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Foreword

by: James W.S. Young, Director

Air Quality & Inter-Environmental Branch (AQRB)

This year was characterized by review: the Neilsen reviews, the Auditor
General's review and our own internal review of the way we do
business. The general assessment of our program as stated in the Major
Surveys Report (Neilsen) was:

"In its technical and scientific dimensions, the work appears
to be of high calibre and appropriately oriented from a
priorities standpoint.”

This is indeed high praise for a dedicated group of scientists,
technicians and other support staff.

John Ruskin, a great Victorian art critic and advocate of fine art in
everyday living, believed, "Quality is never an accident, it is always
the result of intelligent effort." Quality isn't just for AES. We, as
individuals, can strive for excellence in our day-to-day lives. It's a
matter of personal choice: we can easily slip into just doing the job
or we can make a commitment to meet self-imposed quality standards and
refuse to accept anything less. The rewards for personal excellence
are inside our own minds. Recognition and respect from those who
notice may follow (and has this year) but the most important rewards
are our own feelings of self-orientation and combining that with
effective identification of problems and opportunities.

I congratulate you all on a very successful year and let us remind

ourselves that for a successful future "the only constant is change.”




3.1

3.]

341

]

o

AQRB PROGRAM FOR 1985-1986

ACID RAIN

Long Range Transport of Atmospheric Pollutants (LRTAP)

The Branch undertook the 1iaison and coordination of the LRTAP
scientific program for AES. Departmental and Service program
objectives and research directions, 1including the LRTAP Research
Program Analysis (85/86 and beyond) were developed and finalized. The
Service-wide operational plans and work plans were completed and
submitted to the Department. Related resource information, including
an analysis of resource utilization in previous years, was compiled.
Program reviews were undertaken on the mid-term resource report, the
84/85 annual progress report, Muskoka '85 Conference and the existing
and new LRTAP projects proposed for 1986/87 and beyond. The annual
Branch meeting with AES Regional Scientific Services' Chiefs discussed
LRTAP, Air Quality Services (AQS) and the AQS paper.

Reports were completed on the AES LRTAP bibliography (1973-1985), the
input to the LRTAP Research catalogue, the Climate Change and Air
Quality report, and the Departmental resource information for AES. A
presentation on Atmospherics-Effects 1linkages was made to the
Interdepartmental LRTAP Committee (ILC) Science Subcommittee.
Atmospheric Sciences research seminars were organized and included an
Acid Rain update and poster sessions on two occasions. The LRTAP
schedule of events for the atmospheric program was prepared and
distributed.

Contact: E. Wilson

Eulerian Model Development

The development of a comprehensive model of acidic deposition in an
Eulerian framework continued this year on the two program phases of
development/implementation and of evaluation/upgrading. The hybrid
meteorological driver model, comprising the operational V9 spectral
model augmented by a high resolution boundary layer model, was
completed and has gone through systematic testing and improvement.
Difficulties related to balancing the energy budget arose in cases of
poor analysis of «cloud/precipitation fields that impact on the

radiative heating and on fluxes of heat and moisture. The soil
moisture and transpiration representation have also undergone critical
study. Major improvements have been realized though the

cloud/precipitation fields will continue to be a problem until improved
data coverage becomes available.

Limited sensitivity analysis has been possible to date on the Minnesota
Cray computer. The codes have been modified to use less than 400 MW
memory and integrate at about 1% real time. The data from the OSCAR
and PEPE/NEROS experiments will be used in the analysis.
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Funding for model intercomparison with the National Center for the
Atmospheric Research Regional Acid Deposition Model (RADM) and for the
upgrading the cloud-wet removal processes in the ERT transport,
transformation and deposition submodel has been reduced and modified
work scopes are being produced. It 1is expected that user
familiarization courses will be scheduled for interested AES and MOE
staff in 1986.

Contact: A.D. Christie

Lagrangian Model

Trajectories were computed for Alert (Arctic Field Study), Bermuda
(WATOX), Churchill and Kejimkujik  (University students), Lake
Couchiching (NH&W) and for the CAPMoN sites. The Interactive
Trajectory Computation and Plotting System (ITACAPS) contract was
completed and the users manual was distributed. The procedure has been
improved and 1is being used reqularly by the Branch and several AES
regional offices. The trajectory model compared very favourably to the
CAPTEX measured tracer data and results indicated that some
improvements are required.

