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1 INTRODUCTION 

By contract 038 01$S_KL347-6-0146, dated July 27, 1976, Acres Consulting 
Services Limited was authorized to carry out scientific investigations 0f deposition 
oflairborne material on the Lower Great Lakes and the‘entire Great Lakes 
drainage-basin. The project is essentially an extension to the report “Atmospheric 
Loading of the Upper Great Lakes", Acres Consulting Services bimited and 
Applied Ea'rth'Science-Consultants, December 1975 (Acres—ESC 1975). 

In‘ that report, a_ mathematical .model was developed that simulated, on a daily 
aVer-age "basis, the-meteorological transport, diffusion and deposition (loading) of 
atmospheric pollutant emissions from large sources in and around the Great Lakes 
basin. Using'the model, calculations were made of the loadings in 1974 of .16 

;pollutantsoriginating from 30 major emission regions-in Canada and the United 
States. Emissions data were available only on an annual 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 tv'v‘o methods were in reasonable agreement for those pollutants 
for which relatively reliable atmospheric emissions data were available. 

In this contract, model estimates wererequired for Lakes Michigan, Erie and 
Ontario, 35 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 so‘dtheast 'of Lake Ontario were added to the 
data‘file fOr estimatinglOadings _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-madeby ESC from ‘ 

existing preCipitation‘ chemistry data fOr LakesuErie‘ 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 estimates of the 
transboundary movement of the air pellutants studied. ‘ 

Projections were made of- growth rates to the year .2000 for those industrial 
sectOrs that contribute the bulk of emissions'labout 90 percent of the total). 
Assumptions were made On the future control of sulphur dioxide (802) emissions. 

‘ 

These futUre‘ data sets were input to the model to estimate loadings of total 
particUlate’s and sulphates on each cf theGreat Lakes in year 2000.



g. 

Seasonal variations. in loading rates based on precipitation chemistry data are 
discussed in the main text and Appendix 1, and thoSe based on model estimates 
are discussed in Appendix 2. 

s 

-

' 

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 randomly selected 
days in 1974. . 

_ 

' 

- 

' '

' 

A substantial effort was made to obtain data in both Canada and the United' 
States on .atmos'pheri'c‘emiss'iOns of polyChlorinated biphenyls (PCB'S) for input to 
the model. The information collected was judged to be insufficient to permit 
calcu'latibns Of loadings. Consequently, populations of each emissions region‘were 
extracted from published 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 

intendedto provide an overview of the Work undertaken; the results presented are 
not always in the chronological order of the preceding discussions.



2 MATHEMATICAL MODEL



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 "AtmosphericLOading 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.'. 

a ‘ 

t 

'
a 

2.1 Model Description 

The model is based 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 pollutants. 

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 angle of the 
‘ 

‘ 

llboxlll ' 

This.data file has beenexpanded 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 pollutants. 
I 

Following the Upper Great Lakes report, the washout coefficient (A) governing 
wet deposition has been chosen as 

6 x 1051' lsec'1l or gases 
. 

ix 

3 x 10-51 (sec'1) particulates A 

Where I is the precipitation intensity in mm h0ur‘1. 

The deposition velocity (vd) governing dry d'epositiOn has been chosen as 

"gases. ‘. 

vd = *.01msec'1 
particulates vd = .001 rr‘isec'.1 

Atmosphericoxidation rates have been incorporated in the model to determine 
' the pro’pOrtiOn of gaseous $02 to particulate sulphate (804-) in theair reaching a 

receptor calculation point 'in the Great Lakes basin. The appropriate A and vd are 
then applied to these proportionsr‘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 
' 

_ 

V 

Description 302 Half Life 

1 
. Within 16 km of power 0.2 -— 4 

» - plants and'he'avy industry 

2_ 
' 

_ y 

_ 

More‘than 16 km from main 
I 

10 — 15 
" 

~ power plants and industrial 
areas: 

‘

- 

3 
‘ ' 

I 

' 
' 

Average non'urban areas ' 40 — 50. 

4 ‘ Countryside,vunpo|luted 100+ 

2.2 Emission Data 

Regional emissions are input directly to the model and are transported, difqed 
anddepOsited according'to the meteorology, oxidation rates and wet and dry 
deposition rates described in Subsection 2.1. Theprocedure for determining these 

‘ 

emissions, as detailed in "the Upper Great Lakes report» (Acres—ESC 1975), 
includes-the following ste'ps.

‘

i



(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 (NOX), and total particulates for all 
control regions in and around (up 'to 600 km) the Great Lakes drainage 
basin, ‘ 

(b) Grouping the'major pollutants ($02., NOx and particulates) into regional 
sources for model input.

' 

(c) Determining constituent breakdown of the particulate emissions into 
- nutrientand trace metal components. 

Emissions data. used for the Lake Michigan and Upper Great Lakes basin loading 
calculationsiare the same asfor the Upper Great Lakes, except for a few 
modifications to “the Canadian sourcesbase'd on updated information from the 
'Ontario MOE. The- final" tabulation of model 'source'emiSSions. is presented in 

Figure 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.
t 

(bl The Ma'nitOba source was eliminated. 

(c) Four new. sources were included at Albany, Boston, New York and 
Philadelphia. ’ 

The final tabulatibn of emission data used for the Lower Great Lakes (Erie 
and Ontarid) is preSented in Figure 2.2. 

i 

-

' 

2.3 Trajectory Analysis 

The ‘fo‘llowingprocedure 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:. . 

' — there were 25 days randomly selected'from 1974 . 

— 
I 

wind trajectories were drawn from each ‘source region for a 24-hour 
period,"using 6+.hoUrlyisurface maps and 12-hourl-y. 850-mb maps
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— using the appropriate dispersion angle for the trajectory'based on the air 
mass type as discussed in Acres-ESC 1975, each occurrence of a source 
plume reaching one of the study lakes was recorded 

‘— the same precedure was r‘epeatedusing the wind data employed in the 
model, with the modification that the box angle was60 degrees plus'the 
dispersion angle used in the above step; in the model, only the wind at the 
scurce region is used fOr pollutant transport, with no curvature in the 
trajectories to”: the receptor.

‘ 

The results-of this test are presented in Table 2.1. Two cases are considered for 
each. lake. The first considered onlythe dominant sources which accounted for 75 
percent of the total loadings, and- the second considered all sources. 

Using only thedominant sources, 80 percent of the trajectory loading occurrences 
were duplicated-by the model. However, when the additional sources representing 
the remaining 25 percent/of the tetal loading were included, this agreement 
dropped to as low as ‘6V0'perCent in the'case bf' Lake superior. 

Because of the larger dispersiOn angle used in the model, the number of loading 
occurrences predicted by the model consistently exceeded the number of 
trajeC‘tory occurrences. This value has been presented in Table 2.1 as apercentage 
of- the trajectory occurrences. It is. interesting, tovnote that forthe lakes that are 
central to the. emission sources (Le. Lakes Erie, Huron and Michigan), the number 
of sources dominating the’loading is 8 compared with 11 and 12 ‘for Lakes 
Superior and Ontario, respectively. .ln addition, there is a better agreement in 

terms of -0Verall loading occurrences between the, model and the trajectory 
analysis,-varying from 113 perCent in the case of Lake Michigan to 124 percent 
for Lake Erie‘. Lakes Superior and Ontario show significantly higher percentages at 
168 and 1‘74,'respectively. ' 

It is apparent that as the sourcesbecome more distant the model tends to spread 
the pollutantsover a larger area, thereby becoming |e$s representative of the 
'actual- trajectories. . However, for the dominant sources which accOunt for 75 
percent of the total‘loading the agreement is quite acceptable. The fact that the 
more distant sources load the lakes'mOre frequently than would be predicted by 
the trajeCtories may be. compensatedby the reduced concentrations in the plume 
that result from the significantly larger dispersion angle.

‘

'
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TABLE 2.1 

TRAJECTORX AND MODEL COMPARISON 
(Mean wind. through the mixing path) 

Lake Ontario 

75- percent Of? loading 
Total loading 

Lake Erie ‘ 

75 percent of loading 
Total loading 

Lake Huron 

75 percent of loading 
Total . loading 

Lake Michigan- 

75 percent of loading 
TOtal loading 

Lake Superior 

75 percent of loading 
Total Loading 

NO. of 
Sources 

12 
30 

30 

30 

_‘3o 

11 
'30 

Percentage" 
Agreement 

81 
79 

‘80 
75 

78 
69 

8.0. 

76 

80 
60 

Perc’entage* * 

Occurrence 
MOdeI/Traiectory 

174 
173 

124 
143 

122 
121 

1113 

142 

'168 
138 

*Number of occurrences for which the model indicates loading on the same day as 
the trajectories, expressed as a percentage of the trajectory loading occurrences. 

“Total number? of. model loading occurrences, expressed as a percentage of the 
trajectoryiloading ocCurrences. ,

"
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3 ANALYSIS or FIELD DATA 

Measurementsof precipitation chemistry were collected for the- period 1973 4 
1974‘ in' order to estimate atmospheric deposition of selected parameters on‘Lakes 

'Ontario and 'Erie and drainage basins— 16,17, 21 and 22 (Figure 4.1). In 

addition, mapsshowing average atmospheric loadings as well as seasonal variations 
in deposition- were obtained from the measurementsof precipitation Chemistry. 

'Data were compiled into- a'icommon file from measurementstak'en by McMaster 
. University ..(MU)',' Canada Centre'for Inland Waters (.CClW), U.S. Environmental 
Protection Agency, Gros'se )lsle," Michigan 'and Michigan 

_ 

water Resources 
CommisSion (EPA-AMIICH), Atmospheric Environment Service (AES); U.S. 
Environmental Protection Agency, Rochester, New York (EPA—.NY), the 
University of. Windsor ’(UW); U.S. Geological Survey, Albany, NewYork lUSGS), 
and Cornell- universitlO). ' 

-»
. 

, 3.1 . Sampling and Analysis 

Figure 3.1 shows the distribution of precipitation chemistry stations'from which 
‘_ data were obtained for this study. MOnthl'y bulk samples were obtained for 
stations _operated by MU, CClW, EPA,.-.—M|CH-, UW and the USGS. MU, 
E'PA\-;MI.CH and UW used an unheated cylindrical collector withvan Alter. Shield 

_‘(see Figure‘3.2, AcreS—ESC '1975). The USGS sampler consisted of a heated 
collector with a 'pyrex glass funnel. .CCIW employed both-cylindrical and heated 

‘ glass-funnel collectors at most of their stations on. a monthly basis. Data from 
EPA—NY and AES' are for wet only 'depositiOn on a monthly basis. Data for CO 
exist for monthly bulk, Wet only,_and individual pre'cipitation‘events. 

Table 3.1_ is a list of param‘eters'that are considered in this study. The table lists 
the» code numbers, acronyms, and .units of concentration and loading used 
throughout'the study. '

> 

Table 3.2 lists stations, their latitudes and longitudes, and the code numbers of 
‘ 

variables. that were measured ateach group-of stations. 
‘ - \ 

Not all ‘of the stations were operative during the entire period 1973. —- 1974. 
Table 3.3 lists the percentage of the sampling period for which data were available 
to obtain anvaverage, loading estimate for each station- Geometric averages were 
Obtained fOr each station. for the .tirne period Considered,and these- data were used 

. to-obtain contourmaps ofvareal deposition rates and estimates of loading. .
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The geometric average value for a parameter at a station was not modified to take 
into consideratiOn the percentage of the study period within which the parameter 
was measured. 

‘ ’ 

A The data’file was formulated as follows; all data used in this study derived from 
data previously accumulated by' other agencies. All data submittedby these 
agencies” were processed into the data file. The inStances in which data Were 

. deleted from the file occurred only at- the suggestion. of the agency. Careful 
attention was paid to compatibilityof data from differentagencies. In particular. 
unit‘s land-the exact nature of parameter (-total, filtered) were checked very 
carefully. Volume of sample was not measured for wet or bulk samplers operated 
by. EPA-éN.Y,fUSGS and CO. Precipitation data from standard meteorological 
gauges were employed in» these cases to estimate loadings from concen- 
tration data. information "regarding emplacement and removal of samples 
was incO'm‘plete for EPA—NY data; in these cases estimates were made in 

consultation with personnel from- EPA—NY. '

' 

AES andPAéNY data represent the-precipitation fraction of loading only. 
VVarLious Calculations were made-to estimate a fraction/ of dry fall in order to 

‘ {adjust the data from EPA-NY and AES to total. loadings. CClW at Burlingtbn, 
Ontario and 'Cornell 

I 

University at 'lthaca, New York carried out a series of 
studies where bulk samplers and-precipitation samplers were operated adjacent to 
each Other at the» same‘ time. Assessment of these data gave. inconclusive results. 

Although the average ratio of precipitation loading to .bulk Icading was about 0.7, 
the data v_scatte'red Widely, and in almost one half of the cases-the bulk loading 
was lessthan the precipitation only loading. Furthermore, analysis of multiple 
samplers ofr'the same kind at CClW showed that the volume for the cylindrical 
bulk. samplers was much less variable under multiple sampling cenditiOns than was 
the volume for the. precipitation only samplers. Obviously a new careful 
assessment of all samplers is required.

‘ 

No adjustments to the precipitatioLonlyfiestimatesuwere.Imade_due_to_th'e»poor 
quality of results from the above study. This places asignificant limitation on'the 
confidence that can be placedon these loading-estimates. More study is required to 
better assess the validity of bulk sampler data versus precipitation only data.
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TABLE'3.1 

CODES, ACRONYMS AND UNITS FOR 
PARAMETERS CONSIDERED IN THIS STUDY 

Code Units 
Name , _ 

No.‘ Definition » Concentration Loading 

Cd T 101' Total cadmium . pg/l - ng/cmZ/day 
V Cu T 107 Totalf'oopper 

7 

» pg/l ng/cmz/day 
Fe T) 110‘ TOtal iron 

' 

_u_g/l ng/cmZ/day 
,Pb' T 113 Total lead 

' 

~ 

,ug/l‘ ng/cmz/day 
Ni T' - 

. 116 Total nickel I 

119/1 rig/émz/day 
Zn T1 119 - Totalviinc ' 

pg/I ‘ng/cmZ/day 
‘ $04 127 / Sulphate 

’ 

‘ 

' mg/l pg/c'mZ/day 
Na F 222‘ Filtered Sodium mg/l yg/cmZ/day 
K‘ F . 

