Appendix A1: Quality Assurance and Quality Control
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QUALITY ASSURANCE PROCEDURES

Each technical component under RAMP is required to complete a series of
procedures to facilitate the collection of a high level of data quality. Quality
assurance (QA) is defined as:

Plans or programs that encompass a wide range of internal and external
management and technical practices designed to ensure that the
collection of data of known quality matches the intended use of the data
(Environment Canada 1998).

General procedures, used by the Hatfield RAMP team for all RAMP-related
data collection, handling and management, are discussed in the following
sections. More detailed information regarding quality control for each technical
component of RAMP follows the general information.

Field Staff Training

All staff participating in field studies are professional biologists/engineers or
technicians with specific training in the area they are involved in. Field crews
are put together based on level of expertise and seniority; although
qualifications vary based on level of experience, crews typically include a field
crew leader who may be either a Master’s- or Ph.D.-level professional and a
trained environmental field technician (B.Sc. or Dip. Tech). All field staff
members have experience conducting data collection in support of scientifically
defensible environmental monitoring programs.

Field crew responsibilities are clearly established prior to beginning field work
through the use of Field Work Instructions (FWIs) that are prepared by the
component or task leader. FWIs contain detailed information regarding
sampling locations (e.g., coordinate location, access method), appropriate
collection methodology, required supporting variables (e.g., water velocity,
tield water chemistry). FWIs are prepared and discussed prior to beginning
each field sampling trip (typically when the crew is still in the office).

Staff members are trained in field sampling techniques through traditional
education (i.e., university or college), work experience and participation in
workshops/seminars. In addition, staff training includes Standard First Aid
and CPR, and any oil sands specific site training that may be necessary to access
sites. In many cases, field personnel have additional training on the Workplace
Hazardous Materials Information System (WHMIS), Transportation of
Dangerous Goods (TDG) Regulations, Small Boat Safety (as required by the
Coast Guard) and wilderness first aid.



A1.1.2 Field Operations

Equipment

Sampling gear and equipment used for the RAMP field programs are
maintained at the offices of the respective RAMP team member offices (i.e.,
Hatfield - Fort McMurray and West Vancouver; Mack Slack & Associates -
Calgary; Jacques Whitford - Calgary). Specialized field equipment used to
complete field studies for each RAMP component is controlled by each
component leader. Where necessary, routine maintenance is conducted
according to manufacturer’s instructions to ensure valid data collection.

General field equipment that may be used during field surveys (all
components) include:

provincial sampling permits (e.g., fish collection permits from Alberta
Sustainable Resource Development);

waterproof paper/data sheets, waterproof labels, indelible markers,
pencils, pens, and other stationery (for recording data);

topographical maps, hydrographic charts, and/or aerial photos of the
oil sands area;

Garmin 45, 45XL, 12XL or GPSII Global Positioning System (GPS) for
obtaining data on sampling station position (latitude and longitude;
accurate to approximately £15 m);

camera and film (to record sampling areas, specimens captured,
unusual features in the environment, etc.);

instruments for measuring the following water quality variables in situ:
temperature, dissolved oxygen, conductivity, pH, current velocity and
depth;

miscellaneous equipment: tarpaulin, rope, measuring tape, coolers,
plastic buckets, and tool box;

waterproof clothing, including rain suits, rubber boots, etc.;

floater jackets and/or survival suits, first aid kit and other safety
equipment (including boat safety equipment);

IBM-compatible portable (lap-top) computer, Intel Celeron 550 MHz,
with 128 MB RAM. Typical programs installed include Microsoft
Windows, Microsoft Excel and Microsoft Word; and

publications and previous reports for reference;
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Field operations are coordinated through the Hatfield Fort McMurray office.
This role includes coordination of personnel, sample handling and shipping,
and end-of-day safety check-ins for field crews.

Information regarding specialized field equipment used for the RAMP program
is provided in the following sections and in appendices for specific
components.

Data Collection, Data Tracking and Field Data Sheets

The following general data are typically recorded for field sampling activities
conducted for RAMP (with some minor variability among technical
components):

* date and time of sampling;

* sample numbers;

= station location (UTM coordinate, datum, zone);
* initials of field crew members;

* sampling methods/gear used;

* number of samples collected (water/sediment/benthos), number of
specimens retained/ released/dissected/archived (biota), number of
measurements take (climate and hydrology);

* volume of sample collected (water/sediment);
* number of samples in composite;

* handling techniques, preservation methods, sampling containers used;
and

* photographs of sampling stations.

Field data collection is conducted according to procedures used for all previous
RAMP studies (as described in Golder 1999).

Laboratory

Laboratories used to analyze water, sediment and fish tissue samples collected
under the RAMP program are required to be accredited by the Canadian
Association  for  Environmental = Analytical = Laboratories  (CAEL).
Responsibilities associated with this accreditation include participation in an
annual performance evaluation assessment of the laboratory’s procedures,
methods and internal quality control.
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Other samples, such as benthic invertebrate sorting and taxonomy, and fish
aging, are conducted for RAMP by small independent laboratories or boutique
consulting companies. Both groups are required to conduct QA/QC
procedures that are considered industry standard for the respective disciplines.
For example, QA/QC procedures for benthic invertebrate taxonomy meet or
exceed guidelines established by Environment Canada (Glozier et al. 2002) for
environmental effects monitoring (EEM) studies.

