
*5 Mwfiga imwwa wflmagfizfieavaagwwfi as

E @@mnrfir@ fiwvfi 
/§ fiaaag »

. 

|-vr E2¥,';%';"‘°"* E2%‘£%2“eme”’ Loading Estimates"to Lake Erie, 
1967 — 1976 A 

. 9 , _t,. -4 

SCIENTIFIC SERIES NO. 120 

INLAND WATERS DIRECTORATE 
NATIONAL WATER RESEARCH INSTITUTE 
CANADA CENTRE FOR INLAND WATERS 
BURLINGTON, ONTARIO, 19,81



i* Environment Environnement 
Canada Canada 

Canad'?a' 

Loading Estimates to Lake Erie, 
1967 — 1976 

A. 8. Fraser and K. E. Wlllson 

SCIENTIFIC SERIES NO. 120 

INLAND_ wA TERs DIRECTORATE 
NATIONAL wA TER REsEARcI-I INsTITuTE OANADA OENTRE FOR INLAND WATERS 
BURLINGTON, ONTARIO, 1981



© Minister of Supply and Services Canada 1981 
Cat. No. En 36-502/120E v 

ISBN" 0-66'2:-_1 1760'-3



Contents 
Page 

ABSTRACT . . . . . . 
.’ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . L . . . . . . . . . . . . . . . . . . v 

RESUME . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . v 

ACKNOWLEDGMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vii 

INTRODUCTION . . . . . . . . 

.I 
. . . . . 

.' 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 

DATA sounces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 

METHODS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1. 

Tributaries . . . . . . . . .. . . . . . . . . . . . . . . . , 
. . . . . . . . . . . . . . . . . . . . . . . . 1 

Municipal and industrial . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Atmospheric . . . . . . . 

._ 
. . . . . . . . . . . . I. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

COMPUTATIONAL TECHNIQUE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

CONNECTING CHANNELS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Detroit River . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Niagara River . . . . . . 

A 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

ESTIMATION TECHNIQUES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Tributary data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Municipal data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Industrial data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -. . . . 5 
Connecting channels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Diffuse tributary load . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

DISCUSSION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

I 8 

APPENDIX A. Loading result_s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 

APPENDIX B. Data sources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 

Tables 
1. Additional chloride loading attributed to road salting . . . . . . . . . . . . . . . . . . . . . . . . . 8 

Illustrations 
Figure 1. Detroit River range 3.9 showing changes in total phosphorus and chloride 

concentrations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

Figure 2. Detroit River range 3.9 showing panel structure . . . . . . . . . . . . . . . . . . . . . . 3



Illustrations (cont) 

Figure 3. 

Figure 4. 

Figure 5. 

Figure 6. 

Figure 7. 

Figure 8. 

Figure 9. 

Figure 10. 

Page 

Total loading of total phosphorus to Lake Erie . . . . . . . . . . . . . .- , . . . . . . . . 5 

Total loading of soluble reactive phosphorus to Lake Erie . . . . . . . . . . . . . . . . 6 

Total loading of total nitrogen to Lake Erie , . . . . . . . . . . . . . . . . . . . . . . . . 7 

Total loading of nitrate plus nitrite to Lake Erie . . . . . . . . . . . . . . . . . . _, ;. . . 7 

Total loading of Kjeldahl nitrogen to Lake Erie . . . . . . . . .. . . . . . . . . . . . . . . 7 

Total loading of ammonia to Lake Erie . . 
V 

. . . . . . .A , . . . . . . . . . . . . . . . . . . 7 

Total loading of chloride to Lake Erie . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

Comparison of total phosphorus loads to Lake Erie . . . . . . . . . 
.7 

. . . . . . . . . . 8



Abstract 

This report presents the authors’ best estimate of the 
loading for several chemical variables to Lake Erie. Every 
effort has been made to obtain original raw .data as -ac- 
cepted by local agencies so that a truly indepen_de_nt assess- 
ment of loadings could be made. The raw data, once 
obtained, were treated uniformly to eliminate the diffi- 

culties that arise from the comparison of loads calculated 
by various techniques. However, because of the limitations 
of sampling a highly variable natural system in the environ- 
ment, the results included in this study must be called 
estimates and hence may be subject to unknown or un- 
accountable errors, which make placement of confidence 
limits difficult. Nevertheless, me following document is 

presented with the belief that the results represent the 
most comprehensive, independent study of loadirfi to Lake 
Erie presently available. 

Résumé 

Nous présentons ici Ies meivlleures estimations qu’il est 
possible d’obtenir de l’apport de plusieurs matiéres chi_r_ni- 
ques dans le lac Erié. Pour affranchir l’éva|uation des 
données de tous les facteurs possibles, nous nous sommes 
efforcés d’obtenir Ies données originales brutes acceptées 
par les org'a'nis'me‘s locaux, puis nous Ies avons traitées de 
facon uniforme pour faciliter Ia comparaison des apports, 
opération rendue compliquée par |’existence de diverses 
techniques de calcul. Toutefois, Ies limites de I'échanti||on- 
nage d’un milieu naturel trés variable font qu’il fauttenir 
Ies résultats comme des estimations auxquelles il est diffi- 
cile d’attribuer des seuils de c'on'fiance a cause d'erreurs 
insoupconnées ou i_nexplica,bIes. Malgré tout, nous croyons 
que ces données constituent Ies résultats les plus détaillés et 
les plus fiables de |’étude des apports dans le lac Erié.
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Loading Estimates to Lake Erie, 1967 =- 1976 
I 

A. S. Fraserand K. E. Wlllson 

INTRODUCTION 

This report contains the results of an exhaustive 
search to obtain, collate, and evaluate loading data from all 
sources to Lake Erie for the period 1967-1976. The under- 
lying purpose of obtaining this information is the require- 
ment for input data of the mathematical simulation models 
being developed and applied by the Government of Canada. 
Specifically, activities currently under way for the stabiliza- 
tion and amelioration of the trophic condition of Lake Erie 
include the development of simulation models that will 
have predictive capabilities. These modelscan be of several 
types ranging from complex systems of interrelated differ- 
ential equations to simple input—output balances. No matter 
which kind of approach is used, data sets that contain 
reliable input data are required. 