The AES-LRT model results for the International Sulphur Deposition
Model Evaluation (ISDME) project were completed and submitted. A
thorough data screening and analysis was completed on the measured
network data prior to conducting the evaluation exercise. A total of
11 models were submitted and extensive statistical analyses have been
done in Canada (U. of Ottawa) and U.S. (EPA).

The nitrogen oxides chemistry module was run with the sulphur-nitrogen
chemistry model for Longwoods (1983) and Kejimkujik (1984-85), for a
preliminary comparison with observed gaseous (PAN, HNO3) and aerosol
(p-NOq) data. The initial comparison showed good prediction
capability of the order of magnitude and the time of occurrence of
episodes.

Climatological monthly mean dry deposition velocity fields of oxides of
sulphur and nitrogen were computed for North America. The dry
deposition velocities, which compare favourably with long term

measurements, were used to estimate dry deposition from measured air
concentrations.

Contacts: M.P. Olson, E.C. Voldner, J.W. Bottenheim

CAPMoN(P): Canadian Air & Precipitation Network - Precipitation

This was the first year that AES Regions undertook fully the operations
and maintenance of the 18-site CAPMoN precipitation monitoring
network. The Regions are responsible for the continued operation of
all the sites by arranging operator contracts, by ensuring adequate
supplies, by training operators and by inspecting quarterly each site
and each operator. The Branch is responsible for the training of the
inspectors and the centralized functions of laboratory analysis,
quality control/assurance and data publications.
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A training course was organized in May by the Branch for the Central,
Ontario, Quebec and Atlantic Regions. During the year the following
sites were improved: Cormack (new location); Port Cartier (re-siting);
Kejimkujik (clearing); and Jackson (hydro installation). The Branch
discussed with all Regions in November the operations and costs to run
the network in the Region for input to the 1986/87 operating budget for
CAPMoN.

Contact: M.E. Still

To assess the quality of network operations, various QC/QA controls
have been instituted. As the sampling bag 1is the basic collection
method, exhaustive tests are done before they are distributed to the
sites. Three sites (Priceville, Sutton and Kejimkujik) have a second
collector to verify the precision of measurement at a site. Quarterly
site visits by the regional inspectors are to check the procedures of

the operator and the functioning of the equipment. Known samples are
sent to the field to check the operator protocols and to the laboratory

to check the analysis quality. Statistical tests are carried out on
the data as a final check before publication. The data for 1983/84
have been published.

Contact: R.J. Vet

CAPMoN(A): Canadian Air & Precipitation Network - Air

The 8-site CAPMoN air monitoring network was visited for the annual
inspection and maintenance. The site at Sutton, P.Q., became the 9th
station but later in the year the site at Bay d'Espoir discontinued air
sampling. Based on a new design for the air filter sampling head, a
new system has been designed that includes portions of the present
system and a data 1logger. The system 1is being tested now under
operational conditions before implementation in the network.

Contact: M.E. Still

CAPMoN Chemical Analysis

Collection of 24-hour averaged samples of atmospheric particles and
gases by filtration was continued at 8 CAPMoN(A) regional air
stations. Particles collected by a first-stage Teflon filter are
subsequently analyzed for water soluble inorganic ions. HNOg s
collected on a nylon and SO, on a K2003 impregnated Whatman 41
filter. A1l species are analyzed by 1ion chromatography after
extraction of the filters. A routine quality assurance program is used
for validation of the chemical analyses of samples.

Contact: H.A. Wiebe
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APN/CANSAP Air Chemistry Data Analysis

After four years of operation, the Canadian Air and Precipitation
Network (APN) offers a unique data set with which to determine wet and
dry deposition of acid-related sulphates and nitrates. The network
consists of 8 stations sampling air and precipitation on a daily basis
east of Manitoba. A comparison of the wet and dry deposition of
sulphates and nitrates was made for the period 1979-1982. To estimate
dry deposition, air concentarations were multiplied by the deposition
velocities estimated by Sirois and Voldner.

