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1 INTRODUCTION

By contract 0SS O1SS_KL347-6-0146, dated July 27, 1976, Acres Consulting

Services Limited was authorized to carry out scientific investigations of deposition
of -airborne material on the Lower Great Lakes and the entire Great Lakes
drainage basin. The project is essentially an extension to the report ‘*Atmospheric
L.oading of the Upper Great Lakes", Acres Consulting Services Limited and
Applied Earth’ Science- Consultants, December 1975 (Acres—ESC 1975).

In that report, a mathematical ~model was dev,eloped that simulated, on a daily
average 'basis, the- meteorological transport, diffusion and deposition (loading) of
atmospheric pollutant emissions from Iakge sources in and around the Great Lakes
basin. Using the model, calculations were made of the loadings in 1974 of 16

- poltutants originating from 30 major emission regions-in Canada and the United

States. Emissions data were available only on an arnual basis and it was necessary
to assume that these were distributed _uniformly throughout the year.’ Daily
average meteorological data were used from a-network of 14 stations in the study
area. The calculated loadings were then compared with loadings estimated from a -

‘network of shoreline, island and buoy precipitation chemistry stations.

Results from the two methods were in reasonable agreement for those pollutants
for which relatively reliable atmospher.-ic emissions data were available.

In this contract model! estimates - were ‘required for Lakes Michigan, Erie and
Ontario, as well as for the entire land drainage area in the Great Lakes basin,
subdivided into 37 individual areas. Additional meteorological stations and
emission regions to the east and southeast of Lake Ontario were added to the
dat'a‘file for estimating loadings on Lakes Erie and Ontario and their drainage
areas.. Emission regions distant from these lakes to the northwest were grouped or
eliminated. The results were compared with loading estimates made by ESC from |
existing precipitation chemistry data for Lakes Erie and Ontario and 4 of the 37
individual land ‘drainage. areas. The model results were grouped according to
Canadian and American -emission source regions to give estlmates of the
transboundary movement of the air pollutants studied.

Projections were made of: growth rates to the year 2000 for those industrial

sectors that contribute the-bulk of emissions (about 90 percent of the total).
Assumptions were made on the future control of sulphur dioxide (SO5) emissions.

~ These future' data sets were mput to the model to estimate loadings of total

partnculates and sulphates on each of the Great Lakes in year 2000.
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Seasonal variations. in loading rates based on precipitation chemistry data are
discussed in the main text and Appendix 1, and those based on model estlmates
are discussed in Appendix 2.

A test of the validity of the model assumptions for wind transport of air
pollutants was made by comparing model- air motions with air trajectories
analyzed from surface and upper -level weather maps on 25 randomiy selected
days in 1974, : '

A substantial effort was made to obtain data in both Canada and the United
States on atmospheric emissions of polychlorinated biphenyls (PCB’s) for input to
the model. The information collected was judged to be insufficient to permit
calculations of loadlngs Consequently, populations of each emnssnons region were
extracted from pubhshed data, and dimensionless distribution patterns were
calculated on the assumption that PCB air emissions. are related to. population
density. - :

" This summary of material contained in subsequent sections of the report is

intended to provide an overview of the work undertaken; the results presented are
not always in the chronological order of the preceding discussions.
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2 MATHEMATICAL MODEL

The computer model used in this study was developed on the “box’’ concept and
incorporates both wet and dry deposition components. A detailed description of
its development and testing is contained in the report ‘‘Atmospheric . Loading of
the Upper Great Lakes’, Acres—ESC. 1975. The following is a brief summary of
the salient features of this model, indicating modifications that were made to
input data.. o ' '

2.1 Model Description

The model is 'base'd on the "“box" concept, able to handle 25 receptor locations
and up to 30 regional emission sources. Calculations are carried out on a daily
time step -with output in the form of monthly and yearly summaries of air
pollutant concentrations and wet and dry loadings of the pdllutants.