_ 

2-24 
‘ 

Potassium filtered , mg/I‘ - pg/cmz/day 
Mg F 

' 

226 Magnesiumfifiltered mg/l pg/cmZ/day 
Ca F " 228 Calcium filtered 

. 
mg/l pg/cm‘z/day 

P T 240 ' Total phosphorus ug/l. ng/cmZ/day 
N03. F _23'. - Eiltered_nitrateéNv,WA.7”1 r r mgl-lfi ' ng/cm'z/day 
N‘lfl3 R . 244 Total-reactive-ammonia—N mg/l pg/cmz/day 
NH3 F j 252' Filtered reactive ammonia—N mg/l yg/cmz/day 
.NO3 R 243 Total reactive; nitrate—N mg/l ug/cmZ/day 
KJ T 

l 

234 Totalkjeldahl nitrogen mg/l yg/cmZ/day 
'Nv-'T* 242 Total nitrogen ' mQ/l ' 

" #g/cmZ/day 

Notei |n5ufficient data were available to includevchlorlide. 

~11N*—-T*wa5'caICUlated"aS‘a‘combinatiO’nTSf' ‘NO3*(243'oT’237lwahd Nil—37717244 072572) 
forIEPA, ESC, MU, USGS data.
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TABLE 3.2 

LATITUDE, LONGITUDE, AND PARAMETERS 
. 

MEASURED AT EACH STATION 

McMaster University 

Codes measured: 101, 107, 110, 113, 116, 127, 222,224, 226, 228, 240, 242. 

Station 

.18 

25 
35» 

36 
37 
43 

Canada Centre forlnland Waters

~ Name 

Sparrow Lake 
.Lake» St. Peter '- 

Shawanaga 
South Baymouth 
Tobermory 

' Owen Sound
‘ 

Manitbulin Buoy 

_L¢t'itud°, 

44.798- 
45.300 . 

' 

45.533 
45.585 
45.207 . 

44.491. 
45.118 

Longitude 

79.383 
. 78.033 
, 
8.0-.200 

. 82.012 
81.523 

' 

80.871 
82.939 

Codes measured: 1'01, 107, 110, 113,116, 127, 222, 224, 226, 228,240, 242. 

Station ' 

. Nam 

113 Wiarton Airport 
120 ' ‘S'arnia' Airport 
134 Pinery, Park- 
135 ‘ 

‘ -ln_verhuron" Park 
‘137 Kilbear Park

V 

"138 Southampton Buoy 
-_-_._142..-.L ._,,.--,_w1arxon;Airpm---” ,,. 

143 Sarnia 'Airport 
' 

148 Pinery Park 
149 Inverhuron Park v 

_‘150 Kilbear Park- 
151 Guelph Funnel 
=152 Guelph‘Sn‘owg

_ 

153 POr't Stanley Funnel 
154‘ Por'tStan'ley Snow 
.155 ‘ Pelee Funnel 

_ 

157 CClW Funnel 1 

. y. 158

~ 

CClW‘Funne’l 2 

Latitude 

44.550 
42.983

‘ 

43.233 .» 

44.300 
45.350 
44.325 

,-44_-65;Q-__.M _. 

42.983 ' 

43.233 
44.300 
45.350

‘ 

43.634 
43.534 
42.571 
42.871 
41.751. 
43.299 
"43.299

‘ 

Longitude 

81.233 
82.283 
81.800 ' 

81.567 
80.200 
81.650. ‘ 

81.233 , 
82.283 
81.800 
81.567 
80.200 
80.114 
80.114 
81.224 
81.224 - 

82.687 . 

79.799 
79.799

'
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TABLE 3.2 (Cont'd) 

Station 

159 
160. 
161 
162 
163 
164 
165 
166 

-- '167 

168 
169 
170 
_17-1 

U.S;. EnvironmentalProtection Agency, Michigan 

Nam~ 
CCIW Funnel 3' 
Ancaster Funnel 
CCIW Snow 1 

CClW Show 2- 
Totonto Island Funnel 
WQOdbridge Funnel 
Toronto- Island Snow 
Woodbridge'Snow 
Duck" Island ‘- Funnel 
Trenton Funnel 
Trenton Snow 

' 

Kingston Funnel" 
Kingston Snow 

Latitude 

43.302 
43.1 75 
43.299 
43-29'9 
43.632 
43.793 
43.632 
43.793 
43.931 
44.111 
44.111, 
44.221 
44.221

/ 

'1'15 

Longitude 

79.794 
79.950 
79.799 
79.799 
79.397 

‘

- 

79.569 
. 79.397 
79.569 
76.637 
77.544 
77.544 
76.596 
76.596 

Codes measured: 101, 107, .110, 113, 116, 127, 222, 224, 226, 228, 240, 242. 

Station 

208 
209 
210 
2.11 
21.3 , 

219 

Canada,—Atmospheric-EnvironmentService 

Na'me~ 
Coast Guard. Station Alpena 

U._S. Coast Guard Station Tawas 
Albert Sleeper Pai'k . 

Port Sanilac 
' Tawa’s' Buoy‘ 
Alpena Buoy 

Codes measured: 127, 222, 224, 226, 228, 240, 242. 

Station 

H 
301 

Name ”~ 
Mount Forest Wet 

Latitude Longitude 

45.034 
7 

83.239 
44.254 - 83.447 
43.977 83.211 . 

43.429 82.552 
44.225 83.422 
45.167 83.217 

Latitude - Longitude 

43.973
‘ 

80.736



TABLE 3.2 (Cont’d) 

U.S. Environmental Protection Agency, New York 

Codes measured: 101, 107, 110, 113, 127, 222, 224, 226, 228, 240, 242.~ Station Name 

410 Macedon Wet 
411 Skaneateles Wet 
412 Oswego Wet 
413 Brockport Wet 
414 Rochester Wet 
415 Cape Vincent Wet 
416 Buffalo Wet 
417 Clarence Wet 
418 Nunda Wet 

University of Windsor 

Codes measured: 127, 240. 

450 Windsor 

U.S. Geological Survey 

Codes measured: 127, 222, 224, 226, 228, 242.~ Station Name 

703 Rock Hill 
704 Athens 
705 Salamanca 
706 Mays Point 
707 Canton 
708 Hinckley 
709 Albany 

Latitude Longitude 

43.088 77.312 
42.946 76.419 
43.461 76.374 
43.280 77.931 
43.180 77.624 
44.122 76.239 
42.915 78.872 
43.020 78.631 
42.539 77.945 

Latitude Longitude 

42.255 83.036 

Latitude Longitude 

41.624 74.521 
41.925 76.526 
42.100 78.750 
42.999 76.763 
44.578 75.1 1 1 

43.310 75.1 10 
42.743 

. 

73.808
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TABLE 3.2 (Cont’d) 

Cornell University 

Codes measured: 127, 222, 226, 228, 242. 

Station Name 

710 Ithaca 

Latitude 

42.457 

-—17 

Longitude 

76.521



TABLE 3.3 

NUMBER OF MONTHLY SAMPLES ANALYZED FROM 
EACH STATION EXPRESSED AS A PERCENTAGE 
OF THE 24-MONTH PERIOD 1973 -— 1974 

Station 

18 
23 
25 
35 
36 
37 
43 
113 
120 
134 
135 
137 
138 
142 
143 
148 
149 
150 
151 
152 
153 
154 
155 
157 
158 
159 
160 
161 
162 
163 
164 
165 

Name~ 
Sparrow Lake 
Lake St. Peter 
Shawanaga 
South Baymouth 
Tobermory 
Owen Sound 
Manitoulin Buoy 
Wiarton Airport 
Sarnia Airport 
Pinery Park 
lnverhuron Park 
Kilbear Park 
Southampton Buoy 
Wiarton Airport 
Sarnia Airport 
Pinery Park 
lnverhuron Park 
Kilbear Park 
Guelph Funnel 
Guelph Snow 
Port Stanley Funnel 
Port Stanley Snow 
Pelee Funnel 
CCIW Funnel 1 

CCIW Funnel 2 
CCIW Funnel 3 
Ancaster Funnel 
CCIW Snow 1 

CCIW Snow 2 
Toronto Island Funnel 
Woodbridge Funnel 
Toronto Island Snow 

Percent 

100 
100 
33 
100 
90 
90 
3O 

1 00 
100 
58 
75 
71 
21 
88 
88 
71 
83 
83 
79
4 

79 
42 
88 
83 
41 
13 
83 
1 7 
1 3 
83 
79
1 3
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TABLE 3.3 (Cont’d) 

Station 

1'66 

167 
168 
169 

. 170 
171 . 

1 

208' 
209» 
.210 
211‘ 

2,13 
219', 

301 
‘ 

410 
"411 
41—2' 

413 
414 
415 
416 
41-7 
413 
450 
703 
704 
705 
706 
707 

.*708“‘ 
709’ 
710 

'Name~ 
Woodbri‘dg‘e Snow 
Duck Island Funnel 
Trentonf Funnel 
Trenton S‘now 
Kingston Funnel 
Kingston Snow 
USCGS Alpena 
USCGS .fl'awas 
Albei't Sleeoer Park 
POrt Sanilac

' 

Tawas. BuOy 
Alpena Buoy 
Mount Forest Wet 
Macedon Wet 
Skaneate‘les Wet 
OsWe'g'o Wet 
Brockport Wet 

_ 

Rochester .Wet 
Cape Vincent Wet 
Buffalo Wét 
Clarence Wet 
Nunda Wet 
Windsor 
Rock Hill 

Athens ‘ 

Salamanca 
Mays Point 
Canton. ‘ 

Hinckleyr 
Albany 
Ithaca 

Percent 

42 
33 
8’8 

2.? 

83 
25 
46 
54 
.29 
25
8
8 

100 
2'1 

29 
4

, 

25 
I 

21 
21 
1 7 
13 
.8 

92 . 

92 
38 
71 
100 
88 

. 9,6 

83
8 

9-19
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3.2_ Contour Maps and 
Loading Estimates

' 

Gepmetric' means of the data-from .up to 63 stations were compiled on a 
data file and, from this array, estimates for an equal area grid intersect were 
calculated. The number of grid intersects was about. fOur or more times the 
number of data-'pOints‘. Contouring could be carried out routinely on a computer. 
using these grid intersect 'values. Furthermore, 'IoadingteStimates were calculated 
for the various: areas using the. same values." Figure 32 Show the grid'overlaid on 
a-map of‘the study area. '

i 

A moving second order pblynomial least squares routine was used to estimate 
values "at grid points. In order to avoid possible extreme results from the least 
squaresfun'ction "values ‘were deleted if they were. 30 perCent greater or less than 
the maximum and minimum values used in the leaSt squares determination. 
MOre0ve'r,‘data were weighted with- respect to; distance from grid intersects by 
1/,d2, .where d ist'he distance of ,a data point from a grid intersect. 

Various combinations of data were used to obtain different loading estimates 
a parameter. The overall approach was to obtain minimal estimates- which wOu'ld 
_be consistent with the majority of the data. Hence, whena few stations h‘ad 

averages far greater (about 1‘ +. 2 orders of magnitudelthan the other maximums 
these data were-deleted. In addition, results for snow months were compared with 
results for” the entire, period. ‘ Unfortunately, incOmplete sampling» records 
through'om the year required the 'use of'the average of the entire record most of 
the' time. Table 3.4- summarizes that portion of the data file which was-used to 
obtain estimates. and compile contour maps 'of loading Values. 

I 7 

Figures 3.3. (a) ythrbUgh" 3.3 (l) are' contour maps of loadings of the parameters. 
These maps were compiled using the criteria sUmmarized ‘in .Table 3.3 and the 
contouring procedure disCussed above. Stations from which data were available are 
'sh0wn on each map: Three general patterns are discernible for these loading maps: 

(a) 'The loading decreases toward the north or northwest. 

(b) 
' 

. Theloadi'ng decreases toward the south or southeast. 

’(c) .. There -is"no overall trend, but high lOadings are found coincident with
' 

some industrialized areas.
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TAB L E 3.4 

MODIFICATIONS MADE TOIDATA TO 
OBTAIN CONSERVATIVE ESTIMATES 
OF ATMOSPHERIC DEPOSITION 
FROM FIELD DATA 

‘ 

, Parameter 

I01 
107 ' 

110 
‘113 
116 
127 ' 

222 I 

224 
2'25 

228 
240 

- 242 

Acronym.
' 

Cd T 
Cu'T‘ 
FeT 
PbT 
Ni T 
804 . 

Na F 
K F 
Mg‘F 
Ca Fr 
PT 
NT 

Data Consj 

All data 
All data 
All data 
All data 

dared 

Minus an 200 series 
All data 
All data 
A‘II data '- 

All data 
All'data 
Minu‘s stati 
All data . 

ons 167, 170 .
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Cadmium [Figure 3.3 (a)], copper [Figure 3.3 (b)], iron [Figure 3.3 (c)], 
calcium [Figure 3.3 (j)], and phosphorus. [Figure 3.3 (k)] fit into category (a), 

showing clear decreases in loading from south to north. Lead [Figure 3.3 (d)], 
sodium [Figure 3.3 (9)], potassium [Figure 3.3 (h)], magnesium [Figure 3.3 (i)], 

and nitrogen [Figure 3.3 (1)] also fit into category (a), but they show a less 

obvious trend. Nickel [Figure 3.3 (e)] alone fits into category (b), showing a 
decrease from northwest to southeast. Sulphate [Figure 3.3 (f)] is placed in 

category (c), showing no regional trend but a maximum in the Buffalo, New York 
area. 

Loading estimates for Lake Ontario, Lake Erie, areas 21, 22, 16 and 17 are 
compiled in Table 3.5. These results are obtained from the product of the area 
and the average loading estimate. The average loading estimate is the geometric 
mean of all acceptable data from grid intersects (Figure 3.2) within the specified 
area. In some cases, data varied in no consistent manner; in others, only a few 
values were acceptable. These cases arise from poor data control, and have been 
noted in Table 3.5. 