In another study APN air data from ELA-Kenora and Cree Lake
(Saskatchewan) were used to investigate the influence of Eurasia

pollution which is so prevalent in the Arctic in the winter on
background levels of acidic sulphates and nitrates in western Canada.
The results indicate that in winter Eurasian pollution is present as an
elevated background in the North American air shed.

Contacts: A. Sirois, L.A. Barrie

Data Analysis, Integration and Synthesis (DIAS) Project

A small data analysis, integration and synthesis group was established
in AES. Their objectives were to combine data and research results
from many sources and, by integrating and interpreting these results,
to provide a "higher level" of useful information to other scientists
and for addressing policy issues. In the initial stages only
atmospheric inputs have been considered but eventually other media
(water, forestry) will be incorporated.

The main tasks completed in 1985/86, using combined Canadian and US
data bases, were:

(1) studies on the relative contributions of sulphate and nitrate
to acidity; the relative importance of wet and dry deposition
in eastern Canada; and the comparison of tracer gas
measurements with model-generated air mass trajectories;

(2) an overview of the seasonal variation of deposition in eastern
North America;

(3) contributions to an wupdated assessment of the scientific
knowledge base of LRTAP/Acid Rain; and

(4) a review of the observational data base on atmospheric nitroggn
compounds in eastern North America prepared for the Economic
Commission for Europe.
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Continuing studies are :

(5) an overall statistical analysis of the total APN air
concentration data base including a search for trends; and

(6) a statistical climatology of the origin of air masses arriving
at APN sites for various ranges (high and low) of ambient air
concentrations.

Contact: P.W. Summers

Dry Deposition of Air Pollution to Forests

In view of the concern regarding air pollution damage to forests and
the importance of dry deposition to the LRTAP issue, a dry deposition
monitoring and research site has been established at C.F.B. Borden,
Ontario. A 43-metre tower records hourly mean data for wind speed,
wind direction, air temperature, humidity and, at 4 Jlevels, air
concentrations of ozone and sulphur dioxide. A specialized filterpack
sampling system obtains daily mean values of particulate So%,
NO3, Cp~, NE, NHZ and Kt and gaseous HNO3 and
SO, during this period.

Periodic intensive studies have been conducted since August 1985 to
measure directly the flux of ozone and sulphur dioxide. The deposition
velocities measured during these periods will be parameterized so that
long term loading of air pollutants to the forest can be calculated.
Sufficient flux data has been collected to determine the effect of the
seasonal change from a leafed canopy to a leafless canopy during autumn
on the deposition velocity of ozone.

Deposition velocities for ozone are near 1 cm/sec during mid afternoon
dropping to near 0.1 cm/sec at night. Similar deposition velocities
have been measured for sulphur dioxide. Lower values were measured
during the February-March period. Mean concentrations of sulphur
dioxide and ozone are dependent on the wind direction with maximums
occuring during periods when the wind is south westerly. The sulphur
dioxide concentrations, however, also show periodic maximums during
periods with winds from the north and west. A very strong ozone
episode which lasted seven hours, was recorded during early September
1985 with concentrations reaching 260 ppb. A typical daytime
concentration at Camp Borden is near 60 ppb.

Contacts: G. den Hartog, H.H. Neumann
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3.1.10 Dry Deposition — Complex Terrain

3.3 11

Given the vertical ©profiles of wind velocity and pollutant
concentration incident wupon a circular cosine-squared hill, the
3-dimensional concentration field of a pollutant was calculated using a
mathematical model. The analytical solution of the wind velocity from
the boundary layer model of Walmsley et al. (MS3DJH) was utilized as a
forcing function in the simplified concentration perturbation
equation. The solutions are available in terms of horizontal double
Fourier series and vertical Bessel functions. The model can now be
used operationally to output horizontal and vertical fields of
pollutant concentration.