The emphasis in this study has been placed upon 
obtaining, where possible, both the flow and concentration 
data rather than accepting previously computed loads. 
Once. obtained and evaluated, the data sets were uniformly 
subjected to the loading calculation procedures. Thus for 
the first time, loading data have been treated uniformly and 
ind_epe,ndently. In some instances where data were not 
sampled or available, alternative estimation techniques had 
to be employed. Where this was necessary, a notation of the 
estimation technique is made in the text. 

Much of the attention paid to the Great Lakes since 
the late 1960's has been related to the trophic condition of 
the lower lakes (Erie and Ontario). The condition of Lake 
E_ri_e has been of particular concern owing to the reductions 
of dissolved oxygen in the hypolimnetic waters of the 
central basin during the late summer. It has been shown 
that part of this problem can be related to biological pro- 
duction, which i_n turn is related to phosphorus loadings to 
the lake. The importance of knowing as accurately as possi- 
ble the loadings of total phosphorus leads to the emphasis 
placed upon, this variable in the study. Other variables 
included are soluble reactive phosphorus, total nitrogen, 
nitrate plus nitrite nitrogen, Kjeldahl nitrogen, ammonia, 
and chloride. 

DATA SOURCES 

To obtain the raw data required in this study, it was 
necessary to tap many sources of information. A listing of 
the major tributaries, municipal plants, and industries for 
which data were obtained is given in App_endix B. The" 
municipal plants listed i_n _Append_ix B are the sources 
considered for the 10-year study even though some of them 
were not in operation for the entire period. These data 
could not have been obtained without a high degree of 
assistance and cooperation from the agencies and indivi- 
duals contacted by the authors. The primary agencies 
involved in the data-gathering phase are listed: 

(1) Environment Canada/National Water Research 
Institute 

(2) Michigan Department of Natural Resources 
(3) New York Department of Environmental_ Con- 

servation 
(4) Ohio Environmental Protection Agency 
(5) Ontario Ministry of the Environment 
(6) U._S. E,nviron_menta_l Protection Agency 
(7) U.S. Geological Survey 
(8) U.S. National Oceanic and Atmospheric Adminis- 

tration. 

METHODS 

To obtain raw data and successfully calculate the 
loadings to Lake Erie, it was necessary to define the pro- 
tocol by which sources would be identified and accepted. 
The following are the operative definitions. 

Tributaries 

These were considered to be rivers and streams which 
flow directly into Lake Erie. Concentration data "were 
obtained from the closest water quality monitoring station 
to the mouth of the river, and the corresponding flow data 
were obtained from the closest gauging station to the water 
quality sampling site. No attempt was made to distinguish 
and identify separately any sources such as municipal plants 
or industrial outfalls that flowed into a tributary upstream 
from the water quality site.



The connecting channels associated with Lake Erie, 
i.e., the Detroit and Niagara Rivers, were considered sepa- 
rately as special cases andgwill be discussed in detail in the 
section on computational techniques. 

Data for the Canadian tributaries were obtained from 
the Ontario- Ministry of the Environment (MOE) for 1967 
to 1974. To fill out and supplement these data for the years 
1975 and 1976, additional data were acquired from the 
information gathered by Pollution from Land Use Activities 
Reference Group»(PLUARG) Canadian Task D. Similarly, 
data on flows and concentrations for the_14 U.S. tributaries 
studied were obtained .from the water resources publica- 
tions for New York, Michigan, and Ohio (U.S. Geological 
Survey 1966-1976). These data_ were a|so.suipple'mented by 
information retrieved directly from the U.S. STORET 
system, which contains concentration and flow data for 
specified tributaries inthe United States. 

Mu_nicipal and Industrial 

These sources were considered to be either direct 
point source dischargers to the lake or plants that dis- 

charged to a tributary downstream from the selected 
tributary water quality sampling station. In all cases both 
the concentration and 'the“f|ow data were obtained from 
the closest monitoring point to the plant discharge. 

Data for the eight Canadian municipal plants iden- 
tifie_d.for the study were obtained for 1967, 1975, and 
1976 from the International Joint Commission reports 
(1969; 1976). Additional data were obtained for 1968, 
1972, 1973, and 1974 from a report by Appel_by (1977). 
Some of these data were incomplete and required estima- 
tions to be made prior to usage. The techniques employed 
toestimate data are-discussed in detail in another section. 

The U.S. direct municipal dischargers included in this 
study a_re those identified in a report by the U.S. Corps of 
Engineers (1975). Flow and concentration data for the six 
plants in New York State were abstracted from the oper- 
ating and maintenance files of the New York State Depart- 
ment of Environmental Conservation (NYDEC). Similarly, 
the data for 22 municipal dischargers from Ohio were 
obtained from the (records on file with the Ohio Environ- 
mental Protection Agency Northeast and Northwestdistrict 
offices. The data for the three plants located in Michigan 
were released by the Michigan Department of Natural 
Resources.(MDNR). 

The ava_i|,ability of industrial nutrient and chloride 
data was severely limited, leadi_ng to the use of the pub- 
lished material of‘ the International Joint Commission 
(IJC- 1973, 1974, 1975, 1976). The industrial data obtained 
for the individual "sites noted in Appendix A were included 

in the computations; the State of Ohio in particular main- 
tained excellent records, with the major variable studied 
being chloride. . 

Atmospheric 

Reliance was placed on published loads with respect 
to this component. The total yearly loads for total phos- 
phorus, chloride, and total nitrogen were taken from a 
study by Elder et al. (1977). Ammonia, nitrate plus nitrite, 
and Kjeldahl nitrogen were obtained from fine work of 
Kuntz (1978). Atmospheric loadings were taken to be 
constant over the 10-year period and were considered to 
be spatially homogeneous. No doubt these assumptions are- 
not fully applicable but can be reasonably upheld (Elder 
etal. 1977; Canada Centre for Inland Waters 1977). 

