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THE IMPLICATIONS OF PHOSPHORUS LOAD REDUCTIONS TO LAKE ERIE

Introduction

Based on an extension of the empirical relationship develéped.by
Dobson, Gilbertson and Lee (1972) between the rate of oxygen depletion in the
hypolimnion of the Central Basin and the external phospﬁorus loading to Léke
Erie, the implications of a phosphorus reduction program can be postulated.
The reasons for a phosphorus réduction program originated with the reports of
the International Joint Commission (1970) and its Advisory Boards (1969 a,
b & c). Intensive studies of Lake Erie (and Lake Ontario) carried out by the
‘IJC over the yéars 1965 to 1969 outlined in considerable detail the
deterioration of the lakes due to cultural eutrophication = the over-enrichment
of these lakes by nutrients, particulariy phosphorus. The principal
manifestation of egtfophicatibnbwés the production of massive growths of
aqgatic vegetation which created serious problems for water supély and
recreational uses of a signiffcant portion of Lake Erie. As a result of
identifyfng this problem and the role of phosphorus, the 1JC (1970) made
spécific recommendations for the controi of phosphorus in order to reverse
accelerating eutrophiqation. f

vThe relationship developed by Dobsbn, Gilbertson and Lee (1972) was
~an adjunct fo previous extensive studies of ‘the hypolimnion of the Central
Basin of Lake Erie described in Project Hypo (1972). The general objective
of '"Project Hypo' was to quantify, insofa} as possiblé; the extent of oxygen
depletion in the hypolimnioﬁ and .to delineate the mechanisms.responsibie for

the observed phenomenon, including the quantification of nutrient release rates
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under oxic and anoxic conditions. Although anoxic conditions were
anticipated and‘observed'during the IJC.studies, nutrient release rates
were nét studied in detail at that time.

“Project Hypo'' involved extensive physical, biological and
chemicé] studies in the Central Basin, and from theée studies it was determined
that oxygen depletion in the hypolimnion was pfoduced by two main mechanisms,
with the vast majority being caused by the bacterial -oxidation of organic
material which had settled to the bottom of‘the basin (Burns and Ross, 1972
(a)). The primary source of this material was the massive amount of algae
produced by over-enrichment of the lake.

Dobson and Gilbertson (1971) showed that anoxic conditions of

“significant extent were probably first manifest in the Central Basin in 1960
and ten years later (Burns and Ross, 1972 (a)) found that these conditions
extended over some 6,000 square kilometers or 40% of the whofe Central Basin.
The phdsphorUs rélease rate from sediments under these anoxic conditions was
found to be about eleven times higher than when oxygen was present.

The principal finding pf this project was that because of the vast
increase in‘anoiic conditions in the hypolimnion '"the Central Basin is now
changing from being.a settling basin to a production basin for phosphorus
during «the summer. This production of phosphorué at a critical périod_in the

-.annual cycle of the lake oécurs just prior to the turnover and fall blooms,

and is the result of excessive phosphorus loadings earlier in the year'

(Burns and Ross, 1972 (b)). The authors of ”ProjectFHypo” ﬁoncluded that
M phbsphorus input to Lake Erie must be reduced immediately; if this is
done, a quick improvement in the condition of the lake can be expected; ff

it is not done the nate of deterioration of the lake will be much greater
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than it has been in recent years'" (Burns and Ross, 1972 (b)}).

Thus, as a result of VProjecf Hypo'', this régenerétion of largé
quantities of hutrients frém extensive anoxic conditions in‘the hypolimnion
caused by the decay Qf massive quantities of algae was identified as a
significant factor in the acceleration of the rate of deterioration of the
water quality of Lake Erie. As a consequence,vthe prevention of the \
occurrence of anoxic conditions would be a significant initial step in the
Mevenuon 0f further acceleration of the rate of deterionation of the quality
of the lake. Further, on the same basis, any reduction in present phosphorus
‘inputs would thus presumably have a 'multiplier effect' in reducing nuisance
algal conditions. /

A sufficient reduction of phosphorﬁs inputs shqu]d lead to fhe
elimination of bottom anoxic conditions and prevention of the regeneration
of inorganic phosphorus from the sediments. In addition, since 75% of the
phosphorus is rehoved from the lake by the sediments undéer oxic cond}tions
(Burns and-Ross, 1972 (b)), the available phosphorus should be reduced in
‘close proportion to reductions ?n the external load.

