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EXECUTIVE SUNMARY

Alberta Environment is in the process of reviewing the scien-
tific and technical basis for refinement of a regulatory approach to the
environmental impact of present and future industrial development in the
Athabasca oil sands region. The review has encompassed the results of
10 years (1975 to 1985) of studies conducted under the Alberta Oil Sands
Environmental Research Program (AOSERP), as well as the results of other
studies conducted in the oil sands region and elsewhere in the province.
Reports in the international scientific literature were also considered
in the review.

The result of this review was a plan for a five-year biophysical
monitoring program to provide the necessary scientific and technical
information upon which to base an effective regulatory approach. The
documentation for the plan identified forest vegetation in the oil sands
region as the most likely ecosystem component to show the effects of
pollutant accumulation over the near-to-medium period of time, defined as
5 to 25 years. Aquatic ecosystems and soils were assessed as requiring
longer periods of time to manifest detectable changes resulting from
pollutant deposition.

In preparation for the biophysical monitoring -program, a study
was initiated to evaluate the requirements of an air quality and meteorc-
logical monitoring program to support the biophysical program, as well as
the design of such an aerometric program. This study was carried out by
Concord Scientific Corporation with assistance from Dominion Ecological
Consulting Ltd., Yarranton Holdings Ltd., and Aquatic Resource Management
Ltd. This report presents the results of the work and the recommenda-
tions of the study team.

Preliminary Review and Workshop

The study team conducted a literature review and consulted a
number of knowledgeable scientists and program managers associated with
the major air pollution/forest ecosystem effects studies in North
America. The results of these activities were used to prepare a number
of preliminary design options for an aerometric program. The major
objective of this program would be to characterize the pollution gradient
to which forest stands in the oil sands region are being exposed. The
background material, the proposed options, and a recommended approach
were presented for criticism and further development at a two-day work-
shop held in Edmonton in January 1987. The workshop was attended by
Alberta Environment staff, invited environmental scientists from govern-
ment, industry, and academe, and representatives of the study team.

The first day of the workshop focussed on the five-year plan,
including the types of biological parameters and their response times
that would probably be investigated in the biophysical monitoring
program. These were considered on the second day in the context of a
recommended aerometric program design option. The workshop addressed the
feasitility and scientific defensibility of the recommendation, with the
objective of determining the simplest air monitoring program that would
be worthy of implementation.
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The conclusion of the workshop was that air quality monitoring
on a monthly time scale would be appropriate with respect to the annual
time scale that is anticipated for the biological measurements. The
preliminary aerometric program as defined by the workshop attendees was
subsequently further developed by the study team to arrive at a
recommended program.

Aerometric Parameters

A set of desirable aeromefric parameters to be monitored was
identified, based on the study team's review and on input from workshop
attendees. This set was further reduced by the study team to a minimum
defensible set based on the following criteria:

e association of contaminants with industrial emissions;

e potential biological significance of observed contaminant

levels;

° technical ability to measure levels likely to occur at

remote sites;

e potential biological significance of microclimate

variability; and

o whether the parameter was needed to characterize pollution

gradients.

Instrumentation and Methods

A measurement method was proposed for each desirable parameter.
These methods were evaluated with respect to the following factors in
deciding whether to retain the parameter or the method for the minimum
list:
adequacy of sensitivity/specifications;
operational (logistical) suitability;
validity and uncertainty of data produced; and
general advantages/disadvantages.

Concentrations likely to be encountered in the study region were
estimated from several sources: industrial monitoring data, Alberta
Environment data <(Sandalta and Fort McKay), and CAPMoN data from Cree
Lake, Saskatchewan. Response times were related to the anticipated time
scale(s) of the biological measurements.

Since air quality and precipitation samples would be integrated
over monthly periods, certain parameters (soluble ions) had to be deleted
from the final recommended 1ist because of sample stability problems.

Few problems were anticipated measuring all of the desirable
meteorological and climatological parameters at remote sites, since most
of them are monitored routinely at remote sites at present.

Sampling equipment and power supplies were evaluated respecting
performance in the oil sands environment. It was determined that the
methods proposed, involving low-power DC active sampling or measurement
and passive sample collectors, were feasible using existing technology.

The following table shows the minimum parameter sets resulting
from the evaluation process.
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Summary of minimum air quality and meterological parameter sets to be
monitored in the aerometric program.

TEMPORAL
PARAMETERS INSTRUMENTATION RESOLUTION
AIR QUALITY
S0,, TSP®, SOZ, V, Ni Filter pack Monthly
(up to 18 elements)
S0, Ontario passive sampler Monthly
0, Continuous Hourly
Dry Deposition Battery-powered. Monthly
Wet Deposition Aerochem Metrics sampler;
(S0 . ORNL collector
Snow core Manual snow core sampler  Monthly
Precipitation Tipping bucket Event
(amount)
Bulk Deposition (S03, up to Open bucket Monthly
18 elements)
METEOROLOGICAL
Wind (speed and direction) Anemometer Hourly
Temperature Probes
Air Hourly
Soil : Hourly
Moisture Probes
Air (RH) Hourly
Soil Hourly
Radiation Pyranometer
Total , Hourly
Net . Hourly
Atmospheric Pressure Barometer
Upper Air Data Various Hourly

® Total suspended (airborne) particulate matter.



Implementation Strategy

The following factors to be considered in implementing a
monitoring network of stations outfitted as proposed in the above tables
are discussed:

¢ measurement approach - averaging period;
protocols and documentation;
siting - criteria, selection, specifications;
data quality assurance and quality control; and
data management and reporting.

® & e o

In particular, pros and cons of making all of the measurements
in forest clearings were considered in some detail. Siting criteria were
developed to address the following requirements:

e permanence of the site (redevelopment);

° location along the pollution gradient;

e meeting the needs of the biological measurements; and

J satisfying the needs of all aerometric instruments.
Recommendations

The principal recommendations are as follows:

1. Air quality measurements should be made on a monthly-average
time scale at each site selected for biophysical monitoring.

2. Meteorological measurements should be made on an hourly-
average time scale at each biophysical site.

3. Both air quality and meteorological measurements should be
made in a clearing that is within or near the forest stand.

4. A1l instrumentation, methods, and protocols should be based
on those already developed and available for established
networks or studies. The equipment recommended meets this
criterion.

5. Implementation of the network should be phased, concentra-
ting on establishing a small number of sites in the first
year, (e.g., two sites at the extremes of concentrations
expected 1in the study area). During the first year,
operational details and protocols would be developed and the
feasibility of proposed methods and parameters could be
evaluated.

6. If financial feasibility turns out to be a serious
limitation, consideration should be given to the following
program reductions, in order of priority:

a. delete the AC-powered master site;

b. reduce the number of aerometri¢ monitoring sites <(but
not the number of biophysical monitoring sites); and

c. delete the DC-powered components at the remote sites
(i.e., completely passive sites).

7. The minimum number of aerometric sites should be six, three
at each of two impingement zones (high and low). The number
of biophysical sites could be Tlarger, if the additional
sites are near aerometric monitoring sites and there are no
significant differences in site characteristics.
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An additional research priority should be to obtain good
quality emission data for the existing oil sands plants.
Specifically, «characterization of particulate emissions
would allow receptor modelling/source apportionment
calculations on the filter pack TSP catches (using chemical
mass balance methods, for example).

Perhaps most important, care should be taken at the early
stages of planning the aerometric network to integrate
planning for the biophysical studies to follow, including
aquatic and soil studies that may be relatively far in the
future.
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ABSTRACT

A recommended design has been developed for an air quality and
meteorology monitoring network in the Athabasca oil sands region of
Alberta. The objective of the network is to provide data to support
biophysical studies of boreal forest ecosystems.

The design options considered address the following aspects of
an aerometric program:

o pollutant measurements necessary to characterize forest
exposure;

« meteorological/climatological parameters;

e technical and logistical capability to monitor aerometric
parameters with appropriate accuracy, precision, and time
response;

« availability of appropriate forested sites and requirements
of biological studies;

. cost; and

e operating protocols.

A review of the international literature was carried out, with
emphasis on post-1980 reports of studies or programs in which aerometric
monitoring was integrated with biological-effects research. Researchers
and program managers of key current studies were canvassed for additional
unpublished information.

The results of the review formed the basis of approaches to the
design of a scientifically wvalid, affordable monitoring network.
Preliminary proposals were evaluated by a workshop attended by
representatives of government, industry, academe, and the contract study
team. :

A recommended network design was prepared which takes into
account the workshop results and the specific constraints imposed by
technical ability, logistical feasibility, and budget. The recommended
program comprises a minimum of six non-AC-powered monitoring sites -
three at each of two plume impingement zones <(high and low) - to
characterize the gradient of pollutant exposure of forest stands in the
region. Each site is recommended to be equipped with low-power, battery-
operated equipment, or passive contaminant samplers, combining air
quality and meteorological measurements at each site. An additional
master site is recommended for more extensive monitoring with AC-powered
equipment.

The recommended air quality parameters are sulphur dioxide,
sulphate (in solution in wet deposition and in dry-deposited particles),
and vanadium and nickel (in wet- and dry-deposited particies). An
extensive set of standard meteorological parameters is recommended.
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L. INTRODUCTION

1.1 BACKGROUND

The Alberta Oil Sands Environmental Research Program (AOSERP)
sponsored studies of the state of the environment and the impact of
development in the Athabasca oil sands region between 1975 and 1985.
Alberta Environment has recognized that research to establish the basis
for regulatory approaches to current and future development in the oil
sands region will have to be carried out for an extended period beyond
the initial 10-year mandate of AQOSERP. This conclusion is based on a
review undertaken by Alberta Environment of the results of the AOSERP
program, other Alberta-based environmental studies, and of studies
outside of Alberta documented in the international literature. During
1985/86, Alberta Environment wundertook a technical review of the
atmospheric and terrestrial effects research related to acid-forming
emissions in the oil sands area. The results of that review are
presented in the report "An Acid Deposition Research Program for Alberta
Environment, 1986/87 to 1990/91" (RMD 1986), which proposes a research
program.

Studies in the oil sands region have demonstrated few measurable
biological effects from emissions due to the relatively low ambient
concentration of pollutants in the region (compared with levels at which
observable effects occur) and natural ecosystem variability. These

findings imply that effects research in the forest ecosystem of the oil



sands region must be carried out over an extended time period to permit
valid inferences of potential chronic, cumulative impacts.

The five-year research program proposed by Alberta Environment
will form the basis of a long-term monitoring program to identify and
quantify changes in terrestrial and aquatic systems resulting from
anthropogenic emissions in the region.

An "atmospheric and source studies" component has been defined
within the proposed research program to provide the models and data
necessary to interpret, with confidencel the potential effects of
emissions from current and future oil sands development on forest
ecosystems. One of the identified research needs is the determination of
atmospheric deposition, specifically, quantification of pollutant loading
at selected receptor sites.

To address that identified need, a study entitled "Design and
Development of an Air Quality, Deposition and Climate Monitoring Program
in Support of Terrestrial and Aquatic Effects Research™ was initiated.
This study, carried out by Concord Scientific Corporation in conjunction
with Dominion Ecological Consulting Ltd., Yarranton Holdings Ltd., and

Aguatic Resource Management Ltd., is the subject of this report.



1.2 PROJECT OBJECTIVES AND WORK PROGRAM

The initial objective of this project was to design a detailed

monitoring protocol that would:

I.

Characterize and quantify total (relevant) pollutant loading
and climate for selected terrestrial and aquatic receptor
sites in the oil sands region; and

Discriminate between the pollutant loadings at the selected
sites in low, medium, and high plume impingement 2zones and

in a control area.

In order to address this objective, a work program was devised

to undertake the following tasks:

1.

Review the literature on aerometric measurements carried out
or planned in conjunction with the studies of effects of
atmospheric deposition of aerosols containing acidic <(or
acidifying) and phytotoxic substances, including metallic
substances;

Interview key researchers and program managers familiar with
the field of ecosystem effects of atmospheric deposition;
Assess the air quality and meteorological parameters to be
measured and determine the most appropriate set;

Review instrumentation and methods for the required
aerometric measurements, concentrating on those that would
be appropriate for use in remote (powerless) locations;
Produce a preliminary aerometric program design, outlining

options;



6. Conduct a workshop to review proposed program options; and

7. Prepare a program design, including detailed operational
protocols, for an aerometric monitoring network at
biophysical study sites.

The review of effects programs and related aerometric measure-
ments was to concentrate on forest (vegetation) studies, but was not to
ignore soils and aquatic receptors, recognizing their importance as
components of forest ecosystems.

Based on this review, the desién, equipment, and protocols
comprising a generic aerometric program that would be sufficient to
support as broad a range as feasible of the terrestrial (principally,
vegetative) and aquatic effects studies would be specified (RMD 1986).

Since a number of strategies for effects studies had to be
accommodated, a workshop was convened to review several possible
approaches and recommendations from the study team. The workshop was
held on January 14 and 15, 1987 in Edmonton. The documentation prepared
for the workshop is given in Appendix 8.2, and the list of attendees is
given in Appendix 8.3. Following the workshop, the study team incorpo-
rated the results of the workshop with additional analysis and revision
of the preliminary proposals, and recommendations to produce the program

design described in this document.