3.3 Trends in Data 

Long-term and seasonal trends in the loading data were investigated. All of the 
data were compiled to investigate seasonal and longer-term patterns, whereas data 
from grid intersections of contour maps were compiled and compared as to 
seasonal patterns during 1973 and 1974. 

The geometric mean for all data was compiled for each sampling period and 
plotted. All data were used, and no weighting of data points with respect to 
number of data was carried out. In addition, a linear least squares fit was forced 
onto the period averages in order to obtain the average longer-term trend. In 
some cases, data for the entire Great Lakes basin existed from 1972 to 1976 to 
establish the overall slope, whereas the seasonal patterns shown for 1973 and 
1974 are based only on Lower Great Lakes data. Plots of these data are shown in 
Appendix 1. 

Estimates of seasonal loading for Lakes Ontario and Erie, areas 16, 17, 21 and 22 
were made by compiling average loadings for spring, summer, autumn and winter 
for all available data for 1973 and 1974. Matrices of loading estimates for grid 
intersections of the contouring routine were obtained for these seasonal categories 
and mean loadings were obtained. These are shOWn in Table 3.6 as percentages of 
the total loadings. They are also plotted on Figure 3.4 for cases where there were 
sufficient data to warrant inclusion for Lakes Erie and Ontario and areas 16 and 21.
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Comparison of seasonal patterns for the study regions (Figure 3.4, Table 3.6) and 
seasonal 'trends for all the data are summarized in Table 3.7. In addition, the 
overall trend‘of the data established from a linear least squares fit is shown. The 
tWo sets of compilation of seasonal trends show good agreement. Cadmium, iron 
and phosphorus show maximums -in summer and autumn; copper and sulphate 
show morevsubtle maximums in autumn, whereas lead shows a subtle maximum in 
winter for all the data and a subtle maximum in autumn for the” study'areas. 
Nickel and nitrogen show. no seaspnal patterns of loading. The slope of the- least 
squares fit shows no overall change except for cadmium. It is .quite probable that 
the decrease in cadmium is due to analytically questionable data from early years.
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TABLE 3.5 

BASIN LOADINGS FOR LAKE ONTARIO, LAKE ERIE 
AND AREAS 21, 22', 16 AND 17 
(Where blanks occur, no aCceptable data were 
available to make an estimate) 

- Lake Lake .

_ 

Code Parameter Ontario Erie; 22_; 1__7 
' 

x 1'06 kg/yr 

1'27 Sulphate 88.. 120 1 10 34 45 25 
242 ’_ Nitrogen _21 . 19 22 4.3 0.89 4.7 

x 103 kg/yr- 

240 
1 

Phosphorus 480 
I 

800* 1,400 210 110 68 
228 Calcium 32,000 23,000 37,000 3,600" 24,000 ' 7,000

' 

226 * Magnesium 4,100 6,600 7,300 890 3,300 1,500‘ 
222 .Sodium 191,000 13,000 V 16,000 3,700 7,000 _’ 6,300 
224' Potassium 3,300 22,000 4,700 1,900 . 3,600 5,300 
101 Cadmium 45 150* 180* 13 50” 
1.13 . Lead " 280 2,200* 280 260* 110 250* 
116 Nickel .19 140* 13* 23“ ‘ 10 

' 20* 
107 Copper 72 330* 130* 85 48 1'10” 
1 0 Iran 530 , 5,900* 940* 220 4,200* 

Note 

Areas used were 103km2 

Lake Ontario 19.5 
Lake Erie 25.8 
Area 21 14.8 
Area 22 5.0 
Area 16 

‘ 

8.8 
Area 17 6.3 

*Someques‘tionable data or some problems in data control. 

“Approximate Value. Poor data Control.
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TABLE 36 ' 

SEASONAL LOADINGS FORLAKE ONTARIO, 
LAKE ERIE. AND AREAS 16,17, 21 AND 22 

Spring = 'Feb, Mar, Apr 
Autumn = Aug, Sept, Oct 

Summer = May, June, July 
Winter= Nov, Dec, Jan 

Percentage of TotaliLoadings. 1 

i. ‘ 

Lake 
5 

‘Lake' 

Parameter Season 
‘ Ontario _Erie 

V 

101' Spring 5* 
Cadmium SUmmer 

_ 
2‘3‘ . 

63* 
' 

' Autumn - 

' 35.‘ ' 25* 
Winter . 

7* 

107 Spring 
‘ 15" 26* 

Copper Summer 29' 16* 
* Autumn .22, - 31*- 
.Wint_er- 

' 

34 27* 

110 Spring 14 -19** 
mm Summer 22 36” 

Autumn 45 2‘O** » 

Winter 19 25’” 

113 Spring 14 31* 
Lead Summer 18 33* 
W 

' 

v Autumn .28 27* 
Winter . 4O 9* 

116 Spring 27 
' 24** 

Nickel- Summer 25 
I 

I 8** 
Autumn 26 5“ 
Winter 22 63” 

127' Spring ‘ 18' - 28 
VSulphate Summer 30 v 

7 

a 25 
Autumn 27 

' 

' 24 
Winter » 25 j 

‘23 

351 

_s 
.12 

47 
- 3.6- 

23* a 

17* 
41* 

17 
59 
20 

‘21 
19 
47 
13 

27 
21 
16 
36 

15 
26 
26‘ 
'33 

341* 
51:41.30 

3011-11- 

116911-11» 

67* 
10* 
15* 
28* 

25** 
26** 
26** 

‘23 

15'” 
25**. 
38** 
22*“? 

20 
30 
27 .

I 

23 

20 
23 
36 
2,1

1 

2o_ 
37 
25 
18 

14 
28 
26 
-32 

17 
22 

_24
37
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TABLE 3.6 (Cont’dl . 

Percentage of Total Loadings 
_ _ 

. 

‘ Lake 
> 

' 

Lake 
' " 

Parameter-1 Season, ' Ontario Erie 
I 

2_1 g2_ 

240. spring 11‘ 2** 17 6* 
Phosphorus / Summer - 51 29,” 32 66* 

' Autumn 
V 

19" "57” 33 ‘ 13* 
Winter" 19 12‘” 18 15* 

242 spring 21 38 13 28 18 27
' 

Nitrogen 
V 

Summer . 27 25 27: 31 31 ~ 19 ‘ 

I 

Autum'n' 25 
' 2'0 23 23 30° 12 

‘ Winter» ‘27 ,. 17 32 18 21 42 

’Some questionable data or some problems in data control. 

“Approximate Value. Poor data control.
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TABLE 3.7 

COMPARISON OF SEASONAL MAXIMUMS FOR STUDY AREAS 
(FIGURE 3.4) WITH ALL OF THE DATA (APPENDIX 1) 
THE SLOPE OF THE LINEAR LEAST SQUARES FIT TO 
ALL OF THE DATA IS ALSO SHOWN 

Parameter 

Cadmium 
Copper 
Iron 
Lead 
Nickel 
Sulphate 

Phosphorus 
Nitrogen 

Maximum 
From Figure 3.4 Appendix 1 

Autumn Autumn 
Autumn? Variable 
Summer-Autumn Variable 
Autumn? Winter? 
None None 
None Spring-Summer- 

Autumn 
Summer-Autumn 
None 

Summer-Autumn 
None 

92% 
Decrease 
None 
None 
None 
None 
None 

None 
None



4 LOWER LAKES LOADING ESTIMATES



i 
'—-42 

4 LOWER LAKES LOADING ESTIMATES 

4.1- Comparison of Results 

Table 4.1‘ summarizes the loading estimates made from the mathematical model 
for Lakes Michigan, Erie and Ontario cempared with precipitation chemistry 
loading estimates for Lakes Erie and Ontario. Only model estimates are available 

' 

for Lake Michigan d-with the e'XCeption Of the total phosphorus loading (EPA, 
.1975)- r 

. 

'

_ 

_In the UpperGre’at Lakes study (Acres¥ESC 1'9.'75),'comparisc'>.n of mathematical 
model andfprecipitation chemistry loading estimates gave differences forsulphate- 
and. total phosphorus by. a factor of 2 and for total nitrogen byla faCtor of'3. In 
this study, the differencesare for sulphate and total nitrogen by a factor of 2 and 
for total phosphorus by ’a‘ factor of about -4-; "These? comparisons are consistent 
betweenthe: two Studies except that estimates of total phosphorus loadings now 
differ by'a' factor of 4 ins‘teadof' _2. It should be pointed out that inthe Upper 
Great Lakesstudy phosphorus- ldadings estimated from precipitation chemistry 
.were baSed for the most- part onldata for the nongrowing‘ season, to. minimize 
.loCal contaminatiOn-of the samples. iln this study it was nOt possible to usethat 
same' procedure 'beCausea'll theavailable phosphorus data were required to make a 
statistically valid geometricaVera'ge. . 

-

‘ 

In the.previous study,'differ'enc_es in the results from the two methods for some 
heavy metals were'cadmium by a factorof -2, lead by a factor cf lessthan 2, iron 
'by a'WfaCtor, of'jUSt over 2, and nickelby a factor of 73. In this study, for Lake 
Ontario, differences foreadmium are a factor cf 3, fOr'lead a factor of 2, for irOn 
a factor of 4, and. for nickel a factor of 3. Except for iron, thesediffe'rences are 

‘ 

about the same as previously f0und. The cOmparisOn for iron loadi‘ng‘s.is now 
differentby a factor of 4 inStead of 2, and it is not apparent 'why this-should be. 

“ 
It" is noted that "the relatively'low 'iro'n lbading rate" estimated from precipitation 
Chemistry data fOr Lake Ohtario is markedly infenced ’by relatively low iron 
concentrations measured at the.‘CClW precipitation chemistry stations. 

FOrv Lake Erie, the comparisoh ofiheavy metal loading values Calculated by the 
' 

- model with‘ those calculated from precipitation chemistry data is considerably 
mOre erratic. ‘Asnoted ‘in the-footnote to Table 3.5 and as commented-on in the 
accompanying text, the reliability ofthe precipitation chemistry loading estimates 
for Lake Erie wasrestricted due to lack of. data'south‘of the lake. This same . 

restriction applied to' phosphorus loadings.
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PARAMETERS LAKE MICHIGAN LAKE ERIE LAKEONTARIO 
LAKEAREAIO’k 5 8.2 2 5.8 I 9.5 

|05kg/YEAR 

so MM 3 3 0 2 7 0 / 2 0 
4 pc NA / 2 0 0 a 

N MM 4 2 2 9 / 4 
PC NA / 9 2 / 

MM 5 6 4 / 2 / PART' PC NA NA NA 

IOSRg/YEAR 

TP MM 3 5 o I 9 o | | 0 
PC I o o 0* 8 o o 4 a 0 

CO MM I e o o I 2 o o 6 2 0 
PC NA 2 3 o o o 3 2 o o o 

M MM 8 I o 5 5 o 2 9 o 
9 PC NA 6 6 o o 4 I o o 

No MM 5 o o 3 7 o I 9 0 
PC NA I3 0 o o I 9 o o 0 

K MM I 5 o o I I o o 5 5 0 
PC NA 2 2 o o o 3 3 o 0 

Cd MM 4 a 2 5 / a 
PC NA I 5 o 4 5 

Pb MM / / 0 0 6‘ 5 0 4 4 0 
Pc NA 2 2 o o 2 8 0 

Ni MM 7 I 5 o 5 I 

PC NA I 4 o / 9 

Cu MM 5 5 3 2 2 I 

PC NA 3 o 7 2 

Fe MM 5500 4300 2/00 
PC NA 5 9 o o 5 3 0 

NOTE 
MM - MATHEMATICAL MODEL 
PC - PRECIPITATION CHEMISTRY 
NA ' NOT AVAILABLE 
PREFERRED VALUE-e9 220 

WHEN BOTH VALUES OFA PAIR ARE 
MARKED PREFERRED, USE THE LARGER 
ONE TO BE CONSERVATIVE 

US. EPA I975 

LOADING ESTIMATES TABLE 4.I

~
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The large- differences found between the two estimates for calcium, magnesium, 
sodium'and potassium for the Upper Great Lakes again appear in this report for 
the Lower Great Lakes. The model estimates are consistently very low compared 
with the precipitation chemistry estimates; since these elements are common 
constituents of soil, entrainment of soil into the gauges and intothe atmosphere 
as airborne particulates probably accounts for much of the difference. At the 
same time, there is available only limited informationron which-to base a breakdown of 
the percentage componentof these elements in thetotal, particulate ,emis‘sions 
frOm the..an'thropo‘geriic sources used-in the model. Agricultural and natural 
sources: Or transport into the model region are not considered, both. being possible 
"signifiCant sources of these materials, 

4.2 Drainage Basin 
‘Loading Estimates 

The» Great Lakes drainage basin has been divided into 37 subareas, as shown in 

Figure. 4.1.5 Yearly-loadings were calculated from the modelfor each of these 
subareas, using a Thiess'en polygon weighting technique. These loadings, shown in 
Figure 4.1, have been: 'Calculated only fOr those parameters for WhiCh no large 

‘ 

differences were fOund between the model and precipitation Chemistry estimates. 
Since the model results seriodsly underestimate loadings of calcium, magnesium, 
sodium and potassium, .no model estimates have been included for these . 

parameters. Instead, the loading rate contours estimated from precipitation 
chemistry data in-the. Upper Great Lakes study have been added to the Lower 
Great Lakes contours in Figures 3.3 (g) to 3.3 (i) to provide data on drainage area 
loadingrateslfOr these-parameters. ‘

' 

4.3 T ransboundary Movement 

Tables 4.2, 4.3' and 4.4 present the transboundary movement and loading" of 
Lakes Michigan, Erie and Ontario for sulphates, total phosphorus and trace 
metals. 