COMPUTATIONAL TECHNIQUE 

In all of the cases under investigation (excepting 
atmospheric) the availability of a mean annual flow either 
by direct acquisition or calculated from the monthly flow 
led to the selection of the loading estimator attributed to 
E-,M.L;._ Beal and used by the International Joint Commis- 
sion since 1976 for the computation of the loadings. The 
properties of the technique were discussed in detail by Tin 
(1965) and by Kendall and Stuart (1968). The chosen 
estimator technique uses the additional information, where 
ava_i_|ab|e, for annual and monthly flows in the computa- 
tion. Thus, some of the variance associated with perturba- 
tions in flow is removed, yielding an estimate with 
minimized variance associated with the flow component. 

The estimator ‘ H is expressed as follows: 

(1 + l 
S": 

n m m 
‘#y ~ux "'V 
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(1) mx 8 3 
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where ux = mean daily flow for the year 
my =' mean daily loading for the days concentra- 

tions were determined 
mx = mean daily flow for the days concentra- 

tions were determined 
n = number of days concentrations were deter- 

mined
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and the X; and Y; are the individual measured flow and 
calculated loading, respectively, for each day concentra- 
tions were determined. The mean-square-error of this 

estimator may be esti_mated to terms of the order n'2, 
assuming the population size is very large, by 

e [.~..- uy)‘] = mg - 

1 , E’: + 5:. _ 2 SXV 
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where Sy’ is calculated analogously to Sxz. 

CONNECTING CHANNELS 

Detroit River 

The Detroit River exhibits a complex structure with 
respect to water quality ‘variable concentrations. In the 
region chosen for the computation of the loads out of the 
river (range DT 3.9) the horizontal concentration gradients 
for phosphorus and chloride, for example, a_re quite strong 
and opposite in direction .across the transect (Fig. 1). This 
situation necessitates the subdivision of the transect into 
panels and a weighting of the flow regime in order to 
compute representative loadings from the river. The panel 
weighting was made by considering a uniformly distributed 
flow at range DT 3.9»and proportioning this flow by the 
panel areas. 
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Figure 1. Detroit Rive": range 3.9 showing changes in total phos- 
phorus and chloride concentrations. 

The Detroit River range 3.9, which stretches between 
Lee Point in the United States and Bar Point in Canada, 
has been segmented into 20 panels in a report by the U.S. 
Army Corps of Engineers (1975). For the purposes of this 
study a comparison was made between the sampling loca- 
tions used over the 10-year period by the Ontario Ministry 
of the Environment and the Michigan Department of 
Natural Resources relative to the river segmentation. In this 
study the river range was segmented into 13 panels so that 
two water quality sampling sites would be |o.cated in each 
panel and over the 10-year study period there would always 
be at least one sampled station in each panel for each year 
(Fig. 2). 

Daily flow records for the Detroit River from 1968 to 
1976 were obtained fro_m the U.S. Geological Survey, using 
the computation made by the National Oceanic and Atmos- 
pheric Administration based on variations in river and lake 
levels. These data were supplemented by additional records 
of flow for 1967 estimated from the mean monthly calcul- 
ations reported by Dercki (1975). 

The Canadian chemical data analyzed by the Ontario 
Mi_nistry of the Envi_ronment for‘ 1967-1976 were supplied 
by PLUARG Canadian Task D. Similarly, data for the U.S. 
component were obtained from the U.S. STORET system 
operated by the U.S. Environmental Protection Agency. 
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Figure 2. Detroit River range 3.9 showing panel structure.



When these data sets were combined, a total of 22 sampling 
stations were available over the 10-year period. 

Computation of the river load was made by summing 
the contribution from each of the panels, which were 
treated as independent sections with their own variable 
conce'n'tr'ations and flow. The unbiased estimator (Equation 
1) was used in all cases to obtain the panel load. 

Niagara River 

A procedure simi_la_r to that used for the Detroit River 
was ado_pted for the outflow channel with the difference 
being that the transect between Fort Erie, Ontario, and 
Buffalo, New York, was subdivided into nine area weighted 
panels. Flow data were obtained from the U.S.G.S. water 
resources publications for the State of New York (U.S. 
Geological Survey 1966-1976). The flows were measured 
as power-p|an_t discharges plus an estimated flow over the 
falls at Niagara. The chemical concentrations were obtained 
from the MOE and PLUARG Canadian Task D. The panels 
were structured so that each segment had one sampling 
station at the mid-point of the horizontal surface. As was 
the case with the Detroit River, each panel load was cal- 
culated independently using Equation 1. The nine panel 
loads were summed to obtain the total outgoing load. 

ESTIMATION TECHNIQUES 

Because of the size and scope of the data set required 
for this study, and in some cases only partial data availabil- 
ity owing to limitations in the historical data records, 
several estimation strategies were developed to fill in, where 
possible, the holes in the comprehensive data matrix. On 
occasion, some data of q_uestionab|_e quality were also 
obtained and hence were selectively edited. Missing data of 
this category were also subject to estimation. The following 
is a description of the techniques used in this study for 
estimation. 

Tributary Data 

For the 10 major and 5 minor tributaries identified 
from the Canadian drainage area for 1967-1974 only 9 had 
adequate flow and concentration data. The remaining 6 
tributaries reported only concentration data. To compute 
the required flows for association with tributary concentra- 
tions, the estimation scheme proposed by Ongley (1974) 
was applied, with subsequent estimat_ion of the daily flow 
from the annual. The relationship is as follows: 

l0gQ=0.11106+0.91414logA (3) 

O = mean annual discharge (cfs) where 
A = basin area (mi’) 

For 1975 and 1976, loadings computed using Equa- 
tion 1 were obtained on a water year (October-September) 
basis for nine of the" major Canadian tributaries. It was 
necessary therefore to convert these to calendar year values. 
The ratio between “calendar and water year loads for the 
U.S. tributaries described by Sonzogni et al. (1978) was 
used for this purpose. Applying these ratios to the Canadian 
data yielded the required calendar year loads. The remain- 
ing six minor tributaries were estimated for 1975 and 1976 
by using the ratio between the total load and the loading 
for the six rivers during 1974, followed by the application 
of the results to the 1975/76 data. The net effect was to 
produce a full 10—yea'r—data matrix for the Canadian tribu- 
taries. 