The occurrence of anoxic conditions in the hypolimnion of the
Central Basin of thé lake should be predictablé on the,bésis of the empirical
'linear{refétionship developed by Gilbertson, Dobson and Lee (1972) to which
reference was made. Based on Historical data.Dobson and Gilbertson (1971)
demonstrated an accelerating frend in oxygen depletion ratésjin the Central
Basin from 1929 to 1970, and utilizing this information GilEertSOn, Dobson
and Lee (1972) postulated the linear relationship shown in Figure 1. The
municipal portion of the external phosphorus loading was calculated on the

basis of population estimates multiplied by factors which accounted for the
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phosphorus contributed by human wastes and dgtekgents. The authors concluded
that ""this grabh suggests a possible significant relationship between the twb
parameters (i;é?; rate of dissolved oxygen depletion and muhicipal'phosphOrus
loading); The rate of-oxygen'deplétion has increased with the increasing
municipal loading.'" From this relationship the‘authors estimated that the
municipal portion of the external phosphorus loading would have to be reduced
to the order of 12,000 tons pef year to avoid the océurrence of anoxic
conditions (and subsequent large scale recycling of nutrients). This estimate
is based on the assumption that the laké responds to a decrease in‘phosphorus
loading; in a similar fashion as it appears to have responded to an increase
in chh loadings (i.e., that the postulated relationship is reversible).

It is recognized, however, that it is difficult to predict a year
to year response because of the significant variation in the rate of dissqlved
6xygen depletioﬁ determined by Dobson and Gilbertson (1971) as depicted in

Figure 2 which is reproduced from their work. They identified the trend and

it is this relationship which was used to develop the subsequent relationship .

between phosphorus loadings and the rate of dissolved oxygen depletion.

| For the purposes of this paper the phosphorus loading~hypolimnial
oxygen relationship was extended to relate to the.toiul external phosphorus
loading to Lake Erie and this can be done if iL«i§~E§EETEg\EEEE;Eb§—EQ““

municipal portion of the total external phosphorus loading has been essentially
—_— ) :

constant over the perfod 1931 to 1970. |In the 1JC Advisory Board Report
\Mm

~abou3\]l,000 tons per year. This extension of the Dobson, Gilbertson, Lee
— . :

relationship is shown in Figure 1.
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Using'this postulated relationship for total loading, it can be
<ot o= ' ‘

seen that the external phosphorus loading to Lake Erie would have to be
reduced to thé 6rdef of 23,000 tons per year to juét prevent-the occurrence
of anoxic conditions in the hypolimnion of the Central Basin at the end of the
period of stratification. However, very low dissolved oxygen values and
lproblem algae conditions would still be expected to prevail with this loading
simply because the reduction is not sufficient to meet the proposed 1JC water
quality objective for phosphorus ''to prevent the growth of nuisance algae,
etc.'!'. When fhis latter objective is achieved dissolved o*ygen values in .
excess of 5 - 6 mg/1 could be anticipated in the hypolimnion throughout tHe
year. | | |

In order to relate the impact of phosphorus reduction programs to
the oxygen éonditions in the hypolimnion of the Céntral Basin, projections
of the toﬁal exfefna] phosphorus loading to Lake Erie can be made and related

to the relationship in Figure 2.

Phosphorus Loadings |

According to the 1JC Board Report (1969, b)); approximately 78% .
of the phosphorus loading to Lake Erie was from séurces in the United States,
with 4% befng from Canadian sources and 8% from Laké Huron.
| In the 1JC Report (1970) specific control measures-were recommended
for reducihg thevbhosphorus ldading to the lake. These included (a) replace-
méht of phosphorus content of détergents with environmentally less | |
harmfdl materials by December 31, 1972, (b)v further reductions ig the

remaining phosphorus in municipal and industrial waste effluents, with a

view to achieving at least an 80% reduction by 1975, and (c) reduction of
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7 phosphorus discharged from land drainage activities. Subsequently, as a
result of the flndlngs of 'project Hypo“ prevuously described, the
recommended date for the reduction of phosphorus in municipal and |ndustr|al
waste effluents was advanced to 1973 from 1975. This new date was included
in the report of the Ministerial Meeting on Great Lakes Pol]ﬁtion,in
Washington, D.C. in June, 1971.