Data Management

Field data are entered into Microsoft Excel spreadsheets to facilitate production
of tables, figures, etc., for reports.

Information on samples collected (biota/benthos/sediment/water) are
carefully recorded on field data sheets, and secured at the end of each field day.
All data sheets, field notes, photographs, maps and other supporting
documentation are filed within appropriate team members’ secure offices. All
hard-copy information is retained for five years after the sampling date.

All products of field sampling (e.g., field notes, analytical results) are checked
upon receipt for errors, analytical limits, and reasonable results. Prior to data
analysis and reporting, entered data are checked for transcription errors.

Sample Management

Samples are handled (including preservation, storage and shipping) in
accordance with established procedures (Golder 1999) and with guidelines
from respective laboratories. Sample tracking is conducted by field crew
leaders (or Fort McMurray-based team members). Where possible, samples are
hand-delivered to laboratories; for instance, preserved benthic invertebrate
samples (those collected near the end of the program) are commonly
transported by field crews to the taxonomist in Calgary upon completion of the
tield program.

Detailed lists of samples shipped to analytical laboratories are made, such that
samples may be tracked from point of shipment to the laboratory
(water/sediment/benthic taxonomy).  Chain of Custody (COC) forms
(commonly issued by the receiving laboratory) are used to notify receiving
laboratories of the number and type of samples that are being shipped. Data
provided on this sheet include date, project, sample type (fish, sediment, water,
benthic invertebrates, etc.), sampling location, sender's name, and any
preservation added/required. Sample numbers of all specimens/containers
collected are listed, and correspond to field sample numbers. A description of
each sample shipped is provided (i.e., station number, sediment, date and time
collected, analyses to be performed). The receiver is required to check the
shipping list to ensure all samples are accounted for and in good condition, and
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confirm (usually via fax) samples received, date, and analyses to be performed.
To facilitate this process, a standard RAMP COC from has been developed by
Hatfield and ETL to simplify the management of sample processing and
analysis.

RAMP Quality Assurance Plan

In 2002, a formal RAMP-specific Quality Assurance Plan (QAP) was developed
and implemented to cover all routine QA-related activities for the project. For
consistency, these methods were used in 2003 by the Hatfield RAMP team to
ensure consistency of methods among years. Activities covered in the RAMP
QAP include:

* DPre-field meetings to discuss field methods (ie., Field Work
Instructions) and specifics of field tasks;

* Post-field meetings to discuss results of the field activities and identify
areas for improvement in future;

* Routine check-ins with component leaders (24 or 48-hour interval) or
the RAMP project manager, as required;

* Designation of staff member for each component/trip (i.e., water
quality, fall field trip) to track sample handling, labeling (including
COC forms) shipping and confirming timely receipt by the analytical
laboratory;

* Internal check of COC forms by component leaders upon field crew
return (to confirm requested analyses);

* Internal check of data upon receipt from external labs; and

Internal check of entered field data for transcription errors.

QUALITY CONTROL PROCEDURES

Quality control (QC) is a component of QA that pertains to internal techniques
used to measure and assess data quality (APHA 1989, in Golder 2003b). QC
activities for each RAMP technical component used in 2003 are described
below.

Climate and Hydrology

Climatic and hydrologic data collection and processing were subject to the
following quality control procedures to ensure that the published data were as
accurate as possible. Additional detail is provided in Appendix A2.



Quality Control Activities — Field

Stream discharge measurements and water level surveys were
performed in accordance with standard procedures. Each discharge
measurement was qualified according to the criteria presented in
Appendix A2, based on observations of site conditions and analysis of
the collected data.

Sensors from climatic and hydrologic monitoring stations were
calibrated on a regular basis. Sensors at climatic stations have been
rotated with spare units on a two-year frequency and the units
retrieved from the field were recalibrated by the manufacturer.
Calibration curves for pressure transducers installed at hydrologic
monitoring stations were checked before they were reinstalled in the
spring. Pressure transducers at year-round monitoring stations were
checked on a less frequent basis, but consistency between water level
surveys and pressure transducer readings was checked during every
field visit.

Manual discharge measurements and concurrent water levels were
compared on a plot of stage versus discharge, to check for consistency
between measurements and consistency with previously established
stage-discharge relationships. Rating curves may shift due to changes
in channel geometry or roughness.

Snow course surveys were performed according to a standard protocol
(Appendix A2).

Quality Control Activities — Office

Apparent transducer elevations were calculated after each field visit as
the difference between the surveyed water surface elevation and the
sensor reading. The history of apparent transducer elevations was
plotted for each station to check for physical sensor movement or
calibration drift. Continuous water levels measured by the transducer

were subsequently converted to elevations, adjusting for movement or
drift.

Rainfall and snowfall data from tipping bucket rain gauges were
compared to other local and regional precipitation and temperature
data and observations recorded during site visits.

All discharge measurements were prepared by one person and checked
by another person. The check included review of the original field notes
and calculations.