1.3 SCOPE OF WORK

The study team's priority was to provide substantiation for a
number of approaches to aerometry that would address various scenarios of
effects studies, aiming toward a practical, scientifically defensible
aerometric program. In recognition of the time and resources available,
the scope of work was focussed strategically on key papers, programs, and
researchers, principally in North America and since 1980, to maximize the
collection of directly applicable information and ideas. This approach
is intended to achieve timely design of g program that will work for

northern Alberta over an extended monitoring period.

1.4 REPORT OQOUTLINE

Section 2 of this report summarizes the major points considered
in the portion of the January 1987 workshop that addressed the aerometric
program, and discusses the recommendations which arose from the
workshop. This section concludes with an outline of the proposed field
program based on these recommendations and subsequent deliberations.

Section 3 sets forth the basis and results of the study team's
assessment of the air quality and meteorological paramefers, jdentifying
those that are desirable or feasible to include in the field program.

Sections 4 and 5 address, vrespectively, the selection of
equipment for the proposed program and implementation strategies,

including logistics and data handling.



Section 6 comprises conclusions and recommendations.

Section 7 provides a list of references cited in this report. A
more complete bibliography may be found in the Workshop Document
(Appendix 8.2).

The appendices (Section 8) contain supporting information,
particularly as documented for the workshop, including protocols for
various components of the recommended field installations in use in
existing networks or programs and which will provide the basis for
developing operational, site-specific protoéo]s once monitoring sites are

selected by Alberta Environment.



. HORKSHOP SUMMARY AND PROPOSED PROGRAM

2.1 WORKSHOP

The workshop was held on January 14 and 15 at Alberta
Environment, Oxbridge Place, Edmonton. The first day was devoted to
presentatiéns by Alberta Environment of their proposed five-year work-
plan: "An Acid Deposition Research Program for Alberta Environment" (RMD
1986), which was subsequently reviewed by the attendees. During the
second day, the study team presented the proposed design options for an
aerometric program to support the anticipated effects studies described
on the first day with respect to the workshop. The attendees contributed
their comments and criticisms with respect to those proposals. This
section summarizes the results of the first day, but addresses in detail

only the deliberations and conclusions of the second day.

2.1.1 Workshop Summary - First Day

The presentations on the first day of the workshop addressed the
following subjects:

1. objectives, scope, and background of Alberta Environment's

Acid Deposition Research Program;

2. landscape/response monitoring and modelling studies; and

3. air/source monitoring and modelling studies.

The ensuing discussion addressed all three subjects, but the
critical result for consideration on the second day was an indication of

the biological parameters that were expected to be important in future



Table 1. Biological parameters of potential interest.

PARAMETER (trees) TEMPORAL SCALE
Bark acidity (or other matter) Annual
Foliar sulphur concentration?® | Annual
Seedling establishment Annual
Seed germination® Annual
Shoot growth® Annual
Needle retention/mass® . Annual
Understory cover Annual
Leaf decomposition rate Annual
Tree rings (growth) Every 5 to 10 years

®Possibly at more than one vertical level.



studies. Most importantly, the temporal scales of the biological res-
ponses were needed to evaluate the response required of the proposed
aerometric monitoring. Table 1 1lists the biological parameters of
potential interest, along with their respective temporal scales. These
parameters were recommended by the workshop, based on material presented
by C. Powter. They are, for the most part, measures of forest
productivity, which was identified as the indicator most likely to show
the earliest effect of pollutant deposition (RMD 1986).

Another important conclusion of the first day's discussion was
that the terrestrial and aquatic effects studies should be integrated
- with the aerometric program in the planning stage, without waiting until
the implementation stage. The incorporation of the requirements for
parameter measurements implied by Table 1 into the evaluation of the
proposed aerometric program designs during the second day of the workshop
was intended to achieve part of the necessary integration.

The attendees concluded that aerometric measurements were
necessary to support interpretation of any biological observations. It
was also agreed that climatological and meteorological measurements would

be as important as air quality measurements.

2.1.2 Workshop Summary - Second Day

The objective of the second day of the workshop was to address

the project's terms of reference by:



1. determining the feasibility of any aerometric program,
should the biophysical studies proposed by Alberta
Environment be carried out; and

2. recommending the simplest, scientifically defensible
approach determined by consensus if an aerometric program
were found to be meaningful and feasible.

The Workshop Document (Appendix 8.2) provided background
information from the Tliterature review conducted by the study team and
presented a number of design options for an éerometric program.

The design options relied heavily on information from several
key current programs which combine aerometric and biophysical studies of
forest ecosystems. These programs are:

1. Integrated Forest Study (Oak Ridge National Laboratory/

Electric Power Research Institute);

2. Acidic °recipitation in Ontario (Ontario Ministry of the
Environment);

3. Mountain Cloud Chemistry Program/Chemistry of High Elevation
Fog Program (US Environmental Protection Agency/ Environment
Canada); and

4. National Forest Response Program/Atmospheric  Exposure
Cooperatives - particularly by Hestern Conifers Research
Cooperative (US Environmental Protection Agency).

More information about these programs may be found in

Appendix 8.2.
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The following subsections present a summary of the design
options offered to the workshop attendees for evaluation prior to the
workshop, the rationale for the option considered in greatest detail
during the second day of the workshop, and the results of the attendees'

evaluation of that option.

2.2 DESIGN OPTIONS

Five design options (scenarios) based on various combinations of
time resolution and frequency of aerometricAmeasurements were offered for
consideration. The design options for the aerometric program are
described in terms of the time scale (interval) over which aerometric
measurements are integrated <(short, medium, or long interval) and in
terms of the intensity of the measurements, namely, intensive
(continuous, frequent), or campaign (periodic, highly intensive
measurements). These options were identied as:

e short-term interval, intensive;

« medium-time interval, intensive (with special or campaign
studies);

. Tong-time interval;

e no aerometric measurements (i.e., biophysical observations
only, plus existing climatological and meteorological
measurements);vand

e a hybrid of the first three options.

These scenarios are described in the Workshop Document (Appendix

8.2) and are summarized here for convenience.



2.2.1 Short-Interval, Intensive Option

This option assumes that only short-interval <(hourly and/or
event) respénses are appropriate to indicate existing or future effects
on forest vegetation. It also assumes that the biophysical measurements
require detailed within-canopy measurements, namely, vertically and
horizontally resolved air concentration and meteorological measurements,
the measurement of event wet deposition, and throughfall and stemflow
measurements.

In this option, the selection of éites with similar aerodynamic
features will be necessary in order to facilitate inter-site
comparisons. Factors such as elevation, slope and aspect, and canopy
height and density will have to be taken into consideration.

The requirements for pollutant monitoring are extreme in that
hourly measurements would likely be desirable. The shortest time
interval for ambient concentration measurements using passive or
battery/solar operated active sampiers 1s daily integration wusing
multi-day samplers that incorporate a sample changer. In principle,
low-volume samplers based on filter pack methods for gases and particles
could be used provided suitable power supplies (battery, solar powered,
etc.) are available.

Meteorological measurements (wind speed and direction,
temperature, relative humidity) with hourly fintegration of measurements
are feasible through the use of solar/battery operated equipment that

stores data electronically and transmits data at preselected intervals
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via telecommunications or satellite. The provision of hourly-integrated
meteorological data is technically feasible and the costs of providing

Tonger-interval measurements are not likely to be significantly different.

2.2.2 Medium-Interval Option With or Without Campaign Studies

This options assumes that medium-interval (weekly or monthly)
site-specific ambient concentration measurements are needed.

This option may be consistent with a planned medium-term (10 to
25 years) study which may yield definitive answers relatively early, such
that more or less intensive biophysical and/or aerometric monitoring may
take place. In this option, it is assumed that above-canopy measurements
only will suffice for concentration and meteorological measurements. The
air quality and meteorological measurements would be required to
establish seasonal and longer-term means.

This option may or may not include campaign and/or shorter-term
studies as are appropriate. The campaign studies could, for example,
incorporate within- and below-canopy measurements (multiple sites per
stand), throughfall and stemflow measurements, and shorter-interval

concentration measurements.

2.2.3 Long-Interval, Regional-Scale Monitoring Options

In this option, measurements integrated over long time periods
(monthly or longer) are appropriate for the effects studies which would

likely be based on a long-term (20 to 25 years) program. Site-specific
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measurements for particulate concentrations and monthly wet deposition
measurements would be sufficient.

Only regional climate monitoring is required for characterizing
meteorological conditions at or near plume heights and/or for establish-
ing weather conditions that are representative of the region. Available
meteorological data from the region clearly indicate that significant
differences in microclimate are likely at different study sites within a
20 km radius of either major emission source in the study area. Regional
climate monitofing options therefore will fécus oh the choices for char-

acterizing plume-level meteorological conditions.

2.2.4 Hybrid Option

This option would include above-canopy site-specific measure-
ments consisting of medium- and 1dng—interval measurements for some
pollutants, and selected meteorological parameters. In addition,
regional-scale measurements of ozone would be made and existing meteoro-
logical measurements would be wused to complement the site-specific
measurements. Other air quality measurements would include passive
samplers for SO, and H,S, on monthly sampling intervals, and
suspended particles (TSP) monthly using low-volume active sampling and
dustfall devices.

The meteorological measurements would include a limited number
of sites at which hourly meteorological data are obtained. The site

selection process would ensure that at Tleast two pairs of sites have
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features likely to result in similar microclimates. Meteorological data
would be acquired by above-canopy sensors for wind, temperature, and
relative humidity, and by ground-based sensors for soil temperature.
Data from these sensors would be stored electronically and telemetered
periodically. Additional measurements would include snow depth and snow
core sampling in winter and battery-operated wet deposition collectors
would be used in the summer (only for collecting rain samples integrated

over 28 days).

2.2.5 No Aerometric Measurements: Use Existing Climatic Data

One option 1is not to make any site-specific aerometric
measurements. Existing climatic information alone would be wused to

complement observational or biophysical/biomonitoring studies.

2.3 RATIONALE FOR SELECTION OF RECOMMENDED DESIGN OPTION
In evaluating these options, the workshop participants addressed
the following principal issues: | |
e pollutants of interest in defining the total pollutant
Toadings;
« meteorological and climatological parameters of interest;
e time resolution required of the aerometry as specified by
the biophysical studies;
e equipment implications and limitations based on the above
three factors, recognizing the remoteness of the monitoring

sites; and
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e implications of logistics of access to remote biophysical

sites.

The study team proposed that the workshop focus on the "hybrid
option," since this appeared to be the most likely, feasible approach.
Table 2 presents details of the hybrid option. In focussing on this
option, the workshop attendees were asked to address whether the proposed
parameters and methods were necessary and sufficient with respect to:

o  temporal resolution;

e spatial resolution;

o precision;

e logistics;

o existing (proven) technological capability; and

e biophysical study strategy.

The last factor, to & <certain extent, determines the
specifications for the others.

The parameters indicated in Table 2 were selected from a larger
set, which is given in Table 3. The selection was influenced by the
availability of ©proven measurement methods for these parameters
(Appendix 8.2). These methods were, in turn, influenced by the prospect
that AC power would not be available at most of the biophysical sites,
but that adequate solar panel/storage battery power supplies might be
feasibfe.

The methods 1listed in Table 2 are described briefly here as

background to the description of the workshop's assessment of the hybrid
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Table 2. Hybrid option.
RESOLUTION
PARAMETER(S) METHOD TEMPORAL SPATIAL COMMENTS
S0,, NO,, TSP Filter pack Monthly Site- Above-canopy
(trace metals, specific measurements
S0s, NOs3,
NHZ)
S0,, H,S Sulphation Monthly Site- Above-canopy
candles specific measurements
Sulphide
strips
S0, Passive Monthly Site- Above-canopy
monitor specific measurements
0, Chemilumi- Hourly Regional Locate at
nescence nearest avail-
able site or
existing station
with AC power.
Dry deposition Dustfall Monthly
Wet deposition Sangamo Monthly Site-~ Battery operated,
(major ions, type collector specific weekly composi-
trace metals) tion, at selected
sites only. Sum-
mer only. Above-
canopy.
Precipitation Weekly Summer only.
(rain) Above-canopy.
Snow core Seasonal/
Monthly
Wind (speed and Hourly Above-canopy
direction)
Temperature Hourly
RH Hourly
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Table 3. Desirable pollutants to be monitored.

SOz, NOz, HNOs;, Os, H,S

Precipitation:

Anions:

Cations:

Particulate matter:

Soluble ions:

Elements:

503, NO3, C17, P03, HCO3

pH, acidity, Ca*r, Mg*™ ", Na*, K*,
NHZ; (possibly Al, Fe, Mn, Zm)

503, NO3, PO, -, Ca**,
Mg*™, Na*, K*, NHZ (metal cations
unlikely to be detectable)

Al, Cr, Fe, Co, Ni, Cu, Zn, Cd, Pb, Hg, Sn, As,
V, Mn, Mg, Ti, Se, S
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option. The recommended methods and alternatives are discussed in more
detail in Section 4.