Based on these above recommendations, phosphorus reduction programs
were initiated in both the United States and Canada. The impact of these
programs on Lake Erie can be compared by (a) assessing the probable effect
on the oxygen conditions of the hypolimnion of the Central Basin and noting
whether the recommended specific water quality objectiVe for dissolved oxygen
in hypolimngtit waters will be met; (b) determining whether such loadings
will meet (i) the,targgt'phosphorus loadings that can be derived from the

. programs for 1975 recommended bylthe 1Jc (1970), and (ii) the recommended
1Jc (1970) specific water quality objective for phosphorus ''to prevent
nuisancevgrowths of algae, weeds and slimes which are or may bec&me injurious

to any beneficial water use'.

Phosphorus Reduction Programs

. In cooperation with personnel from the U.S. Environmental
Protection Agency and the Ontario Water Resources Commission (now Ministry
of the Envifonment) estimates of the external phosphorus loading to Lake
Erie were prepared for the period 1970 through 1976. The following phosphorus
reduction programs were considered:
1. A program to control phosphorus in detergents only
assuming that no phosphorus removal facilities would

be constructed at hUnicipal plants (Table 2).
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(1)

2. United States and Canadian programs fdr the construction
of phosphorus remoyal facilities at mUnicipal sewage
treatment plaﬁts and programs to reduce the phosphorus
coﬁtent of detergents (Table 3 & 4).

3. For comparison purposes, estimates were also made of the
external phosphorus loading assuming that no remedial
measures or programs would be implemented after 1970
(Table 5).

The municipal pertion of the total external phosphorus loading to

Lake Erfe was calculated for each country on the basis of measured sewage
flows and measured concentrations of phosphorus in these flows trom localities

where this information was available, with brojections being made accordingly.

Where, this'w
load:ng estzmate and detanls of the methodology are outllned in Appendnces A
and B.

In order to calculaté total external phosphorus loadiﬁés to Lake
Erie, estimates were made of the non municipal portion of the totalithosphorus
Ioading; This loading includes the contribution from industrial and land
drainage sources as well as the total cohtribution from Lake Huron. Estimates
of the.non municipa] portion of the total externa] loadings are based |

essentially on data presented in the 1JC Advisory Boards Report (1969, b)
and modified somewhat to account for known reductions in industrial loadings.
Estimates of the total external phosphorus loading, which include the

municipal and non- munncxpa] portions, are presented throughout.

" Discussion and Comparisons

The total_éxternal phosphorus loadings which would be attained if

the foregoing programs were implemented are compared with the following:

(1)

As known in early 1972 at the time of negotiation of the Canada- Unnted
States Agreement on Great Lakes Water Quality.

‘wa%-ndt%ﬁéﬁsibfé‘“vafious assﬁmbtions were ‘made with respect to “the

R
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The phosphorus loading to prevent the occurence of anoxic
cond{tions in the hypolimnion of the central basin. This external
1oading.is estimated to be 23,000 tons. (Figure 1)

Sﬁecifically, for dissolved oxygen in the IJC Report (1970) it was

- proposed that "in connecting channels and in the upper waters of

the lake not less than 6.0 mg/l1 at any time; in the hypolimnetic

. waters not less than the concentrations necessary for the support

of fish life, particularlyvcoid water species'. Although no specific
level was suggested for the value of oxygen in the hypolimnetic waters,
6.0 mg/1 may be considered optimal, with perhaps 4 mg/l considered
marginal, but adequate over a short time sban.

The i975 "'target loading' as derived from the programs broposed in
the 1JC Report (1970) which recommended the elimination of phosphorus
in detergent;.by Decembef 31, 1972, and an 80% reduction of the
remainder of the phosphofu; in municipal and industrial wastewater

by 1975. This load Was calculated to be about 13,465 tons (Appendix
C). 1t was agreed by a Canada-U.S. Working Group which reportéd to
the Ministerial Meeting in June 1971 that this latfer target date
should be moved forward to 1973.