With respect to the tributaries identified for the U.S. 
drainage area, two major techniques were used for estima- 
tion of missing data. Where data for loads existed for a 
specific tributary in adjacent years to a missing year, an 
interpol_ati_on ba_sed or; the ratio of the flows between the 
years was made. Where no prior loads were reported, the 
ratio between load and flow was determined for the closest 
year for which a load was available and subsequently the 
ratio was applied to the flow obtained for the missing year. 

In some instances soluble reactive phosphorus data 
for U.S. tributaries were missing owing to sampling strate- 
gies. Data were estinfated by computing the ratio between 
total phosphorus and soluble reactive phosphorus for the 
Can,ad_iar_l t__ribut_a_ries and applying it to the total phosphorus 
data for the U.S. tributaries. This procedure was considered 
justifiable based on 

' 

the general similarities in sub-basin 
characteristics displayed within the study region. 

As a consequence of the _limitati_on_s of sampling 
strategy, large areas of the n_itrogen-related loadings had to 
be estimated for the contr_ibut_ion from the U.S. t_ributa_ries. 
For total nitrogen, the ratio of the U.S. tributary total 
phosphorus to the Canadian tributary total phosphorus was 
applied to the Canadian total nitrogen loading from trib- 
utaries, thereby generating a value for the U.S. tributary 
load. Similarly, with nitrate plus nitrite for the U.S. tribu- 
taries between 1967 and 1973 the ratio of U.S. to Canadian 
tributary total nitrogen was applied to the Canadian nitrite 
plus nitrate loadings. For ammonia, data for the U.S. 
tributaries were available for only 1974-1976. To obtain 
the 1967-1973 estimates, the ratio between ammonia and 
Kjeldahl nitrogen was computed for 1974-1976 and applied 
to the Kjeldahl data for the U.S. tributaries during the 
missing period. 

Municipal Data 

Concentrations for the Canadian municipal plants 
with direct discharge to Lake E_rie for the years 1968-1974



did not have corresponding flow data available. Therefore, 
estim_at_es for these years were made by‘ applying the per- 
centage change in effluent concentration for total phos- 
phorus during the missing years to the years for which full 
data were available and then back-calculating the flow data. 
This procedure assumes a direct proportional relationship 
between flow and total phosphorus concentration for 
m_unicipa| effluents. In this manner, 10 years of loads could 
be calculated for total phosphorus. 

Total phosphorus and soluble reactive phosphorus 
data were obtained for the U.S. municipal plants, with 
_missing areas in the data filled by techniques similar to 
those described in the sectio_n on tributaries. Where loads 
existed in adjacent years for a specific plant, the missing 
loads were interpolated based on flow ratios. In cases 
where no prior load was available, the ratio between flow 
and load for the closest year was applied to the reported 
flow for the plant and a load estimate generated. 

One major change in sampling occurred during the 
10-year study period. Before 1975 the municipal plant out- 
fall for the city of Toledo, Ohio, was located upstream from 
the Maumee River water quality sampling site and hence 
this load was included as pa_rt of the load from the tributary. 
In 1975 the water quality site was shifted upstream from 
the plant outfall, necessitating the inclusion of the Toledo 
municipal outfall as a point source load for 1975 and 1976. 

Some municipal sources included in this study did 
not report any data for total phosphorus. Since these 
sources were considered to be significant (flow > 1 MGD*) 
and flow data alone were available, a percentage increment 
in load based on flow was calculated and added to the final 
U.S. municipal plant load figures. 

No data for soluble reactive phosphorus were avail- 
able fo_r Canadian plants so estimates were made on a year- 
to-year basis by using the ratio (TP:SRP) for the U.S. plants 
and applying this to the Canadian total phosphorus loads, 
thus producing estimates for the Canadian soluble reactive 
phosphorus loads. 

As was the situation with the U.S. tributaries con- 
cerning the lack of nitrogen data, some of the nitrogen had 
to be estimated. A good record of BOD5 (5-day biological 
oxygen demand) data was obtained for the U.S. municipal 
plants studied, which permitted the proportional relation- 
ship between the total nitrogen load reported by the IJC 
(1969) and the BOD5 to be applied to the remaining 9 
years of BOD5 data, producing estimates of the total 
nitrogen l,oa_ds from the l:J.S. municipal plants. For the 

‘:MGD = Million gallons per day 

Canadian plants, the relationship derived for the U.S. 
plants was in like manner‘ applied as the ratio (Can. Muni- 
cipal:U.S. municipal) for the years 1968-1976. 

The nitrate plus nitrite estimates for some of t_h_e 

Canadian municipal plants were calculated by taking the 
ratio of the total nitrogen loads between the U.S. and 
Canadian municipal plants and applying this ratio to the 
nitrate plus nitrite loads computed from empirical data 
for the U.S. municipal plants. Similarly, since data were 
obtained for ammonia loading from U.S. municipal plants, 
the ratio (U.S. Municipal:Can. Municipal) for Kjeldahl 
nitrogen was applied to the U.S. mu_nicipal data, yielding 
estimates of the municipal ammonia loadings for Canadian 
plants. 

Industrial Data 

As was noted previously, industrial nutrient data were 
extremely limited, particularly with respect to the nitrogen 
parameters. For both the Canadian and U.S. total nitrogen 
data, the ratio for 1967 total phosphorus»:-total nitrogen 
available from the IJC (1969) was applied to the total 
phosphorus industrial loads for 1968-1976. Similarly, for 
nitrate plus nitrite the ratio (industrial:municipal) for total 
nitrogen was applied to the municipal nitrate plus nitrite 
data for both the Canadian and the U.S. industries, yielding 
estimates for the nitrate plus nitrite loads. With respect to 
ammonia from industrial sources there was insufficient 
data either to compute a load or to establish a ratio for 
estimation purposes. Since Kjeldahl nitrogen is essentially 
the sum of the organic nitrogen component and ammonia, a 
percentage (90%) was applied to the Kjeldahl nitrogen to 
yield an estimate for ammonia. The high percentage of 
ammonia was considered reasonable, as the sources co_n- 
sidered were industries that would normally have low levels 
of organic nitrogen output. 

Limitations in the availability of Kjeldahl nitrogen 
data for U.S. tributaries and both the U.S. and Canadian 
municipal and industrial sources forced the use of the 
relationship: 

TKN = TN - N03 - N02 
for estimating these inputs. Kjeldahl nitrogen for the 
remaining sources was either computed from raw data 
or obtained from literature. 

