the gloved
hand of the sampler until replaced on the bottle. Labels will be completed
using pen or markers after the caps have been placed back on each bottle. If
a marker is used, then current nitrile gloves should be removed after
use and replaced with new ones.
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5.4.3 Soil Sampling
•
•
•

Clean nitrile gloves shall be worn prior to the collection of each sample.
Samples are to be collected using a stainless steel trowel.
Soil samples are collected in laboratory-supplied, "PFAS free" HDPE jars
and labelled in pen/marker. If a marker is used, then nitrile gloves should
be removed after use and replaced with new ones. Samples should then
be placed in coolers and kept at between 0 – 4 ºC until received by the lab.

NOTE: soil samples should be collected immediately at soil surface and then
also where historical soil surfaces are suspected to be located (i.e. if imported fill
was brought on top to bring ground surface up). Rapid attenuation in soil PFOS
concentrations has been observed with depth and collection of near surface
samples (i.e. 0-0.5 m sample interval) is critical for assessing risks to on-site
humans and terrestrial ecological receptors.
5.4.4 Sediment Sampling
•
•
•
•

•
•

6.0
•

•

Background samples should be collected first.
Sediment samples should be either collected manually using a stainless steel
trowel or collected using a petite ponar grab sampler depending on field
condition at each sampling location during sampling program.
Sediment samples will be collected within the upper 10 cm of sediment,
although the sampling plan should consider the relevant sampling depth
established by Federal guidance and/or provincial regulatory guidance.
For a ponar collected sample to be considered acceptable, the ponar should
be closed when retrieved, overlying water should be present in the ponar with
low turbidity; the sampler is not overfilled or contains vegetation; the sediment
is undisturbed and sampler shows no signs of winnowing or leaking. Overlying
water will be decanted and a stainless steel trowel will be used to collect only
the upper 5 cm of sediment or relevant sampling depth established by Federal
guidance and/or provincial regulatory guidance.
If sampling requires physical entry by field staff into the water body, the
sampler should stand at the downstream side of the sample location to
minimize disturbance of the sample location.
Sediment samples will be placed directly into laboratory supplied containers
suitable in both material and size, placed in supplied packaging and
immediately stored in cooler with ice. Jar lids will remain in the gloved hand of
the sampler until replaced on the bottle. Labels will be completed using
markers after the caps have been placed back on each bottle.
SAMPLE SHIPPING
Samples should be maintained between 0–4 ºC during shipping.
Appropriate transport containers (coolers) with ice (Ziploc© bags for use as ice
containers) and appropriate labeling should be used. No blue ice should be
used for sample temperature maintenance.
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•
•

•
•

Complete the procedures for chain-of-custody, handling, packing, and
shipping.
Chain of custody forms should be filled out and checked against the labels on
the sample containers progressively after each sample is collected. Place all
disposable sampling materials (such as plastic sheeting, and health and safety
equipment) in appropriate containers.
Samples should be shipped via courier service with priority overnight delivery.
Tracking numbers for all shipments should be provided once they have been
sent out so to ensure their timely delivery.
Do not ship samples via courier for Saturday delivery.

7.0

QUALITY ASSURANCE/ QUALITY CONTROL SAMPLING

7.1

Field QA/QC

The following is provided to illustrate the types of quality assurance (QA) and
quality control (QC) samples that should be considered. It is up to the consultant
to determine the type and amount of QA/QC samples that should be undertaken
to evaluate impacts/bias to site data and data interpretations.
Consultants should strike a balance between minimizing project costs while
obtaining sufficient information to understand background contributions. Thus,
collecting a field blank, in addition to, an equipment and a trip/travel blank may
not be warranted.
7.1.1 Equipment Blanks (prepared in the field)
•

QA/QC sampling should include daily collection of equipment blanks using the
laboratory supplied or preconfirmed locally sourced ‘PFAS free’ water.
Samples will be collected in laboratory supplied containers. Bottle caps will
remain in the hand of the sampler until replaced on the bottle. Labels will be
completed using pen/pencil or marker after the caps have been placed back
on each bottle. If a Sharpie/Marker is used, then nitrile gloves should be
removed and replaced with new ones. Samples will be sealed in suitable
packaging and stored on ice in a cooler for shipment to the lab. The decision
to collect equipment blanks should consider whether non-dedicated sampling
equipment is used during the field program. Equipment such as split spoon
samplers, ponar, sampling trowel, etc. are considered non-dedicated and
therefore rinsate blanks could be collected to confirm decontamination
procedure effectiveness.