Contact: J. Padro

Atmospheric Nitrogen

Analysis of data obtained during the 1982 summer and 1984 winter field
studies near North Bay, Ontario, has shown that, in winter, the molar
ratio of atmospheric nitric acid plus aerosol nitrate to aerosol
sulphate is between 1-2 and, in summer, is between 0.1-0.2. This shows
that in winter, the contribution of nitrates to atmospheric acidity can
be as important as that for sulphate. PAN was found to be surprisingly
large, comprising about 30% of oxidized nitrate and hence, it can be an
important long range transport carrier of atmospheric nitrate. A field
study on measurements of atmospheric pollutants related to LRTAP was
carried out during June/July 1985 at a rural site about 20 miles NW of
Toronto. The preliminary results show interesting features of
night-time chemistry, specifically, the formation of aerosol nitrate.

During September 1985, AES participated in a comparison study on
methods for measuring atmospheric nitrogen species; groups from Canada,
U.S. and Italy were present. The instrumentation for the measurement
of atmospheric nitrogen species developed by York University is now
manufactured by Unisearch Associates Inc. However, further tests on
linearity at low concentrations are necessary. An instrument based on
the tungstic acid-coated denuder tubes for measurement of ammonia and
nitric acid has been built by Concord Scientific Inc. and is being
tested.

A joint research venture is being supported by the Branch and APRB
through the unsolicitied proposal (UP) entitled "A Tunable Diode Laser
Absorption Spectrometer for Trace Gas Analysis from an Aircraft” with
Unisearch Associates Inc. of Concord, Ontario. This UP will support
the development of an airborne laser system for measuring NO, NO, and
HNO3. The project is co-sponsored by NASA, who will supply the
American-made hardware and test fly the system on their DFV-990
aircraft during the Global Tropospheric Experiment missions
(GTE/CITE-2) time during July/August 1986. As a result of an earlier
unsolicited proposal, Unisearch has sold three of the ground-based
laser systems to EPA and SUNY of the U.S. and the Federal Republic of
Germany.

Contacts: K.G. Anlauf, J.W. Bottenheim, H.A. Wiebe
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3.1.12 Arctic Air Chemistry Model
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3.1.14

The phenomenon of Arctic haze related to air pollution originating
mainly from the Eurasian land mass has been studied experimentally for
the past 5 vyears. Now there 1is sufficient information available
(including emissions and meteorological wind fields) to diagnostically
study the sulphur budget of the Arctic using computer models. 1In 1985
the construction of an Arctic chemical transport model was initiated.
Hemispheric data sets <consisting of European and North American
emissions, monthly mixing heights and daily precipitation were prepared
on a 190.5 km grid. Five day back-trajectories twice a day at 3 levels
were computed at 10° intervals around the Arctic circle for one year.
These will be used with a chemical transport algorithm to compute the
flux of airborne sulphur into the Arctic region.

Contacts: L.A. Barrie, M.P. Olson, K. Oikawa

Aerosol Chemistry

The chemical composition of atmospheric aerosols contains potentially
useful 1information on their origin. With this in mind a number of
studies were conducted:

(1) to examine the usefulness of seven aerosol tracers (As Sb, Se,
V, Mn, In and Zn) in identifying aerosol sources in southern
Ontario, Quebec and the Maritimes.

(2) to study the occurrence and tracer potential of stable lead
isotopes.

Aerosols were collected at Dorset (Ontario), Montmorency (Quebec) and
Kejimkujik (Nova Scotia) in the autumn of 1984. In additicn, trace
elements in precipitation were measured at Dorset. 1In 1985 these data
were analyzed and interpreted from a meteorological point of view.

Contacts: L.A. Barrie, W. Sturges

Western Atlantic Ocean Experiment (WATOX)

The Western Atlantic Ocean Experiment (WATOX) is a cooperative research
project 1involving AES, NOAA, U. of Virginia, U. of Delaware, NASA,
General Motors Research Laboratory, and the Bermuda Biological
Station. The project objective is to determine the magnitude of the
transport and deposition of North American pollutants over the Atlantic
Ocean. The current phase of WATOX extends from 1985 through 1987; it
has a 1long-term measurement component and a number of intensive
periods. The former entails wet deposition sampling on Bermuda,
Ireland and at Lewes, De. Intensive periods 1involve shipboard
measurements of acidic, metal and organic species during spring and
autumn cruises, and coordinated land/aircraft measurements of the same
species during summer and winter experiments. AES participation in the
program entails the measurement of acidic species on ship, aircraft and
at Bermuda, and meteorological analysis using the AES-LRTAP model.
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Analysis was completed of data from cruises of the Knorr in April-May
1984 and the Oceanic in October 1984. Data analysis from the 1985

winter intensive study in the Western Atlantic is in progress. During
the January-March 1986 intensive period measurements were made on the
NOAA P-3 and King air wusing a filterpack system (aerosol, S0,,
HNO3), the airborne PAN-system II, and the LMA-3 NOp detector,
based on luminol-Tuminescence.