The restricted availability of power, together with the relative
inaccessibility of the sites and the need to keep costs to a minimum,
precluded the installation of a full suite of continuous monitoring
instruments. Integrative methods that would determine several parameters
simultaneously, therefore, would be required. The sequential filter
paCk, as used currently in networks such as the Canadian Air and
Precipitation Monitoring Network (CAPMoN), the Acidic Precipitation in
Ontario Study (APIOS), and in studies carried out by the Kananaskis
Centre for Environmental Research, as well as major US studies (see
Appendix 8.2), was Jjudged to be the only approach that could be

recommended that might operate within the constraints.

Gaseous Compounds

The current capabilities of the filter pack method (with or
without a pre-filter denuder to vremove certain reactive gases,
principally NH;, from the sampled air stream) comprise the gases S0,,
HNOs;, and NH; and any of the ionic or metallic constituents of
airborne particulate matter. The sampling configuration must provide
sufficient sample to achieve the necesary chemical analysis detection
requivements. NO, cannot be measured by the filter pack approach at

present.
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The various versions of the filter pack method are described in
the literature <(Anlauf et al. 1986). Judgements respecting the
applicability of this method to the o0il sands region have been basad on
the results of measurements hade at CAPMoN and APIOS sites of similar
characteristics to those anticipated for the oil sands, for example, Cree
Lake, Saskatchewan (CAPMoN), and Dorset, Ontario (APIOS). The filter
pack technique 1is also the standard, integrative method used at US
National Acid Precipitation Assessment Program (NAPAP) National Acid
Deposition Program (NADP) sites, in particﬁlar, the research site sub-
network operated by the US National Oceanic and Atmospheric
Administration (NOAA) (Hicks et al. 1986).

Since there was concern that sites may be requjred to operate
without power, the passive sampling options listed in Table 2 were
proposed either to complement and supplement the fiiter pack method, or
to replace 1it. Passive or static methods for SO, (lead dioxide
sulphation cylinder or plate) and H,S (zinc acetate impregnated strip)
are commonly wused in Alberta, as specified in the Air Monitoring
Directive (AMD 86-1) published by Alberta Environment. These methods
require no source of power. The passive collector for SO, described by
Orr et al. (1986) is currently used in Ontario at selected sites and can
be recommended for consideration for the oil sands program. These

techniques are assessed in Section 4.
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Dry Deposition

Dry (predominantly, particulate) deposition collected as
dustfall s also a passive method suitable for non-powered sites.
Dustfall may be collected in a variety of ways, from the dried portion of
the combined wet and dry deposition collected in a bulk collector, to the
more sophisticated methods of the dry-side bucket collector of a
wet-only/dry-only collector, to the dry-only surrogate surface deposition
collector used by Oak Ridge National Laboratory (ORNL) in such studies as
the Electric Power Research Institute (EPRi)—sponsored Integrated Forest
Study (IFS). This collector, which is passive but has a powered 1id that
closes during precipitation events to expose it only during dry periods,

is described in Lindberg and Lovett (1985).

Ozone

Based on the occurrence, at the Sandalta monitoring site, of
ozone concentrations approaching or exceeding the 0.08 ppm National
Ambient Air Quality Objective (NAAQO), this gas was recommended for
inclusion in the monitoring scheme. Neither filter pack nor passive
methods are available for 0;; therefore, a continuous monitor at a
powered site is required. Since episodes of elevated ozone concentration
are expected to be regional in nature (i.e., not directly related to the
oil sands plants' plumes), restriction to a single, regionally

representative site is not considered to be a drawback.
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Wet Deposition

Table 2 indicates that precipitation measurements are recom-
mended to be made with a wet-only collector in summer and with snow cores
in winter. If battery/solar panel operation is feasible, the standard
CAPMoN (Sangamo) or NADP (Aerochem Metrics) wet-only/dry-only collector
is recommended. The dry-only side of the collector could be used for
shielding and exposing the dry particulate matter deposition collector
(dustfall or ORNL collector).

If, however, the amount of power at the remote biophysical sites
is insufficient to power a wet-only/dry-only collector, it may be neces-
sary to use the passive bulk precipitation collector. This device has
many limitations, especially for integrative, monthly exposures. These
Timitations include evaporative losses, contamination, instability of
some chemical constituents (notably nitrate and ammonium, with respect to
microbiological degradation), and reaction of the condensed-phase
ith abso mospheric gases, such as NHa.

Meteorology

Table 2 suggests that only the basic meteorological measurements
be made, but the set of parameters need not be so restrictive, since a
more complete meteorological package does not add significantly to power

demand, capital cost, or data analysis.
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Temporal Scale

The recommended time resolution for the components of the hybrid
option (Table 2) was based on both logistical considerations and the
anticipated requirements of the biophysical program. The difficulty of
site access and the likely limited availability of personnel to visit the
sites frequently, imply that planned aerometric and biophysical measure-
ments should require attention no more frequently than monthly. More
fundamentally, however, it was anticipated that, since the biological
studies would presumably focus on 1ong—térm,‘ cumulative effects, the
important time scales would be annual or seasonal, with the possibility
of even longer intervals (see Table 1).

Hourly collection of meteorological data was recommended because
such data can be conveniently accumulated and stored on this scale, and

any necessary time averages can be generated by post-processing.

Spatial Resotlution

With the exception of the proposed regional O; measurement, it
was recommended that all parameters be measured at each biophysical
site. This recommendation is based upon observations that microclimate
varies considerably, especially respecting elevation and aspect, in the
oil sands region. If unaccounted for, this variability could affect
resolution of the air quality characteristics of different plume

impingement zones.
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The program outlined in Table 2 does not address spatial
replication of the aerometric measurements within a biophysical site
(e.g., a forest stand). This issue was considered, but the conclusion
that below-canopy aerometric measurements would not be feasible, except
on a campaign basis in connection with specific biophysical studies, left
the question of aerometric spatial replication open. Consequently, the
study team recommended that air quality and meteorological measurements
be made at a single location above the forest canopy. It is believed
that this approach would characterize thex exposure of a forest stand
adequately. Furthermore, it is argued that a denser set of aerometric
measurements would be neither economic nor scientifically supportable,
considering the relatively much greater variability inherent in the
biological systems' response to their environment.

The feasibility and defensibility of above-canopy, as compared
with clearing, measurements of the aerometric parameters was addressed in

the workshop and in subsequent deliberations (see Section 5).

2.4 WORKSHOP MODIFICATIONS TO THE RECOMMENDED PROGRAM

The consensus of the first day of the workshop was that, given
the desirability of a biophysical program in the region, an aerometric
program was also desirable, and probably feasible, if appropriately
scaled and designed. Table 1 1lists the biological parameters identified
during Day 1 as representative of the types of studies that could be

undertaken, along with their associated temporal resolution. The focus
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of the second day's evaluation of the various approaches to an aerometric

program was on the hybrid option (Table 2), which appeared to be the most

likely model based on the preliminary review.

The major issues identified in discussing the hybrid option

(Table 2) were:

the feasibility of wusing equipment requiring significant
amounts of electrical power, for example, a filter pack
sampler, or wet-only/dry-only precipitation sampler;

the sensitivity of the probosed methods for elemental
analysis of airborne particulate matter;

the relative merits (validity) of sulphation measurements
and specific SO, measurements by passive methods;

the advisability of integrated, bulk wet and dry deposition
collection, if that were to be the only feasible approach;
the advisability of a method other than conventional
dustfall as a measure of dry, particle deposition;

the relationship between the probable frequency of site
visits, the biological response times of interest and the
required time resolution of the aerometric measurements;

the potential to estimate canopy - pollutant interactions
(uptake) from aerometric measurements made only above-canopy;
the question of how to relate in-stand exposure to external

aerometric measurements;
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the feasibility of making <(at least some) aerometric
measurements jn a clearing rather than above-canopy to
represent exposure of the forest stand; '
the extent of the aerometric data base that will be required
to delineate the pollution gradient;

the effect(s) of changing composition of the industrial
plumes with distance from the source, for example, the
different relative depletion rates for gases and particles
and for particles in different size classes;

the importance of meteorological and climatological charac-
terization of each site because of 1likely between-site
differences which may vresult 1in measurable biological
variation;

the desirability of making sure the aerometric program is

properly designed to accommodate the needs of the biological

the requisite levels of duplication and replication for
aerometric measurements, whether above, 1in, outside, or
beneath the canopy;

implications of the Tlack of a fully validated regional
dispersion and deposition model to aid in site selection;
site selection criteria respecting the aerometric
measurements, plume impingement gradient, and appropriate

forest stands;
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« consideration in site selection of development plans over

the next 25 years;

» the need for more than one background (control) site; and

o the need to plan sites so that the compiled data base could

be used in relation to future aquatic and soils monitoring.
Discussion of these points led to minor modifications in the approach
proposed in Table 2.

It was agreed that, if the filter pack method (as applied in the
standard CAPMON/APN sampler), or a variaht, could be provided with
adequate power to operate, the parameters to be determined in the
collected material should comprise:

e SO0:;

o airborne particulate matter (APM);

+ selected trace metals (in APM); and

» S03, NO3, NHZ (water-soluble ions).

The participants agreed that ozone could be monitored at a
powered, regionally representative site. Passive methods for S0, and
H.S measurement were recommended. Particular interest was expressed
respecting the Ontario Ministry of the Environment's passive S0,-
specific collector for determining SO, concentration, rather than
sulphation rate (Orr et al. 1986). The applicability and limitations of
each of these types of SO, collectors are discussed in Section 4.

The consensus of the meeting was that although bulk

precipitation is a convenient passive collection method, the composition
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of the collected sample and the apportionment of the wet and dry com-
ponents in a monthly sample would be questionable, at best. A wet-
only/dry-only collector should be used if feasible, but skepticism was
expressed that battery-powered versions of the standard CAPMoN sampler
would perform in the remote, harsh environment of the 0il sands.

It was recommended that the suite of meteorological and
climatological parameters be as complete as possible, including those
shown in Table 4. "Upper air data" in Table 4 refers to data at plume
height and above, such as temperature proffies, wind, and turbulence, as
required by dispersion models. Such models would be used to interpolate
and extrapolate monitoring results in space and time and to estimate
future pollutant loadings from existing and proposed developments.
Collection of total precipitation amount by a tipping bucket and Nipher
gauge was supported.

The methods suggested in Table 2 were confirmed as the most
appropriate, given the logistical and budgetary constraints.

Reservations were expressed generally about the feasibility of
making above-canopy measurements, because of operational problems related
to the height of tower/platform that might be required, and because of
the known collection inefficiency of precipitation sampling devices in
such exposures due to wind shear (Lusis and Vet, pers. comm. 1987).
Clearing measurements were recommended, if representative exposures could
be determined and fetch considerations could be met (i.e., locally-

generated turbulence avoided).
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Table 4. Desirable meteorological parameters (workshop).

1. Precipitation: rain, snow, snow depth

2. Temperature: air, soil

3. Moisture: air, relative humidfty, soil
4. Wind: speed, direction

5. Radiation: total, net (regional)

6. Pressure: barometric

7. Upper air data: (see Appendix 8.2)°

® Depending upon input data requirements of models: may include wind
speed, direction at plume height, mixing height, stability <(or
turbulence) indicator, etc.
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3. AEROMETRIC PARAMETERS

3.1 DESIRABLE AIR QUALITY PARAMETERS

Table 3 presents a list of desirable, candidate pollutants to be
monitored. This 1ist was reduced by applying preliminary criteria of
necessity, sufficiency, and feasibility to arrive at the recommended list
indicated in Table 2. Both 1lists were addressed by the workshop
participants, and a modified short 1ist was produced.

The following sections present the rationale for selecting or
excluding parameters and summarize conclusions of the workshop and study

team respecting a recommended minimum set of parameters.

3.1.1 Gases

Based on the conclusions of the workshop and subsequent
evaluation by the study team, the following are recommended as the target
gases, along with their candidate measurement methods:

e S0, (CAPMON/APIOS/NAPAP active filter pack); MOE passive

sampler; sulphation plates);

¢« Hys (sulphide strips/AMD 86-1);

« 0, (continuous monitor - AC-powered site).

3.1.1.1 Sulphur dioxide. SO0, is included not only because it is a

major component of emissions and an acid-forming pollutant, but also
because it can serve as a surrogate for other gases emitted from the

industrial plants in the region. The Tlatter applies to NO,, for
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example, which is also emitted from the oil sands plants. Within the
study area <(radius of about 25 km from the existing plants), chemical
transformation and deposition of SO0, and NO, will be indistinguish-
able, so that relative depletion rates will be similar. That is,
receptor measurements of S0, will allow estimates of other emitted
gases, presuming that the ratios of their emission rates to that of SO,
are known. In addition, the concentration of S0, can be determined
with acceptable accuracy and precision at the levels expected in the
field. Section 4 provides a detailed a;sessment of S0, measurement

methods.