For peristaltic pump tubing, laboratory supplied or pre-confirmed locally sourced
“PFAS free” water should be poured into a clean HDPE sample bottle and then
pumped through new HDPE tubing using the peristaltic pump (with new silicon
tubing).
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7.1.2 Field Duplicates (prepared in the field)
•

QA/QC sampling should include the collection of one blind field duplicate for
every 10 samples collected. These samples will be collected immediately after
the initial samples into laboratory supplied “PFAS clean” sample containers.
Bottle caps will remain in the hand of the sampler until replaced on the bottle.
Labels will be completed using pen/pencil/marker after the caps have been
placed back on each bottle. If a marker is used, then nitrile gloves should
be removed and replaced with new ones. Samples will be sealed in suitable
packaging and stored on ice in a cooler for shipment to the lab.

7.1.3 Field Blank (laboratory supplied)
•

QA/QC sampling should include daily submission of laboratory supplied field
blanks. The samples will be brought to the site in the laboratory supplied
sample bottles and opened during the collection of a sample and then
released. Bottle caps will remain in the hand of the sampler until replaced on
the bottle. Labels will be completed using pen/marker after the caps have been
placed back on each bottle. If a marker is used, then nitrile gloves should
be removed and replaced with new ones. Samples will be sealed in suitable
packaging and stored on ice in a cooler for shipment to the lab.

7.1.4 Trip Blank (laboratory supplied)
•

7.2

QA/QC sampling should include the submission of two laboratory supplied trip
blanks. The sample will be brought to the site in laboratory supplied sample
bottle and the field staff will transfer the laboratory supplied trip blank to two
empty sample containers. Following the bottle transfer, the trip blank samples
will be placed inside the cooler. Labels will be completed using pen/marker. If
a marker is used, then nitrile gloves should be removed and replaced
with new ones. Samples will be sealed in suitable packaging and stored on
ice in a cooler for shipment to the lab.
Laboratory Analytical QA/QC

•

Internal laboratory QA/QC should consist of one laboratory blank per batch of
samples; one soil or water matrix spikes and isotopically-labelled surrogates
for analysis. If the analytical method that the laboratory is accredited for
provides procedures that differ from recommendations provided herein, then
the method should take precedence over these recommendations. Labels will
be completed using pen/marker. If a marker is used, then nitrile gloves
should be removed and replaced with new ones. Samples will be sealed in
suitable packaging and stored on ice in a cooler for shipment to the lab.

•

As part of the internal QA/QC, relative percent difference (RPD) should be
calculated between samples and corresponding laboratory duplicates. The
laboratory quality assurance portion of the laboratory certificates should be
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reviewed to verify that all calculations/recoveries were within acceptable
limits as established by the laboratory method.
8.0

ACCREDITED LABORATORIES

There are three commercial laboratories in Canada that are currently accredited
for PFAS analysis namely; AXYS Analytical Services Ltd. in Sidney, British
Columbia, Maxxam Analytics Inc. in Mississauga, Ontario and ALS Environmental
in Waterloo, Ontario.
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Tables 1-3 (i.e. crib sheets) on pages 17–19 are cited from an AECOM
presentation at the NorthEast Waste Management Officials Association on
August 3, 2016.
Table 1 – The Field Crew
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Table 2 – Sunscreens and Insect Repellants
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Table 3 – Sampling Equipment
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APPENDIX B
Quality Assurance Project Plan

QUALITY ASSURANCE PROJECT PLAN
(QAPP)

Submitted to:
Sahtu Land and Water Board
Box 1
Fort Good, Hope, NT X0E0H0

Submitted by:

BluMetric Environmental Inc.
Postal:
Physical:
P.O. Box 11086
4916 49th Street, Second Floor
Yellowknife, NT X1A 3X7
Yellowknife, NT X1A 1P3

Project Number: 170518-02
5 March 2018
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1.