However, the Canadian government limited the content of phosphorus

in detergents to 5% P,0; (2.2% P) as of December 31, 1972. In addition,

because of limitations in the available data on»the‘phosphorus loading
from industrial sources in the.United States, it was diffic&lt to
estimate the possible reductions that could be made in this .load
although a suggested decrease is qutlined in Appeddix’c. With
consideration of tﬁese two factors an estimafe of a total externél

loading which might be considered as that resulting from the use of
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“best practicable technology" was prepared. This estimate, depending

upon the assumptions made (Appendix C), was about 14 - 15,000 tons

per year. Given the inherent limitations in the data involved in the

computations a more realistic estimate is probably about 15,000 to -
16,000 tons per year, and this was the figure used for comparative .

purposes.

. - The proposed spécificvwater quality objective recommended in the 1Jc

Reporf (l970)yfor phosphorus corresponds -to a total phosphorus loading
of about 11,160 tons per year (0.39 g/mZ/yr).

Estimates of the phosphorus loadings that would occur as a result of

the implementation of the phosphorus reduction programs are briefly summarized

below, and in Figure 3 the phosphorus loadings as developed are presented for

all of the programs and comparisons made with the various objectives.

(a)

(b)

Programs involving only detergent reformulation. These loading data
are presented in Table 2. The total phosphorus loadjng increases from
30,511 tons in 1970 to 31,866 in 1972. VWith reformulation to the 5%
P205 level the total load'decreases to about 23,957 tons,.incréasing,
yearly thereafter.

This reduction in phosphorus lbadfng would be nearly sufficient to
prevent the formation of anoxic conditions, and.would, it is expected,
greatly reduce the extent of these conditions in area and duration.
Tﬁe total loading wduld remain, of course, wellAinAexcess of that
proposed as the specific 1JC Water Quality Objective. ~

United States and Canadian programs are presented in Tables 3 and 4.

The total phosphorus loading decreases from 30,511 tons in 1970 to a

minimum of 16,141 tons in 1976. The load reduction is sﬁch that by

1973 this would appear to be sufficient to eliminate anoxic conditions -

in the bottom waters.
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. The following tabulation summarizes the results of the various programs

and relates them to the recommendations of the 1JC report (1970).

TABLE 1

COMPARISON OF PHOSPHORUS CONTROL PROGRAMS

Date Loading Estimated* Estimated 1975
Reduced Maximum D.O. 1974 Loading Loading
: To Attain Levels in 1975 Minimum 1JC Objective
[ . Oxic-Anoxic Hypolimnion Practicable 0.39 g/mz/yr.
Control Programs Transition (1976) 15-16,000 Tons or 11,160 Tons
' (Year) (mg/1) (Tons) (Tons) (g/m2/yr)
I.A>Detergent
Reformulation
only (Table 5) . -- Anoxic 24,47 24,679 0.86
2. Canadian and
Proposed U.S.
.1 Program _
. (Tables 3 and &) 1973 | 2-3 16,985 16,849 0.53

the 1974 loading results from programs implemented in 1973. The loading,
15 - 16,000 tons, is felt to represent the loading resulting from the implementation
of the "best practicable technology' and may be considered to be comparable to
that which would be obtained by implementation by 1975 of the programs recommended

Jin the 1JC Report (1970).

In the report of the IJC [1969 (b)p262] a figure is presented relating

the external phosphorus surface loading and lake depth to the degree of eutro-

phicdtion. This figure is reproduced here as Figure 4 and the pertinent

information for Lake Erie has been included. For comparisoh purposes the 1975

phosphorus loading projected for each of the proposed control programs has been

noted.

As suggested on page 66 of the same report, the achievement of the

-objective of 0.39 g/mzlyr. phosphorus loading is expected to restore Lake Erie

to a condition near mesotrophy.
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Conclusions

~ On the basis of‘the’preéeding analysis and in light of the various

assumptions that have been made, it can be concluded that:

(1)

(2)

A program of detergent reformulation alone would achieve a significant

decrease in fhe phosphorus loading with an expected'important improve=-

“ment in the condition of Lake Erie.