Contacts: D.M. Whelpdale, J.W. Bottenheim

Snowmelt Acidic Shock

One of the environmental concerns of 1long range transport and
deposition is the accumulation of pollution in the snowpack over the
winter season and the sudden concentrated release of these pollutants
into the streams and lakes during melt events. The Climate Centre has
collected data on the melt rate, snow pack chemistry and melt water
chemistry data from field experiments at Dorset, Ontario. Data have
been analyzed for three winter seasons . An acidic snowmelt shock
potential model has been developed and implemented on a microcomputer.
This model is being tested with the field data collected at the Dorset
site and has been made available to researchers at other Canadian
basins.

Contacts: P.Y.T. Louie, B.E. Goodison

Chemistry of High Elevation Fog (CHEF)

In recent years, it has been recognized that an important component of
wet deposition is that due to low clouds and fog coming in direct
contact with vegetation. The United States are undertaking an
extensive research project to investigate mountain ¢ loud
chemistry/forest exposure at sites along the Appalachian chain in the
eastern U.S. Environment Canada and the Canadian Forestry Service are
partners in the Canadian portion (CHEF) of this project. The
objectives are:

(1) to provide air chemistry and meteorological information for the
interdisciplinary study of the effects of atmospheric
deposition on high elevation forests in eastern Canada; and

(2) to monitor selected air pollutants and the concentrations of
pollutants in cloud water for the estimation of time trends.

Two observing sites are established at Mt. Tremblant (PQ) and Roundtop
Mountain (near Sutton, PQ) and a third will be established at Forét
Montmorency.

Preliminary data indicate that mountains in Quebec, with summits in the
900 to 1000 m range, may be in cloud as much as 44% of the year
compared to 23% for elevations around 530 m. On two mountain summits,
the mean pH value of fog water was calculated to be 3.7 -3.8 which was
lower than the mean pH for precipitation at the same elevation.

Contact: R.S. Schemenauer
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TOXIC CHEMICALS

Toxic Communications

The Branch undertook the liaison and coordination of the Toxic Chemical
scientific program for AES. Operational plans and work plans were
developed, coordinated Service-wide and submitted to the Department. A
draft Plan of Action on Indoor Air Quality (IAQ) was prepared for the
Department and submitted to the Interdepartmental Committee on Toxic
Chemicals. Program reviews were undertaken on the mid-term and annual
progress reports, existing and new projects proposed for 1986/87,
atmospheric component inputs to the departmental submission to the
Royal Society Commission on Lead, departmental Pesticides and Pest
Management Program and the Multi-Stakeholder Consultation on Toxic
Chemicals.

Toxic chemical fact sheets were prepared on PCBs, PAHs, pesticides,
heavy metals and accidental releases. Briefing notes were prepared on
lead, dioxins, pesticides, PCBs, monitoring of priority atmospheric
pollutants and on the nuclear-winter follow-up seminar. The draft of
the Air Quality Trends and Air Quality Impacts reports were reviewed.

Contact: E. Wilson

Biological monitors

Lichens and mosses have been used with success as biomonitoring agents
for measuring airborne pollutants in both rural and urban areas of
canada. These plants have been used mostly to monitor around point and
area sources but their use has now been extended to describe regional
deposition patterns. Regional surveys of lichen element concentrations
showed that only sulphur and lead had consistently higher
concentrations in eastern Canada than in the Northwest Territories.
Chromium, iron, mercury, nickel, titanium and vanadium levels 1in
lichens from the two regions were generally the same except in the
vicinity of Tlocal anthropogenic sources. Regional gradients within
eastern Canada were evident for 1lichen sulphur concentrations with the
highest concentrations in central Ontario and the lowest in
Newfoundland. Regional gradients for lead were not as well defined.
The regional deposition pattern shown by the lichen agreed with other
indirect measurements of sulphur deposition. Lichen  sulphur
concentrations correlated well with measured wet sulphate deposition.