Hydrographs computed from continuous water level measurements
and the stage-discharge rating curve were compared with manual



measurements on the same plot. The resulting hydrographs were
reviewed for consistency;

* Anomalies in the hydrographs, such as rapid changes in water level or
discharge, were examined in detail to confirm whether the calculated
discharges were likely to be representative of actual conditions. In cases
where the anomalous data were inconsistent with other local and
regional data (for instance, an isolated high water reading, without a
subsequent recession curve), they were interpreted or discarded; and

* Hydrographs computed for different stations in the same region were
compared to identify anomalies.

A1.2.2 Water Quality

A1.2.2.1 Methods
Sample Collection

The following procedures were used in the field to prevent sample
contamination:

= Prior to sample collection, the sample bottle and cap were triple-rinsed
with site water;

* During sample collection, staff collected samples upstream of
themselves and the boat, avoided disturbing the substrate, and wore
powder-free latex gloves;

* During collection of composite samples, the sample container was kept
covered;

* During winter sampling, samples were collected approximately 200 cm
below the ice, to minimize the possibility of contamination from auger
disturbance;

* Sampling was conducted sequentially from the least to the most
contaminated sites; and

= Dissolved metals samples were filtered in the lab instead in the field.

To assess potential contamination in the field, two QA/QC samples were used:
field and trip blanks. Field blanks, comprised of a deionized water sample
prepared in the field, were used to assess contamination from handling the
sample. Trip blanks, comprised of a deionized water sample prepared in
advance of sampling, were used to evaluate the efficacy of sample preservation
and storage conditions. Field and trip blanks were collected for all four



sampling events (i.e., seasons). To identify potentially contaminated samples,
the field and trip blanks were compared to analytical detection limits. Blanks
with analyte concentrations below or near the detection limits represent
samples that were collected and handled properly. Blanks with contaminant
concentrations greater than 5 times the detection limits were identified as
potentially contaminated during sample collection, shipping, or analysis.

In 2003, field duplicates or split samples were not collected; instead, laboratory
duplicates were used to evaluate sample heterogeneity and the precision of the
chemical analyses.

Sample Analysis

The chemical laboratory used a number of QA/QC samples to ensure that
sample contamination did not occur during analysis and that results reported
were precise and accurate. A method blank, consisting of a deionized water
sample prepared at the initiation of the analysis, was used to assess potential
contamination during analyses. A sample split into two aliquots (duplicate
sample) was used to assess the precision of the analyses. Spiked samples,
reference standards, and laboratory controls were used to establish the accuracy
of the analyses.

For variables measured in the field, particularly dissolved oxygen which was
often measured using a multi-variable meter, comparative measurements were
collected using a LaMott portable Winkler titration kit. During the fall 2003
field program, the field DO meter appeared to be unreliable (i.e., calibration
times were extremely long); therefore, Winkler titrations were undertaken to
measure dissolved oxygen at almost every station surveyed during the fall field
program.

The toxicological laboratory also used a number of QA/QC samples to ensure
that the results reported were precise and accurate. For each set of tests, a
control group and reference toxicant test was used to assess the accuracy of the
toxicity test. In addition, five replicates of each treatment group were used in
each test to assess the precision of the results.

All laboratory QA/QC samples were assessed using in-house laboratory
protocols to identify potential contamination and determine the precision and
accuracy of the analyses. Any deviations from QA/QC criteria were identified
in the laboratory reports and are noted in the results section that follows.

A1.2.2.2 Results and Discussion
Chemical Analyses

The analytes in field and travel blanks that exceeded the analytical detection
limits by greater than 5 times are summarized in Tables A1.1 and Al.2. In the
field blank, total aluminum, boron, copper, strontium, thorium, and dissolved



boron, copper, manganese, and strontium in the field blank were 20 to 75 times
higher than the detection limits; the remaining analytes were 6 to 17 times
higher than detection limits. In the trip blank, all metals were 6 to 14 times
greater than detection limits, with the exception of total aluminum (up to 182
time higher) and strontium (up to 25 time higher). Concentrations of several
dissolved and total metals were higher in field blanks than in trip blanks,
suggesting that elevated metals contamination observed may be linked to
sampling procedures. = However, similar or higher concentrations were
observed for several metals in trip blanks relative to field blanks, suggesting
that the source of above-detection metals concentrations in field and trip blanks
may be related to analytical issues, or bottle or dioionized water characteristics.
These anomalous observations were reported to Alberta Research Council, the
consulting laboratory, following their identification.

The magnitudes of the exceedances described above seem extremely high,
relative to the detection limits involved; however, the maximum concentration
observed for analytes that exceeded the detection limit was 0.13 mg/L. All
analytes measured in the blanks were below Canadian Councils of Ministers of
the Environment (CCME) and Alberta Environment (AENV) water quality
criteria, with the exception of two copper samples where concentrations were
slightly elevated above CCME and AENV criteria. Because these blank samples
suggest that for some analytes (e.g., copper) there could be potential
exceedances as a result of sample contamination, potential sources of elevated
metals should be investigated further in next year’s sampling program.