Connecting Channels 

Owing to the technique of panel segmentation and 
subsequent flow weighting for both the Detroit and Niagara 
Rivers, estimation procedures for missing data were two- 
fold. For a given panel for which data were missing in a 
particular year, an interpolation using the flow ratios of the



adjacent years was applied to the m_issing point. This 
procedure was employed first, followed by the interpola- 
tion using flow ratios between adjacent panels within the 
same year. As the river segmentation was designed to 
minimize any estimations at the river ranges with respect 
to the primary variable, total phosphorus, these procedures 
were only used in a few cases for secondary variabl_es. 

Diffuse Tributary Load 

The load from unmonitored tributary sources, 
estimated as 30% of the total tributary load by the Inter- 
national Joint Commission, was added to the computed 
load for t_ri_buta_ries. The estimate was made by comparing 
basin area and load of known and monitored basins with 
the basin area of unmonitored regions of similar land type 
and proximity. 

DISCUSSION 

Comprehensive annual load estimates for the compu- 
tations of the variables-=t_otal phosphorus, soluble reactive 
phosphorus, total nitrogen, nitrate plus nitrite, Kjeldahl 
nitrogen, ammonia, and chloride—are provided in Appendix 
A of this report (Tables A1-A7). No attempt has been made 
at this time to provide monthly estimates for the loadings; 
they will be the subject of a separate report. 

The variable of major significance in this study, total 
phosphorus, has shown, a marked decrease in the order of 
50% over the study period (Fig. 3). The importance and 
dominance of the influence of the Detroit River component 
(see Appendix A) is noteworthy here, using the variable 
total phosphorus as an example. This source alone repre- 
sented an average of 56% of the total loading to the system. 
Between 1967 and 1976, the total phosphorus loadings 
from the river itself dropped from 14 309 to 7991 metric 
tonnes. Similarly, reductions of approximately 50% can be 

Total 
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(tx1o°) 
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“ Total Load 
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Figure 3. Total loading of Total Phosphorus to Lake Erie. 

seen in the contributions from municipal plants and indus- 
trial sources, however, reductionsin load cannot be seen in 
the tributary component. These show some variability but 
no significant reduction. Since tributaries represent and 
reflect the activities occurring within their respective 
drainage basin_s, they cannot be expected to show signs of. 
reduction unless and until control measures on land use 
activities are implemented. 

Soluble reactive phosphorus, which may be con- 
sidered the sol_uble inorganic form of phosphorus most 
readily available for biological use, showed a pattern of 
reduction similar to total phosphorus. This form repre- 
sented an average of 34% of the total phosphorus load. 
The Detroit River again was strongly dominant, with 
additional reductions noted in the tributary loads as well 
as the municipal and industrial sources. The downward 
trend in the total loading results was quite clear, partic- 
ularly between 1967 and 1969. In the late_r years of the 
study, reductions in load continued b_ut at a lesser rate 
(Fig.4).
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Figure 4. Total loading of Soluble Reactive Phosphorus to Lake 
Erie. 

The four nitrogen variables——total nitrogen, nitrate 
plus nitrite, Kjeldahl nitrogen, and ammonia—although 
related, displayed somewhat varied behaviour over the 10 
years studied (Figs. 5-8). Nitrate plus nitrite, which consti- 
tutes the major" soluble inorganic component of tota_l 

nitrogen, has increased since 1967 with a reasonably stable 
slope of +7800 metric tonnes per year. Examination of the 
loading breakdown for nitrate plus nitrite (Table 4) indi- 

cates increases in the contributions from the Detroit River 
and tributary sources corresponding with reductions in the 

_ 
municipal and industrial component. This factor can be 
related to the installation of mun_icipa| treatment plants,



which although they are designed to reduce organics and 
remove also remove an amount of nit_rogen in 
the process. Thus, treated effluents are likely to show 
reductions, whereas untreated sources may display in- 

creases. 
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Figure 5. Total loading of Total Nitrogen to Lake Erie.
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Figure 6. Total loading of Nitrate plus Nitrite to Lake Erie.

59
3 

Kjeldahl 

Nitrogen 

(ixio°l_ 

3
3
5 

Total Load 

80 I I l I i l I I I r 

67 68 69 70 71 72 73 74 75 76
, 

Vear (19...) 

Figure 7. Total loading of Kjeldahl Nitrogen to Lake Erie.
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Figure 8. Total loading of Ammonia to Lake Erie. 

Kjeldahl nitrogen, "which is a combined measure of 
the organic nitrogen and ammonia component, showed 
some varia_bi|ity from 1967 to 1970, a leveling up to and 
including 1973, followed by an increase to 1976-. The 
ammonia loads also showed a great deal of variability, with 
an average loading of approximately 47 000 metric tonnes 
per year over the study period. Of note here is the increase 
in the contribution of organic nitrogen from 1974 to 1976 
attributed to the Detroit River and tributaries to Lake 
Erie. 

Considering these three variables of the nitrogen 
loading together as components of the total nitrogen yields 
an overall picture of increasing nitrogen loadings to the lake 
beginning significantly in 1972. The implications and 
effects of this increase are beyond the scope of this report 
but it is hoped that the topic will be addressed in other 
research. 

As was outlined in the section entitled "Estimation 
Techniques," the nitrogen variables required significant 
estimation in some areas; therefore_, with the exception of 
total nitrogen and nitrate plus nitrite, less confidence can 
be attributed to the loadings in this section. 

The variable included in this study to act as a con- 
servative substance was chloride (Fig. 9), which displayed 
some variability over the 10-year period, with no significant 
trend to increasing loadings except for 1975 and 1976, 
which appear to have reached higher-than average loads. 
This increase is attributed primarily to the tributary con- 
tribution. Notable in the breakdown of the chloride l_oading 
is the negative sign of the net loading figures, which are 
obtained by subtracting the outflow loading of the lake 
(upper Niagara River) from the total input loading. This 
indicates the presence of an unmonitored source of chloride 
loading. One major source of chloride to Lake Erie not 
i_nc|uded thus fa_r in this study was the contribution from 
winter road salting, with the subsequent natural land 
runoff and channeled storm sewer point sources. if, as a 
poi_nt of exercise, the concentration of chloride in Lake



Table 1. Additional Chloride Loading Attributed to Road Salting (Chloride, t x 106) 

1971 
' 1977744

~ 

Year 1967 1968 1969 1970 1972 1973 1975 1976 

Load 0.73 1.14 1.06 0.66 0.90 1.05 0.77 1.18 0.40 0.25 

The major deviation from the estimates presented for this 
study is seen in the 1974 and 1975 loads given by the U.S. 