As Would be eXpec'ted, Lake Michigan loadings are dominated by the large 
v 

American sources to the west and south of the lake. Chicago, Indiana—Cincinnati,- 
St. Louis, Milwaukee, -||linois—lowa andGreen Bay together producev66, 69 and 
63 percent of the .total loading of sulphates, total phosphorus and trace metals 
respeCtiVely. can'adian '50urces'vary. between 'a-high of 10.6 percent in the case of 
sulphate, where the influence Of Sudbury is felt, to a low of 3.1 percentfor trace 
metals. '
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24 \f‘“ 
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,
A 

LOADING I03 km: - loskg/YEAR I I03kg/ YEAR 
ZONE AREA - 504 TOTALN PARTICULATES TOTALP . ca ‘ pb . Fe 

I, 
‘ I36 23 2 ' 5 35 5 I00_ 5I0 

2.‘ 43.3 62 4 I2 90 II 
V 

250 ' I200 
3 20.5 49 ' 3 a 53 7 I I50, 830 
4 I5.I _57 4 9 57 7 I70 - ‘930 
5 I43 69 5 III 62 9 200 II00 
6 I54 I40 5 || 6| 6 I90 Moo 
7 I8.2 I30 6‘ ‘- I4 75 I0 240 I700 
e ‘I.3.I 68 5 ||' 55 6 I90 I700. 
9 ‘T.| 27 3 5 26 4 93 660 

I0 5.3 25 3 5 26' 4 99 990 
II 3.2 2I 2 4 I9 3 '74 740 
I2 5.3» 29 3 5 ‘25. 4 

, 
9 900 

I3 7.9. 45. 4 7 '35 5 I20 II00' 
l4 II.0 76 8_ I3 63 9 -230 2000 

.I5. 6.9 -50 5 a 39 5 I30 IIoo 
I6 9.8 i 65 7 I0 5| 7 I80 I600 
I7 633 '60 7 9 44 6 I50 I500 
|8 I05 93 I0 I3 62 9 220 

_ 
IBOO 

I9 4.I_ 26 ,2 4' I9 3 66, I 470 
20 I7.4 90 I0 I7- I00 I6 370' 3700 
2I I4.e IIo I2_ I9 96 I4 360 3600 
22 ~ 5.0 5| . 5 ' a 39 5 I40 I300 '23 8.| 97 I0 I5 . 70 9 230 2300 
24 23.6 I80 2| 32 I60 2I 530 4800 
25 I5.o. I30 _I6 20 95 I4 360 2200 
26 23.2 I60 20‘ 23 I50 2I 5m 2900 
27 20.4 I60 I9 23 IIIO I3- 440 . 2400. 
23 2I.3 I30. I6 23 I20 I7 430 2300 
29 I2.7 53 7 9 ‘ 55 8 I80 ~ 950 .30 I69 74 8 I3 7I I0 240 I300 
3| 9.0 3I .4 ._ 7 4I 6 I30 680 
32 32.I I00 I3 20 I40' I9 

_ 
390 2000 

33 I62 I'IO I4 . I7 IIo I5 360 I700 
34 I2.7 3'5 4 9 4e 6 I50 780 
35 ‘I3.6 . 27- 3 - 6 33' 5 HO . 

550 
36 I76. 29 _3 6 5|, 6 I30 620' 
'37 2.7 II I 2 I3' 2 44 230 

DRAINAGE BASIN LOADINGS IN I974 ' 

_ 

' 

I amen 
ATMOSPHERIC LOADING. OF.THE LOWER GREAT LAKES»
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For Lake Erie, American sources contribute 89, 9-1 and 97 percent of the 
sulphate, total phosphorus and trace metals, respectively, with the largest 

contribution coming from' Cleveland. The Sarnia and Sudbury sources are the 
largest Canadian contribut’drs of sulphate; Toronto and: Montreal contribute the 
most, phosphorus and“ trace metals. variations according to sOurCe region 
contributions between-the American and Canadian portions of the lake are 
insignificant. ‘ 

T-he Lake-Ontario loadings result, to a ‘much greater extent, from the general' 
industrial activity in the study area as, a whole, and ~are'less dominated by Specific 
tsOees. The Canadian sources contribute 27.5, 20.9 and 6.5 percent of the total 
loading of sulphate, t'ota‘l 'VphOSphorus and trace metals, respectively. Once again, 
the variations'according to, source region contributions between the American and 

' Canadian portions of the lake is insignificant. 

To obtain an estimateof the transb0undary lOadings of the 37 land drainage areas 
_in the Great Lakes basin. (Figure 4.1), the percentage contributions from 
American and Ganadian scurces can betaken as the perCentage contributions to 
the closest lake area. The percentage contributions to the Upper Great Lakes are ' 

reproduced in Appendix 3 from the Acres—ESC 1975 report. 

4.4 Loading Distribution of 
_PolyChlorinated ‘B__i_phenyls 

Substantial.‘effort Was madeto obtain data on emissions of _PCB’s, both in Canada 
and-"the United States. Limited emission. estimates by the Ontario Research 
Foundation were obtained for Southern Ontario, but no specific data were 

’ 

available 'fdr the United States. Model .calculatibns' using emissions data were. not 
possible,“ and fit was decided to Use population statiStics for each major emission 
region'- asv-a'rough indicator of possible-PCB. emission levels on a nonquantified 
basis. Population totals were-compiled for each of. the thirty regional Sources used 
in the model frOmpublished‘population statistics for cities of 25,000 and over. ‘ 

Assuming these population figures are proportional to PCB emissions, the 

‘ 

distribution pattern of PCB loadings shown in Figure 4.2 results.'
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TRANSBOUNDARY LOADINGOF 504'
' 

SOURCE LAKE MICHIGAN 
' 

' 

NORTH SOUTH TOTAL“
‘ 

CHICAGO IO.5 34.9 26.9 
SAGINAW 7.5 3.2 4.7 
DETROIT. 4.4 2.9 3.4 
GREENBAY IO.5 3.0 5.5 

’ ‘D'IULUTH' .6 .2 .3 
MINNEAPOLIS I .9 I .3 I .5 
WISCONSIN 2.I » .4 I .O 
MILWAUKEE 5.3 8.9 7.8 

' ILLINOIS- IOWA 5.5 6.4 6. I 

ST..-LOUIS. 
' 

. 

_ 

'~8.| 
' F 9.7 8.8

K 

‘IINDIANA-CINCINNATI 8.7 12.5. Il‘l 
MICHIGAN 2.8 ' 

.6 I .3 
TOLEDO 5 2.14 I 

.‘2' I.6 

» 

CLEVELAND" 2. 3 2.0 2. I" 

OHIO. ’ 

2.3 2.3 2.3 
PITTSBURGH 4.5 31.4 

’ 3.8 
PENNSYLVANIA I. I o. 7 .9 
WESTERN'_'NEw YORK . I . I . I 

ROCHESTER. . I . I . I 

BUFFALO . .| <. 
I ._I 

AMERICAN .TOTAI. . 8 o .9 9 3 .8 8 9.4 

. TORONTO .4 .6_ 
SUDBURY I |.5 2.9 5.7 
THUNDER‘BAY . I <. I . I 

. 
SAULTw-IST.’ MARIE .4" <. I 

8 
. I 

MONTREAL .I .l .I 
SARNI’A 

‘ 
I.6 I.6 

‘ 

|.6 
NORTHERN ONTARIO- I4 .3' - .7 
SOUTHERN ONTARIO .3 .2. >. 2 

-7 NO'RANDA' 
' 2| .4 IO 

MANITOBA” .7 
‘ 

.‘3 .4 
CANADIAN TOTAL --I 9.I 6.2 IO.6 

’NOTE‘ A 
H j Is

L 

.seara'gcéessmafigfi w 

,

- 

(loekg PERYEAR) IIO . 220 ' 3’30“ 

_* 

’ TABLE 42(0)
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49 

v COMBINED AS SINGLE SOURCE FOR MODEL RUNS -THEN APP 
v- _»T-RAN5.BQVUNDARY LOADING'OF 3'04 ‘ 

ORTIONEDFORITHIS TABLE
‘ 

LAK E' ERIE LAKE ONTARIO 
AMERICAN CANADIAN TOTAL AMERICAN CANADIAN TOTAL 

CHICAGO 
I 

3.2 3.I 73.2 2.9 “2.7 2.8 
'SAGINAw 3.8 3.7 3.8 2.8 2.9 2.9 
DETROIT I09 I08 |O.8 5.7 6.I 5.9 
GREEN BAY-WISCONSIN 

' 

.4 .4 .4_ .5 .5 .5 w 
'DULUT’HT‘ .I .I .I .I .I .| W 

- MINNEAPOLIS .4 .4 .4 .4 .4 .4 I w
I 

MILWAUKEE .7 
. 

.6 .5 .7. -6 .7 W 
ILLINOIS—IOWA l.6I I.5 I.6 I..8 |.6 I.7 IN 
ST. LOUIS 3.2 3.I 3.2 2.9' - 2.8 2.8 
INDIANA-CINCINNATI 5.5 5.2 5.4 3.5 333 3.4 5w 
MICHIGAN .4 .4 .4 .6 .5 .5 w 
TOLEDO 5.9 5.3 5.7 I.8 I.8 -I.8 '53)" 

C-L‘EvELAND 2I.6 23.I 22.2 7.2 7.7 7.5 
OHIO 4.9 5.0 5.0 -5.3_ 4.9 5.I .@ 
PITTSBURGH I I8 I I .6 

I 
I .7 I712 I64 I67 

PENNSYLVANIA 6.6- 6.6 6.6 ' 4.9 .l , 5.0 3Q) 

WESTERN NEw YORK .9 .8 -.9 I .5 I6 ' 

I 

.6. 5w 
ROCHESTER .2 .2 .2 5.25 3.0 -.| 

.

S 

BUFFALO .3 .3 .3 2.0 .2 2.I SVAf 

ALBANY .',I .I . I .7 .5 .6 9E 
PHILADELPHIA I.0 I.O I.O V4.3 3.4 3.8, S" 

NEWYORK .6 .6 .6 2.7 2.I 
V 

2.4 s6 
BOSTON 

‘ . 

s. I <. I <. I" 
. I . I . I SE": 

AMERICAN TOTAL 84.I. 83.9 84.I 74.8: 70.4 72.5 

TORONTO I.6 |.5 I. .8 8.I 7. SUDBURY4.7 4.5 4. 5.7 7.9 6.9 
THuNDER 8-AY* . I 

.I’ .I <. I <.I <. I 

. EAST SUPERIOR .2 .2 .2 .8 .5 .7 

MONTREAL .2 .2 ,2 I.I .8 IO" 
'sAR'NIAJ 752. 7.9 7.4 3.5 3.9 3.7

‘ 

SOUTHE-‘R'N'ONTARIO 
' 

.9. .8 .9 5.5 6.2 I 5.7 
NOR‘ANDA 

' 

.|.| -I.0 I.I 2.8 2.2 2.5
‘ 

"'CAN'ADIANT0TAL 45.91 I6.I I-5.9 25.2" 29.6 i275 
V'NOTE‘V. - 

Sgfii'E‘ESEESIiRES-EEJEEESEEFN°§§TAGES' - ; - 

. . 

~ v 

; 

(loskq'EERYEAR) I 
* 

' 

' I4“? ; 
' I23 5 270. . 

~ I 5"? '63 I20 

--_-'|_’ABLE 42(5)
"0
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SOURCE ‘ LAKE MICHIGAN 
, . NORTH I - SOUTH 

‘ 

' TOTAL 

CHICAGO 1839 4 3. 3 34.6 
SAGINAW 3.2 |.. 4 2. | 

DETROIT 3. 5 2. 2 2. 7 
GREEN BAY IO.7 3.7 6.2 . 

DULUTH 3.4 I.6 2.3 
MINNEAPOLIS 2. 2 I .6 | .9 
WISCONSIN 

' 

5.6 I .2 2.8 
MILWAUKEE 6.8 B. I 7.6 
ILLINOIS-IOWA‘ 3.4 3_. 3_2 

.sT. LOUIS 5.7 6.6 6.3 
INDIANA-CINCINNATI 9.4 I2.2 II .I 

MICHIGAN 4. 6 .8 2. I 

TOLEDO 3.2. I.7 
‘ 2.2 * 

CLEVELAND 
‘ 

2.5 ' 2.3 2.4 
OHIO" . 2.8 3.0 2.9 
PITTSBURGH I4 I .2 I .3 
PENNSYLVANIA I. I .8 .9 
WESTERN NEW YORK .2 I I

. 

ROCHESTER “ 
.2 ’ 

. 2 .2 
‘ BUFFALO .2 .3 .3 
AMERICANTOTAL 89.0' 95.4 93.2. 

TORONTO - 

> 

’ I‘.4’ '.8 LB 
SUDB'URY I 

' 

I .O I .3 .5 
' THUNDER BAY .7 .2 .4 
'SAULT S_T.- MARIE . 

I . 9 .2 .8 
MONTREAL. 

_ 

.6 I. I .9 
SARNIA 

I 

‘ <. 
I 

< 
I 

<. 'l 

NORTHERN ONTARIO 
’ 

..2 < 
I <_. I 

SOUTHERN ONTARIO .. 6 . 3 .. 4 
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-
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SOURCE _ ; 

- » . 

- 

. LAKE ERIE . LAKE ONTARIO 
__ V 

I 
, 

~ 
I 

AMERICAN CANADIAN TOTAL 7_ _AMgRICAN'CANAp1AN TOTAL 
61410460 

' ' ' H -'”10.1 I 

10.0' 10.1 ' ' 

8.1 8.1”" '78.1 
s'AOI'NAw 

, 

T 

‘ 2.2 2.2 2.2“ 1.6 1.8. 1.7 
DETR‘OIT . 6.8 6.7. 6.7 4.9 

' 

4.9 4.9 
GIREENBAY -w1sc0Ns_1N_ 2.0 2. O; 2.0 2.0 |.8 . 1.9. 

DULUTH? - 1.0- . .9 .9 .9 .9 .9 

M1NN6‘APOL16 ' 1.0" .9 .9 .9 
' .9” .9 

MILWAUKEE 
‘ 

1.8 1.9 1.8, 1.6 |;6 1.6 
'ILLINOlS-IOWA 

‘ 

” ’ 

5 

1.8 1.7 148 1.6 1.6" 1.6. 