Table A1.1  Analytes in QA/QC field blanks that were present at elevated
concentrations (> 5 X detection limit).
Detection Limit (mg/L) Concentration in Field Blank (mg/L) Range of
Variable Sori s Exceedence_s
Winter prlngi: UMMEr,  \inter Spring  Summer Fall (result/detection

all limit)
Total Metals
Aluminum 0.001 0.0001 0.0067 0.0044 - 0.002 20 - 67
Boron 0.00008 0.00008 0.0013 0.003 0.0011  0.001 13-38
Calcium 0.01 0.01 0.0857 0.0694 - - 7-9
Copper 0.00008 0.00008 0.001 0.0052 - - 13-65
Manganese 0.00001 0.00001 0.0001 0.0001 - - 10
Nickel 0.00006 0.00006 0.0008 - - - 13
Strontium 0.000004 0.000004 0.0002 0.0003 - 0.0001 25-75
Thallium 0.000003 0.000003 - 0.00002 - - 7
Thorium 0.000003 0.000003 - 0.0001 - - 33
Zinc 0.0002 0.0002 - 0.0032 - - 16
Dissolved Metals
Boron 0.00008 0.00008 - 0.0032 0.0008  0.0006 8-40
Calcium 0.01 0.01 - 0.106 - - 11
Copper 0.0001 0.00008 0.0007 0.0039 - - 9-49
Manganese 0.00001 0.00001 0.0001 0.0002 - - 10-20
Strontium 0.000004 0.000004 0.0002 0.0002 - - 50




Table A1.1  (cont’d).
Detection Limit (mg/L) Concentration in Field Blank (mg/L) Range of
Variable Sori s Exceedencgs
Winter prlngi: UMMEL,  \winter Spring  Summer Fall (result/detection
all limit)
Thallium 0.000003 0.000003 - - 0.00002 - 7
Thorium 0.000003 0.000003 - 0.00003 - - 10
Zinc 0.0002 0.0002 0.0011 0.0033 - - 6-17
Table A1.2 Analytes in QA/QC trip blanks that were present at elevated
concentrations (> 5 X detection limit).
Detection Limit (mg/L) Concentration in Field Blank (mg/L) Range of
Variable Spring, Exceedence_s
Winter Summer,  Winter Spring Summer  Fall (result/detection
Fall limit)
Total Metals
Aluminum 0.001 0.0001 0.0051 0.0182 0.0012 0.0061 12-182
Antimony 0.000004 0.000004 - - 0.00003 - 8
Boron 0.00008 0.00008 - 0.0008 0.0011 0.001 10-14
Calcium 0.01 0.01 - 0.0834 - - 8
Copper 0.00008 0.00008 - 0.0005 - 0.0009 6-11
Manganese 0.00001 0.00001 0.0001 - 0.0001 - 10
Strontium 0.000004 0.000004 0.0001 - - - 25
Thorium 0.000003 0.000003 0.00002 0.00002 - - 7
Vanadium 0.000008 0.000008 0.0001 - - - 13
Zinc 0.0002 0.0002 - 0.0015 - 0.0011 6-8
Dissolved Metals
Aluminum 0.001 0.0001 0.0006 - - - 6
Boron 0.00008 0.00008 - 0.0005 0.0007 0.0009 6-11
Calcium 0.01 0.01 - 0.13 - - 13
Copper 0.00008 0.00008 - - - 0.0006 8
Manganese 0.00001 0.00001 0.0001 - - - 10
Strontium 0.000004 0.000004 0.00004 - - - 10
Zinc 0.0002 0.0002 - 0.0011 - 0.0011 6

As with previous years, dissolved metals concentrations were greater than total
metals in a small percentage of samples (10% of all analytes in all samples).
This trend was observed for almost all metals and stations and was not isolated
to a particular season. In the past, it has been speculated that the filtering of
samples in the field has led to sample contamination. Given that samples from
this year’s program were filtered in the lab following sample collection, and
that this trend was not limited to particular analytes, stations, or seasons, these

discrepancies are most likely attributed to analytical errors.

All samples analyzed met all of the laboratory’s in-house QA /QC requirements
for precision and accuracy.



Toxicological Analyses

All of the toxicity testing lab’s in-house QA/QC criteria were met for all of the
fathead minnow and algal lethal and sublethal toxicity tests, and the
Ceriodaphnia toxicity test for the sample from CAR-1. The Ceriodaphnia tests for
samples from ELR-1 and TAR-1 did not meet the criteria for reproduction.
However, significantly reduced growth and reproduction were not observed
for any of the samples.

Sample Holding Times (Round-Robin Inter-Laboratory Assessment)

Early in 2003, it became apparent to the RAMP implementation team that the
24-hour holding times for certain chemical and biological factors (specifically
BOD, pH and conductivity), was impeding the efficient implementation of field
programs. To ensure samples arrived at the laboratory within the specified
holding time, it was necessary to ship on a daily basis via Fort McMurray,
significantly reducing time available for field collection.

To address this concern, an inter-laboratory round-robin sampling program
was conducted on July 1 to determine if and how the values of these water
quality variables vary when measured in laboratory analyses conducted at 24,
48 and 72 hours after sample collection compared on both an inter- and intra-
lab basis.