50- Army Corps of Engineers, which differ by about 8000 
metric tonnes (50%). However, as can be's'e'en, good agree- 

45. ment was achieved between the three st_u,d_ies reporting 
'5 data for 1973. It has been shown in the comprehensive 
é 

4o_ breakdown of phosphorus loads (Table A-1) that the major 
-‘§ 

' 

factor responsible for the reduction in load between 1973 
E9; and 1974 is a reduction in the contribution from the 

3-5‘ Detroit River. As a result, the increase in load reported for 
1974 is difficult to explain. 

Total Load 
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Figure 9. Total loading of Chloride to Lake Erie. __ 25 . 
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Erie were assumed to be constant over the 10-year study 52.3. ., 

period, an in'put_/output balance would yield additional §1s- oP|-esen1Smd>y 

loads primarily attributed to road salting activities, as :3 16‘ ‘US Corpsoffinsineers 4 
. ‘:3 . =Task Group 1!! \a-/'/ shown In Table 1. 3: 

‘4 
..._,C 

12 ‘ ‘PLUARG '|btal Load 

If changes in |a_ke concentration that a_re related to 
1°‘ 

water level changes and retention of chloride in the lake 757 sis 6'9 7'0 7'1 7'2 
' 

23: 7'5 7is 

Year (19...) system were taken into account, the figures in Table -1 

would be somewhat different. To pursue this issue would 
be beyond the scope of this study, and therefore it should 
be noted that on the average, an additional 0.8 x 10‘ 
tonnes of chloride is loaded to the I_ake each year. 

Over the past few years, several groups and agencies 
have worked upon the complex task of estimating the 
loading of total phosphorus to Lake Erie. The four major 
contri_bu_tors have been the U;.S. Army Corps of Engi_neers, 
the International Joint Commission (IJC), Task Group III 
on the 5th year review of the Great Lakes Water Quality 
Agreement (IJC, 1978a) and the Pollution from_ Land Use 
Activities Reference Group (PLUARG) (IJC, 1978b). 
Results from these studies have been compared with the 
total loading estimates from the present study (Fig. 10). 

Excellent agreement has been found with the U.S. 
Army Corps of Engineers estimates for the 4. years 1_970- 
1973, with less than 5% deviation. Similarly, for 1973 to 
1976 the IJC estimates are within 5% deviation. With 
respect to the PLUARG and the Task Group load estimates, 
which are. considered for -1976 only, the deviations are 
-somewhat larger, with values of 10% and 24% respectively. 

Figure 10. Comparison of Total Phosphorus loads to Lake Erie. 

Examination of the entire 10-year period indicates 
that, in general, good agreement has been achieved by those 
studying Lake Erie loadings and that there has been a 
general but significant reduction in the load of total phos- 
phorus entering the system. 

The expansion of this study to obtain and compute 
loads for additional years up to 1979 is presently under 
way and will indicate whether or not the reductions in load 
calculated for the past 10 years have continued. 

REFERENCES 

Appelby, D.J. 1977. The impact of phosphorus control activities, 
the experience in Ontario. Erco Industries "Ltd. 

Canada Centre for Inland Waters. 1977. Atmospheric loading of the 
lower Great Lakes. Report by Acres Consulting Ltd. for 
Environment Canada, DSS-02SS KL347-6-0146. 

Dercki, J.A. 1975. Evaporation from _Lak_e Erie. Nat. Oceanic 
Atmos. Admin. Tech. Rep. ERL 342-G LER L3.



~—— 

- 

-~ 

——_.~.._....... 

Elder, F.C., Andren, S.J. E_isenreich, T.J. Murphy, M. Sander- 
son, and R.J. Vet. 1977. Atmospheric loadings to the Great 
Lakes, Unpublished manuscript. 

lnternat_ionaI Joint Commission. 1969. Report to the International 
Joint Commission on the pollution of Lake Erie, Lake 
Ontario, and the international section of the St. Lawrence 
River. Vol. 2. 

lnternational Joint Commission. 1973, 1974, 1975, 1976. Great 
Lakes water quality annual report, Appendix Remedial 
programs subcommittee report to the Great Lakes Water 
Quality Board. 

International Joint Commission. 1978a. Fifth year review of 
Canada-United States Great Lakes Water Quality Agreement, 
report of Task Group III. 

International Joint Com_m_ission. 1978b. Environmental manage- 
ment strategy for the Great Lakes system. Final report of 
the Pollution from Land Use Activities Reference Group. 

Kendall, M.G. and A. Stuart. 1968. The advanced theory of statis- 
tics. Vol. 3, 2nd ed. Hafner Pub., New York. 

Kuntz, K.W. 1978. Atmospheric bulk precipitation in the Lake Erie 
basin. Environment Canada, Inland Waters Directorate, 
Report Series No. 56. 

Ongley, E.D. 1974. Hydrophysical characteristics of Great Lakes 
tributary drainage, Canada, Vol. 1. Queen's University. 
Ontario. 

Sonzogni, W.C., T.J. Monteith, W.N. Bach, and V.G. Hughes. 1978. 
United States Great Lake_s tributary loadings. Report to 
Pollution from Land Use Activities Group, US. Task 

Tin, M. 1965. Comparison of some ratio estimators. J. Amer. Sta- 
tist. Assoc.~, Vol. 60. 

U.S. Army Corps of Engineers. 1975. Lake Erie wastewater manage- 
ment study, feasibility report. 

U.S. Geological Survey. 1966-1976. Water resources data for New 
York. U.S. Dept. of Interior. Annual reports. 

U.S. Geological Survey, 1966-1976. Water resources data for Ohio. 
U.S. Dept. of Interior. Annual reports. 