3.1.1.2 Hydrogen sulphide. It is desirable to monitor H,S because it

is emitted by the industrial plants in the region, mainly in low-level
fugitive releases. It has been detected by a continuous monitor at Fort
McKay, 15 to 20 km from the sources. Since H,S interferes with the
SO, determination by the suiphation method, it is desirablie to know the
concentrations of the two gases simultaneously <(and independently), in
order to resolve their contributions. The H,S interference in the
sulphation measurement of S0, 1is about 1/3 to 1/2 of the equivalent

S0, concentration.

3.1.1.3 Qzone. 0Oz has been identified as a target gas (see Sub-
section 2.3) because of its potential effects at existing levels in the

region. It is recommended for inclusion in the monitoring program under
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the assumption that an AC-powered site will be incorporated, so that a
continuous monitor could be operated.

The other gases considered, but discarded, included HNO;,
NO,, and NHs;. These are discussed in the following paragraphs.

Nitric acid vapour (HNO3;) can be easily accommodated by an
additional section to the proposed filter pack (nylon filter) - in fact,
it is a component of the standard package used in North American
networks. Its inclusion, however, is Jjudged to be of a small marginal
value, because the concentrations are 1ike1§ to be very low, and it would
add to the complexity <(and cost) of the system. For example, HNO;
concentrations at the Cree Lake, Saskatchewan APN site in 1982/83 ranged
from <0.01 wug/m®* to 0.6 wug/m®, with monthly means of 0.1 to 0.2
ug/m* (equivalent to an upper 1limit of about 0.3 kg/ha/y nitrate dry
deposition).

Nitrogen dioxide (NO,) cannot be determined by a filter pack
method at present, but can be determined at levels down to a few
ug/m* over averaging times as short as one day with a passive,
diffusional sampler (Cadoff and Hodgeson 1983; Colls 1986), wusing
triethanolamine to trap NO,. NO, Tlevels in the oil sands, however,
are known to be very low, based on continuous monitoring by Alberta
Environment at the Sandalta site during 1983 to 1986 (Murray 1984; Hansen
1985, 1986). All hourly-averaged NO, concentrations were Tless than

0.05 ppm.
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In addition, NO, emissions from oil sands plants are only
about 15% as much as those of SO,. MWithin the proposed study area
(ca. 25 km radium from the plants), NO, s expected to mimic
approximately the behaviour of S0, respecting plume depletion. This
means that forest stand exposure to NO, (not deposition) could be
modelled using, for example, the FREDIS model (Alberta Environment's
FREquency DIStribution dispersion model). Receptor—level concentrations
of NO, could be estimated relative to those of S0, using the ratio of
emission rates.

Ammonia (NH;) was not identified as one of the gases to be
monitored, but it was mentioned in ‘the workshop. It can also be
monitored by the standard filter pack method (glass fibre filter
impregnated with citric acid). NH; levels are expected to be very low,
representing background levels, in the absence of application of
ammonium-based fertilizers in the region. NH; is not associated with
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react with acidic gases and particles in the plant plumes, appearing at

the impingement zones as ammonium salts.

3.1.2 Particulate Matter

Whether the particulate matter is collected by a filter pack or
by dry-only passive deposition methods, monitoring of the following
water-soluble ions is recommended because of their potential importance

respecting ecosystem acidification:
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« sulphate;

 nitrate; and

e ammonium.

The following additional group of ions (Table 3) will normally
be detectable in the water extract of the collected particulate matter:
calcium, magnesium, sodium, potassium, and chloride. These ions
principally represent soil-derived material and are important for
determining overall nutrient balance, if that were to be an objective of
the biological program. No special samhle preparation or handling
precautions are necessary to allow samples to be analyzed for these ions,
and they could be analyzed on a campaign basis or in the future from
archived samples (extracts), if required. Phosphate would also be
important in nutrient studies, but like bicarbonate, it is unstable in
samples over an extended exposure period. It is recommended, then, that
only sulphate, nitrate, and ammonium be considered for inclusion at this
stage of design evaluation.

The term "trace metals" as used thus far in the report refers to
components of filter pack catch or dry-deposited material and not to the
extracts. Only dominant soil-derived metals (Fe, A1, Mn, ZIn) would
normally be detectable in the latter, if any metal cations could be
detected. The elements of interest in dry particles are those associated
with the industrial emissions, including:

1. those that may cause cumulative toxic effects;

2. those that may serve as tracers for (cumulative) deposition;

or
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3. those that may serve as markers of altered biochemical or

ecosystem activity.

The metallic elements of interest are shown in Table 5 below,
listed in order of their emission rates from Syncrude's main stack (CSC
1984) and flagged by Criteria 1, 2, or 3 above. Comparable data are not
available . for Suncor, but it is a reasonable assumption based on a
comparison of fly ash composition (Barrie 1980; CSC 1984) that the
relative metallic elemental composition of emitted particles is similar.

The elements in Table 5 were 1nitia11y selected based on a
review of the literature respecting biological effects studies (see
Appendix 8.2). The list also takes into consideration Criteria 1, 2, and
3 above and currently available emission data from the oil sands area
(Dabbs 1985). Calculations have been carried out to estimate comparative
deposition increments to the soil in the region. These data indicate
those elements which should show enhanced concentrations in airborne
particulate matter relative to those in soii, hence, those that may serve
as tracers in the present study.

Table 5 indicates that S, V, and Ni may be good candidates as
tracers of environmental contaminants from the industrial sources present
in the region. Barrie (1980) found V from the oil sands plants to be a
good tracer of anthropogenic deposition. Case (Dabbs 1985) found that
the concentrations of all three of these elements (V, S, Ni) in lichens
correlated well with distance from the oil sands emission sources. The

order of analytical detection 1limits for these three elements in
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Table 5. Desirable elements in order of particulate emission rate.

Element Criteria
Iron (Fe)? ND
Aluminum (A1) 3
Vanadium (V) 1, 2
Magnesium (Mg)?® 3
Titanium (T1) (2)
Sulphur (S)?-° 1, 2,3
Manganese (Mn)?® . 32
Nickel (Ni) 1, 2
Zinc (Zn)?® Q)

Lead (Pb) 1, ()
Chromium (Cr) 1, ()
Copper (Cu)?® (M, @)
Cadmium (Cd) 1, 2
Cobalt (Co) 1
Selenium (Se) 1, 2

Tin (Sn) _ 1
Arsenic (As) 1
Mercury (Hg) 1, (2)

@ Indicates an essential nutrient for trees.

e Position in list uncertain; estimated from data other than Dabbs (1985).
Symbols: 1) cumulative toxic effects
2)  tracer of accumulation
3) marker of altered biochemcial activity
( ) Indicates marginal qualification.
ND  No data.
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vegetation on a dry weight basis is V (0.3 ppm); Ni (1 ppm), and S
(50 ppm). The only other elements in Table 5 for possible use as
tracers, with better analytical sensitivity, are Cd, Se, and Hg; but
these would be difficult to detect because of their very low concentra-
tions.

It is not critical which of the elements in Table 5 are
monitored initially in particuiate matter, since stable archived samples
can be analyzed for other parameters at any time in the future. Future
research on the composition of the 1ndu§tr1a1 emissions, of filter-
collected airborne particulate matter and of vegetation, soils, and other
receptor materials may identify highly sensitive tracers of emissions
and/or indicators of biochemical alteration. Those might be, for
example, rare earth elements (in emissions and airborne particulate
matter), or Mo (micronutrient with high analytical sensitivity - 0.03 ppm
dry weight basis).

Elements can easiiy be added to or deieted Trom the analytical
protocols with time and the appearance of new information, as long as the
collection methods stay the same.

A question which arose in the workshop, of whether particle size
distinction could be accommodated in the op2rogram, 1is difficulit to
answer. The standard (network) version of the filter pack sampler does
not have a specific size discriminating inlet, primarily to avoid loss of

reactive gases prior to the filtration stages. The sampler does have

selectivity respecting particle size, because it does not necessarily
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sample isokinetically, but its selectivity is not characterizable. The
NOAA/ATDD version of the filter pack which is used in the NAPAP research
site equipment has a heated inlet tube (to avoid condensation of moisture
in front of the filters) which also acts as a particle selector by
impaction and elutriation (Hicks et al. 1986). It was originally
beljeved that the size cutoff would be about 5 um, which would exclude
the larger, soil-derived particles. It now appears, however, that the
size fractionation is not very well defined and is likely greater than
10 um, which would not discriminate agéinst soil-derived material.
Tests of the sampler are currently being conducted in a wind tunnel at
NOAA, Oak Ridge, TN (Hicks, pers. comm. 1987).

Some of the larger particles, however, will be generated by
industrial processes in the region, because of the surface mining nature
of both Syncrude's and Suncor's operations. The sand tailings of the
processes may also become airborne. This means that some of the larger
size fraction particles may be more similar in composition to the
industrial emissions than to typical soil-derived material. Without size
discrimination in sample collection at receptor sites, the emissions and
mining - portions of .particle deposition cannot be resolved. Such
sampling, however, will integrate the overall deposition attributable to
the industrial sources, if tracer elements for these sources are
analyzed, as discussed below.

Passive elutriators or low-powered Lundgren streaker collectors

(which are commercially available) might provide an estimate of particle



40

size, but probably would not collect sufficient sample to permit
analysis, under the conditions of low particle loadings such as those
that exist in the oil sands. These methods would be expensive and
require great care in field use; therefore, they cannot be recommended
for wuse at the biophysical sites because of Tlogistical and cost
constraints. Particle sizing could be carried out at a powered site
using, for example, a high-volume sampler with size-selective inlet
(SSI), or a dichotomous sampler with 2.5 um and 10 um fraction
cutoffs (the standard NAPS and EPA 1nhé]ab1e/resp1rab1e particulate
matter sampler). The <chemical analysis of the dichotomous sampler
filters might permit source apportionment to be carried out by the

chemical mass balance approach.

3.1.3 Precipitation

The following discussion refers to the filtered liquid portion
of both rain and snowmeit and the refinement of the suggested parameter
'1ist.

Of the anions listed as desirable in Table 3, nitrate is not a
good candidate if monthly integrated samples are to be collected, because
of 1loss due to microbiological activity and volatilization (in hot
weather). Therefore, sulphate <(as an indicator of anthropogenic
deposition), and chloride (as a soil indicator) should be determined.
Chloride, however, may be subject to volatilization losses from acidic
samples <(as HC1), and may not be detectable regularly (Wiebe et al.

1985). Therefore, chloride may also be deleted from the recommended list.
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The cations listed in Table 2, with the exception of NHZ,
are all characteristics of soil-derived particulate material and
therefore will be of 1little use in evaluating anthropogenic deposition.
They would be of interest if nutrient balance or cycling is studied in
the biophysical program, since they are major nutrients; otherwise, they
are of marginal utility. This is especially so since the precipitation
samples do not permit segregation of contributions from particles of
various size ranges.

In addition to the filtered 11qu%d poftion of a precipitation
sample, the insoluble particulate fraction is comprised of particles
associated with rainout and washout processes for wet-only samples, and
with rainout, washout, and dry deposition processes for bulk samples.
Most of the metallic components of anthropogenic original (Table 4) will
be in the insoluble fraction (Barrie 1980), so that analysis of this
portion of a wet-only or bulk precipitation sample may yield information
on anthropogenic deposition. If the filtered particulate portion of
precipitation samples were to be analyzed for V, for example, source
impact might be estimated, since as discussed above, this element appears

to be a good tracer of industrial activity in the region.

3.2 DESIRABLE METEOROLOGICAL AND CLIMATALOGICAL PARAMETERS
Table 6 1lists a number of levels of meteorological instrumenta-
tion to be considered for ecological research stations (Swift and

Roysdale 1985). The 1list developed in the workshop (Table 4) includes
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Table 6. Types of long-term ecological research meteorological stations.

LEVEL PARAMETERS INTERVAL REMARKS

0. Entry Air temperature Daily Temporary or
Precipitation satellite station

1. Basic Air temperature Daily Minimum standard
Precipitation station, use
Vapour pressure standard instru-
Wind speed mentation
Wind direction Daily Optional for
Solar radiation Level 1

2. Research A1l of the above Hourly Probably use

3. Supplemental

A1l of the above

plus one or more:

Snow depth

Wind vector
Partial spectrum
radiation

Soil temperature

Water temperature

As required

Atmospheric pressure

Evaporation

Boundary layer fluxes
or other variables

electronic
sensors and data
logger

Specialized
measurement at

some sites. May
be continuing or
short term.

Source:

Swift and Roysdale (1985).
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most of the highest level (Research plus Suppliemental) recommendations.
This degree of instrumentation is justified on the basis of the observed
variability of meteorological and microclimatological data in the region,
as described in Appendix 8.2. It is judged that detailed microclimate
characterization of the kind proposed 1is necessary because of the
sensitivity of forest response to climatic factors. These factors are
strongly influenced by elevation and aspect, event in the relatively low
relief regime of the oil sands region. The modest additional expenditure
to achieve these site-specific, detailed d&ta should provide significant
benefits in reduced uncertainty in interpreting the biophysical data.