6T1. 1.70015 * 3.7 31.6 3.6, 7.2.7 --2.7' 217; 
lNDlA‘NA-C'tNCINNATT- .- 8.6. 8.7 8.6 530' 

, 

5.2 
' 

'511
_ 

MICHIGAN- 
' 

.71 .7 .7 
g 

11.1 1.1 1.1 

TOLEDO L 

' 

.- - 6.9 6.4 6.6 2.9 
. 

3.0 3.0“ 
VCLE‘VELAND‘ 

_ 

' 

‘ '211.4 22.9 22.2 8.1 . 

9.21 
' 

8.5 
_: 

‘ 

OHIO ’, 
' 7.2" .7.5 7.4- _7.0. 7.0 7.0

. 

PITT‘SBURGH.‘ ’ 

I _ ‘ 

4.0 3.8 3.9 I 5.4 5.4 “ 5.4
_ 

PENNSYLVANIA " ‘ 6.3 36; 1. 
' 

. 6.3, 
I 

‘,_4...7 '5.2. 5.0
‘ 

WESTERN-NEW-XORK .9; .9 .‘9 
. 

_ 

1 .4, 1.6 “1 .5 1 
‘ ROCHESTER .4 .5 .4 25.0 3.2 4.0

' 

BUFFALO .9 ‘.8 K8 
_ 

4.7 5.2 5.0 
I'ALBANIY. .5 .5 .5 1.8 1.3 15" 
.P'qH'ILA'DEL'PHIA 

' 

’ 1.5 1.4 " 1.4, 4.3 3.8 4T1" 

‘N'E'WYORK. 
1 

. 

- 
'- 1.1 1.2 1.1 .6_ ‘.1 3.4 

BOSTON? 
5 

’ 

<_.1 5.1 <.1 .‘2 .2 .2 

AMERICAN TOTAL - 

. 

i 
90.8 1 [91.3 90.8 79.571 

' 

78.8_. 79.1
‘ 

TORONTO . 

' 

, 2.4 2.3 
. 

2.4 6.3 8.3‘ 
" 

7.3 
SUDBURY 

' 

'.6 
' 

.6 .6 
T \5 .7 '5 

THUNDER 8AY*. .3 .2 
I 

.3 4 .4 4 19,4 

EAST-SUPERIOR 
_ 

.2. .1 .2 5 .4 5 mar” 

MONTREAL- " 
1 

3 

'39 3.9 . 3:9 11 2 9.0 IOO 
I

' 

'SARNIA 
I 

. 

VHT.4_'.3 .4.- 2 .2 2 

SOUTHERN ONTARIO > 15.1 
' 

1.0 1 

1" 
1 4 1.8' 1.6‘ 

NORANDA- 
> 

. j 
‘_ 

I 
. 

.3' 5 1.4 
I 

.4 
'

' 

'CANAO/aANTOTALITQ-':-‘ .-'9.2; . 8.7 9 20 5 ,21.2_' 20.9 

NOTE 
I 

I 

. -. 
ILOADINGS ARE PRESENTED AS PERCENTAGES ‘» - 

fiésTKZEPE%L¢€X”AN1°T°T““L°A°'-”93-. '104'5 ,86 
‘- 

190 1 .55 55 f 110.“ 
- * COMBINED AS SINGLE SOURCE FOR MODEL RUNS— THEN 'APPORTIONED FOR THIS TABLE 
‘TRANSBOUNDARY LOADING OF’TOTAL' PHOSPHORUS'T‘ : 

. 
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SOURCE LAKE MICHIGAN 
NORTH. SOUTH TOTAL 

CHICAGO I2..T '3 I.I 24.5 
SAGINAw 6.8 3.I 4:5 

I DETROIT 5. I 3.4 40.0 

GREEN-BAY 7. 8 2. 9 4. 7 

DULUTH .l .3 .6 .9 

MINNEAPOLIS - 

‘ 2.3 |.7 |.9 
WISCONSIN 2 .4 .5 I .2 
MILWAUKEE 5.I v 6.5 5.9 
ILLINOIS .-IOWA 3 .8 3. 8 3. 8' 

ST.” LOUIS 7 . .6 9‘. 3' 8 
'. 6 

1' 

INDIANA—CINCINNATI I2.2' l6.7’ I52 
MICHIGAN. 7.'I 

, 

I.4 ' 3.5 , 

TOLEDO" 4.9 2.7 ‘ 

3.5 
.CL‘fi-V‘ELA‘ND 

' 3.6 3.4 “ 3.5 
‘IOHIO. 

' 

4.9 5.5' 5.3 
PITTSBURGH 3. e. 3. O .312 
PENNSYLVANIA 2. 3 I. 8 2.0 
WESTERN-NEW YORK .2 .3 .2 

ROCHESTER . 3 .3 -. 3 

BUFFALO 
_ 

.3 '.2*' .2. 

AMERICAN TOTAL 
' 

9.4. 3 - 59 8. 3 * 9.6. 9 . 

TORONTO .4 .3 
' 

.3 

_ 
'S'UOBURY ,. 

6- 
. I .3 

THUNDER BAY .4 . I .. 2 
SAULT' ST. MARIE 2.6 .3 . I.2 
MONTREAL 1 

. I .3 .2 

SARNIA. 
‘ 

. I 

I. 
I . I 

NORTHERN ONTARIO .4 . I 
r .2 

SOUTHERN ONTARIO '. 5 . . 3 .3 

“NORANOA 
' 

.24 <. I' 
. I 

MANITOBA. 
‘ 

.4- . I .2 
' 

CANADIAN TO-TAL i 5.7 I .7 3. I. 

. 

'NOTE‘ALQADINLGSJ'DIRE PRESENTEDAS PERCENTAGE OF THE FOLLOW|NG TOTAI. LOADINOS - 

'

_ -lIm3mPERflgRN'L,‘ 
, 

2500 4300 . 

_ 

6800 
' 

‘ I 

I. ‘CONSTITUENT «Ee Pb . 

".Ni'“ ‘Cu 
.. cd 

.% OF TOTAL, : ‘.80.9'_ I86“ ' 

-I.o-. :8 I '_.7 

I 
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SOURCE LAKE ERIE LAKE ONTARIO
I 

, _ _ 
V AMERICAN. CANADIAN TOTAL . AMERICAN CANADIAN “TOTAL. 

CHICAGO ‘ 5.2 5.1 5.2 4.8 
‘ 

4.7 4.8 
SAGINAW v 3.6 3.6 3.6 2.9 3.1 3.1 
DETROIT 7.5 7.2 7.3 5.9 6.4 6.2 
GREEN BAY .-WISCON,SIN .9. .9 .9 1.0 1.0 1.0 
DULUTH“ .3 .3 .3 .4 4 .4 
MINNEAPOLIS .7. .7 .7 .7 7 .7 

MILWAUKEE 
\ 

1.1 1.0 1.0 1.1 1.1 1.1 
ILLINOIS—IOWA 

' 

|.6_ 1.5' 1.6 1.7 1.6 1.6 
» 

s,_T..LO,uIs 3.7 .6 3.6 2.9 3.0 3.0 
INDIANA-CINCINNATI 8. 6 .5 .6. 5.5 5.8 5.7 
MICHIGAN .9. .9 '.9‘ 1.7. 1.4 1.6 
TOLEDO 7.9 7.4 7.8‘ 3 9 ' 4.1 4.0 

_ 

CLEVELAND 
1 

23.3 24.6 23.8 9.9 11.1 10.5 
_OH10". 

» 

' 

9.7 9.9 9.8 10.7 10.5 10.5 
PITT'S‘QBURGH 7.4 7.3 7.4. 11.4 

. 

11.3 11.3 
PENNSYLVANIA. 9.9 9.9 9.9 8.5 9.2 8.9 
WESTERN NEW YORK v 1.3 1.3» 1.3 2-3 2.6 2.4 
ROCHESTER .4 .4 .4. 5.8 3.6 4.7 
BUFFALO .6 .6 .6 3.7 4.2 3.9 
ALBANY .1 .1 .1 .5 .4 .4 
RHILAOELPI-NA ' 1.5 1.4, 1.4 4.8 4.2 .5 
NEW-YORK, .9 .9' .9 3.3 .2.8 3.0 
BOSTON y . 

-' '<.1 .<£.1 <.1 .2- .2 .2 
AMERICAN TOTAL - 97.1 . 97.1 97.1 93.6 93.4 93.5 

TORONTO - 

I 

.5 
' 

.5- 
A 

.5 1.6 2.1 1.9 
s-auRY ‘ 

’ 

2 3 
_ 

3' 

'THuNOER 8AY* . 
-. .I .1. .1 

_ 

' .11 ..1 .1 

EAsT SUPERIOR ' .2 2 
’ 

.2 .8 .5 .6 

MONTREAL ..7. 7 .7 2.3 1.9 2.1 
.ISARNIA- 

‘ 

.3 3 .3 .2 ;.2 ".2- 

SOUTHERN ONTARIO I7 .7 .7 1.0 1 .3 1. 1 

NORANOA 
' 

, 

.1 
. 

..1 . .1 .2 .2 .2 
' 

CANADIAN TOTAL . 2,9. 2.9 2.9 " 6. 4‘ . 6.6 6.5. 
. NOTE: L0A01N69ARE PRE-SENTEO'AS PERCENT/ICES OE-THE FOLLOWING TOTAL LOADINGS 

’ 

,
‘ 

I 

(I03kg PER-YEAR) 
‘ 

. 2700 2300‘ I" 5000* -. . 1300 ~ ' 1,300 1 2600 
I 

‘ 

" " " CONSTITUENT. 'Ee‘ '1 .‘Rb 
' 

N; I .011. cd. . 

. . °/o‘0F TOTAL 8325 .142 .1.-3. 
" 

.7 .6 
‘ 

:41“ COMBINED AS SINGLE SOURCE FORMODEQ RUNS -THEN'-APPIORTIIONED_ T‘HIS TABLE ‘- 

TRANSBOUNOARY LOADING OF-"TRACE METALS . 

= 

‘ 

-P_meLI-.»4.41p1
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5 PROJECTIONS To THE YEAR 2000 

5.1 
' 

Industrial Growth Rates 

The happenings of the last- 4 .years have made energy demand forecasting difficult 
in both Canada and the United States. The potential for massive intervention of 
government in the energy situation, the problem of large price increases for 
energy, arid the impaCt of environmental restrictions have created doubtsa's to the 
validity of the indicators traditionally used in projecting patterns of energy 
consumption. ' 

, 
.

J 

At, least. through .1985, however, Canada and the United,.States' are basically 
committed.tovpresent-ipatterns of. energiOnsumption becaUse of the long time 
lags involved inchahging our'industri’al syStem, our transportation system, and 
ultimately our wa'y'of |ife."Aft'er' 1985, options can be developed which will allow 

' 

the altering~of present energy consumption patterns. Successful developmeht- Of 
those options will demand new teChnologies in the. supply and use of energy 
sources, in‘ew emission controlmethods, and heightened awareness and practice of 
energy conservation. Meanwhile-it is necessary to forecast economic developments 

, 
based on the best‘ information available. 

The summary of' annual .growth rates presented in Table 5.1 is based on many 
references and-reflects the best judgments of its participants. A principal reference 
has been the document United States Energy Through the Year 2000 (revised) 
publishedfjn December 19:75 by thei US. Bureau of Mines, Department of, the 
Interior, arid coauthored by 'Walter G. 'Dupree, Jr. and John S. Corsentino. Mr. 
Dupree' was contacted personally and provided new insights to that document 

, which have been incorporated into our projeCtions. 
V

, 

Table 15.1 summarizes the animal growth rates to year 2000.infuel consumption 
as_discussed in .Subsu'bsection" 5.1.1., as-iwell as growth rates for transpOrtation, 
incineration and for. thOse industrial processes that are major‘sources of air 

pollutant emissions',. i.e. production of primary metals, mineral products and ’ 

petroleum. These categories combined“ account for about 90 percent of total 
emissions'in most of the regional emissionsources shown in Figme' 2.2 and are 
discussed in SubsubSection 5.1.2. 

in .the'tablesto follow, units have been converted-to SI but are Consistent with 
the above reference documents; 

‘ 
’ '

*
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T-ABLE 5.1 

PERCENT ANNUAL GROWTH RATES 
TO THE YEAR 2000 

Fuel Consumption 

Coal 
Petroleum 

' 

Natural gas 

InduStrial Production 

1 Primary metals 
Mineral products 
Petroleum 

Transportation Fuel 

Incineration of Waste 

United 
States 

3.8 
1.6 

3.0 
‘ 4.5 
1.6 

2.2 

(flag: 
(Ontario) 

3.8 
1.6 

4.0 
4.5 
1.6 

2.5 

1.5 
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5.1.1 Fuel Consumption 

The forecast growth rates for the United States fuel consumption are 

‘ 

based on the Bureau -of Mines document updated by‘ Mr. Dupree’s 
comments. The gross energy consumption is forecast to grow from 73,121 
x. 1012 Btu in .1974 to. 163,430 x 101.2 Btu in 2000._The portion that is 

obtained from coal, petroleum and natural‘gas is displayed in Table 5.2. 
The same growth rates in the consumption of theSe fuels have been 
assumed for».Car-iada. ‘ 

As a percentage of the total energy consumption, these fuels will reduce 
, 
from 94.2.in"1974 to 64.6 in 2000, with natural gas reducing frOm 30.4 
percent to 12.0 perCe'nt, petroleum reducing from 45.8 to 31.3 percent, 
,and Coal increasing from 18.0 to 21.3 percent. 

The Bureau of Mines original forecast for the year 2000 expected that the 
total “installed. eleCtri'c'al generating capacity of 1,887,000 Mw would 
_inclUde 900,000 Mw ofInuclear-fueled plants._ Most-recently, the nuclear ' 

capacity in year 2000 is seen to be only 650,000 Mw. The differenCe, if 

demand in the electriCal energy sector achieVes the total forecast, must be 
made up by fossil-fueled plants—much of which will- be‘ Coal fired. 