By 1973 the phosphorus ioading reductions under Canadian and United
States programs might have been sufficient to maintain oxic conditions
in the hypolimnetic waters of the central basin. The eliminatibﬁ of
anoxié conditions would‘be a significant achievement because of the
large multiplier effect which these conditions appear to have on
nutrient availability and consequent algal growth. Similarly, anoxic
and near?anoiic conditiohs are dgtriﬁental to cold water fish popula-
tions as was observed during 'Project Hypo'' (Burns and Ross, 1972 (b)).
The biological chahgés brought on by the occurrence 6f'anoxic.conditions
are not fully understood but are known to cause, in addition to the
effects on fish, drastic changes in the bottom fauna of the lakes.
These effects in partfcular should be diminished. |

However, both of these latter programs will fall short of meeting the

1JC proposed specific water quality objective for phosphorus, although the level

of Ybest practicable treatment technology' for municipal and industrial wastewater

treatment should be approached by 1976. It is obvious that in order to further

reduce the phosphorus loadings to meet the water quality objectiveg additional

controls on industrial sources of phosphorus must be implemented and controls

on the input of phosphorus from land drainage sources will be required.
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Further, in order to eliminate‘eutrobhic conditions as depicted in
Figure 4, a load reduction to décrease‘thé external phosphorus loading to
about 8,000 tons per year would be required. This is several thousand tons
below the loading suggested for the 1JC objective fqr phosphorus (IJC Report,
1970) and approximately 50% of thg projected 1976 phosphorus loading. As
stated above, obviously, muéh yet needs to be done to reduce the phosphorus.

loadings to Lake Erie to even lower levels.
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ANNUAL PHOSPHORUS (P) LOADING (Thousands of shoft tons)
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ESTlMATED TOTAL PHOSPHORUS LOADINGS TO LAKE ERIE
1970 - 1976

35

30 —

A ——a
W — ——t — — 8 ANOXIC

25 ~

HYPOLIMNIAL DISSOLVED OXYGEN '(mllllgrams per litre)

4
PROPOSED 14C OBJECTIVE

10 = . €0.39 g/m2/yr) ' ' : -5
CRITICAL LOADING

(0.28 g/m?7yr)
5 —
0= T T T ] T
1870 197 1972 1973 1974 1975 1976

"~ YEAR (DECEMBER 31)

" NOTES: A. Program involving detergent reformulation alone to 5% ons (2.2% ?). .
'B. Present Canadian program and planned U.S. program. Both programs include
phosphorus removal facilities at municipal plants and some industrial

plants. In Canada the program includes restrictions on the P content of
detergents, and in the U.S. some States also have programs to restrict the

. €. Program involving no reduction in phosphorus inputs.

FIGURE 3
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STATE 'OF EUTROPHICATION OF THE LOWER GREAT LAKES
(Abridged from the 1JC Advisory Boards Report, Vol.2,p. 262 1969)
[Originally from Vollenweider, R.A., 1968)

a Without P coritrol aesnp
b Withno Pindetergents a rem
from all municipal and industrial wastes 10.‘39 g_/r_nlzjyr)

@
o
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LAKE ERIE =~ LAKE ONTARIO
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l'lll]
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PERMISSIBLE "'

1 1 J!J lel 1 1 ' BRI
o1 50 100 500
MEAN DEPTH (m)
NOTES
1. Residual'pho;phorus loading after implementation of'the following programs.
-A. Program involving detergent reformulatlon alone to 5% PO (2.2% P) in 1972.
Condition of Lake Erie should be comparable to what it waé in the mid 1950's
. (based on Figure 1). ’
B. Canadian program and proposed United States program. Condition of Lake Erie
should be comparable to what it was in the mid 1940's (based on Figure 1).
2.

"C‘rltié,al"ran‘d "Permissible'" loadings are as suggested in the 1JC Report (1970,
p 52) and are 0.28 and 0.13 g/mz_/y'r. respectively for Lake Erie.’ .