INTRODUCTION

A Quality Assurance Project Plan (QAPP) describes the execution of activities of a project
involved with the acquisition of information, whether generated from direct measurements,
collected from other sources, or compiled from computerized databases and information systems.
It integrates all technical and quality aspects of a project, including planning, implementation,
and assessment. The purpose of the QAPP is to document planning results for environmental
data operations and to provide a project-specific “blueprint” for obtaining the type and quality
of environmental data needed for a specific decision or use through quality assurance and quality
control measures.
Quality Assurance (QA) is an overall program of systemic monitoring and evaluation that
includes the goal of ensuring that data is scientifically valid, defensible and of known precision
and accuracy. Quality Control (QC) procedures are implemented to provide this data. If the
results from the QC tests meet the data quality objectives (DQOs), the data are known to be in
control, or “valid”. The QAPP documents how quality assurance (QA) and quality control (QC)
are applied to an environmental data operation to assure that the results obtained are of the type
and quality needed and expected.
This QAPP for environmental investigation, assessment and monitoring activities provides a clear,
concise, and complete plan for the acquisition of environmental data and the data quality
objectives of the project. This document is based on guidance provided by the United States
Environmental Protection Agency for developing Quality Assurance Project Plans. (EPA, 2002.
EPA QA/G-5), and communicates, to all parties, the specifications for implementation of the
project design to ensure that the quality objectives are achieved. This QAPP is divided into four
main sections covering project management, data generation and acquisition, assessment and
oversight, and data validation and usability.

2.

PROJECT MANAGEMENT

The elements in this group address the basic area of project management, including the project
history and objectives of the participants. These elements ensure that the project has a defined
goal, that the participants understand the goal and the approach to be used, and that the
planning outputs have been documented.

2.1

PROBLEM DEFINITION AND BACKGROUND

Transport Canada (TC) is responsible for managing the operations of a Land Treatment Unit
(LTU) located within the airport property at the Norman Wells Airport in Norman Wells,
Northwest Territories. The site was constructed in the early 2000s and is being assessed for
decommissioning as it is no longer needed to receive and treat soil.
BluMetric’s main objective is to monitor the soil and water quality at the site to determine if:
 soil contained within the LTU meets the Treated Soil Criteria for decommissioning
 surface water quality of water contained within the bermed area meets the Discharge
Criteria; and
 groundwater quality meets the applicable CCME criteria to assess whether it has
potentially been impacted by the LTU operations.
The tasks that BluMetric will complete to fulfill this commitment include site information review,
site reconnaissance, planning and execution of environmental sampling programs, analysis and
interpretation of environmental data, reporting and recommendations for further action. The
details of these tasks are described in the project specific work plans.
2.2

QUALITY OBJECTIVES AND CRITERIA FOR MEASUREMENT OF DATA

Data Quality Objectives (DQOs) for a project are designed to ensure that the quantity and
quality of information collected are sufficient in relation to their intended use. DQOs should
provide clear specifications to support the data collection effort including appropriate sample size
and tolerable limits on measurement quality indicators such as precision, bias, accuracy,
representativeness, comparability, completeness and sensitivity. These quality parameter may
vary depending on the level of assessment to be undertaken (i.e. Phase I vs. Phase II vs. Phase III
vs. monitoring) and should be reviewed and selected on a project by project basis. Table 1
defines key measurement quality indicators and provides acceptable limits for these indicators for
use on BluMetric projects.

Table 1:

Measurement Quality Indicators

DQI Definition
Precision

Example Determination
The measure of agreement
among repeated measurements
of the same property under
identical, or substantially similar
conditions; calculated as either
the range or as the standard
deviation.
May also be expressed as a
percentage of the mean of the
measurements, such as relative
range, relative percent
difference (RPD) or relative
standard deviation
(coefficient of variation).