However, _in making the atmospheric loading prOjections the earlier 
estimateof nuclear- energy growth was used. 

5.1.2 Industrial Processes 

The forecast grOwth rate for production of primary metals andmineral 
products in the United States was obtained by extrapolating data in the 
united States Department of Commerce, Statistical Abstract of the United- 
States,‘ 7975, Production levels have varied widely over the past 20 years 

' asa« funCtion of._ general economic activity and correlate fairly closely to 
the forecast of general economic growth in” the United States. The annual 
growth rates are 3.0 percent and 4.5 percent respectively. 

' ‘ 

. ln ca’nada, annual'growth rates of 4.0 percent for primary metals 
production and 4.5' percent fer mineral products have beenused. The 
growth rate' for primary: metals was arrived at following discussions-on 
data available at CClW which suggestia higher growth rate than that in the 
United States. Production of Canadian mineral products is expected to 
follow the United States. '

'
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TABLE 5.2 

UNITED STATES FUEL CONSUMPTION 
PRESENT AND PROJECTED (101tu) 

1974 

Household and commercial 
lndustrial 
Transportation 
Electric generation 
Synthetic gas 
Synthetic liquids 

TOTA LS 

2000 

Household and commercial 
Industrial 
Transportation 
Electric generation 
Synthetic gas 
Synthetic liquids 

TOTA LS 

Annual growth rate 
(percent) 

Coal 

291 
4,208 

8,668~ 
13,169 ~~ 
5,910 

20,700 
6,000 
2,140 

34,750 ~~ 
3.8 

Data from Dupree and Corsentino, 1975 

Petroleum 

6,390 
6,044 
17,608 
3,448~ 

33,490 ~~ 
7,960 
10,370 
28,170 
4,700~ 

51,200 ~~ 
1.6 

—57 

Natural Gas 

7,116 
11,129 

664 
3,328~ 

22,237 ~~ 
9,000 
9,000 
600 

1,000~ 
19,600~~
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' The 1.6 percent anuual growth in the petroleum industry has beenvbased 
on the total‘ United States petroleum consumption indicated in Table 5.2, 
which was assumed to apply equally in canada.

‘ 

5.1.3 Transportation 

Table 5.3 from the Bureau of Mines study shows that energy input to the 
United States ,transportation'sectOr would increase ‘at a 2:2 percentannual 

. rategand that the- petroleum share lofthe 'market Would increase from 96.3 
percent; to 97.8 percent. Meanwhile,“ the 'traJnspOrtation energy 
.-consumpti0n as a percentage of gross energy consumption wqu'ld fall from 
25.0 percent to 19.7 percent. ‘ 

- 

* 

. 

> 

'

' 

Altho_Ugh‘ the 2.2 percent growthamay be high because of recently 
legislated mileage Standards for. the United States auto fleet entering 
service by the. 1980’s, it_does incorporate an overall trend to the use Of 
smaller. and more; efficient aUtom'obiles..' 

, 

I " 

Given thefh'igher population'annual. growth rate forecast in Canada (See 
.Subsu‘bsec‘tion 5.1.4),_ the growth in energy consumption by the 
transportation sector was assumed to exceed that of the United States, viz, 
2.5 percent versus 2.2 

. 

percent. 

5.1.4 “incineration 
1’ 

The Bureau of Mines forecast of annual population growth rate is 0.9 
:perCeht: for the entire United-States; Based on data available at CCIW on 
population projections in! the ‘Great' Lakesbasin, this rate was‘adjusted to 
0.8 ,'percent.. The 1.3 percent forecast of annual Canadian population 
grOwth. was based on the StatiStics Canada Population Projection B and 

' the GOvernment- Of 0ntario' Provincial Planning ‘DoCument (T-ElGA 1976). 
This, combined with studies by CCIW, indicates a 1.4 percent growth rate 
in the Canadian portion of the Great Lakes basin. v 

The growth in incineration. was assumed to follow population growth in 

. both the United Statesand Canada. A factor of.0.1 percent was then 
added to reflect current trends to greater yields of refuseper individual in 

- the population and trends to increased refuse burning'in urban areas. This
' 

aforecast'is very sensitive to achievements in conservation and recycling of 
iv -mat_erials.-, , 

'

'
»
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TABLE 5.3 ' 

TRANSPORTATION» SECTOR 

Liquid HydrOCarbons* 

106 ~b 

_ Natural Gas 

109 cf" _' 

y

‘ 

Percentage of total energy 

"‘ 
Electricity Purchases 

1.09 kwh 
Percentage of total energy 

Total sectOr energy 
inputs’ (1012' Btu) 

Percentage of national total 

*lncludes all synthetics from tar sands, shale, coal, etc. 

Percentage of total energy 

1974 

3,274.7 
96.3 

650 - 

3.6 

18,290 

25.0 

-‘59 

Annual 
2000 Growth 

' 

(percent) 

5,708 2.2 
97.8 ' 

580 ' -.4 

1.9 

'28 ' 

9.0 
0.3 

32,200 2.2 

19.7
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low-sulphur coals. 
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5.2 
_ 

Sulphur Oxides — 
ContrOl Technology 

Sulphur oxides are fOrmed during combustion of sulphur-containing fuels, by 
industrial processing of minerals, ores .or other sulphur-bearing raw materials and 

_ 
by natural discharges such as volcanic action. By far the largest amount is 

generated by combustion processes as 802. _ 

y‘ 

n

\ 

:|n recent years there has been a trend to reduction of $02 emissions by use of- 
low-sulphur fuels including natural gas, light oils, selected residual oils,as well as 

n 

I 

\. . 

Because of the concern over available reserves ofiliquid fuels and natural gas, itVis 

eXpected that many- future large combustion sources will use coal, and that some- 
existing plants will convert to coal. This trend is apparent in the fuel consumption 
growth rates shown in Table 5.2. ‘ 

' ' 

_ 

Surveys conducted by-EPA (Ponder, 1976)‘ indicate that only about'_50 perCent of 
the coals used in‘ utility type combustion systems are of the low-sulphur type. In 

addition to fuel economics, other factors mitigate against the use offlow-sulphur 
,coal, such as ,

' 

‘-— |Ow heat‘value of the coal 

_ -I increased hardness requiring a different approach to milling 

' 

.— 
' 

different requirements of combustion volume and heat release within the- 
.fu rnace’ 

— 
_ 

high. ash Content. 

-It can be eXpected,. therefore, that the~growth in demand fOr electrical energy to 
the year 2000 will increasingly be met by coal-fired steam electric generating 
stations, utilizing a range of sulphur content coals. l-t issanticipated that by 1980 

j , less thanf50, percent of all coal used -will be of the low-sulphur type. This in ,turn 
.will require removal of sulphur either from the fuel or combustion gases _in an 
effort to maintain ambient air quality standards,

\
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A variety of approaches to SOz-emissions control has been investigated and are 
still being developed. The most common are . 

' 4 physical cleaning of coal .1 

—- - flue gas cleaning 

— coal gasification- 

_ I. 

V 

coal-liquefactiOn 

-__v 
‘ 

liquidiZed becmbustion." 

Physical cleaning lofgcoal removes: only pyrites, at best representing 60 to 75 
percent fof- the'sulphurcontent. The remaining sulphur is in organic fOrm and 
requireslchemic'al- processing. ‘ 

’ (\ 

Flue gas cleaning s'yst'ems-hiStorically have had high operating costs and high 
maintenance requirements, although some improvements have been made during 
the' past” decade', resultingin a number of systems in the pilot plant stage at 
present. It is expected that existing pilot plants will be available for commercial 
testing by 1980__vand‘for full-'scale application by 1986.'Systems at present being 
developed include 

I 

- 

- 

- 

‘ 

' 
' ' 

.- 

' 

limestone ‘injeCtiOn with ya sulphur‘collection efficiency of 40 to 60 
percent 

‘

. 

—+ limestone injection followed by wet scrubbing with aISUlphur collection 
‘ 

efficiency of 80 to 90 percent ‘

' 

V—V all<alized alumina. sorption with a sulphur collection efficiency ‘of 
' 

approximately 90 percent . 

'—'- catalytic oxidation With'a’ sulphur collection-efficiency of approximately 
90 percent. 

V 
I 

. 

‘ 

‘ 

7 

-
' 

"Coal gasification' has reached commercial feasibility. A number of plants are in 
operationWith sulphur removal efficiencypf approximately 95' percent, but much 
larger plants Would be required to meet (a significantvportion of the energy 
demand 7with‘ this‘fuel.‘ - - 

‘ ‘ 

- 1 

Coal 'liquefaction under'_development3at present might be expected. toreach 
commerCial-feasibility by' 1986. 

g 
V 

' _' '
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Fluidized bed Combustion systemsat present offer the most economical approach 
to $02 emissions control _for new installations. Pilot plant operations are under 
study with full-scale testing anticipated by '1980. This would likely provide a 
commerCial‘system by 1986. 

I

v 

Other means of._502 emissions control include selective blending of liquid fuels. 

The more; economically priced residual oils normally contain an average of 2, 
percent sulphur. Blending with oil _fr‘Om low-sulphur wells or light distillates will 
lower that conCentration, although at incre'aSed cost. 

Without prejudging which. approachles) may ultimately. be adopted, we have 
postulated for purpOSes of: model illustrationthat a 50 percent reduction ’in $02 
emissions will be achieved in 1985 by retrOfitting all plants in‘service at that time”, 
and that an 80 percent reductiOn will be :achieved for all new sources installed 
between 1986 and ,2000.- ‘ ' 

5.3 Projected Growth of $02 
and‘:Particulates ‘ 

The follo'wing‘procedures were used for estimating the emissions to the 
atmOsp'h'ere‘. of $02. and particulates in the year 2000 as input to the, 
mathematical model.» Three Specific'situkations were considered. 

Case I- Projected increases in emissions IaSSuming no full-scale 302 controls. 

Case ll PrOjeCted increases in emissions-assuming full-scale 802 controls. 

Case lll Projected increases in emissions assuming that. all electric generation 
after 1985 will result frOm coal-fired plants. 302' controls are the same 
as’Case l-l. 

5.3.1 Case I 
—_' No Removal of so2 

As indicated in "the Upper Great Lakes reportuAcres—ESC 1975, the 
emission data; for each air .qualityi‘regionlare‘subdivided into fuel 

I‘ 

_ 
cOmbustion,-‘ ‘i'ndUst'rial- processes; transportation ‘and solid wastes 
(incineration) emissions. These in turn we'relgroupedyinto large areasource 

'_ 

' regions‘iinco'rporating as many as seven :air quality ‘contrOI regions (AQCR). 
‘ The-total emissions in the year 2000 are» calculatedby multiplying the 
1974 lemiSSio‘ns in each . category by .the appropriate grth ffactor

. 

'determined‘fromxthe annual grth' ratespreviously presented in-Table
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GFi 25 . . 

Emission (2000) = 1+ x EmISSIon (1974) 

Where GR is the growth rate from Table 5.1. 

This procedure has been illustrated in Table 5.4 for the Chicago area 
source. 

The industrial process Category consists of-many industries, each exhibiting 
a different growth rate. Hewever, of these, the primary metals, mineral 
products and petroleum industries produce the majority of the 
atmospheric emissions of $02 and particulates. In the case of Chicago, '80

( 

percent of‘the $02 and over 90 percent of theparticulates emitted from 
-all' industrial processes” come from thesent'hre'e categories. The grOwth 
factOr'indicated' in Table 5.4 for industrial proceSSes is based' On .a 
weighted average. of the growth rates for these three industries as 
illustrated in Table‘5.5. \

' 

The only: exceptions to theprocedure described above arethe single 
industrial sources of WaWa and Noranda which-were assumed to remain 
constantthro’ugh to the year 2000. "It was assumed‘tha't the Sudbury 
sources will. camplywith Ontario Ministry of the Environment Amending 
ContrOI Orders and that the $02 emissidns will decrease to approximately 
30 percent of the 1974 level. - 

5.3.2 Case. ll — so2 Removal 

The following assumptions concerning the level of 802 controls to the 
year. 2000 have been based on the conclusions preSented in SUbsection 
5.2. 

' ' 

' ‘ 

(a) Control technology will apply only to that portion of emissions. 
resulting from industrial processes and the combustion Of coal and 
petroleum. 

(b) All growth to the- year ‘1985 will be retrofitted With control 
equipment having a 50 percent recovery efficiency. 

'

- 

(c) All new installations after 1985 will be fitted with; new control 
f equipment having an 80 percent recovery efficiency.
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TABLE 5.4 

.EM'ISSION BREAKDOWN FOR THE 
SOURCE REGION OF CHICAGO 
(10-3 tons per Year) 

SC’2 
.. 

Fuel Combustion, 
Coal; 
Petroleum ' 

Natural gas 

Industrial 
' 

processes 

Transportation 

Solid wastes 
(Incineration) 

Scurce Totals 

Particulate 

V 

Fuel CombustiOn 
Coal 
.Petrolleum 
Nat'u ral gas 

lndu strial processes 

TranspOrtation 

Solid wastes
_ 

(Incineration) 

Source Totals 

I 

*See Table 5.5.