There appears to be Tittle need to discuss these points or
Table 4 at greater length, since the more difficult undertaking will be
to characterize the pollutant exposure gradient unambiguously. An
important consideration, however, wiil be to locate the meteorological/
climatological instrumentation package in consideration of the specific
biophysical site characteristics, so that measurements at the site can be
assured to be representative.

The issue of the site being representative 1is addressed in
Section 5 respecting site selection criteria. The location of both air
quality and meteorological instrumentation should be such that the data
are representative of the site as a whole and reproducibly so from site

to site.
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3.3 SUMMARY OF RECOMMENDED PARAMETERS

The preceding sections have presented an analysis of the
aerometric parameters that were identified by the study team and the
workshop participants as desirable from the perspective of data
requirements for the biophysical monitoring program. This analysis is
intended to provide a rationale for the simplest subset of parameters
that could be recommended for implementation, pending the more detailed
assessment which appears in the next section on instrumentation and
methods used to determine these parameters.t

The assessment to this stage has led to the recommendation of
the following air quality parameters to be considered in the next stage

of screening (Section 4):

1. Gases
. S0,
« WS
° ()3

2. MWater-extractable ions (in airborne particles)

o SO3
s NO;3
e NH3

e (1™ (optional)

3. Elements in dry particles

® Vv '
e S (sulphate)

e Ni
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Soluble ions in precipitation

« SO;3

« NO3 (optional)
« NHZ (optional)
« C17 (optional)

Elements in filtered particles in precipitation

Y

 Ni
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4, ASSESSHENT OF INSTRUMENTATION AND METHODS

4.1 AIR QUALITY PARAMETERS

This section discusses the methods recommended for the proposed
air quality parameters respecting the following characteristics:

 adequacy of sensitivity/specifications;

« operational (logistical) suitability;

« validity and uncertainty of data produced; and

« general advantages/disadvantages.

4.1.1 Gases

4.1.1.1 Standard analyzers. Three gases: SO0,, 0s;, and H,S, are

recommended for monitoring at a powered master site on a continuous
basis. A standard continuous analyzer having the necessary sensitivity,
however, is only available for ozone. This conclusion is based on a
review of the data available from Alberta Environment's Sandalta
measurements between 1983 and 1986 (Murray 1984; Hansen 1985, 1886).
These data indicated that O0; concentrations are always above the
quantitation 1imit of the standard chemiluminescence <(or wultraviolet
absorption) analyzer, which is about 1 ppbv. The tropospheric global
background concentration of 0; is between 10 and 50 ppbv.

The analogous measurements for SO0, were predominantly at or
below the quantitation limit of a standard pulsed fluorescence or flame
photometric detector (FPD) instrument, which is about 10 ppb. The levels

would be accessible to an enhanced FPD instrument, like that incorporated
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in the Alberta Environment system for measurement of SO, dry deposition
gradient (FPD doped with SFe; Davis and Wright 1985). This enhanced
technique is 10 times more sensitive (quantitation limit, 1 ppbv), but
would require research-level technical attendance.

The situation for H,s is expected to be the same as that for
SO0, with respect to continuous monitoring. This expectation s
somewhat more tenuous, however, since it was based on reported H,S
exceedances of the 10 ppbv hourly standard at the industry network sites
in the region (generally <5 km from the émission sources), and at Fort
McKay (ca. 15 to 20 km from the emission sources). In the region of
interest, 5 to 25 km from the emission sources, the H,S concentrations
on average will be at or below the operational quantitation limit of
standard continuous monitors, that 1is, about 10 ppb. An enhanced FPD

instrument would also allow quantification of H,S.

4.1.1.2 Filter pack. Unless continuous instrumentation 1is used that
will permit quantification of SO, and H,S at least 90% of the time,
there would be little use for the data in this operation. In either
case, integrative (e.g., filter pack) methods should also be used at the
fully-powered site as back-up to the continuous analyzer and for compari-
son purposes. This approach would exclude H,S, since a validated
filter pack method for this parameter has not been demonstrated in
routine, network wuse. Such a method for H,S has been applied in a
short-term research study for Syncrude, but its long-term operability is

unknown.
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The standard integrative filter pack method for S0, has a
detection 1limit of about 0.5 wug/m® (0.2 ppbv) and a quantitation
limit of 1 ug/m® (0.4 ppbv) at the 90% confidence level when operated
over a 28-day cycle. This method, then, 1is sensitive to global
background levels on the proposed operating cycle and is capable of
quantifying monthly average SO0, concentrations throughout the oil sands
region. The uncertainty of monthly-mean measurements of SO, with the
filter pack is about +30% at the 90% confidence level, at the concentra-

tions that are expected, based on existing data (Anlauf et al. 1986).

4.1.1.3 Passive. The traditional sulphation cylinder and sulphation
(Huey) plate as described in Alberta Environment's Air Monitoring
Directive (AMD 86-1) are passive collection devices which have been used
near the operating plants in the oil sands region for many years. This
method must be considered for use in the proposed aerometric monitoring
program. The other passive method mentioned in Section 3.1.1 is the
diffusion-controlled SO0, sampler developed by the Ontario Ministry of
the Environment (Orr et al. 1986; CSC 1980).

The sulphation methods are treated in detail in another report
(Davis and Hunt 1987). The principal interest for the purposes of this
report is the sensitivity of the sulphation devices compared with the
SO0, sampler, and the adequacy of either regarding the expected SO,
levels in the proposed study region. The following discussion focusses

on the quantitation limits of these methods.
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An analytical detection 1limit for sulphate in the filtered
extract from the exposed sulphation plate of 2 mg/L is quoted for the
automated colourimetric methyl thymol blue method (Alberta Environment
AMD 86-1 1986). For a 30-day exposure of 50 cm® Huey sulphation
plates, this 1is equivalent to 0.01 mg S05/day/100 cm?. The same
value applies to a sulphation candle with an area of 100 cm® if the
extract volume is twice that of the Huey plate. The equivalent S0,
concentration (assuming a calibration factor of 0.04 ppm SO,/mg SOs/
day/100 cm?) is 0.4 ppb SO,. "

The precision of the analysis method 1is dependent on the
absolute magnitude  of the sulphate concentrations. Sulphate
concentrations greater than 10 ppm are required for precision better than
10% (Davis and Hunt 1987). A 10 ppm sulphate concentration corresponds
to a sulphation rate of 0.06 mg SOs/day/100 cm®> or 4 ppb SO,.

The 1imit of quantitation is defined as 10 times the standard
deviation of the blank, and the detection limit as 3 times the standard
deviation of the Dblank <(American Chemical Society, Committee on
Analytical Improvement). For the sulphation method, the quantitation
Timit would be 10 times the standard deviation for the blank Tlevels in
sulphation plates. If the limit of detection for the analytical method
alone is 2 mg S0./L, the lowest 1likely value for the 1limit of
quantitation for combined sampling and analysis 1is of the order of
20 mg/L S03. This corresponds to about 4 ppb SO0, <(assuming a

calibration factor of 0.04 ppm/mg SO05/100 cm®/day). Given
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anticipated levels of down to 1 ppb SO, at remote sites, the use of the
sulphation plates is not feasible for other than relatively high
impingement zones.

The Ontario SO, sampler is accurate and precise to +50% at the
operational quantitation limit of about 2 wug/m® (0.8 ppbv) for 28-day
exposure.

The monthly-mean SO, levels are expected to fall in the range
of 2.5 to 50 ug/m® (1 to 20 ppbv) in the study area, based on the
monitoring results from the Sandalta trai]ér (Murray 1984; Hansen 1985,
1986) and the CAPMoN site at Cree Lake, Saskatchewan (Wiebe et al. 1985).
The Sandalta monthly means (based on continuous monitoring) ranged from 5
to 20 ppbv during 1983 to 1986, and the Cree Lake monthly-mean (filter
pack) levels ranged from <0.5 to 1.5 ppbv.

At the quantitation 1imit of the Ontario passive sampler, the
uncertainty of the monthly mean determined by a single device (+50%)
should be reduced considerably by exposing multiple devices (say, in
triplicate, or at least duplicate) at each site. The annual mean of
duplicated monthly-mean values should be precise to within +25%. This
deduction 1is an educated guess and is not based on analysis of
experimental field data (Lusis, pers. comm. 1987). The reported field
data (Orr et al. 1986) indicate that the mean sampling rate determined
for the Ontario sampler had a relative standard deviation of 31% for mean
concentrations greater than 2 wug/m® (0.8 ppbv). This estimate of

precision of the mean value is consistent with the estimates given above.
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The only passive method for determining S0, concentrations,
then, that can be recommended for the biophysical sites is the Ontario
device (Orr et al. 1986). The sulphation cylinder or plate methods are
not sensitive enough to permit quantitation of SO, at the concentra-
tions that are expected to be encountered at the low end of the plume
impingement gradient or in control areas in the study regions.

It is recommended that the Ontario sampler and the standard
sulphate plate (AMD 86-1) be co-located at the fully-powered site or
other sites near the high plume 1mpin§ement zone, so that their

performance can be compared.

4.1.2 Particulate Matter - Ions and Trace Elements

The components of interest in airborne particulate matter that
were identified 1in Section 3 are water extractable S0z, and acid
digestible V and Ni. This is the smallest parameter set that is feasible
to quantify the pollutant gradient(s). Extracts and digest iiquors are
to be archived for future analysis, should other parameters of interest

be identified.

4.1.2.1 Vanadium. The analytical sensitivity of V is between 0.001 and
0.01 wug/mL of 1liquid, depending on the method. Taking the Tless
sensitive of these and assuming that 10 mL of digestion solution is used,
the amount necessary to be collected on a filter pack prefilter is

0.1 pg (100 ng>. In one month of operation at the recommended sampling
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rate of 2 L/min (a relatively low rate), about 80 m® of air would be
sampled. Hence, the lower 1limit of [V] that could be determined is
100 ng/80 m®, about 1 ng/m®. At the greater analytical sensitivity
and a sampling rate of 2 L/min, the limiting airborne concentration would
be 10 times Tlower, 0.1 ng/m’. The concentrations of airborne V
expected in the area in this range; that is, vanadium should generally be

quantifiable (Barrie 1980).

4,1.2.2 Nickel. The analytical sensitivit9 for Ni is between 0.01 and
0.03 ug/mL of solution; therefore, by analogy with the above estimation
method used for V, the minimum concentration of Ni that could be

determined is approximately 1 to 3 ng/m*"

4.1.2.3 Sulphate. The analytical sensitivity for water-extracted
S0z is 0.05 wg/mL of solution. Using similar logic to that
applied to V and Ni, the limit of air concentration determination is
about 5 ng/m®. Monthly-mean SO03 concentrations are expected to be
at least 0.4 wug/m* or 400 ng/m* <(based on Cree Lake results).
Given these findings, there would be no difficulty determining particu-

late SO3, even at the low sampling rate suggested (2 L/min).

4.1.3 Precipitation - Rain and Snowmelt

Many of the pollutants, to be monitored in precipitation

(Table 3), will not be determinable at most of the biophysical sites
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because of detection sensitivity and sample instability over the monthly
integration times.

Of the anions, SO0z is likely to be the onily one that will
be present in amounts sufficient to quantify at all sites. S03 is
also likely to be the only anion sufficiently stable in either wet-only
or bulk precipitation samples to produce reliable data.

The soluble cations are all predominantly scoil-derived, with the
exception of NHi, and so will not yield information about the
industrial  emissions pollutant gradieét. NH3Z is sufficiently
unstable that its value in monthly samples may be unreliable.

The metals characteristic of industrial emissions will be
detected mainly in the insoluble particulate matter in wet-only or bulk
precipitation samples and in dry, airborne particulate matter. The
elements to be determined, then, will be those discussed in Section
4.1.2, namely, V and Ni, because of their tracer qualities and likely
detectability. These elements would be determined in acid digests of

filtered particulate material.

4.2 METEOROLOGICAL AND CLIMATOLOGICAL PARAMETERS

A standard, solar panel powered measurement package for remote
meteorological/climatological stations is being recommended, so that no
difficulties are anticipated, other than those inherent in erecting
towers in inaccessible locations. Solar panel/battery-powered meteoro-

logical packages are operated at many sites throughout the world, and the
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technology is well-established, ruggedized, and relatively inexpensive.
It is capable of measuring all of the meteorological parameters listed in

Table 4, except for the upper air data.

4.3 SAMPLING EQUIPMENT AND POWER SUPPLIES

Three components of the recommended system require electrical
power: the meteorological instrument package, the wet-only/dry-only
precipitation collector and the filter pack sampler. The Tlatter two
merit discussion here; the former is wel]-e§tablished technology.