Bias

Accuracy

Representativeness

Comparability

The systematic or persistent
distortion of a measurement
process that causes errors in one
direction.

A measure of the overall
agreement of a measurement to
a known value; includes a
combination of random error
(precision) and systematic error
(bias) components of both
sampling and analytical
operations.
A qualitative term that expresses
“the degree to which data
accurately and precisely
represent a characteristic of a
population, parameter
variations at a sampling point, a
process condition, or an
environmental condition.”
(ANSI/ASQC 1995)
A qualitative term that expresses
the measure of confidence that
one data set can be compared
to another and can be
combined for the decision(s) to
be made. (e.g. site data vs.
background data)

Methodologies
Analytical duplicate: Use the
same method to make
repeated measurements of the
same sample within a single
laboratory or have two or
more laboratories analyze
identical samples with the same
method.
Field duplicate: Collect,
process, and analyze co-located
samples for information on
sample acquisition, handling,
shipping, storage, preparation,
and analytical processes and
measurements.
Laboratory Controls: Use
reference materials or analyze
spiked matrix samples.
Field Observations: Accurately
note sample composition (e.g.
organic content of soil) to help
identify false positives and false
negatives.
Laboratory controls: Analyze a
reference material or reanalyze
a sample to which a material of
known concentration or
amount of pollutant has been
added; usually expressed either
as percent recovery or as a
percent bias.
Evaluate whether
measurements are
made and physical samples
collected in
such a manner that the
resulting data
appropriately reflect the
environment or condition
being measured or studied.
Compare sample collection
and handling methods, sample
preparation and analytical
procedures, holding times,
stability issues, and QA
protocols.

Accepted limits
Laboratory RPD:
Soil/sediment:
≤ 40%
Water:
≤ 30%
Field dup RPD:
Soil/sediment:
≤ 40%
Water:
≤ 30%
Laboratory imposed
and monitored
limits.

Laboratory imposed
and monitored
limits.

Tolerable limit is
dependent on the
level of assessment
undertaken (Phase I
vs. Phase II vs. Phase
III) and the
prescribed sampling
effort.
T-Test

DQI Definition
Completeness

Sensitivity

2.3

Example Determination
A measure of the amount of
valid data needed to be
obtained from a measurement
system.

The capability of a method or
instrument to discriminate
between measurement
responses representing different
levels of the variable of interest.

Methodologies
Compare the number of valid
measurements completed
(samples collected or samples
analyzed) with those
established by the project’s
quality criteria (DQOs or
performance/ acceptance
criteria).
Determine the minimum
concentration or attribute that
can be measured by a method
(method detection limit), by an
instrument (instrument
detection limit), or by a
laboratory (quantitation limit).

Accepted limits
Statistical power
analysis
Must consider the
level of assessment
undertaken (Phase I
vs. Phase II vs. Phase
III).
Laboratory imposed
and monitored
limits.

DOCUMENTS AND RECORDS

All BluMetric projects are subject to the company’s Quality Management System (QMS). The
QMS is used to control decisions relating to company directions, project initiatives, marketing
initiatives, project administration, field work procedures, health and safety requirements,
document management and the internal and external client approval process.
 All electronic information will be stored on the BluMetric server.
 All hard copy information (field notebooks, log sheets etc.) will be transcribed as much as
necessary and feasible to electronic format, and archived in a secure location on the
BluMetric premises and/or server.
 Number code, location, and physical properties of all samples collected will be recorded
in field notebooks/log sheets and entered into a database format.
 Information (site, date sampled, location etc.) for each sample will be linked to the
sample number and stored in the database.
 Any deviations to protocols will be documented in field notebooks/log sheets.
 Chain-of-custody (COC) forms will be completed for sample shipments.
Team members are aware of BluMetric’s QMS protocols and must follow them for each project
in which they are involved. Project specific requirements will be communicated to team
members by the project manager and/or team leader in the form of a project information
package presented and discussed during project start up meetings or at the beginning of a new
phase of work such as a field program. Project specific information may include:
 Project Specific QAPP
 Project Health and Safety Plan
 Accounting requirements (billing time, per diems, receipts, etc)





3.