~ ~~ 

~ ~~

~ ~~
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. Growth 
,V 

Air Quality Control 'Regrions 1974 Factor; 2000 
91 '73 '82- ' 

69.3.0181 53.9 18.8 151.6 935.4 (2.64) 2,469.5 
137.6“ 1.‘2',_ 2.3 3.5 6.5 151.6 (1.53) 231.9 

' 

1.9 0.09 0.0 0.0 0.0“ 1.9 (.88) 1.7 

137.6 7.8 0.0 0.0 0.0 
' 

145.4 (1.73)* 251.5 

19.2 0.7 1.4 1.5 3.0 25.8 (1.76) 45.4 

3.9 0.1 0.2 0.1 0.2 4.5 (1.26) 5.7 

1,264.6 3,005.7 

12675.8 149' 10.8 54.2 212.4 (2.64) 560.7 
13.0 0.3. 0.6 0.8 1.3 16.0 (1.53) 924.5 
4.1 0.1 0.3 0.2 0.3 5.0 (.88) 4.4 

258.9 33.0 3.7 21.6' 8.0 325.2 (2.75)* 894.3 

28.3 1.3 2.6 2.8 5.2 40.2 (1.76) 70.8 

33.6 1.2 2.1 1.5 1.9 40.3 (1.26) 50.8 

639.1 1,605.5~~



l 

TABLE 5.5” 

INDUSTRIAL PROCESS EMISSION BREAKDOWN ' 

FOR THE SOURCE REGION OF CHICAGO 
(103 tons per year) 

802 
Primary metals 
Mineral products 
Petroleum 

Weighted growth rate 

Equivalent growth 
factor to year 2000 

Particulate 
Primary metals 
Mineral products 
Petroleum 

Weighted growth rate 

Equivalent growth 
factorto year 2000 ' 

~ ~ ~ 

~ ~ 
(1.03973)26 ' 

. 2.75

~ 

—— 65 

Air Quality Control Regions , . 
Total 

97; '21. a 91 9.2. 

19.3 '— — — — 19.3 
5.8 6.3 - 

g 

- — 12.1 
84.5 

; 

- — — — 84.5 

115.9 

'1973 x3.0 + 12111 x4.5 + (.845 x 1.6)= 2.135 
115.9 115.9 115.9 

(1.02135)26 
1.73 

Air Quality Control Regio_ns . Total a ‘ 

Z1. - 29 91. 92.
' 

87.7 
I 

- 1.9 1.2 2.2 93.0 
150.3 32.3 . 1.8 11.3 3.8 199.5 

6.0 — — — 0.2V 6.2 

298.7 
' 

93.0 199.5 6.2 + ‘ + : 
(298.7 x30) (298.7 x4.5) (2987 x15) 3.973
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The Bureau of Mines report, cited in Subsection 5.1, contains data on the 
increase in fuel combustion to the year 1985. These data were used to 
produce the following growth factors. For coal combustion thé“grth 
factors from 1974 to 1985 and 1986 to 2000 are 1.614 and 1.635 
respectively. For petroleum combustiOn these growth faCtors become 
1.362 and 1.122. '

' 

The ,groyvth factors that apply to industrial processes have been. based on a 
Uniform growth rate. For example, the estimated growth rate fer Chicago 
based on the industrial breakddwn' presented in Table 5.5 is 2.135 percent 
per year. 

' ' 

Therefore, 
the-growth factor 
from 1974 to1985 11.02135)“ 

.= 1.26 

Similarly, 
V

‘ 

the growth factor 
from. 1.98510 2000 (1.02135)15 

= 1.37 

and 
the combined. grth 
factor from 1974 to 
2000 . 

_ 

= 1.26 x 1.37 
‘ 

‘ = 1.73 

as indicated in Table 5.4. 

Using" these growth factorspthe $02 emissions for the year 2000 Were 
calCulated as follows. - ‘

‘ 

Assuming a 50 percent efficiency on retrofits to the year 1985 and 80 
percent efficiency on new' installations after 1985, the emissions in 2000 
are ‘ 

20 
_ 
fix ‘{ [Emission (1985) x B] — Emission (1985)} Emission (2000) = 

{1.3%} {Emission 11985)}
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where 
B is the growth factor from .1985 to 2000. 

But,’ ' 

Emission (1985) = A‘x Emission (1974) 

where 
_ 

.

- 

A is the growth factor from 1974 to 1985.' 

Therefore; . 

I 

. 

, . 

V

- 

Emission (2000) = 
{ 

A +[—A—_)%1—)]'IXEmiSSion (1974) 

V 
Based On this equation the growth factors appropriate for the Chicago 
emissions _of 802 ih the year 2000 are

~ ' 

1,614 r 1.635% coal 
. 

_ =1: .2. +1._614 x 

1.01-2l

~ 
_ 1,362 1.3.62 

x‘ 
(1.122 —, 1) petroleum —. 

r: 
+. .. 

._ 

» 
> 2 . 

.5 

= 3.714
' 

and . 
i 

'

- 

.. i . . _ 1,26 1,.37.—.1 
’ 

[1 

Industrial processes - [ 2- 
+ 1-26 X ‘ 

’= 
.723 

The- growth factors for all other emissions are the same as for the 
uncontrolled case.

'
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5.3.3 Case Ill — No Increase in 
Nuclear Plants After 1985 

As indicated in Subsection 5.1, the most variable aspect of forecasts 
relating to coal combustion is the uncertainty in the electric generation 
sector as to the use of nuclear power plants. Case I“ assumes the extreme - 

condition in which all new thermal electric generation after 1985 is 

produced by coal-fired plants. The nuclear energy estimates from the‘ 

Bureau of Mines report were converted to coal consumption assuming a 33 
percent conversion efficiency for nuclear plants and a 40 percent 
conversion efficiency for fossil-fueled plants. When this additional 
consumption is added to the previously calculated coal growth factor, the 
modified growth factor from 1985 to 2000 is 2.978. This represents an 
annual growth rate during this period of 7.5 percent. 

Since the assumptions concerning 802 control levels are identical to those 
used in Case H, the final $02 emissions from coal combustion can be 
calculated from the equation 

Emission (2000) = + [A X (g 
- 1) 

2 ]}x Emission (1974) 

where 
A is the growth factor from 1974 to 1985 

and 
C is the modified growth factor indicated above. 

All other emission categories are the same as those used in Case II. 

5.4 Projected Loadings 

The projected loadings of particulates and sulphates are presented in Table 5.6. 
The particulate loadings have been given for 1974 and 2000 with and without 
nuclear power. The sulphate loadings are for 1974 and 2000 for the three cases 
presented in Subsection 5.3.
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PARTICULATES I 

SUL‘PHATE-S 
I06 kg PER YEAR Io‘s kg PER YEAR 

I974 2000’ 2000 2 I974 2000 3 20004 20005 

LAKESUPERIOR 4| I03 I38 2I5 409 l7'I 2I9 
AMERICAN DRAINAGE 2 o 5 0 6 4 9 I | 9 9 7 6 I0 6 

-CANADIAN DRAINAGE 35 88 I28 I9I 354 
9 

I58 I90 

LAKEHURON 
7 

53 I33 I90 379 679 28-9 37 6' 
AMERICAN DRAINAGE 3 8 9 7 I 4 5 2 4 4 5 5 3 . 2 2 9 3 o 0 ’ 

CANADIAN DRAINAGE 
A 

6 7 
' 

I 7 3 2 4 3 5 5 '8 8 4 7.8 3 7 7 4 8 o 

LAKEMICHIG‘AN 1 56 
9 

I43 I94 326 77I 298‘ 4I‘7-' 

DRAINAGE 
” 

1 

I04 268 368 4585 I395; 539. 752' 

‘LA’KE'ERIE ' 

_ 

4I I04 I48 27I ' 656 250 350- 
AMERICAN DRAINAGE 

9 

7,5 I 90 273 .46I II 80 435 " 597 
" 
CANADIAN DRAINAGE ' 3 0 7 7 I I 

2' 2 0 3 4 9 0 I 9 4 2 5 9 

LAKE'DNTARIO 
‘ 

. 
'2I 52 76 I2I 277 I I4. I48 

AMERICAN DRAINAGE v 

. 3 7 9 3 I 

I 2 4 
' 

2 0| 4 6.8 I 75 2'49 
’ 

CANADIAN DRAINAGE ' 

2 8 7'l I 027 I 67 373 
_ 

I' 52 I 99 7 

NOTE 
.

_ 

2000' - ‘BASED ON PROJECTED INCREASE OF EMISSION SOURCES TO THE 
_ . YEAR 2000 ' 

20002 - GROWTH RATES ARE IDENTICAL TO 2000' EXCEPT THAT ALL PROJECTED 
ELECTRICAL ENERGY AFTER I985 HAS BEEN ASSUMED TO BE COAL FIRED 

20003 - BASED ON PROJECTED INCREASE OF EMISSION SOURCES TO THE YEAR 
2000 ASSUMING N0 802 REMOVAL 

2000“ - ASSUMING 50% REMOVAL OF 502 ON INCREASEOF EMISSION SOURCES UP 
I 

- To I985 AND 80% REMOVAL BETWEEN I986 AND 2000 
20005 — 'IN ADDITION To THE SAME SOZ'REMOVAL AS 2000“; ALL PROJECTED 

I ELECTRICAL ENERGY AFTER I985 HAS BEEN ASSUMED TO BE COAL FIRED 

PROJECTED LOADINGS'H 
' ' 

f 
;. .’-“T‘ABL'E_15;¢.'
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Assumingythat $02 emissionsare controlled to'the degree indicated in Case Ill, 

the most significant effect of switching to coal from nuclear. would be the 
increase in pai‘ticulate loadings. Particulates are presently controlled to a high 
degree," thus-allowing little scope for improvement. 

Loading contours for all but the no-nuclear powe’r'situations have been presented 
in Figures 5.1‘ to 5.5. The general gradient from south to north is apparent in all 

cases..The high sulphate loadings generated in the Sudvburyyregion during 1974 
become less'sig'nificant in the year 2000,,assuming that proposed control measures 
are instituted. at the'same time as" there" is a general increase in 802 emissions to 
the south. When S02 controls are applied throughout the stUdy region .the' 

sulphate Icading‘s init’hé viCinity of Sudburyactually'show an improvement;
' 

,
. 

ln'considering the. contour- ‘rnaps it is important to note that there has been no. 
redistribution, of industry ‘wit‘h‘in the study‘area in, the year 2000. For thisreason 
Case‘ lllvwas considered too speculative to justify con‘tduring. '

‘

'
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APPENDIX 1 

SPECIAL VARIATIONS iN‘ LOADING RATES — 
PRECIPITATION CHEMISTRY 

Sveasonjalv- and long-term trends Of all‘ loading data are plotted in Figures A1.1 and 
'A'1.2, Geometric averagesofall available data are plotted for each sampling period 
during 1973/1974 for stations listed in Table 3.12. The' dashed line is the linear 
least squaresfitof the averages for all data available throughout the Great Lakes

' 

basin'betwee'n 1.972- and 1976. This line gives an indication of longer-term trends. 
Loading units are f0und in Table 3.1. '
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APPENDIX 2 

SEASONAL. VARIATIONS ‘I_N LOADING RATES — 
MATHEMATICAL MODEL 

Sleasonal-loading. rates'for $04 NOX and particulates have" been presented in 

Tables A2-.1‘_‘throu'gh A2.3. It is important to note that ernission rates as input to 
the. model are yearly average values and as such\ do not. represent the seasonal. 
variations that are likely to Occur as a result of winter heating requirements, 
changesin industrial prodUCtiojns, etc. The variations that appear- in these tables 

‘ 

are. merely a function'of the seasonal changes in'mete'Orology‘for the year 1974. 
The drainage areas'tovwhich these rates.,apply are'given‘in Subsection 4.2 of the v 

main re‘p'ort. ~ 

I 

<
‘

'



TABLE A2.1 

SEASONAL VARIATIONS IN 804 
LOADING RATES (pg/cmz/day) 
3v DRAINAGE ZONES 

J. 

‘co‘ooummkw-N—r 

N. 
_| 

\‘l 16‘ 

Zone.- _N,o_. Spring Summer I Autumn Winter 

.4' 1.0 .6 _.4 

.3 .6 .5 .3 

.5 1.2 .8 .6 

.5 1.1 . 1.4 1.0 
1.3 '.9 1.6 1.3 
1.8 1.9 3.7 2.2

' 

1.5 1.7 2.9 1.8 
1.3 1.4 1.8 1.1 
1.0 1.1 1.0 1.0 

10 1.1 1.4 
. 1.3 1.4V 

1.1 1.5 ' 2.0 1.6 1.9 
142- 1.4 1.9 1.4 1.4 
13 1.5 _ 1.9 1.4 1.4 
14 1.7 2.1 1.8 1.9 
15 1.9 2.3 1.8 1.9 
16 1.9 2.4 1.8 1.9 
17 

' 

2.5. 3.1 2.4 2.6 
18 2.3 

‘ 

2.9 2.0 2.4 
19.. 1.71 1.8 1.8 1.6 
20 1.2 1.6 - 1.4 1.4 

. 1.8 -2.2 2.1' 2.1 
22‘ 2.4 3.1 3.0 2.7 
23 3.2 3.7 3.2 3.1 
24 2.2 2.2 1.9 2.1 
25 2.6 2.4” 1.9 2.6 
'26 2.0 2.1 1.6 2.0 
27 2.2 2.2 1.9 2.2 
28 1.6 2.0 1.5 1.6 
29 1.0‘ 1.2 1.3 1.0 
30 1.1 1.2 1.4 1.0 
.31 .7 .97 1.4 .8 
32 .7 1.2 1.2 

' 

4- .7
> 

.33' 1.7 - 2.0 1.8 1.6 
34: .6- 

' 1.6 1.1 .6 ~ 

36 .5 2.4 
I 

.7 .4 
‘36 ".4 . . 1.2" ..5 

’ 

.4 
.0. 

‘ 

I 1.0 1.0



TABLE A2.2 

SEASONAL VARIATIONS IN NOXV 
LOADING RATES (pg/cmZ/day) 
13v DRAINAGE ZONES '

l (1 

: 

x 

I 

~. 

N,,/. 

(A) 01 

.95 

\l 
V 

;39 p48 

Zane No. Spring Summer Autumn Winter, 

1 .09 .09 .11. .10 
2 .06 .06 .08 .07 
3 ' 

.08_ _.o_9 .13 .10 
‘4. v .14 .25 .28 .18

‘ 

5 .20 .39 .38 .24 
6 .‘20 .38 ; .34 .25, 
7 .20 .35 .33 .27 
8‘ .24 -.36 .38 .32 
9 ‘ 

.24. .42 .32 .35 
10 .32 .46 .44 .49 
11 .49 .70 .61 .69

' 

12 .38 .53 .50 .50 
13 

. 
.37 .54 .48 .47 

14 . .49 .69 .61 .64 
15 .53 .73 .57 .65 
16 

* .55 .76 .63 - .67 
17 .78 1.00 .86 .88 
18 .70 .89 .74 .81 
19 .35 .53 .51 .47 

_ 

20 .43 .56 .48 .50 
.21 .57 

‘ 

.73 .69 .72 
22 .70 .95 .91 .86 
23 .97- 

> 

1.08 1.07 .97 
24' .72 .77 .78 .71 
25: .88 .93 .83 .95 
26 .67 .76 .71 .76 
27 .72 .86 .81 

. 