The model is driven by the meteorological data file containing the following daily
averaged data:

- mean wind speed and direction through the mixing height
- precipitation amounts and durations

- air mass type which governs the mixing height and dispersion angie of the
. llboxll. N

This data file has been expanded from the original 14 stations (Acres—ESC 1975)
to include Kingston, Montreal, Albany and La Guardia Airport, thus
accommodating the addition of emission sources along the eastern seaboard of the
United States (see Subsection 2.2 -~ Emission Data), some of which contribute
significantly to loadings on the Lower Great Lakes.

Meteorological data for 1974 were used throughout this study. Previous computer
runs using 1972 and 1973 data indicated variations in yearly loading rates of up
to 20 percent because of annual climatic differences (Acres—ESC 1975).



Wet and dry deposition rates vary for gaseous and particulate poliutants.

wet deposition has been chosen as

6 x 10.'51‘ ‘(sec'1) or

gases . A
3x10°1  (sec’!)

particulates X

Where 1 is the precipitation intensity in mm hour

.1.

~ Following the Upper Great Lakes report, the washout coefficient (A) governing

The deposition velocity (vgq) governing dry deposition has been chosen as

gases vq = .01 m sec’!
particulates vq = .001 m‘sec'.1

Atmosphekic oxidation ‘rates have been incorporated in the model to determine

- the proportlon of gaseous 802 to particulate sulphate (304) in the air reaching a

receptor calculation point in the Great Lakes basin. The appropnate A\ and vgq are
then apphed to these proportions. These oxidation rates were based on a survey
of the literature as discussed in the Upper Great Lakes report and are summarized

- as follows.

Zone - | Description

1. Within 16 km of power
: plants and"he'avy industry

2 ' o _ More_‘than 16 km from main
) -power plants and industrial

areas :
3 | "~ Average nonurban areas -
4 ‘ Countryside, unpolluted

2.2 Emission Data

S0, Half Life

(hours)

02-4
10-15
40 — 50.
100+

Regional emissions are input directly to the model and are transported, diffused
and - deposited according't_o the meteorology, oxidation rates and wet and dry
deposition rates described in Subsection 2.1. The procedure for determining these

includes-the foIIowmg steps

- emissions, as detailed’ in “the Upper Great  l.akes report (Acres—ESC 1975)



(a) Obtaining from Ontario Ministry of Environment {MOE) and United States
Environmental Protection Agency (U.S. EPA) air quality data on annual
emissions' of 802, oxides of nitrogen (NO,), and total particulates for all
control regions in-and around (up to 600 km) the Great Lakes dramage
basm

(b) Groupmg the major pollutants (802, NO, and particulates) into regnonal
sources for model input.

(c) Determinihg constituent breakdown of the particulate emissions into
~ nutrient.and trace metal components.

Em‘iss‘idns dé’ta_ ué_ed for the Lake Miéhigan and Upper Great Lakes basin loading
calculations ‘are the same as for the Upper Great Lakes, except for a few
modifications to the Canadlan sources based on updated information from the

‘Ontario MOE. The final’ tabulatlon of model source emissions. is presented in

Flgure 2.1.

The following modifications to the emission data were made for calculating the
Lake Erie and Lake Ontario loadings.

(a) The more distant sources to the northwest were combined where practical.

[}

{b) The Manitoba source was elifninated.

{c) Four new sources were included at Albany, Boston, New York and
Phlladelphla

The final tabulation of emission data used for the Lower Great Lakes (Erie
and Ontario) ‘is presented in Flgure 2.2 :

2.3 Trajectory Analysis

The following procedure was developed to test the accuracy of the mathematical

model in reproducing the movement of pollutants as predicted by analysis of
wind trajectories on specific days:. :

C— there were 25 d‘ays randomly selected'from 1974 .

- wmd trajectorles were drawn from -each source reglon for a 24-hour
period, usmg 6 hourly surface maps and 12- hourly 850- mb maps
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