Duplicate samples were collected from the Ells River (ELR-1) at 1145 hrs and
from the MacKay River (MAR-2) at 1345 hrs of July 1, 2003. One set of samples
was sent to Enviro-Test Laboratories (ETL) in Edmonton, while the second set
was delivered to McMurray Resources, Research and Testing (MRRT) in Fort
McMurray. A liaison from each lab was appointed to ensure sample analyses
were initiated at comparable times, wusing comparable methodology.
Additionally, duplicate sets of field and trip blanks were analyzed by each
laboratory for QA/QC purposes.

Test results from the round robin were presented to RAMP technical sub-
committee members for review in June 2003. No variability of values was
apparent that could be related to sample holding times. Therefore, members of
the sub-committee reached a consensus opinion to extend holding times for
BOD, pH and conductivity to a maximum of 72 hours, with all samples
continuing to undergo analysis by ETL in Edmonton.

A1.2.2.3 Conclusions

Results from the 2003 QA /QC program indicate that some improvements to the
QA/QC program are advisable. Given the magnitude and extent to which the
field and trip blanks exhibited elevated metals concentrations, it is
recommended that next year’s sampling program incorporate more blanks to
help elucidate the source of the slightly elevated metals concentrations. In
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addition, it is also recommended that field duplicates and splits be collected to
assess sample and spatial variability in analyte concentrations and precision of
the laboratory analyses. No changes are recommended for the toxicity tests.

Sediment Quality

The 2003 RAMP sediment quality QA/QC program was conducted to assess
potential sample contamination during collection and analysis, as well as the
precision and accuracy of the chemical and toxicological analyses. Methods
used were generally consistent with those described in the RAMP 2002 Report
(Golder 2003).

A1.2.3.1 Methods

Sample Collection

The following procedures were used in the field to prevent sample
contamination:

* Prior to sampling, sampling equipment was rinsed with hexane, then
acetone, and triple-rinsed with ambient water.

* Between stations, sampling equipment was washed with detergent and
rinsed with ambient site water.

* Only grabs that did not contain large, foreign objects, obtained an
adequate penetration depth, and were not overfilled or leaking were
used.

* Sediments in direct contact with the grab were not used.
* During sampling, staff wore powder-free latex gloves.

* Sampling was conducted sequentially from the least to the most
contaminated sites.

A field duplicate and a split sample were collected at randomly selected
stations, ATR-DC-W and CLR-1, to assess sample heterogeneity and the
precision of the laboratory analyses. As with previous programs, no blanks
were used to assess potential contamination of samples in the field.

The relative percent difference (RPD) between field duplicates was calculated to
assess the precision of the analyses and heterogeneity of the sample. Results
where samples differed by greater than 20% and were elevated 5 times or more
above detection limits were considered to exhibit higher variability than would
be expected as a result of analytical error.



Sample Analysis

The chemistry laboratory used QA/QC samples to ensure that sample
contamination did not occur during analysis and that results reported were
precise and accurate. A method blank was used to assess potential
contamination during analyses. A sample split into two aliquots (duplicate
sample) was used to assess the precision of the analyses. Spiked samples,
reference standards, and laboratory controls were used to establish the accuracy
of the analyses.

The toxicological laboratory also used a number of QA/QC samples to ensure
that the results reported were precise and accurate. For each set of tests, a
control group and reference toxicant test was used to assess the accuracy of the
toxicity test. In addition, five replicates of each treatment group were used in
each test to assess the precision of the results.

All laboratory QA/QC samples were assessed using in-house laboratory
protocols to assess potential contamination and the precision and accuracy of
the analyses. Any deviations from QA/QC criteria were identified in the
laboratory reports and are noted in the results section that follows.

A1.2.3.2 Results

Sample Collection and Chemical Analyses

The percent difference between split and duplicate samples are presented in
Table A1.3. All analytes in the duplicate samples were within the acceptability
criteria (20% difference). Four analytes in the split sample exhibited variability
greater than 20%: silt, inorganic carbon, molybdenum, and total volatile
hydrocarbons, indicating that the split sample may not have been thoroughly
homogenized.

Table A1.3 Comparison of QA/QC duplicate and split sediment samples from

ATR-DC-W and CLR-2, September 2003.

Original Split/Duplicate Relative
Station Analyte (mg/kg) Sample Sample Percent Difference
Duplicate Sample
ATR-DC-W % Clay 1 1 0.0
% Moisture 20 21 -1.2
% Sand 97 98 -0.3
% Silt 2 1 16.7
Arsenic 4.2 4.4 -1.2
Barium 46.6 54.4 -3.9
Beryllium <0.2 <0.2 0.0
Bismuth <0.5 <0.5 0.0
Cadmium <0.1 <0.1 0.0