.82 
28 1.55 2.70 .68 . .61 
29 - .35. .50 .56 .40 
30 .32 .45 

' 

.55 .37 
31 - ..26 .34 . .46 .29 
.32 .27 .38 '.46 

. 

.29- 

33 .66 » .80 ' .84- .64 
34 .18 f .26- .33 .20 

v.16 .20' .2’2 
_ 

.15 
36 ' .13 a .- .17' .17? .12 

.22
V 

. .27
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TABLE A23 

3 
I 

_ 
SEASONAL VARIATIONS 'IN PARTICULATE 

- LOADING RATES (pg/cmzlday) 
I BY DRAINAGEZONES 

Zone No._ Spring Summer _ 
Autumn Winter 

3 
‘ ‘1. .08: .12 .13 .08 

-' 

2 . .06 .09 . .11 1 .06 

I I 

.3 .08 .13 .16 ,08 
‘ 

4 .10. .17 .29 .11 
5. .12 

' 

I .20 
' 

_ 

.33 .14 
6 .13 1 .21 

‘ 

.28 .14 
7 

' 

.14 .22 .29 .16 
8‘1 1.16 .26 -1 .30 ' .18 

1 9 ' 

.15 
' 

.25 .17 .17 
1 ». 10- .19 .26 . .23 .29 

I 1.1 .24 .36 .29 
_ 

.36 
_ 

1-2 
V 

.19 .33 .20 .22 
13 .19 .34 .20 .20. 
1‘4 

' 

. .25 .41" .29 .29 - 

15 .26 . .45 ' .271 .29 
1 

. 

-v 16 
' 

.26 .46 .26 .23 
1 

'1'7 
. 

- 

, .35 , 
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APPENDIX 3 

UPPER GREAT LAKES LOADING ESTIMATES 
AND TRANSBOUNDARY LOADING OF $04, 
PHOSPHATE AND TRACE METALS 

From Acres—ESC 1975.



IOekg PER YEAR 
LAKE SUPERIOR LAKE HURON PARAMETERS EASTERN WESTERN TOTAL NORTHERN SOUTHERN GEORG. BAY TOTAL 

so PC / /0 / /0 220 90 70 70 230 4 MM /40 70 2/0 /30 //0 /40 350 
N PC 33 /6 56 22 /2 /5 52 MM /0 7 /7 // /2 3 3/ 

PC NA N A NA 90 /40 /20 350 PART“: MM 25 I6 4I 2I I? I5 53 
ms , 

PC 66 52 /20 42 30 30 //0 65 MM NA NA NA NA NA NA NA 
IO3kg PER YEAR 

TP PC 200 260 460 2/0 /60 /40 5/0 MM /50 //0 260 //0 90 80 200 
CL PC 36 000 /9 000 55 000 20 000 /3 000 /6 000 49 000 MM I I0 80 I90 80 60 60 200 
Si 0 PC /5 000 // 000 26 000 4.900 2600 / 700 9200 2 MM NA NA NA NA NA NA NA 
Ca PC I5 000 I8000 33000 30000 240000 IOOOO 280000 MM 800 500 I300 630 5 I O 460 I600 
M PC 3800 l800 5600 4 I00 2600 I500 8200 9 MM 360 240 600 290 230 2 I O 730 
No PC 5000 IOOOO I5 000 I9OOO 23000 3000 45000 MM 230 I40 370 ISO I50 I40 470 
K PC 5000 8000 I3OOO 2 I 000 9000 2000 32000 MM 700 400 I I00 550 450 400 | 400 
Cd PC 43 x2 55 42 /7 20 79 MM 20 x4 34 /5 /3 // 39 
Pb PC 360 290 650 290 /70 320 700 MM 470 3/0 700 370 320 270 960 
M PC 67 53 x20 36 44 /30 2/0 MM 29 IS 47 24 I9 2 | 64 
C PC 230 /40 370 220 /20 420 760 "‘ MM 27 I7 44 22 I7 20 59 
Fe PC 7600 2 mo 9 700 / 300 900 2400 4600 MM 2500 / 6'00 4 100 2 /00 / 700 /500 5300 

NOTE 
PC - PRECIPITATION CHEMISTRY 
MM - MATHEMATICAL MODEL 
NA - NOT AVAILABLE 
PREFERRED VALUE - eg 220 

WHEN BOTH VALUES OFA PAIR ARE MARKED PREFERRED,USE THE LARGER ONE TO BE CONSERVATIVE 

LOADING ESTIMATES TABLE 4.5
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TABLE 5.I
’ 

SOURCE LAKE SUPERIOR LAKE HURON 
AMERICAN CANADIAN TOTAL AMERICAN CANADIAN TOTAL 

CHICAGO 7.0 5.2 6.2 5.4 3.5 ,. 4.I 
s'AGINAw 4.7 3.5 4.'I |4.3 7. I 9.4 
DETROIT 4.4. - 4.5 4.4 I30 92' |O.4 
GREEN BAY 3.I 2.0 2.6 1.6 .9 I.I 
DULUTH 3| .8 2.2 .3 .2 .2 
MINNEAPOLIS 2.6 L4 2.I .8 .6 .6 
WISCONSIN 

' 

I.7 .9 I4 .4 .3 .3 
MILWAUKEE 2.6 I.8 2.3 L6, I.O' 1.2 
QUAD CITTIES 6.I 3.9 5.I 2.8 2.0- 2.2 
ST;.‘I~_0UIs 81.2 I 6.0 7.2 4.9 3.5” 3.9 

' 

CINCINNATI 7.3 5.7 6.5 6.7 4.7 5.3 
MICHIGAN 4. |-. 2.0 3.2 2.2 L5 I.7

' 

TOLEDO. __ 2.0 L8 2.0 3.6 2.7 . 3.0 
CLEVELAND I.9‘ I.7 I8 42 3.9 4.0

‘ 

OHIO . 

" 
2.3 

, 
I.,9 

' 2.I 2.9 2.7 2.8 
:PITTSBURG‘. 4.! 

' 

3.-I 
. 3.6 » 5.I 5.5 5.4 

_ 

PENNSYLVANIA LO .7 .9 I.4 I.6 'I.5 
SOUTHERN TIER WEST_ . I .I . I . I 

v '.2 .2 
ROCHESTER .| .l .I .2 .2 .2 
BUFFALO. .<.| <.I <.I I .2 

' 

.2 

AMERICAN TOTAL 66.4 47. I 57.9 7 L8 5| .5 57.7 

TORONTO I.2 I.I La 2.0 2.3 2.0 
SUDBURY 

_ 

II.8 I54 I30 I79 38.6 32.4 
THUNDERBAY I.o L6 2.6 .l 

' 

I 

.l .| . 

SAULT ST-MARIE .8 .3. .6 .3 .2 )2 
MONTREAL .4 

, 

.4 .4 -.2 .2 7.2 
SARNIA'H” ,I.O I.2 I.I 3.8 2.9 3.2 
NORTHERN ONTARIO I3.I 28.9 I9.O_ L2 .8 .9 
SOUTHERNONTARIO .2 I .2 .2 .5 .4 .5 
NORANDA - 2.5 2.5 2.5 I.6 2.5 2.3 
MANITOBA ,- I.6 I.3 I5 .6 ,5 .5 

CANADIAN TOTAL‘ 33.6? 52.9 42.I 28.2 ' 48.5 42.3 

NOTE} 
. 
~LOAD|NGS ARE-PRESENTED AS I 

-- PERCENTAGE OF THE'FOLLOWING' 
.TOTALVLOADINGS ' 

. 

. 

fi‘ ' ' 

. 

- 

I 

‘

. 

‘(l0_5kg_PERYEAR): I27 
_ 

83 2IO .IIV6, _264 ,380 

TRANSBOUNDA'RY LOADING'OF 804 .

.

"



V 

SOURCE LAKE SUPERIOR LAKE HURON 
AMERICAN CANADIAN TOTAL AMERICAN CANADIAN TOTAL 

CHICAGO I33 I42 I35 I40 |2.4 I3.2 
SAGINAW 2. I 2.2 2. I 6. I 4.4 5.0 
DETROIT 3.5 4.8 4.0 IO.5 9.8 |0.| 
GREEN BAY 4.5 4.4 4.5 3.5 2.9 3.I 
DULUTH 9.0 5.7 7.7 2.5 2.I 2.2 
MINNEAPOLIS 2.5 2.2 2.4 |.6 L4 L5 
WISCONSIN 5.6 4.4 5.2 2.5 2.I 2.2 
MILWAUKEE 4.0 4.0 4.0 3.5 3.I 3.2 
QUAD CITIES 3.8 3.5 3.7 2.6 2.5 2.5 
ST. LOUIS 5.2 5.I 5.2 4.7 4.3 4.5 
CINCINNATI 7.4 8.0 7.6 9.8 8.9 9.2 
MICHIGAN 8.2 4.4 6.9 3.6 4.| 3.9 
TOLEDO 2.6 3.I 2.8 5.7 5.5 5.5 
CLEVELAND I.9 2.2 2.0 5.2 6.2 5.8 
OHIO 2.3 2.7 2.5 4.5 5.2 5.0 
PITTSBURG |.I I.2 |.| 2.0 2.7 2.4 
PENNSYLVANIA 9 .9 .9 |.6 2.3 2. I 

SOUTHERN TIER WEST . I . I . I .2 .3 .3 
ROCHESTER .2 .2 .2 .3 .4 .4 
BUFFALO 2 3 2 .4 .6 .5 

AMERICAN TOTAL 78.4 73.6 76.6 84.8 8I.2 82.6 

TORONTO I.5 I.9 I.7 3.I 4.0 3.7 
SUDBURY .2 .3 .2 .3 .7 .5 
THUNDER BAY 3.6 5.7 ~ 4.3 .6 .8 .7 
SAULT ST. MARIE 3.7 I.7 3.I I.0 |.6 |.4 
MONTREAL 3.3 4.5 3.7 2.5 3.7 3.2 
SARNIA .| .I .| .3 .3 .3 
NORTHERN ONTARIO I.0 2.7 |.6 .2 .I . I 

SOUTHERN ONTARIO .3 .7 .5 2.I 2.3 2.3 
NORANDA .4 .6 .5 .4 .6 .5 
MANITOBA 7.5 8.2 7.7 4.7 4.7 4.7 

CANADIAN TOTAL 2I.6 26.4 23.4 |5.2 |8.8 |7.4 

NOTE 
LOADINGS ARE PRESENTED AS 
PERCENTAGE OF THE FOLLOWING 
TOTAL LOADINGS 
(IO3 kg PER YEAR) I74 86 260 I00 I80 280 

TRANS BOUN DARY LOADING OF PHOSPHATE TABLE 5.2



SOURCE LAKE SUPERIOR LAKE HURON 
AMERICAN CANADIAN TOTAL AMERICAN CANADIANI TOTAL 

CHICAGO 9.7 9.9 9.8 8.4 7.5 7.8 
SAGINAW 4.8 4.9 . 4.8 II.4 8.3 9.4 
DETROIT 5.4 7.2 8.0 I35 I28 I30 
GREEN BAY 3.5 3.3 3.5 2.3 I.9 2.0 
DULUTH 3.8 2.3 3.3 - .8 .7 .8 
MINNEAPOLIS 2.8 2.3 2.5 L4 L2 I.3 
WISCONSIN 2.8 2.0 2.4 LO .8 .9 
MILWAUKEE 3.2 3. I 3.2 2.3 2.0 2. I 

QUAD CITIES 4.8 4.2 4.4 2.8 2.5 2.8 
ST. LOUIS 7.3 7. I 7.2 5.5 5.0 5.2 
CINCINNATI I0. I I08 I04 I l. | I0.I I0. 5 
MICHIGAN I2.4 8.8 ms 5.2 5.8 5.4 
TOLEDO 4.I 5.0 4.4 7.8 7.3 7.4 
CLEVELAND 2.8 3.2 2.9 8.4 7.7 7.2 
OHIO 4.4 4.8 4.5 8.8 8.0 7.8 
PITTSBURG 2.9 3.0 3.0 4.2 5.8 5.2 
PENNSYLVANIA L9 L9 L9 2.9 4.3 3.8 
SOUTHERN TIER WEST .2 

' 

.3 .2 .3 .8 .5 
ROCHESTER .3 .3 .3 .3 .4 .4 
BUFFALO .2 .3 .2 .3 .5 .4 

AMERICAN TOTAL 88.8 82.7 85.4 94.3 92.8 93.5 

TORONTO .5 .8 .5 .8 LI I.O 
SUDBURY .I .2 .I .2 3 .2 
THUNDER BAY L9 3.0 2.3 .3 3 .3 
SAULT ST. MARIE 5.4 2.5 4.4 I.2 I9 I.8 
MONTREAL .8 I0 .9 .5 7 .8 
SARNIA .l .2 .| .3 3 .3 
NORTHERN ONTARIO 3.2 8.2 4.9 .4 3 .4 
SOUTHERN ONTARIO .3 .6 .4 LS I I. 

NORANDA .2 .3 .3 .2 3 .2 
MANITOBA .7 .7 .7 .3 3 .3 

CANADIAN TOTAL I32 I7.3 I4.8 5.7 7.2 8.5 
NOTEz LOADINGS ARE PRESENTED AS PERCENTAGE OF THE FOLLOWING TOTAL LOADINGS 
(103kg PER YEAR) 3300 I700 5000 2300 4200 8500 

CONSTITUENT Fe Pb Ni Cu Cd 
% OF TOTAL 82.3 I5.2 I0 .9 .8

~ ~ ~ ~ ~ ~ ~ 

TRANSBOUNDARY LOADING OF TRACE METALS TABLE5.3