Specific protocols for sampling
Equipment use instruction/training and user guides
Equipment calibration materials and instructions

DATA GENERATION AND ACQUISITION

The elements in this group address all aspects of project design and implementation.
Implementation of these elements ensures that appropriate methods for sampling, measurement
and analysis, data collection or generation, data handling, and QC activities are employed and
are properly documented.
3.1

SAMPLE PROCESS DESIGN

The sample process design describes the project’s data collection methodology.
BluMetric’s information review and sample process designs for site monitoring will adhere to the
applicable CCME Guidelines, Territorial Guidelines as well as those specified within the Sahtu
Land and Water Board Water Licence. Sampling designs will tend to be judgement-based using a
combination of professional knowledge, past experience and historical information to plan
sampling locations. Sampling designs may be modified in the field to best target contamination
hot spots.
Probability-based sampling design methods should be used when a project or component of a
project require high statistical power, such as comprehensive background sampling programs.
3.2

SAMPLE MEDIA

BluMetric will follow standard sampling methods and applicable guidelines. Sample media may
include:
 Soil Sampling (at surface and at depth)
 Surface Water Sampling
 Groundwater Sampling

3.3

SAMPLING METHODS

3.3.1

Sample Storage Requirements

Sample containers and storage requirements are summarized in Tables 2 and 3. Sufficient
quantities of sample containers will be procured from the laboratory prior to field deployment or
will be shipped to site directly from the laboratory. Sample container numbers will include
duplicate containers and a contingency for breakage. This is general requirements and should be
confirmed with the lab prior to container selection and usage.
Table 2:

Summary of storage requirements for soil and sediment samples

Contaminant
PHCs F1-F4
BTEX/VOCs
Metals
PCBs
PAHs
PFAS
Grain size analysis

Table 3:

Container
120 mL glass jar (Teflon
lined lid)
120 mL glass jar (Teflon
lined lid)
250 mL glass jar
250 mL glass jar
250 mL glass jar
250 mL glass jar (no
Teflon)
250 mL glass jar

Amount
60 mL

Means
Stainless steel scoop

Storage
Cool

60 mL

Stainless steel scoop

Cool

75 mL
50 mL
50 mL
115 mL

Stainless steel scoop
Stainless steel scoop
Stainless steel scoop
Stainless steel scoop

Cool
Cool
Cool
Cool

50 mL

Stainless steel scoop

Cool

Summary of storage requirements for water samples

Contaminant
PHCs F1-F4 plus BTEX
VOCs
Metals

PCBs
PAHs
PFAS

Containers/Amounts
Two 500 mL amber glass plus three 40
mL clear glass vials
Three 40 mL clear glass vials
One 120 mL preserved plastic for
Cr(VI), one 500 mL unpreserved plastic
for hardness and pH, one 125 mL
preserved clear glass for Hg and one
250 mL preserved plastic for general
metals
Two 500 mL amber glass
Two 1 L amber glass
250 mL HDPE jar with no liner and no
preservative

Special Treatment
No headspace in vials

Storage
Cool

No headspace
Do not filter

Cool
Cool

None
None
None

Cool
Cool
Cool

3.3.2 Field Screening
Field screening provides a preliminary indication of contaminant presence. Field screening
equipment requirements will depend on potential contaminants of concerns for a given site. The
following is a list of screening equipment commonly used by BluMetric:







Combustible Gas Indicator (CGI) – Petroleum hydrocarbons
Photoionization Detector (PID) – Petroleum hydrocarbons
X-Ray Fluorescence (XRF) – inorganic elements
pH Meter – water pH
Multiparameter Meter – Dissolved oxygen, conductivity, pH, temperature, turbidity, total
dissolved solids.