Chromium 2.2 2.8 -6.0




Table A1.3 (cont’d).
Original Split/Duplicate Relative
Station Analyte (mg/kg) Sample Sample Percent Difference
Cobalt 29 34 -4.0
Copper 2.4 2.3 1.1
Hydrocarbons,Recoverable 200 200 0.0
Inorganic Carbon 0.32 0.41 -6.2
Lead 25 25 0.0
Mercury <0.05 <0.05 0.0
Molybdenum 0.2 0.2 0.0
Nickel 6.2 6.6 -1.6
Selenium <0.2 <0.2 0.0
Silver <0.2 <0.2 0.0
Strontium 18 23 -6.1
TEH <5 <5 0.0
Thallium <0.05 <0.05 0.0
Tin <2 <2 0.0
Total Carbon by Combustion 0.9 1.0 -2.6
Total Organic Carbon 0.5 0.6 -4.5
TVH <0.5 <0.5 0.0
Uranium 0.23 0.27 -4.0
Vanadium 5.1 6.0 -4.1
Zinc 18 20 -2.6
Split Sample
CLR-1 % Clay 1 2 -16.7
% Moisture 14 14 0.0
% Sand 93 74 5.7
% Silt 6 24 -30.0
Arsenic 1.5 1.2 5.6
Barium 18.0 16.4 2.3
Beryllium <0.2 <0.2 0.0
Bismuth <0.5 <0.5 0.0
Cadmium <0.1 <0.1 0.0
Chromium 1.9 1.4 7.6
Cobalt 1.6 14 3.3
Copper 1.2 1.0 4.5
Hydrocarbons,Recoverable 200 300 -10.0
Inorganic Carbon 0.1 <0.01 41.7
Lead 1.2 1.1 22
Mercury <0.05 <0.05 0.0
Molybdenum 0.5 <0.1 33.3
Nickel 2.0 1.7 4.1
Selenium <0.2 <0.2 0.0
Silver <0.2 <0.2 0.0
Strontium 6 6 0.0
TEH <5 <5 0.0
Thallium <0.05 <0.05 0.0




Table A1.3 (cont’d)

Original Split/Duplicate Relative
Station Analyte (mg/kg) Sample Sample Percent Difference

Tin <2 <2 0.0

Total Carbon by Combustion 0.3 0.3 0.0

Total Organic Carbon 0.2 0.3 -10.0

TVH 4.7 0.9 33.9

Uranium 0.14 0.12 3.8

Vanadium 3.2 2.6 5.2

Zinc 10 8 5.6

difference between the two samples was > 20%
Relative percent difference = (difference between sample 1 and 2)/(average of sample 1 and 2) X 100

The laboratory also noted high variability between replicates for the split
sample (CLR-1) for some analytes. The homogeneity of the sample was
assessed, confirming the sample was adequately homogenized prior to
analyses. The sample was reanalyzed, but no improvements in the precision of
the analyses were observed.

The analytical laboratory reported poor recoveries for a number of PAHs,
which may have resulted in the over and under estimation of concentrations of
these analytes in sediment samples. (C3-napthalene concentrations were
overestimated in some samples; while, concentrations of naphthalene, 2-methyl
napthylene, and 2,6, dimethylnapthalene, dibenzothiophene, and retene were
underestimated in some samples.

Toxicological Analyses

The Chironomus and Hyallela tests met all test requirements, with the exception
of the growth requirement for Hyallela. The growth of Hyallela in the controls
was below the test criteria for a number of samples, including CLR-2, CHR-1,
CLR-1, ATR-FC-W, ATR-DD-E, ATR-DD-W, ATR-FR-W, ATR-FR-E and FIR-1.

The earthworm test met all test requirements; however, as noted in Chapter 4,
there are some methodological deficiencies associated with this assay. When
the test is torn down and sediment samples are sieved, earthworms are torn
into fragments. Each fragment is counted as individual worms, resulting in a
final sample size greater than the original sample size. The use of this test is not
recommended for future programs because of problems with the test
methodology and the questionable relevance of using a terrestrial toxicity test
to assess potential effects on aquatic ecosystems.

A1.2.3.3 Conclusions

Results from the QA /QC program demonstrated that most protocols were met;
however, there are some components that require improvement. The duplicate
samples demonstrated that the sampling procedures and performance of the
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analytical lab were adequate; only minor discrepancies between split samples
were observed for a small number of analytes. However, it is recommended
that future sampling efforts incorporate field blanks, consisting of a clean piece
of filter paper swiped across the surface of sampling equipment, and trip
blanks, consisting of a clean piece of filter paper placed in a container prior to
sampling, to assess potential contamination during sampling, storage,
transport, and analysis of the samples. In addition, it is recommended that field
duplicates be labeled with a different station ID, to ensure that the testing
laboratories are not informed of which samples represent duplicate samples
and treat all samples and results in a similar manner.

Results from toxicity tests, indicate that Hyallela and Chironomus tests met most
test requirements. The reduced growth observed in the Hyallela control group
may be a result of variability in the test organism or influence of an unknown
environmental factor. Due to the inherent inaccuracies and lack of
environmental relevance of the earthworm assay, it is recommended that the
use of this test be discontinued in the RAMP sediment quality program.

Benthic Invertebrate Communities
Quality Control Activities — Field

Field methods used for benthic invertebrate collection are considered to follow
accepted methods for environmental effects monitoring (AENV 1990, Glozier et
al. 2002). Instruments used for measuring supporting variables (e.g.,
temperature, dissolved oxygen, conductivity, pH, current velocity and depth)
were calibrated according to manufacturer instructions (up to daily for water
quality meters).