FIGURE 4
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TABLE 2

ESTIMATED PHOSPHORUS LOADINGS" T0 LAKE ERIE
- ' WITH DETERGENT REFDRMULATION To 5% P 05 (2.22 P)

AS OF DECEMBER 31, 1972 AND NO PHOSPHORUS REMOVAL FACILITIES
(Short tons per year)

F
|
3
f
¢
J

1970 197 1972 1973 - 1974 1975 1976

HUNICIPAL ) ;

* Unlted States 19,035 = 19,548 20,076 12,350 12,641 12,768 13,019 |
Canada 2:3 1,345 1,h00 1,420 1,016 1,047 1,147 1,165
Sub~Total 20,380 20,948 21,496 13,466 13,788 13,915 14,184
NON MUNICIPAL 10,131 10,247 10,370 10,491 10,623 10,764 IQ,SQi
TOTAL EXTERRAL'LOAD 30,571 31,195 31,866 23,957 24,411 24,679 25,085

NOTES:

1. See Appendix B for computational procedure.

2. In August, 1970, Federal regulations restricted the contént of phosphorus in

detergents to 20% P205 {8.7% P) and this factor is accounted for in the 1970
loading estimate. '

. 3. Approximate estimate. The figures for population used in the calculations
were not for the sewered population but for the population living in urban
areas with a populataon greater than 2,500. '

N



HUNICIPAL

United States
Canada -

Mun. Sub-Total

NON MUNICIPAL

2.

3.

TOTAL EXTERNAL LOAD

Industrial
United States

Canada

Ind. Sub-Total‘

Land Draﬁngge‘
United States

Canada
L.D. Sub-Total

Lake Huron

-]9-

TABLE 3

ESTIMATED PHOSPHORUS LOADINGS TO LAKE ERIE

—

{short tons per year) .

Non Mun.Sub-Total 10,131

1970 1971 1972 1973 1974 1975 1976
19,035 19,469 14,89 10,845 6,052 5,770 4,915
1,345 1,400 1,420 1,060 310 315 325
20,379 20,869 16,314 11,305 6,362 6,085 5,240
1,207 1,248 1,290 1,334 1,380 1,428 1,478

95 100 105 110 115 120 125
1,302 1,348 1,395 1,444 1,495 1,548 1,603
4,927 4,966 5,005 5,066 5,086 - 5,127 5,168
1,615 1,630 1,650 1,665 1,690 1,720 - 1,745
2,2_87 2,303 2,320 2,336 2,352 2,369 2,385

10,247 10,370 10,491 10,623 10,764 10,901
30,511 31,116 26,684 22,397 16,985 16,849 16,141

NOTES :

2.

U.S. ~ Proposed municipal program

The program accounts for local restric
in detergents in the U.S.

at municipal treatment plants.

The Canadian program reflects a further red
detergents from 20% P05 as of December 31
removal facilities at municipal treatment

tions on the content of phospliorus
and the installation of phosphorus removal facilities

uction in the phosphorus content of -
» 1972 and the ‘installation of phosphorus
plants by December 31, 1973.



1970 1971 1972 1973 1974 1975 1976

UNITED STATES ' .
Municipal ~ 19,035 19,469 14,894 10,845 6,052 5,770 4,915
tndustrial 1,207 1,248 1,290 1,334 1,380 1,428 1,478
Land Drainage 4,927 4,966 5,005 5,046 5,086 5,127 5,168
Total 25,169 25,683 21,189 17,225 12,518 12,325 11,561

CANADA

Municipal 1,345 1,400 1,420 1,060 310 315 325
Industrial 95 . 100 105 1o 115 120° 125
‘ ‘tand”Drainage 1,615 1,630 1,650 1 ,ﬁ665 1,690 1,720 1,745
Total - 3,085 3,130 3,175 2,835 2,115 2,155 2,195
LAKE HURON 2,287 2,303 2,320 2,336 2,352 . 2,369 2,385
TOTAL EXTERNAL LOAD 30,511 31,116 26,684 22,397 16,985 16,849 16,141

- 20 -

TABLE 4

ESTIMATED PHOSPHORUS LOADINGS TO LAKE ERIE
R {short tons per year)




-21 -

TABLE 5
ESTIMATED PHOSPHORUS LOADINGS TO LAKE ERIE
IF NO REDUCTIONS IN PHOSPHORUS INPUT
(“"BASELINE LOADING'")