U.S. Geological Survey. 1966-1976. Water resources data for 
Michigan. U.S. Dept.of Interior. Annual reports.



-——-———~——~———— 

——- 

- 

—.v.=-—_.-w-——— 

~\—...——————— 

w.— 

————: 

-“'—_, 

__ 

'7, 

NOTES TO THE TABLES 

‘The loads were estimated based on less than the identified 
number of significant contributing sou_rces. 

R—As no soluble reactive phosphorus data were available 
for the U.S. tributaries, these loads were estimated in 

the manner described in the text. 

E—Flow data were not available for these years, requiring 
estimation techniques as described in the text. 

Appendix A 
Loading Results



Sl 

TOTAL PHOSPHORUS PARAMETER TOTAL ANNUAL LOAD (METRIC TONNES) 

535335221 1R¥3u§ARv fi33?3§?§1 Muflic§fiAL 5§gGg5§¥AL INDfl§T:iAL AT”°5P”5R5° 0553355 T°TA5 N¥$2§§A "55 50A” 

1957 1473 4534 23 2112* 15 47 774 14309 23437 3479 19953 

1953 1234 4454* 205 3575* 9 45 774 17322 27944 5352 22592 

1959 792 5355* 205 2051* 9 45 774 17339 25977 4403 22559 

1970 1511 4291* 205 1552* 9 45 774 15422 23724 7015 15703 

1971 770 4335* 195 1539* 9 45 774 10435 13077 3421 14555 

1972 955 5303* 195 1553* 7 44 774 12000 22271 3554 13717 

1973 1430 5513* 115 1153* 9 32 774 10543 20435 5141 15344 

1974 711 5599 35 1113* 7 12 774 3492 15321 5252 11559 

1w5 n3 5m1 5 132* 1 11 N4 7&1 gfiu 3w5 ‘mus 

1975 933 4937* 5 1105* 14 20 774 7991 15331 5071 10750



tl 

SOLUBLE REACTIVE PHOSPHORUS 
PARAMETER TOTAL ANNUAL LOAD (METRIC TONNES) 

$Q¥g312gv TR¥§U%ARY 3fi3?3}3§1 Mugic?fiAL §agfig1Q¥AL1'INo3é1§iAL “T”°5P”ER1° D%}5g;T TOTAL N¥:E§§A "ET LOAD 

1951 887 2820R 13 1157* 8 25 - 8153 13074 1953 11121 

1953 744 2591" 13 2320* 5 25 - 4373 10171 2009 8152 

1959 372 2754“ 11 1081* 5 25 — 3759 8017 2031 5985 

1970 915 2559“ 10 842* 5 25 - 3428 7794‘ 4502 3192 

1971 402 2288R 11 943* 5 25 - 2938 5512 920 5592 

1972 425 2994“ 10 871* 4 24 - 2395 5723 1023 5700 

1973. 375 1712“ 5 517* 5 18 - 2113 4847 1554 3193 

1974 213 1708R 4 592* 4A 
7 - 2341 4859 1480 3389 

1975 177 1547“ 3 599* 1 5 - 3243 ‘.5575 904 4772 

1975 291 1481R 4 638* 8 11 — 1884 4317 998 3319



Ql 

TOTAL NITROGEN PARAMETER TOTAL ANNUAL LOAD (METRIC TONNES) 

$é¥g31£gv 1R¥8u¥ARv fi3§?3§3K1 Muflic§fiAL ?3333%3?AL INDH§TgiAL AT"°5P”ER‘° °§}5?$T TOTAL N¥KE§§A "ET L°A° 

1957 11423 35324 97 8442 87 35088 108851 200430 83251 117179 

1958 9335 33759 95 8381 52 115 35088 105815 192552- 105815 85837 

1959 8059 59893 95 8381 52 115 35088 103537 215321 72841 142480 

1970 9493 25544 94 8155 52 113 35088 1171009 195749 76883 119855 

1971 7071 40258 98 8507 52 113 35088 108231 199428 71450 127958 

1972 12929 91052 89 7782 41 110 35088 93340 240431 68655 171775 

1973 14257 54984 79 5909 52 80 35088 118570 240119 109117 131002 

1974 12714 101909 79 6880 41 30 35088 121390 278133 144313 133820 

1975 13317 94408 88 7538 5 28 35088 118311 258884 135547 132237 

1975 21585 108408 81 7059 81 50 35088 119458- 291810 130025 151784



9l 

NIIRATE PLUS NITRITE 
PARAMETER TOTAL ANNUAL LOAD (METRIC TONNES) 

$Q¥Q31ggv fR¥éU%ARY ’fiG”?g1:2L Muflic§fiAL 
% 

§fig3g13¥AL INdg§T§iAL AT”°5P”ER‘° °5}5?§T T°TAL "$23534 "57 L°A° 

1957 4013 12751* 25 2154* 22 30 17000 .34504 70519 ,5555 54954 

1958 5555 20095* 18 1555* 10 21 17000 40491 84745 8598 75148 

1959 4255 31530* 21 1859* 11 25 17000 32488 87301 8255 79035 

1970 7112 19951* 15- 1253* 8 17 17000 41485 85852 5454: 80408 

1971 3959 22545* 15 1340* 8 18 17000 45491 91377 11013 80354 

1972 7830 55142 29 2558* 13 35 17000 42113 124713 11350 113381 

1973 8579 39103 30 2502* 20 30 17000 55250‘ 123523 33970 89553 

1974 8552 52824 12 1057* 5 5 17000 49822 139387 64381 
M 
75005 

7975 9143 55475* 15 1282* 1 5 17000 53550~ 137471 70525 55845 

1975 15358 52585* 13 1173* 13- 8 17000 53211 140351 55255 84105



Ll 

KJELDAHL NITROGEN PARAMETER TOTAL ANNUAL LOAD (METRIC TONNES) 

$Q¥g312gv TR$§U%ARY fiC3?3§3§1 Mu3ic§#AL ?fi3fi3¥3¥AL IND3§T:iAL @T”°5P”ER‘° DE}5g8T T°TAL N¥:E§§A "57 L°AD 