Quality Control Activities — Laboratory

Taxonomic samples were sorted and identified by Dr. Jack Zloty of Calgary,
AB, who has analyzed benthic invertebrate samples on behalf of RAMP
consistently over the past five years. Laboratory methods used by Dr. Zloty
include resorting of 10% of samples as a confirmation of the overall sorting
efficiency of all samples. In 2003, a total of 33 samples were resorted. Sorted
portions were verified by an independent analyst. As a result of large volumes
of organic material and low abundance in some samples collected from
depositional sites, a minimum removal efficiency of 90% was considered
acceptable (as previous RAMP studies). This objective is considered acceptable
by Environment Canada under current Environmental Effects Monitoring
(EEM) strategies (Environment Canada 2002, Glozier et al. 2002).

Data were received in electronic format (Microsoft Excel) from the taxonomist.
All data were checked upon data entry for transcription errors or other
inconsistencies. Data analysis was conducted iteratively, using duplicate data
files for processing. Original data was retained in back-up files for the project.



Printed output from statistical analyses was retained in project files in the event
that analyses may be reviewed and reproduced if needed.

Quality Control Activities — Results

Results for quality control samples (10% re-sorts) from the 2003 RAMP benthic
invertebrate program indicate that this objective was consistently achieved
(Table A1.4).

Table A1.4 Results of quality control checks on sorting efficiency of benthic
invertebrate samples, RAMP 2003.

Site % sorting efficiency
MCL #2 [1-(20/(227+20))]*100 = 91.9
KRL #7 [1-(0/(7+0))]*100 = 100
ELR-E #4 [1-(24/(4055+24))[*100 = 99.4
ELR-E #12 [1-(18/(984+18))]*100 = 98.2
MUR-D #1 [1-(1/(191+1))]*100 = 99.5
MUR-D #4 [1-(45/(621+45))]*100 = 93.2
MAR-E #4 [1-(9/(764+9))]*100 = 98.8
MAR-E #7 [1-(7/(1379+7))]*100 = 99.5
JAC-D #23 [1-(2/(20+2))]*100 = 90.9
JAC-D #28 [1-(1/(106+1))]*100 = 99.1
MUR-E #2 [1-(0/(119+0))]*100 = 100
MUR-E #3 [1-(40/(1413+40))]*100 = 97.3
CHR-D #6 [1-(5/(553+5))]*100 = 99.1
CHR-D #10 [1-(12/(113+12))]*100 = 90.4
ELR-D #5 [1-(0/(61+0))]*100 = 100
TAR-D #2 [1-(5/(52+5))]*100 = 91.2
TAR-D #9 [1-(1/(1131+1))]*100 = 99.9
CAL-D #6 [1-(20/(543+20))]*100 = 96.5
CAL-D #10 [1-(0/(15+0))]*100 = 100
JAC-D #6 [1-(16/(165+16))]*100 = 90.6
JAC-D #5 [1-(0/(23+0))]*100 = 100
FBR-E #6 [1-(30/(390+30))]*100 = 92.9
FBR-E #12 [1-(4/(1188+4))]*100 = 99.7
FOC-D #1 [1-(0/(6+0))]*100 = 100
CLR-D #21 [1-(0/(2+0))]*100 = 100
CLR-D #30 [1-(4/(73+4))]*100 = 94.8
CHR-D #26 [1-(24/(1504+24))*100 = 98.4

CHR-D #28 [1-(3/(37+3))]*100 = 92.5




Table A1.4 (cont’d).

Site % sorting efficiency
BPC #1 [1-(4/(177+4))]*100 = 97.8
GIC#5 [1-(8/(82+8))]*100 = 91.1
CLR-D #12 [1-(4/(101+4))]*100 = 96.2
TAR-E #1 [1-(0/(149+0))]*100 = 100
TAR-E #6 [1-(0/(489+0))]*100 = 100

Note: % sorting efficiency = [1-(# in QA/AC re-sort / (# sorted originally + # QA/QC resort)]* 100
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Invertebrate sorting efficiency ranged from 91.1% to 100%. Average sorting
efficiency was 96.9% (n=33). Based on the criterion of 90% sorting efficiency,
these results were considered acceptable and additional QC activities were not
required.

Fish Populations
Quality Control Activities — Field

Fish sampling field activities were conducted in accordance with field methods
considered to be standard scientific practice (e.g., Environment Canada 2002)
and methods used in previous RAMP studies (Golder 1999). Operation of the
spring Muskeg River fish fence was conducted according to standard practice
for use of this method (Hubert 1996).

Instruments used for measuring supporting field water quality variables (e.g.,
temperature, dissolved oxygen, conductivity, pH, current velocity and depth)
were calibrated according to recommendations from the respective
manufacturer (as frequently as daily for pH and dissolved oxygen meters). Site
locations were recorded using a GPS unit. All sampling details (date, time,
methods used, personnel, measurements) were recorded on project-specific
field data sheets and/or in waterproof field books.

Sampling shipping (e.g., for fish tissues sent to EnviroTest Laboratories [ETL])
was conducted using lab-provided Chain of Custody forms.