1s70 1970 1972 1973 1974 1975 1976
MUNIC IPAL - : '
United States 19,035 19,548 20,076 20,618 21,175 21,747 22,182
Canada 1,480 1,525 1,565 1,610 1,665 1,690 1,740
Municipal Tot. 20,515 21,073 21,641 . 22,228 22,840 23,437 23,922
@ vonmmicieal Joa31 10,207 10,370 10,h91 10,623 10,764 10,901
' TOTAL EXTERNAL 30,646 31,320 32,011 32,719 33,463 34,201 - 34,823
LOAD _
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APPENDIX A

METHODOLOGY FOR COMPUTATION OF PHOSPHOBUS LOADINGS

Information on the phosphorus loédingé from sources in the United
States was provided by the United States Environmental Protection Agency and
from sources in Canadé by the Ontario Water Resources Commission (presently
Ministry of the Environment). A joint "Ad Hoe Working Group" consisting of
personnel from United States Federal #nd State agencies, the Canadian govern-
.ment and the Ontario Water Resources Commission developed an "agreed A
methodology" for the computationvof the phosphorus ldadings. ;‘

UNITED STATES

Municipal Loadings

Municiﬁal laadihgé were calculated on the basis of flows at sewage
treatment ﬁlants and measured effluent phosphorus concentrations.

Where effluent information was not évailable, an influent concen-
tration of 10 hg/l was assumed; »This concéntration was reduced accbrding to
the type of sewage treatment facility in operation at the locality. For primary
plants a reduction of 15% was used; for secondary.plant5'27.5% was used.

To account for the contribution of phosphorus from.uncontrolled mmicipal
soﬁrces such as combined sewer overflows an additional 5% of the above munieipal
loading was added. In order to determine the.reéuction due to restrictions on
the phosphofus content of detergents, it was assumed that 70% of the phosphorus
content was from detergent sources. | |

In sevéral states an additional percentage was added to the municipal
load.computed above in order to accéunt for the existence of plants not covered
in the preliminary analysis. |

When phosphorus removal facilities were to be 1ncorporated in the
analysis, an efflunnt concentration of 1 mg/l wvas assumed for secondary plan

- and 1.75 mg/l for primary plants.
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‘ 7 The asbove loadings wére calculated for 1970 ‘and projected at a rate
of increase of 3.3% per year. - This rate is based on a rate of growth of
population of 1.3% ﬁer year and.a rate of growth of detergeht phosphorus use of
2% per capita ﬁer year to 1975 and at 1% per year thereafter..

Industrial Loadings

The industrial loading was based on the IJC Advisory Boards Report
(1969, b) and was calculated to be 1,207 tons in 1970. This was increased at
the rate of 4% per year plus an additional 182 tons from a known discharge.

Land Drainage loading

The land drainage loading projection was based on information in the
IJC Boards Report (1969, b) and was calculated to be 4,927 tons in 1970 and was
projected at the rate of .8% per year.

CANADA

‘ Municipal L@adin'gs

(a) Direct Discharges -~ For direct discharges the loading was

calculated on the basis of measured flows at seWége»treatment
?lants end measured effluent phosphorus concentrations. |
Projections were made on the basis of: |
»(i) Projectea poﬁulation growth on a regional basis
(about 1.6% per fear),
(1i) Increased per capita detergent use ét & rate of 2%
rer capita per year to 1975 and at 1% per year thereafter.

(v) Tributary'Loadings - Tributary loadings, prior to the initiation

of phosphorus rémpval at treatment plénts,_were calculated on
the basis of an average per caﬁita phosphorus loading figure
(derived for the Lower Great Lekes from the direct discharge

‘ ' calculationé), and the essessed population (or sewered population

where known) of each tributary municipality.
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. _i In order to estimate the effect of fhe implementatiqn
| | b’of phosphdrus removal téchnology té these loédings, a per
capita flow of 100 Imperial gallons per day was assumed.
Using this flow‘rate, the appropriate population figures
and the appropriate treatment plant effluent concentration,
a loading figure was caiculated;
'Pfojectibns were made on the same basis as for direct
discharges.