The usefulness of screening equipment should be evaluated for each project. If all samples are to
be analyzed, field screening may not be necessary. In cases where field screening is necessary,
field personnel will be trained on equipment operation and calibration prior to deployment to
the field. The appropriate calibration supplies such as standards and calibration gas will be
included in field equipment for the project, as required.
3.3.3 Sampling Methodology
Clean latex or nitrile gloves will be worn by sampling personnel at all times and discarded at the
end of each sample collection. Appropriate decontamination/cleaning protocols will be used to
prepare the equipment between sampling intervals. Briefly, sampling equipment will be wiped
down to remove soil particles, then rinsed with water and Alcanox and dried. Waste gloves and
cleaning materials will be contained and appropriately disposed off site.
Clean stainless steel scoops will be used to collect each soil sample.
Soil samples are collected by loosening a sufficient quantity of soil to fill the container. Soil is
then mixed in situ to provide a measure of homogenization prior to filling the container with the
exception of F1 & BTEX analyses which require discrete sampling with Terracore samplers from
within the testpit. When field duplicate samples are collected (typically 10% of sampling effort
are field duplicates) sufficient soils should be loosened and homogenized in situ to fill two
containers. Duplicate soil containers should be filled simultaneously (not one after the other).
Surface water and groundwater samples should be collected in such a way so as to minimize
disruption and suspension of sediments. Duplicate samples should be collected in a similar
fashion simultaneously.
Notes summarizing the conditions present at the sample location will be collected at all sample
locations and a site sketch will be provided. A GPS unit will be used to georeference sample
locations and pertinent site features for inclusion on the figures of the report. Photos will be
collected at each sample location.

All soil and surface water samples will be collected in clean, pre-labelled containers specific to the
analyses that will be performed as described in Table 2 and 3. Samples will be stored at
approximately 4oC in a cooler and shipped to a certified environmental laboratory for testing.
Please note that the soil and water sampling for the project includes analysing for
Perfluorochemicals (PFCs). The sampling methodology and sample handline methods must be in
compliance with Transport Canada’s document Perfluorochemical (PFC) Field Sampling Protocol
(May 2013).
3.4

SAMPLE HANDLING AND CUSTODY (SAMPLE MANAGEMENT)

The information presented in this section enables maintenance of sample integrity from time of
collection through analysis. All samples collected by BluMetric will be registered and tracked by
a unique number during the collection and movement of samples between BluMetric and the
laboratory. All samples will be given sequential, numerical codes before submission to the
analytical laboratories; these codes will mask any information concerning geographic site
location, sample type (e.g. regular versus blind field duplicate, or site versus background sample)
or possible concentration of the sample. The relevant documentation such as Chain of Custody
Forms (COCs), requests and results documentation will be filed and stored by BluMetric.
3.4.1

On-site Sample Management

BluMetric field staff will maintain field notebooks and log sheets, which record the location and
number of each sample collected. Samples collected in jars will be kept as cool as possible (e.g.
kept outside in secure, cool locations); jars will not be opened until laboratory analysis in the
south. Water samples will be kept cool but not frozen.
3.4.2 Shipping of Samples



Samples collected in the appropriate containers will be transported off-site in coolers
with the appropriate packing materials (i.e. bubble wrap) and ice packs.
All samples will be shipped to the laboratory in the most expedient manner possible.
Sample shipments from remote sites will occur as frequently as possible but may be
dependent on charter flight schedules and expeditors.

COC forms will be filled out and checked for each sample before coolers are shipped to the
laboratory. Each shipment of samples will be sent with a COC and with the following
information:
 Date sampled





Sample matrix
Number and type of containers
Analytical parameters

3.5

ANALYTICAL METHODS

3.5.1

On-site Water Parameter Measurement

Surface water and groundwater seep samples will be tested in the field using a multi-parameter
instrument for pH, temperature, conductivity and total dissolved solids.
3.5.2 Accredited Laboratory Analysis
Analysis of samples will be conducted by Laboratories with a Canadian Association for
Laboratory Accreditation Inc. (CALA) accreditation. These laboratories will use accepted
standard operating procedures (SOPs), typically published by the US EPA or the American Society
of Testing and Materials (ASTM). Laboratories will be consulted to ensure their method and
instrument detection limits are adequate with respect to the regulations that apply to a particular
site.
3.6