Quality Control Activities — Laboratory

As in previous RAMP studies, fish aging in 2003 was conducted by John Tost of
Northshore Environmental Services in Thunder Bay, ON. Mr. Tost (previously
with the Ontario Ministry of Natural Resources) is considered a national expert
at aging of fish. Fish aging structures (e.g., fin rays or otoliths) were read three
times by independent persons and each structure is assigned a numerical
estimate of the confidence associated with the age determination. The level of
confidence was considered to be moderate for fish submitted from the Muskeg
River fish fence study. This was due primarily due to omission of the first
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annulus of fin rays by clipping the fin too far from to the body surface. In
practice, it is difficult to collect a high quality non-lethal sample without
causing harm to the function of the fin. The aging expert noted that the most
likely outcome of the analysis would be underestimation of ages by one to two
years. In addition, longnose sucker are highly subject to “false checking”
whereby additional rings are present (which tends to overestimate age). Aging
of lake whitefish collected from the Athabasca River in fall 2003 (for tissue
analysis) was similarly difficult due to difficulties identifying annuli on scale
material (again due to false checking). Otoliths were the preferred structure for
age determination in lake whitefish. Similarly, otoliths provided the most
confident ages for walleye. It was recommended that dorsal fin spines and
scales be collected as additional aging structures for walleye in future
programs.

Fish tissue analysis results from ETL include a description of QC techniques
used. If relevant, comments on the results of the analyses are indicated on the
printed results received from the lab. QC results meet acceptable guidelines for
the lab’s own internal quality procedures (a condition of membership in
CAEAL). In the event alternate procedures were required to achieve a result,
this information is also detailed on the laboratory output. QC procedures used
by ETL include method blanks, laboratory duplicates, spike samples,
calibration control, use of certified reference standards and internal standards.

Data were generally received in electronic format (Microsoft Excel) from the
analytical lab or entered by hand for other field programs. All data were
checked upon data entry for transcription errors or other inconsistencies.
Analysis of collected data was done using an iterative approach, using
duplicate data files for processing. Original data was retained in back-up files
for the project. Where used, printed output from statistical analyses was
retained in project files in the event that analyses may be reviewed and
reproduced if needed.

Acid Sensitive Lakes

Field sampling under the acid sensitive lakes component of RAMP is conducted
entirely by personnel from Alberta Environment. Water samples collected at
each lake are analyzed by the University of Alberta Limnology Laboratory. The
lab uses a series of set procedures for analytical quality control. These
procedures are detailed below. Note that the procedures used are identical to
those used in previous RAMP studies (e.g., Golder 2003).

Quality Control Activities — Field

Water sample collection in the field utilizes standard practices for quality
control of samples to avoid contamination. Field instruments (e.g., water
quality meters) are cared for so as to maximize data quality (i.e., proper
calibration according to manufacturer specifications). Procedures used include:
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= Collection of samples away from the influence of the boat or float plane
(i.e., to minimize chance of sample contamination from fuel that may be
in the water);

= All sampling equipment is thoroughly cleaned between sites;
* Sample containers are tripled-rinsed prior to filling (cap included);
= Sample containers are filled to the top (i.e., no head space);

= Samples are stored under cool (4 °C) conditions and in the dark (i.e., in
a refrigerator); and

* Samples are submitted to the appropriate analytical laboratory within
established maximum holding period (typically 48 hours).

Quality Control Activities — Laboratory

The University of Alberta (UofA) Limnology Laboratory maintains an internal
QA/QC program to maximize quality of analytical results. Programs used
include use of standard reference samples and periodic comparison samples
(i.e., blanks) sent to other laboratories. In the event that QC objectives are not
achieved, corrective actions are initiated to determine the cause. The laboratory
prepares standard QC sample for each group of analyses from analytical grade
chemicals or standard reference samples. Annually, 10 samples of known
chemistry are submitted by Environment Canada’s National Water Research
Institute for blind analysis and comparison. Two times per year, quality control
samples are sent to the UofA Limnology Laboratory by the Norwegian Institute
for Water Research for analysis and comparison.

In all cases, analytical samples are run along with standard laboratory reference
samples to create a standard results curve. QC solutions are then run in
duplicate. If results for control are consistent for a series of analyses, no
additional QC testing is required. If results from QC samples are divergent
from standards, corrective action is initiated to determine the cause and results
that may be affected. When new QC samples are prepared, each one is tested
against the previous QC sample (for a given parameter) to assess comparability.

Aquatic Vegetation
Quality Control Activities — Field

The following steps were undertaken to ensure a high standard of quality
assurance and quality control for the field portion of the RAMP aquatic
vegetation component:

* Field data sheets were developed specifically for the project data
collection requirements;



Percent cover and vigour estimates were corroborated between both
field personnel;

The final estimate of vegetation percent cover and vigour was
determined by the same personnel for the entire survey; and

Two Global Positioning System unit receivers were used
simultaneously in the field to ensure accuracy of locations.

Quality Control Activities — Office

The following steps were undertaken to ensure a high standard of quality
assurance and quality control for the office (i.e., data analysis and reporting)
portion of the RAMP aquatic vegetation component:

spreadsheet data were verified against original field data sheets;

test databases were used to ensure accurate calculations of statistical
procedures;

all open water boundaries were digitized on all of the air photographs
used in the historical air photograph review was done at one consistent
scale and by the same GIS technician; and

polygon classifications, location of digitized boundaries, and calculated
areas (i.e., hectares) were checked for accuracy.
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