The standard wet-only collectors that have been used in North
American networks are made by Sangamo (CAPMoN) and Aerochem Metrics
(APIOS, NADP/NTN). Each of these has been tested in a battery-powered
version in Canada without much success (Barrie, Vet, Lusis, Bardwick,
Orr, and Stevens, pers. comm. 1986, 1987). The principal cause for
failure has been excessive peak power requirements in cold weather
operation. Aerochem Metrics have addressed a number of the operational
problems, and the advent of long-life lithium batteries has enhanced the
feasibility of successful application of this instrument. Aerochem
Metrics are producing a 12-V battery-powered version of their collector
to Ontario MOE/APIQOS specifications that is said to overcome earlier
problems (Orr, pers. comm. 1987). The peak power draw of the current
version of the Aerochem Metrics collector is 9 W (in the transfer mode:
dry-to-wet) and Tless than 1 W (for the wetness sensor) in the dormant

mode.
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If the Aerochem Metrics collector were wused only for rain
collection and not operated during months in which snow or ice melting
power was required, the instrument should prove to be reliable in remote
operations.

It should be possible to use a channel of the meteorological
data logging system to record power supply and system status of all
powered equipment, in order to maximize data capture. If the data were
transmitted by radio communications, the performance of the system could
be monitored regularly and malfunctions 1dedtified quickly.

The filter pack system currently being used by Oak Ridge
National Laboratory (ORNL) at some remote sites uses a Tow-powered (2 W),
custom-designed Brailsford pump. Another version of this pump has been
tested previously by Concord Scientific (CSC 1983) as a candidate for
inclusion in a portable, personal monitoring system, so that its
performance characteristics have been quantified. At a flow rate of
2 L/min (the recommended flow rate for 28-day sampling) and a pressure
drop of 3.7 cm Hg (5 Pa), the continuous power consumption at 12 V was
about 1 W. The continuous power demand is well within the capacity of
modest solar panel/battery supplies. The supplier to ORNL provides a
30-W solar panel supply for this pump. The power specification should
probably be upgraded, to allow for cold and northern solar intensities,
to perhaps 100 W. This size of solar panel supply is also feasible in

this application with current technology.
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Balzer et al. (1987) have recently described an operating system
for aerometric monitoring in isolated areas using a 920-W solar panel/
battery system. A 2400-W system is described in Drewes and Legedza
(1986) .
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3. [MPLEMENTATION STRATEGY

Previous sections of this report reviewed the measurement

techniques for the aerometric parameters identified by the study team and
the workshop as desirable for supporting the long-term biomonitoring of
forest stands. Appropriate techniques were selected based on their
suitability for wuse 1in the oil1 sands region, bearing in mind the
Togistical constraints (lack of electrical power, infrequent site visits)
and the anticipated 1low ambient concentrations and hence shallow
pollution gradient over the sites. This section describes an implementa-
tion strategy for the aerometric program. The section on the overall
measurement approach outlines how the measurements should be made and the
manner in which the monitoring data should be handled. This section
indicates those aspects of the program that may benefit from cooperative
efforts with related programs (existing and proposed) conducted in

Alberta and elsewhere in North America.

5.1 MEASUREMENT APPROACH
The following aspects are considered in the measurement approach:
1. averaging period;
2. siting - siting criteria, site selection, site specifica-
tions;
3. protocols and documentation;
4. data quality assurance and quality control; and

5. data management and reporting.
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5.1.1 Averaging Period

The . previous sections have provided the rationale for a
monitoring program in which monthly averaging of air quality paraméters
and hourly averaging of meteorological parameters was deemed most
suitable. The measurement approach is given in Tables 7 and & which
summarize the minimum set of parameters to be monitored, the techniques
selected, and the time scales of the measurements, for air quality and
meteorology, respectively.

The selection of a month]y—averagéd sampling period for S0, is
compatible with the anticipated annual frequency of measurement of most
biological parameters. Monthly averaging of the air quality parameters
will provide better temporal resolution for the air quality measurements
than 1is necessary for some aspects of the biological measurements.
However, the requirement of monthly site visits, for redeployment of air
quality samplers, also means higher costs than, say, bi-monthly
averaging. The Tlonger averaging period was ruied out in view ©
greater likelihood of sample deterioration and the higher risk of low
data recovery in the event of sample loss. The availability of monthly
averages, however, will allow recovery of seasonally-averaged exposure,
if this is desirable for interpretation of the biological observations.
Two factors favouring this approach are: (1) the need for resolution at a
time scale appropriate to the seasonal distribution of biological
activity (particularly physiological activity in leaves); and (2) work-
shop conclusions respecting the time scale resolution of the interaction

between climate and exposure to pollutants.
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Table 7. Summary of minimum air quality parameter set to be monitored in
the aerometric program.
PARAMETERS METHOD TEMPORAL
RESOLUTION COMMENTS

S0,, TSP?, SO3 Filter pack Monthly At each forest

V, Ni (up to stand (clearing)

18 elements listed and at master

in Table 3) powered site.

S0, MOE passive sampler Monthly At each forest
stand (clearing)
and at master site.

0, Continuous Hourly Regionally

. representative
master site only.

Dry Deposition® Battery-powered. Monthly Minimum of summer

Wet Deposition Aerochem Metrics operation. MWinter

(S03) sampler® operation  depend-
ing on sampler
capability.

Snow core Manual snow core Monthly During winter

sampler months. Sample
integrity to be
determined from
ambient tempera-
ture data.

Precipitation Tipping bucket Event

(amount)

Bulk Deposition Open bucket Monthly Analyses for major

- (S03, up to
18 elements listed
in Table 3)

fons (except
NO3 and
NHZ and trace
metals.

®Total suspended (airborne) particulate matter.

®Dustfall.

“Supplemented by ORNL collector on dry side.
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Table 8. Summary of minimum meteorological parameter set to be
monitored in the aerometric program.

PARAMETERS METHOD TEMPORAL
RESOLUTION COMMENTS
Wind (speed and Anemometer Hourly
direction)
Temperature Probes
Air Hourly
Soil Hourly
Moisture Probes
Air (RH) Hourly At each forest stand
Soil Hourly (clearing).
Radiation Pyranometer |
Total Hourly At each forest stand
(clearing).
Net Hourly At regional master
site.
Atmospheric Barometer At regional master
Pressure site.
Upper Air Data Various Hourly Acquire data from

nearest upper air
station.
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The method selected‘ for monitoring SO0, relies on passive
monitors which require monthly visits for retrieving the exposed devices
and deploying new ones. In addition, the use of a battery-operated low-
volume filter pack sampler for measuring airborne particles (TSP) as well
as S0,, provides desirable redundancy for the SO0, measurement. The
filter pack method will provide samples for the analysis of SO0Z and
the trace metals, as described in Section 4.1.2.

Monthly-averaged <(i.e., cumulative) wet and dry deposition
sampling using a battery/solar power operéted wet and dry sampler is
suggested for the collection of rain and dry deposition samples. It is
expected that the sampler will not be operable during the colder periods
of the year when precipitation is in the form of snow. The rain samples
should be analyzed for S0Z <(high priority) and the major cations
(lower priority) as described in Section 4.1.3.

In addition, the collection of monthly bulk samples (i.e., wet
plus dry deposition) would be adequate to provide total deposition of
heavy metal species and the major ions (Ca**, Na*, K, S0s,
and probabty C17). Only S03 is recommended as essential. The -
bulk deposition data would require judicious interpretation.

Snow core samples taken monthly during winter, provided there is
snow cover, will provide deposition data whose validity should be
determined by the temperature history of the snowcore.

Continuous hourly measurements of 0s;, S0,, and H,S (at a

master station), as well as meteorological parameters at each forest
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stand site are proposed. In the case of the 0, measurements, it is
anticipated that the presence of the oil sands sources would not
significantly affect 0; levels in the region, since 0; precursor
emissions from oil sands plants are expected to be low, and solar actinic
radiation is also relatively ‘low. Thus, O; measurements taken anywhere
within the region of the forest stands woqu be regionally representa-
tive. The 1location of an 0; monitor at a convenient site (with AC
electrical power) in the study area would therefore suffice. The SO0,
measurements at the master site will brovide continuous data for
comparison with modelling predictions and to benchmark the two passive
collection methods. Standard continuous analyzers for S0, and NO,,
each having a quantitation limit of about 10 ppbv (detection limit often
quoted as 5 ppbv) would provide a sufficiently complete record of
concentrations to validate model predictions in the higher plume impinge-
ment regime (short-term means >10 ppbv). These instruments would not
provide a sufficient record to benchmark, routinely, monthiy mean concen-
trations determined by filter pack or passive collectors (< 10 ppbv);
instruments with a quantitation limit of 1 ppbv would be required for
this purpose. H,S measurements are included at the master site on the
presumption that the master site would be an existing station in a
network surrounding an existing oil sands plant (see comments 1in
Section 4.1.1@regarding the required instrumentation).

The meteorological parameters 1listed in Table 7, with the

exception of the wupper air parameters, are readily measured hourly
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without significant incremental cost and will provide measurements with a
temporal resolution much finer than that of the other aerometric or

biological parameters.

5.1.2 Siting

The location of the samplers and ancillary equipment at the
forest stand is the most important factor influencing both the scientific
validity of the measurements and logistics, and is critical in
determining costs. '

The choices for 1locating samplers are above-canopy, within-
canopy, or in a nearby clearing. As far as the scientific validity is
concerned, the key 1ssué is the collection of a sample that is
representative in time and space of the exposure of the forest stand.
Above-canopy air samples for SO, and TSP taken 1 to 2 m above the mean
height of the stand over a l-month period, should provide representa-
tive samples regardless of aerodynamic considerations because of the long
sampling period. Other considerations are the fact that tree emissions
(of volatile organics and particles) occur in this zone, but it is
believed that their presence in the collected sample would not affect the
validity of the sample with respect to the parameters of interest.

Above-canopy measurements of wind speed and direction demand
that certain aerodynamic requirements be satisfied. Measurement of air
temperature, relative humidity, and surface wetness are feasible for

above-canopy locations.
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In the cases of the air concentration, temperature, and relative
humidity measurements, it may be possible to use above-canopy data to
estimate concentrations at various heights within the canopy, through the
use of dynamic models that are currently under development (Hicks et al.
1986). This may be done in conjunction with detailed field measurements
of pollutant-canopy interactions in current research studies, such as
those described in Appendix 8.2.

Bulk deposition sampling and precipitation collection for the
standard rain gauge and for rain chemistrynmeasurements can in principle
be made above-canopy but present difficult Jlogistics for sample
collection and deployment. It is also known that precipitation sampler
collection efficiency is reduced with increasing height of the samplers
above ground (because of wind shear). Above-canopy measurements for bulk
deposition and precipitation have, therefore, been ruled out.

For the air concentration and meteorological measurements, the
depioyment of above-canopy instrumentation is most desirable in
principle, but the costs and the Jlogistical aspects in terms of
construction and operation are very demanding. The 1likely range in
height of trees in the stand is 12 to 24 m, hence, the tower and platform
would have to be 15 to 30 m high. The costs and the Tlogistics of
operation (sample retrieval, maintenance) are also demanding. The safety
factor in servicing and retrieving samples from an elevated platform
under adverse weather conditions has to be considered in the assessment

of feasibility of above-canopy measurements.
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The collection of deposition and precipitation samples (wet and
‘dry collection, bulk collection, standard rain gauge) in a nearby
clearing, which meets the specified siting criteria, is highly desirable
for both logistical reasons (sample changing, access) and precipitation
sampler collection efficiency. The 1location of all instrumentation,
except for soil moisture and soil temperature, within the clearing is,
therefore, the recommended approach. It is recommended that soil
temperature and moisture measurements be made within the confines of the
canopy at two of the standard depths of S, 10, 20, 50, 100, 150, and
300 cm, for example, 10 and 50 cm.

A fundamental assumption of this approach (i.e., measurements in
clearings) is the expectation that there will be a relationship between
the clearing measurements and above-canopy measurements that is at least
comparable from site to site. This assumption is independent of details
of the pollutant-canopy interaction which determines the relationship
between the above-canopy and within-canopy values of the parameters. It
should be stressed that the primary purpose of the air concentration
measurement is to characterize the concentration gradient over the
sites. It is recommended that every effort be made to locate suitable
clearings, but it may be difficult to find a clearing within or near each
of the forest stands of interest, or impossible to cut one because of
forestry regulations.

Within-canopy measurements of air concentration parameters and

some meteorological parameters <(air temperature, soil moisture and
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temperature, relative humidity) are feasible for the averaging periods
concerned, and will provide representative measures of these parameters
at the appropriate sampling location (height or depth). Although there
do not appear to be any published data to indicate the intra-stand (as
well as the above-stand) variability of monthly deposition samples, it is
our opinion that the recommended single measurements (samples) for these
parameters will be sufficient, given the financial constraints of the
project. If resources permit, one aspect of the study should be to test
the hypothesis of a fixed relationship bétween clearing, above-canopy,
and within-canopy measurements by locating multiple samplers at fixed
height(s) within the canopy. Such a study would be one component of the

campaign studies recommended in the Workshop Document (Appendix 8.2).

5.1.3 Siting Criteria

Siting criteria for the forest stands must address the following
aspects:

e permanence of the site for the foreseeable future;

® Tocation along the poltution gradfent to allow
discrimination of exposures;

e meeting with requirements of the biological measurements,
now and in the future; and

° satisfying the requirements for all aerometric instruments.