1957 5204 23553 72 5278 55 88 18000 74247 127517 77585 49931 

1958 4389 13574 78 5825 42 94 18000 55325 108427 95217 12210 

1959 3855 28253 75 5512 41 89 18000 71149 127985 54575 53410 

1970 3322 6683 79 5902 44 95 18000 75515 110741 70429 40312 

1971 3125 17722 83 7157 44 95 18000 51740 107975 50447 47529 

1972 3983 35910 50 5214 28 74 18000 51227 114495 57305 57191 

1973 5381 25881 49 4307 32 50 18000 52410 115110 75147 40953 

1974 3915 39085 57 5813 35 25 18000- 71570 138511 79932 58579 

1975 4198 37933 73 5355 5 23 18000 54751 131349 55021 55328 

1975 5245 55823 58 5885 68 42 18000 77284 152417 53203 99214
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PARAMETER 
AMMONIA 

TOTAL ANNUAL LOAD (MEIRIC TONNES) 

$3?3312gY TRgéU§£RY fififi?3}3§1 Mugic§6AL ?fi33§¥3?AL IND3§T:iAL D§I3g3T T°TAL N¥:E§§A "ET L°A° 

1957 724 11441 43~ 3726* .59 79 3500 231134 47703 10333 36370 

1959 1346 13299 43 3734* 33 35 3500 22973 50073 11657 33414 

1959 764 21413 37 3241* 37 30 3500 24556 53623 10744 47334 

1979 365 3191 33 2862* 40 36 3500 17943 33531 7671 37770 

1971 301 14436 35 2931* 40 86 3500 20004 46933 9435“ 37443 

1972 619 24599 46 3970* 25 67 3500 17530 .55406 4533 .50323 

1973 733 17095 36 3131* 29 45 3500 13547 43221 9105 39116 

1974 741 31054* 31 2676* 32 23 3500 17199 60256 3245‘ 352011 

1915 404 15227* 47 4030* 5 21 3500 16659 44943 5733 39160 

1976 336 14554* 47 4043* 61 33 3500 16665 44294 2326 41963
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CHLORIDE 
PARAMETER TOTAL ANNUAL LOAD (METRIC TONNES) 

$Q?§312gv 1R¥3u$ARv §G§?3}3§1 MU:iC%§AL 3§33fi?¥3?A1 IN03§1:iAL AT"°5P"ER‘° D§}5g3T TOTAL Ngggggh "ET LOAD 

1957 90424 500053* 935 23003* 495 35000 20124 3223092 3903133 4527755 -724553 

1953 93093 753370 1555 44477* 491 34577 20124 3074453 4032251 5157232 -1134931 

1959 37074 1019033 1443 40977* 495 34933 20124 2943325 4147954 5205519 -1057555 

1970 73331 943307* 1527 45207* 454 32013 20124 2571951 3799074 4455520 -555545 

1971 73914 712725* 1504 45557* 403 23410 20124 2950757 3343505 4745531 -393025 

1972 113075 1043410 2525 71719* 353 24903 
I 

20124 2505927 3332041 4923423 -1045337 

1973 30745 1103390 2397 53033* 357 25153 20124 3155225 4455935 5240321 -774335 

1974 112200 353405 1022 29033* 354 25000 20124 2331103 3927247 5105014 -1173757 

1975 150717 1573519* 1533 47952* 354 25000 20124 2542433 4351302 4755073 -404272 

1975 135000 1331702 1549 45354* 354 25000 20124 2722525 4334309 4533503 -249194



Appendix B 
Data Sources



State of Ohio 

Maumee R. 
Portage R. 
Sandusky R. 
Huron R. 
Vermilion R. 
Black R-. 
Cuyayhoga R. 
Rocky R. 
Chagrin R. 
Grand‘ R. 
Ashtabula R. 
Conne_aut Cr. 

State of Michigan
b 

River Raisin 
Huron R. 

TRIBUTARIES 

Province of Ontario 

Sturgeon Cr. 
Kettle Cr. 
Catfish Cr. 
Big Otter Cr. 
South Otter Cr. 
Big Cr. 
Dedrick Cr. 
Lynn R. 
Nanticoke Cr. 
Grand R. 

State of New York 
Buffalo R. 
Cattaragus Cr. 
Eighteen Mile Cr. 

INDUSTRIAL DISCHARGERS 
State of Ohio 

Gulf Oil——Toledo 
lnterlake Stee|—To|edo 
Sun Oil-—Toledo 
Standard Oil—Oregon 
Routh Packing—Sandusky 
U.S. Steel—Lorain 
U.S. SteeI—Cleve|and 
Jones & Loughlin SteeI—Cleve|and 
Harshaw Chemicals—Cleveland 
R_epublic Steel Corp.—C|eveland 
Union Carbide—Ashtabula 
R.M.I. Sodium ChIoride—Ashtabu|a 
Olin Corp.—Ashtabu|a 

State of New York 
Bethlehem Steel 

Province of Ontario
' 

Omstead Foods—Wheatley 
Omstead Fisheries—Wheatley 
H.J. Heinz Co.—Leamington 
Mallory Hardware Products—Blenheim 
lnco—Port Colborne 
Algoma Steel-Port Colborne 

MUNICIPAL DISCHARGERS 

State of Ohio 

Camp Perry 
Port Clinton 
Oak Harbor 
Clyde 
Bellevue 
Sandusky 
Vermilion 
Amherst 
Lorain 
Rocky _River, S.D. #6 
Avon Lake 
Lakewood 
Brookport 
Middleburg Heights S.D. #8 
North Olmstead 
Cleveland—Westerly 

—EasterIy 
——Southerly 

Euclid 
Wi|loughby—Eastlake 

—Greater Mentor 
Geneva-On-The-Lake 
Lake County—Madison 
Ashtabula 
Conneaut 
Toledo 

State of New York 
Erie County #2 South 
Dunkirk 
Fredonia 
Westfield 
Hamburg Master 
Lackawanna 

State of Michigan 

Monroe 
Wayne Cou_nty-—F lat Rock 

~Rockwood 

State of Pennsylvania 

Erie 

Province of Ontario 

Port Dover 
Fort Erie—Crystal Beach 
Ontario Hospital 
Port Stanley 
Port Burwell 
Kingsville 
Leamington 
Dutton 23