QUALITY CONTROL

Quality Control (QC) refers to the established procedures followed both in the field and
laboratory that measure the variability or error associated with sample collection, analysis or
measurement activities. They are routinely performed technical activities that are not meant to
eliminate or minimize errors, but to measure or estimate their effect.
Other quality control measures include proper equipment decontamination and storage, proper
handling and storage of clean unused sample containers, proper record keeping and filing and
accurate sample labelling.
3.6.1

Sampling QC

Travel Blank (water)
Travel blanks are used to check for background contamination, contamination from transport
and handling, or both. Appropriate bottles will be filled with distilled water and any
preservatives to be added to the field samples and then sealed by the lab before the sampling
program. Blanks will be labelled clearly and shipped with the empty sample bottles. The blanks
will not be opened in the field and will be returned together with the field samples to the

laboratory. Travel blanks will be used for water samples only and they will be analyzed in the
southern laboratory for the analytes of interest.

Field Blank (water)
Field blanks will be prepared at site using clean de-ionized or distilled water provided in sterile
sealed containers by the laboratory. These will be prepared following regular sampling
techniques and labelled with a unique unbiased identifier. Field blanks will be packed in coolers
and shipped with other samples. Field blanks will provide a measure of how “clean” the water
sampling techniques are, and whether cross-contamination has occurred. Field blanks will be
used for water samples only and they will be analyzed for the analytes of concern at a given site.

Field Duplicate (all environmental media)
The collection of duplicate samples provides a measure of precision/repeatability of the sampling
procedure and analytical technique, and the heterogeneity of the sample. The number of
duplicates collected should be approximately 10% of the overall total for the field program.
Precision is measure by calculating the relative percentage difference (RPD) for the duplicate
samples. If the contaminant concentrations are greater than 5 times the reportable detection
limit (RDL), an RPD is calculated. Concentration results less than 5 times the RDL become
increasingly imprecise. Common standards for evaluating the repeatability of duplicate samples
are described in CCME, 1993 and MOE, 2004. These guidance documents suggest the use
of 30% and 40% RPD for liquids and solids, respectively. RPD is calculated as follows:
RPD (%) = [|Dup1 – Dup2|/(average of Dup1+Dup2)] *100
It must be noted that these references are directed to duplicates (or replicates) prepared in an
analytical laboratory. Field duplicates are not true duplicates in this sense, since the level of in
situ homogenization is relatively crude compared to the duplicate preparation methods
employed in an analytical laboratory.
3.6.2 Analytical QC
An internal quality assurance/quality control program is implemented by each laboratory to
allow the monitoring of data quality on an ongoing basis.

Analytical Method Blank
Method blanks are included with each batch of samples that is analyzed by an instrument. These
are processed through the same digestions and extraction steps as a site sample, but using a
known clean aliquot of the appropriate matrix. Method blanks give a measure of any
contamination that may be introduced during sample handing and processing and can indicate
whether results are falsely inflated.

Blanks are expected to be below detection limits. If they show detectable levels, the whole batch
of samples is suspect and may require re-analysis. If lab reports are returned with detectable
results in the method blank, the lab should be consulted about the source and significance of the
measurement, and to find out if the results have been blank-corrected. If blank correction was
not used, the levels in the blank should be compared to the sample results to see if they are
significant. If a decision rule is affected by the blank contamination, samples may need to be
reanalyzed (if possible). The detectable levels and their significance will be pointed out in the
QA/QC section of the appropriate report with an explanation.

Analytical Control Spike
The purpose of a control spike is to identify analytical interference associated with the sample
matrix. Analytical spikes are generated by the addition of a known amount of target analyte to a
sample of clean matrix or by the use of a known reference standard. Low recoveries for
analytical spikes may denote signal suppression which should necessitate further investigation.
Sources of signal suppression could be from matrix interference, instrument interference and/or
sample preparation interference. Control spikes are evaluated by calculating a percent recovery
as follows:
Recovery (%) = (measures concentration/certified concentration) *100