Since land use in the study area is subject to change as a

result of development (through surface mining or related activities),
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sites must be selected to ensure permanence by being outside areas known
to be susceptible to future mining activity. Conversely, if sites are
located in areas that are having mining options, formal agreement that
would ensure perménence of the site(s) should be sought. It should be
noted that natural factors such as forest fires may terminate the
existence of sites, but replication of sites is intended in part to
accommodate such eventualities.

It must also be emphasized that sites with local, unrepresenta-
tive properties must be avoided. For éxample, sites near, but not
necessarily the subject of, mining, forestry, construction (including
roads), sulphur stockpiling or waste disposal operations, or near areas
that have been recently cleared or burned, can be subject to unrepre-
sentative fugitive emissions of gases or particles.

The second of these criteria is vital for the aerometric and
biological measurements. Alberta Environment will select the sites
through the concentration estimates provided by the FREDIS model and by
site visits. The site visits will ensure that each site has similar
topography and forest stand characteristics. However, the Tlocation of
the sites along the pollution gradient must allow statistically
significant discrimination of the concentration measurements between
sites to be made.

Based on the estimated precision of the passive measurements for
S0, (which is thé limiting factor, since it has the poorest precision)

and on anticipated SO, levels (Sections 3.1.1 and 4.1.1), at Jleast
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three groups of sites are recommended. The stands should be located at
sites predicted to have approximately 90, 50, and 25% of the maximum
lTong-term concentration.

Figure 1 shows a hypothetical concentration distribution
relating pollutant concentration to distance from a source. A cross-wind
distribution could also have been shown. The ratio of concentrations at
the maximum and at 25 km has been assumed to be 4:1, based on preliminary
predictions of the FREDIS model. The recommended site placements are
marked, along with the estimated uncertainfy (error bars) in the annual
mean S0, concentration as determined by passive samplers or f£ilter
packs. Error bars are shown for the Timit of quantitation of the passive
devices, as discussed in Sections 3.1.1 and 4.1.1. These uncertainties
are shown as a constant relative error of 25%. In reality, the
concentrations near the high end of the distribution would be determined
somewhat more precisely, so that the figure represents a conservative
estimate of achievabie resolution. The figure indicates that the
recommended spacing of sites would lead to adequate resolution of the
pollutant gradient as long as the high-to-low ratio is greater than 2:1.

A fourth group of sites, the controls, should be implemented in
an area or at a distance with as close to zero pollutant exposure as
possible. This level might be operationally defined as less than 10% of

the predicted (or observed) maximum concentration. This criterion might
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require that this group of sites be outside of the 25 km radius area.
There may be stands within the 25 km radius area that would meet this
zerQ exposure criterion because of dispersion characteristics of the
plumes from the existing plants.

In any case, site selection should take into account the
predicted long-term average pollutant concentration field in the region.

Another important aspect of the sites is their distribution
among the three exposure levels. The experimental design should optimize
the likelihood of resolution of the hypotHeses being tested taking into
account the number of sites that it is feasible to implement.

Ideally, three stands at each of the four exposures (including
the control group) would provide desirable statistics. If only a smaller
number of sites is feasible, heavier weighting should be given to the
sites with extremes of exposure in order to maximize the detection of
effects. It is recommended that at least six sites be implemented -
three at each of two exposure zones (high and iow). Ffor exampie, if
eight sites are feasible, we recommend that sites with the highest and
Towest exposures have three stands each and that the intermediate
exposure site have two stands. This example arrangement would complicate
(but not invalidate) the statistical analysis because of the unequal
weighting.

The additional control sites at the edge of the 25 km radius
study area could proceed with observational biomonitoring only <(i.e.,
ARNEWS), assuming zero or background exposure, or with a full or partial

aerometric package to demonstrate the actual exposure.
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The requirements of the biological measurements are beyond the
scope of this report, but the requirements of both programs should be
made consistent and compatible from the earliest possible planning stages.

Of importance to the aerometric measurements is the requirement
for selecting sites that are 1likely to have similar microclimates,
similar physical and orographic aspects <(stands with similar tree
heights, species, density of trees and understory coverage, similar
elevation, and similar slope aspect).

Siting of the aerometric instruments must ensure representative-
ness while allowing reasonable logistics. Siting c¢riteria are critical
for the wind, precipitation, and deposition instrumentation, as described
below. The following site specifications apply to the clearing-based
instruments:

1. The clearing should provide unobstructed fetch of at most a

30 to 35 degree elevation angle from the horizontal atvthe
centre of the clearing (about 22 degrees for snow core
collection); 10 to 15 degrees is desirable;

2. The ground cover in the clearing should not provide a source

of soil-entrained dust; and

3. The site should not be located within 1000 m of roadways

with vehicular traffic. |
More detailed site specifications are included in the recommended
protocols (Appendix 8.4). Details of meteorological siting requirements

can be found in Greenland (1986).
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Ancillary siting requirements include allowance for precautions
to prevent damage to hardware, such as:

1. MWaterproof, lockable, metal instrument enclosures bolted
onto the tower;

2. Use of armoured cable to minimize vandalism and animal
damage;

3. Proper grounding of tower to minimize lightning damage;

4. Use of weatherproof connectors to reduce deterioration rate;
and |

5. An on-site sign with a contact telephone number, to identify

the project.

5.1.4 Protocols and Documentation

The methods selected for measurement of the various aerometric
parameters are based on methodologies used in networks in Canada and the
US. Since protocols for such measurements exist for the most part, the
development of original detailed protocols for the aerometric monitoring
program is not necessary, however, existing protocols must be adapted to
suit the particular needs of the aerometric program. It is imperative
that the adapted protocols be fully documented, compiled, and adopted as
the working protocols for the aerometric program. Quality control and
quality assurance standards must be specified.

The objective of this section is to provide a list of the

protocols and to indicate where modifications are necessary.
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Appendix 8.4 contains brief descriptions of each method with a reference
to an existing protocol which may be adapted and adopted as the standard
operating procedure for the aerometric program.
The following documentation should be provided for the conduct
of the aerometric program:
1. Document control
e Network description (including network objectives)
» Site selection criteria
« Site documentation
« Organizational structure for personnel in the network
2. Quality assurance plan
e Chain of sample custody
« Data handling and analysis procedures
« Field operations
3. Standard operating procedures for each measurement
¢ Preventative maintenance requirements
» Calibration procedures and schedules
« Inpstructions for completion of field data sheets
e Sample transmittal instructions
4. Quality assurance procedures for field operations
« Technical manual for each instrument
5. Laboratory operations

» Standard operating procedures for each method
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e Quality assurance (QA) and quality control (QC)
procedures

Since the overall program is a long-term one, it is inevitable
that there will be changes not only in personnel but also in instrumenta-
tion, and possibly in protocols and even sites. The maintenance of
adequate records of all aspects of the network is essential. A document
control system is designed to satisfy this requirement. The document
control system such as that described by the US EPA (1984) should be used
as the basis for the development of a document control system for this
network.

The network description should be formally stated in a brief
document describing the background to the establishment of the network
and the network objectives. The Alberta Environment (RMD 1986)
publication and Section 4 of the Workshop Document may be used as the
basis for the document. In the cases of documentation for the site
sefection criteria, site documentation and the description of the
organizational structure and responsibilities for the network, it is
recommended that documentation for the aerometric and the biophysical
components of the program be combined (Fritschen 1985). Site selection
criteria described in the previous section should be combined into the
documentation for site selection criteria and amalgamated with the site
selection criteria developed for the biophysical measurements. Site
documentation must be provided and the format used for the documentation
of an APIOS site (Bardswick 1983) should be adopted but extended to

include more detail on the following:
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e topographical features likely to affect microclimate;

e description of the forest stand; and

» descriptions of the soil characteristics.
It is anticipated that the execution of tasks associated with both the
aerometric and biophysical components of the program will be executed by
the same personnel, hence it is appropriate that a single document
describe the organizational aspects for both components.

The QA and data management aspects are described in more detail
in the following sections.

The documentation  for field operations summarized in
Appendix 8.4 is complete except for items relating to the use of the
Ontario passive S0, monitor. Documentation for all aspects of the use
of these devices will have to be developed. The remaining documentation
need only be adapted to reflect the site characteristics and the method
of transmission/shipping of samples. This applies to the sample
transmission document, the instructions for completion of field data

sheets, and QA and QC procedures in the field.

5.1.5 Data Quality Assurance and QuaTity Control

In order to ensure that the aerometric data collected in the
program are of the highest quality, formal QA and QC procedures must be
implemented at all stages of the data network operations. The network
operations should be based on the adherence to: standard operating

procedures as prescribed in a standard operating procedures manual; the
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conduct of planned field and laboratory audits according to a QA/QC plan;
and on prescribed QA procedures for field and laboratory data valida-
tion, and assessment operations. The basis for the QA/QC for the network

should be a prescribed QA project plan.

5.1.6 Data Management and Reporting

The data will comprise hourly and monthly information and
separate record types and structures should be developed for each. In
the case of meteorological data, it is recommended that the format used
in the Canadian digital archive be adopted. Details of the record
structure and format are given in Webb (1986). The hourly 05, SO0,
and H.S data should be placed in the same format, but appropriate codes
for the designation of the parameter (pollutant) and the designation of
units in which data are stored (ppb recommended) should be specified.
The data screening and validation, and editing of the raw data are
aspects that must not be overiooked. Hourly data from all instruments
will be available from a data logger and the following types of screening
‘are required:

e checks for correct station identification, date/time, and

parameter codes;

e plausible range for data;

e correct treatment of instrument calibrations;

e examination of outliers; and

o application of the Shewhart test (Box et al. 1978).
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The application of these screening procedures will require appropriate
checking of field information and the editing, flagging, and/or
validation of data.

The monthly data consisting of information on air concentrations
for S0,, TSP, and TSP components (S03 and metals), and
precipitation and precipitation components (S0 and metals) also
must be stored in a data base. Well-developed data bases for the full
range of these data exist only for the APIOS network (OME 1986b),
although other networks (CAPMoN) or data béses (ADS, US Acid Deposition
System, US EPA 1986) do have adequate data bases and data management
procedures for precipitation data. Again, the Tlong-term nature of the
project demands that a well designed data base and data management system
be implemented.

It must be stressed that such a system must not only include the
data values but also appropriate field information for the sample,
laboratory information on each component in the sample, and inferred
information based on the application of screening methods and the
examination of the field and laboratory data. Such a data base, the
National Atmospheric Chemistry and Deposition data base (NAtChem), is
currently under deve]opment for Canadian precipitation and dry deposition
data (Vet, pers. comm. 1987) and the system used for that project should
be adapted for the monthly aerometric data. NAtChem will adopt the.
protocols established by the Unified Deposition Database Committee (UDDC)

which has set out methods for screening wet deposition data and for the
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generation of wet deposition statistics. The summary statistics will be
similar to those produced in the ADS data summaries for precipitation
data. In the case of the air chemistry data, the summaries produced by
the APIOS network (OME 1986a) are appropriate and should be considered
for use by the Alberta Environment aerometric program. The aerometric
program must, therefore, ensure that all appropriate field and laboratory
data are entered in the dababase and the network coordinator/data base

manager must also include the necessary office comments in the data base.

5.1.7 Data Management Systems

The aerometric data collected in the program will consist of
hourly data from the meteorological instruments at each forest stand
site, hourly 0; and SO, data from one master site, and monthly-
averaged data from each of the forest stands. The volume of data is
substantial, and a well-designed data management system must be in place
to collect, validate, archive, and report the data, and aiso to aiiow for
efficient assessment of the data (data analysis).

The data management system must provide the means for the
following:

e data capture;

s data validation and screening;

e data editing;

e data reporting; and

= data archiving.
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It is useful to place the requirements in the context of the
estimated size of the data base. For eight stations, each with hourly
measurements of eight meteorological parameters, and one master station
with three parameters, there will be 67 parameter-years of data
annually. This will generate nearly 600 000 values annually. Assuming
that an average of 15 of the 29 desirable parameters associated with the
filter pack and passive SO0, monitoring (Table 7) are measured, the
monthly measurements will generate approximately 1440 air quality values
(8 stations x 12 months x 15 parameters)i and approximately 4800 wet
deposition values (8 stations x 12 months x 50 parameters, including

flags) each year.

5.2 COORDINATION WITH RELATED PROGRAMS

Both the biological and the aerometric components contain
elements that will benefit from cooperative efforts with related programs
in Alberta and other areas of North America. Specific areas in which
such cooperation may take place, as far as they relate to the aerometric
program, are described in this section.

These areas are as follows:

e cooperation with air monitoring networks associated with the

oil sands plants;
e cooperation with Canadian Forestry Service (CFS) programs in

Albeta and throughout Canada; and
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o contact with related agencies conducting similar aerometric

programs in association with forest effects studies.