Contact: K.J. Puckett
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3.2.3 Organic Gas/Particle Fractionating System

3.2.4
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The Ontario Research Foundation had, during the previous year,
developed a prototype diffusion denuder front end for the dichotomous

sampler.

This project evaluated the sampler during field trials and obtained
gas/particle distribution coefficients for two target toxic,

chlorinated aromatic compounds - lindane and hexachlorobenzene (HCB).
The results suggest that the particle fraction of HCB is substantially

greater than reported in the literature. Further development of this

versatile instrument and more field tests are planned for the future
under partial funding from the Great Lakes Water Quality Program.

Contact: D.A. Lane

Microwave Desorption of Organic Compounds from Particulate Matter

This project was a continuation of a feasibility study begun two years
ago. A specially designed resonant, Transverse Magnetic (TMpy0)
cavity was used as a desorption chamber in which Hi-Volume sampler
filters containing particulate matter irradiated with a 2.45 GHz
microwave radiation. The desorption efficiency was greatly enhanced by
misting a 60:40 mixture of methylene chloride and water into the cavity
during the desorption. Extraction of a microwave desorbed, filter
demonstrated the complete removal of organics of both high and Tlow
molecular weight and of both high and Tow polarity from the surface of
the particulate matter.

Contact: D.A. Lane

Atmospheric Toxics Modelling

Because of the extreme difficulty in measuring the deposition of toxic
chemicals to the Great Lakes and their basins, modelling is currently
the most cost-effective method to gain integrated information on
atmospheric loading and on source/receptor relationships, and to
evaluate control strategies. Models can also aid in the design of
monitoring networks and in the interpretation of measured data.

Development of the Long Range Toxics (LRTOX) model and improvement in
meteorological and emissions input continued. This included model
expansion to pollutants other than sulphate and nitrate and revised
parameterization of scavenging processes and inventories. Loading of
sulphur, nitrogen, lead and toxaphene, and also transfer matrices of
other toxic metals to the Great Lakes and their basins were computed.
The predicted concentrations and deposition amounts compared favorably
with measurements.

Contacts: E.C. Voldner, G. West
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3.2.6 Niagara River Studies

3.0 1

The results from the 1982/3 studies to measure ambient air
concentrations of polycyclic aromatic hydrocarbons and phthalate
esters above the Niagara River were completed and reviewed in-house.
Some problems with the analysis were identified and corrections to the
final draft made late in the year. Results from the polychlorinated
biphenyls (PCB) survey along the River in the summer of 1984 have been

analysed and concentrations of PCBs were calculated. Since no
confirmation on the accuracy of these samples was possible, it was
decided not to publish the results. Evaluation of the sampling

technique was made.

Contacts: R. Hoff

Environmental Measurements: Heavy Metals

During the year the hypotheses were tested that atmospheric mercury
exists largely in the vapour phase (rather than in the particulate
phase) and that organic compounds of mercury are present in ambient
air. Experimental data obtained from field measurements at four
specific locations in and around the Toronto area were used. The
results demonstrated that particulate phase mercury represented less
than 5% of the total airborne mercury concentration. Furthermore,
elemental mercury, mercuric chloride, methylmercuric chloride and
dimethyl mercury were measured with a sophisticated speciation train
coupled to an atomic fluorescence spectrophotometer. These
measurements established that elemental mercury vapour constituted the
predominant form of the vapour phase mercury species present in ambient
air (accounting for more than 85% of the vapour phase species).
However, varying quantitites and ratios of other 1inorganic and/or
organic mercury species are also present in the atmosphere and are
dependent upon the type of Tlocation. These results are significant
insofar as aerial transport and removal mechanisms (in the environment
as well as the human respiratory system) are strongly dependent wupon
the physical state (vapour or particulate-phase) and the chemical
properties of pollutants. Furthermore, the organic mercury species are
more toxic to biota (including humans) than the inorganic<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>