Analytical Duplicate
Analytical duplicates are prepared by the analyst and are included with each batch of samples
that is analyzed by an instrument. These are typically prepared by drying, grinding and sieving
the soil to obtain a homogenous sample. This homogeneous sample is then divided into two
replicates and subjected to necessary processing (digestion/extraction) required for the analysis
type. Duplicate preparation for certain parameters, such as volatile compounds may omit the
drying step as it will bias the results.
These blanks provide a measure of the precision and repeatability of the analytical method.
Precision is often evaluated by calculating a RPD, as described above.
3.6.3 Data Management
Detailed field notes are collected for each sample location and for overall site observations.
These are typically recorded on pre-printed field sampling forms or in log books. Information
recorded includes:
 Sample number and media type
 Sample depth
 Sample location and site feature under investigation
 Soil composition (stratigraphy)








Surrounding conditions: surface grade, drainage, site features, infrastructure, point sources,
staining, odours, stressed vegetation
Potential receptors
Migration pathways
Field screening measurements (if relevant)
Suggested analyses
Photo number

Field notes are scanned and saved on the BluMetric server. Notes are transcribed to improve
legibility and for inclusion in final reports. Photos and videos are downloaded and saved on the
BluMetric server by site name and by date. Geospatial information (GPS coordinates) for sample
locations is downloaded and stored on the BluMetric server separately and added to field note
transcripts in the post-season.

4.

DATA QUALITY ASSESSMENT AND OVERSIGHT

The elements in this group address the activities for assessing the effectiveness of the
implementation of the project and associated QA and QC activities. The purpose of assessment is
to ensure that the QA Project Plan is implemented as prescribed. Two levels of assessment will
be carried out to validate data: real time surveillance and post season review.
4.1

REAL TIME SURVEILLANCE

Surveillance in real time (i.e. while on site) will take place to ensure that all the approved
protocols are being followed. These procedures will include the following:
 Checking field notebooks and log sheets.
 Checking and signing each COC and request.
 Checking that samples are safely packed in coolers prior to shipment.
 Ensuring that samples collected, samples shipped, deviations to protocols and
 QA/QC problems, etc. are recorded in the project database.
4.2

POST FIELD WORK REVIEW

A review of the QC results provided with all data will be carried out for each site to ensure that
the data are valid. This will take place after all the data have been obtained from the laboratories
and prior to the publication of the site reports.
 QC results from all accredited laboratory data will be reviewed.
 Any QC issues will be discussed in the site reports.



5.

A “lessons learned” session will be held to discuss successes of the project and to evaluate
ways to improve the implementation of the project.

DATA VALIDATION AND USABILITY

The elements in this group address the QA activities that occur after the data collection or
generation phase of the project is completed. Implementation of these elements ensures that the
data conform to the specified criteria, thus achieving the project objectives.
5.1

VERIFICATION AND VALIDATION

Data verification is the process for evaluating the completeness and correctness of a specific data
set against the method, procedural, or contractual specifications. Data validation, however, is an
analyte- and sample-specific process that extends the evaluation of data beyond method,
procedure, or contractual compliance to determine the quality of a specific data set relative to
the end use. These elements will be completed during the report production stage of a project.
The following activities should be completed:
 Review of field note transcripts
 Review of data table samples
 Ensure correct reference criteria (e.g. CCME vs. MOE vs. other) are used
 Ensure all exceedances are highlighted in data tables
 Ensure all exceedances are correctly located on site figures
 Ensure site figures include all relevant features
5.2

TECHNICAL REVIEW (INTERNAL AND EXTERNAL)

The technical review will be carried out for each site to ensure that the appropriate site
information was recorded and captured in site reports and figures. This process will highlight data
gaps in site information and identify the need for additional chemical analyses or field samples.
The internal technical review of validated data will be conducted early in the report production
stage of a project and will including BluMetric field team members and project managers. The
external technical review will be conducted after the internal review and will included BluMetric
field team members, project managers and the client. These technical reviews ensure that the
data collected are valid and that they meet the project objectives set out in the scope of work.
The following will be included in the technical review:
 Data interpretations






Correctness of text and figures
Completeness of data tables
Recommendations for further action
Cost estimates for further action