The oil sands plants operate air monitoring networks in the
vicinity of their plants, and strong consideration should be given to
colocating the master station with one of their stations. In addition,
all air monitoring and meteorological data from stations in the area
should be requested from the plants and included in the archive. Other
areas of cooperation with the plants vrange from the stated data
acquisition and colocation of sites to shared operational aspects (i.e.,
personnel to retrieve samples, etc.). Specifically, the stations in the
region include the following:

¢ Syncrude: 5 air quality monitoring stations (plus 20 sulpha-

tion sites);

o Syncrude: 3 meteorological stations (METNET); and

e Suncor: 5 air quality monitoring stations (plus 20 sulpha-

tion sites)

The CFS has been conducting the Acid Rain National Early Warning
System (ARNEWS) program throughout Canada, including three sites in
Alberta; close collaboration with that program would be of benefit
especially to the biological component of the program. Since the ARNEWS
program does not include the collection of aerometric data, there will be
limited direct impact of ARNEWS on the aerometric program.

Ongoing contact with the following research programs in Canada’

and the US is strongly recommended:
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e Integrated Forest Study (IFS);

¢ Mountain Cloud Chemistry Program (MCCP)/Chemistry of High
Elevation Fog (CHEF);

+ Acidic Precipitation in Ontario Study (APIOS); and

. National Forest Response Program (Atmospheric Exposure
Cooperatives (US EPA)).

Names and telephone numbers of contacts in these programs may be
found in Appendix 8.1.

In view of the long-term nature éf the study, it is inevitable
that advances in the understanding of the relationships between the
stresses on forests and the resulting effects will be made, and may
present the need for alternate approaches. Contact with the programs

cited above will provide a good source of such information.
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b. CONCLUSIONS AND RECOMMENDATIONS

The following conclusions and recommendations are gathered from

or are based on the material contained in the report and appendices. An

attempt has been made to systematically screen the various options for an

aerometric program design, as described in Sections 2 to 5, with the

intent of
reasonable

components

defining a final program. This has been achieved within
Timits. There remain choices to be made respecting some

of the monitoring system, and respecting the number of

stations to be implemented. These choices depend on a number of factors

which cannot be quantified at this time including:

number and location of acceptable forest stands;

detailed shape of pollution gradient in the region (as
predicted by FREDIS, for example); |
availability of instruments, and instrumentation already
installed at, candidate master sites;

accessibility of sites (significant influence on
instaliation and operating costs);

feasibility of establishing a <clearing for Tlocating
monitoring equipment at sites to be selected; and

number of installations that can be afforded (feedback into

statistical design, stand clustering, etc.).

Considering these significant uncertainties, the following

conclusions and recommendations relate to the simplest version of each

component of the monitoring system that will produce the desired degree
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of certainty with respect to the pollution gradient to which the forest

stands are exposed.

6.1 CONCLUSIONS
The following conclusions can be drawn from the material
presented in this report and appendices.

1. An aerometric monitoring network sufficient to support
interpretation of biophysical monitoring studies in the
Athabasca Oil Sands region is féasib]e.

2. Monitoring that will adequately characterize the air
poltution gradients in the region can be carried out by
low-powered DC or passive sampling equipment, or a
combination of the two.

3. The total <(air) poliution loading need not be measured in
order to characterize pollutant exposure of forest stands.
‘The measurement of certain representative gases and
constituents of particulate matter and precipitation in
conjunction with a regional dispersion model will allow the
impact of  industrial emissions on accumulation of
contaminants in forest vegetation in the region to be
determined.

4. Representative or surrogate contaminants that will serve to
characterize the pollution concentration field produced by

the source emissions from the operating plants are:
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e SO0, (gas);

e S0% (dry particles and precipitation);

« V and Ni (dry particles and precipitation); and

e 03 (regional).

These substances will characterize the gaseous and
particulate stack emissions and the regional or LRTAP
contribution to total exposure.

Measurement of additional air quality parameters is
desirable, since wuncertainty iin characterization of the
concentration (and deposition) field would be reduced; the
parameter set listed above is the minimum feasible set. It
must be emphasized that this is so only because of the
localized nature of the regional (point) soufces, their
reasonably well characterized emissions, and the existence
of a regional dispersion model (FREDIS).

The contribution of meteorological and microclimatological
variability to the variability of biological response is
significant; therefore, detailed monitoring of the following
parameters is necessary: |

« wind speed and direction;

« relative humidity;

¢ barometric pressure;

e air temperature;

. solar radiation;
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e soil temperature; and

o precipitation amount.

The monitoring methods identified in this study for the air
quality parameters above are sufficiently precise that the
pollution gradient(s) over the study region can be resolved,
if the annual mean concentration ratio between the highest
and Towest impingement zones (biophysical sites) is at least
2:1. This ratio would allow two groups of sites. A ratio
of 4:1 would allow three groﬁps of sites. The existing
gradient within 25 km of the operating plants (the study
area) is the range of 3:1 to 6:1, according to preliminary

FREDIS model results.

RECOMMENDATIONS

The following recommendations are made:

1.

Air quality measurements should be made on a monthly-average
time scale at each site selected for biophysical monitoring.
Meteorological measurements should be made on an hourly-
average time scale at each biophysical site.

Measurements of both air quality and meteorological
parameters should be made in a clearing within or near the
forest stand.

Each remotely located site should be equipped with the

following air quality instrumentation:
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e DC-powered CAPMoN filter pack sampler (for SO, and
TSP);

e Ontario MOE passive SO, samplers (at least in
duplicate; triplicate preferred);

e Aerochem Metrics wet-only/dry-only precipitation
collector (DC-powered);

e« Qak Ridge National Laboratory dry-only deposition
collector (DC power supplied by Aerochem Metrics
supply); and ﬂ

e AOSERP or APIOS bulk precipitation/deposition collector.

Each remotely Tlocated site should be equipped with the

following instrumentation:

e wind speed/direction sensors;

temperature/relative humidity probe;

« tipping bucket/Nipher gauge;

. silicon pyranometer;

» soil temperature/moisture probes; and

« data storage system.

A master site with access to AC power (probably an existing
industrial air monitoring or meteorological station) should
be equipped with each of the items in the previous two
recommendations, augmented by:

e continuous O0s; analyzer (UV chemiluminescence or UV
absorption) which meets standard NAPS/US EPA

specifications (quantitation limit, 1 ppb);
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» continuous SO, analyzer (enhanced flame photometric
detector) with a quantitation limit of 1 ppb (highly
desirablie, but not essential); and

e standard Alberta AMD 86-1 sulphation (Pb0,) cylinder
or plates and sulphide (zinc acetate) strips (in
duplicate or triplicate).

A1l instrumentation, methods, and protccols should be based
on those already developed and available for established
networks or studies. The equ{pment recommended above meets
this criterion.
Implementation of the network should be phased, concentra-
ting on establishing a small number of sites in the first
year, say, two sites at the extremes of concentration
expected in the study area. During the first vyear,
operational details and protocols would be developed and the
feasibility of proposed methods and parameters couid be
evaluated.

During the evaluation phase, an augmented set of chemical

elements should be analyzed in dry particles and

precipitation filtrate to verify the utility of the
selection of V and Ni as tracers of industrial emissions.

The additional elements would be selected based on Table 5.
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10. Samples of soils near the air quality sites should be

1.

12.

13.

collected for chemical analysis, so that the influence of

soil-derived dust on filter pack TSP and precipitation can

be assessed.

If financial Tlimitations make it necessary, consideration

should be given to the following program reductions, in

order of priority:

e eliminate the AC-powered master site;

« reduce the number of aerometric monitoring sites (but
not the number of biophysical sites); and

e delete the DC-powered components at the remote sites
(i.e., completely passive monitoring).

The minimum number of aerometric sites should be six, three

at each of two impingement zones (high and low). The number

of biophysical sites could be larger if the additional sites

are near a site with aerometric monitoring and there are no

significant differences in site characteristics.

An additiéna] research priority should be to obtain good

quatity emission data for the existing plants. In

particular, characterization of particulate emissions would

allow receptor modelling/source apportionment calculations

on the filter pack TSP catches (using chemical mass balance

methods, for example).
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14. Perhaps most important, care should be taken at the early
stages of planning the aerometric network to integrate
planning for the biophysical studies to follow, including
aquatic and soils studies that may be relatively far in the

future.
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November 5, 1986

CSC File: J999

Dear

RE: Alberta Environment's Proposed Long-Term Monitoring Program for
Studies of Effects of Acidic Deposition on Forest Ecosystems in the
0il1 Sands Region

As discussed by telephone, Concord Scientific Corporation is under
contract to the Research Management Division (RMD) of Alberta Environment
to design an aerometric program to support studies of cumulative effects
of acid-forming and other emissions from oil sands processing plants on
terrestrial and aquatic ecosystems.

Concord Scientific is canvassing a number of key researchers and program
managers who are known to be associated with menitoring programs in
conjunction with recent or on-going studies of the effects of acidic
deposition and related phenomena on the long-term viability of forest (or
other) ecosystems. The RMD program is intended to address ecosystems
generally in the oil sands region of Alberta, but the initial priority is
the boreal forest within about 25 km of the two operating oil sands
processing plants.

The Terms of Reference for Concord's work are expressed as follows by
Alberta Environment:

“The Contractor wiil review current and relevant
literature on major acid deposition effects research
programs and initiate discussions with the principal
researchers involved in those programs to determine the
ambient air quality, deposition, and climate monitoring
requirements pertinent to terrestrial and aquatic
effects research. The vreview will address, for
example, the following major points:

(1) atmospheric pollutants and deposition and climate
parameters of importance;

(2) equipment required (especially for monitoring low-
Tevel emissions at remote sites);

(3) sampling design (number of sampling points,
vertical and horizontal distribution of sampling
points, sampling frequency, sampling period);
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(4) siting criteria;
(5) quality control/quality assurance protocols; and
(6) utilization of models"

The objective of the aerometric program is to quantify and characterize
total pollutant loading, deposition, and climate for terrestrial and
aquatic receptor sites in the oil sands area. Initially, the monitoring
program would run on a 5 to 25 year time-scale. Eventually, it is hoped
that the program would extend beyond 25 years (so that changes in soil
characteristics, in particular, might be tracked with vrespect to
deposition).

The biophysical and aquatics effects research programs that will accom-
pany the aerometric program will be designed to address the question of
whether there are measurable short- or long-term environmental effects
due to acidification. The composition of the boreal forest in the region
(between approximately 56° and 58°N .and 110° and 113°W) is
varied, but the initial emphasis will be on pine, spruce, or aspen
dominated forested stands in characterized gradients of plume impingement.

The initial stages of the program are being approached as a feasibility
study to determine whether a generic aerometric program in conjunction
with certain biophysical (or biochemical) observations can be expected to
reveal subtle long-term changes, considering the present state-of-the-art
in pollution measurement and the variability of the biological systems.

Of critical interest is whether an aerometric program can be mounted at a
small number (5 or 6) of remote sites (without normal electrical power),
which will provide adequate support to the interpretation of the bioclo-
gical observations.

With this background, we have prepared the attached checklist of points
which we propose to discuss with you by telephone. We would ask you to
respond only to those that are particularly relevant to your program and
for no more than an hour interview. Any written response would, of
course, be welcomed. Written material (including reports and other
publications), may be sent to us by courier coliect (Purolator preferred)
at our Toronto office, quoting our reference number, J9399. For your
information, the Project Officer for RMD is:

Ms. Bonnie Magill

Alberta Environment

Research Management Division
14th floor, Standard Life Centre
10405 Jasper Avenue

Edmonton, Alberta

Canada T5J 2N4

(403) 422-2071
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Thank you for agreeing to participate in the study. Dr. Claude Davis,
Ms. Donna Stevens, or I from our Toronto office or Mr. Mervyn Davies from
our Calgary office will be in touch with you in the near future to
arrange a convenient telephone or personal interview time.

Very truly yours,
CONCORD SCIENTIFIC CORPORATION

ROBERT B. CATON, Ph.D.
Vice President and Director
Environmental & Occupational Contaminants

RBC/tmc
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CONCORD SCIENTIFIC CORPORATION/ALBERTA ENVIRONMENT
AEROMETRIC PROGRAM FOR EFFECTS STUDIES OF ACIDIC DEPOSITION
IN THE BOREAL FOREST

CHECKLIST OF DISCUSSION POINTS FOR CONTACTS

1. Objectives of the respondent's program.
2. Type of forest vegetation for study and reasons.

3. Chemical, biological, and biochemical parameters being monitored (in
air, vegetation, soil, water).

4. Measurement  techniques (chemical concentrations and  wet/dry
deposition; meteorology).

5. Siting criteria for vegetation plots and chemical/ meteorological
measurements

6. Means of addressing inter- and intra-site variability of biological,
chemical, and meteorological parameters.

7. Use of dispersion or deposition models in siting or data
interpretation.

8. Temporal resolution (averaging or response times) of aerometric and
biological measurements.

9. Specific features relevant to an effects-based aerometric program in
the boreal forest in northeastern Alberta.
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List of Contacts

Dr. Paul Addison (ARNEWS/CHEF)

Canadian Forestry Service