(¢) Industrial Losdings - The phosphorus loadings from industrisal

sources were calculated from measured effluc_ant flows and
j)hosﬁhorus concentrations fqr the yes;r 1970 the total was
found to be 97 tons. This was projected at the rate of 4%
per year. These figures are lesé than those projected in
. the IJC Advisory Boards Report (1969, b), primarily, as a
| fesult- of signi'ficant load redﬁctions by two main industries

in the basin.

(a) Lana Drainage Loading - For the Land Drainage loading a base
figure of 1,613 tonvs. was used. This figure is based on
more recent measurements than those repor.ted in the IJC

. Advisory Boards Report (1969, b). This base Lend Drainage
- loading was computed by subtracting the 1970 municipal and -
industrial loads on each tributary from the measuredAIQTO
tributary discha.rge. load. This ﬁgure was tﬁen projected at
a rate of 0.8% ‘per yeer.

LAKE HURON CONTRIBUTION

The Lake Huron contribution is based on the IJC Advisory Boards
. Report (1969, b) and was calculated to be 2,287 tons in 1970. This loading

‘was projected at a rate of 0.8% per year.
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APPENDIX B

COMPUTATIONAL PROCEDURE FOR PHOSPHORUS LOADINGS
' AFTER DETERGENT REFORMULATION

'In Canada and the United States a per capita'detergent-phosphorus
contribution was calculated based on known data concerning phosphorus in |
detergents. This ﬁer capita figure was then adjusted.tovcomply with the
proposed 5% 3205 (2;2% P) level in detergents and & per capita reduction
~ ecaleculated, This reduction was then combined with the abpropriate population v,
.figures to calculate a detergent phosphorus load reduction which was then

subtracted from the "baseline loadings" presented in Table S. This residual
municipal load after dete#gent reformulation to 5% P205 (2.2% P) was then
-added to the non municipal load to calculate fhe totel external phosphorus
loading.

- Specifically for each country the loading was calculated as follows:

(1) United States
Itfwas.assumed thét in 1970 detergents.contained 12% phosphorus (as P)
. by weight and that this was equivalent to an annual ﬁer capita use of |
2.45 1bs. This per capita usage for any given region was then reduced to
a level equiva;ent to a detergent phosphorys content of 2.2% P (5% P205)
and a per capita phosphorus reduction calculated. This per capita use
wes projected at a rate of increase of 2% pér year to 1975 and at 1% per
year thereafter. This increase was conbined with a population growth rate
of 1.3% ﬁer year. The contributing population in 1970 was assumed to be
7,508,000. | |
(2) Caneda
It was assumed that in 1976 thevper capita use of detergents was approxi-
mately 13 1b§. This was reduced to its eéuivalent phosphorus content

assuming that this was 20% P20S (8.7 % P), as per Federal regulations. This
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per gapita ﬁsage was then reduced to a level equivalent to a detergent
phosphorus content of 5% Paos (2.2% P) and'a per capita phosphorus
reduction calculated. ‘
The per cqﬁita usagé of detergents was.projected-at a rate of
increase of 2% per year to 1975 and at 1% per year thereafter.: This
increase wes combined with a population growth rate of 1.6% per year.

In 1970, the contributing population was estimated at 1,045,900.
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APPENDIX C

"BEST PRACTICABLE TECHNOLOGY LOADING"

The phosphorus loading to Lake Erie which might be considered as

attainable utilizing the "best practiceble technology" cen be calculated from -

the data provided in Tables 2 and 5.

1. Assumptions

(a)

(»)

(c)

A number of assumptions are involved and these are the following:

Municipal Loading

(i) The concentration of bﬁoséhorus in the effluent from all
munigiﬁal ﬁlants with éhosphérus removal facilities is.
1 ébm. .

(ii)v The concentration of ﬁhosphorus in the uncontrolled municipal
sources such as combined sewer overflowé is 10 bpm with T0%
being from detergent phosphorﬁs in the United States and

' 50% in Canada.

Tndustrial Loading

It was assumed that in Canada the industrial load was reduced
to a2 new minimum.’

In the United States iﬁsufficiént data were available so that
the figures in Teble 2 were used. Conceivably significant reductions
might be obtained, and an optimistic estimate was a reduction of
800 tons in 1975.

Land Drainage and Lake Huron Contribiitions

The land drainage and Lake Huron contributions were assumed to

be as given in Table 2.
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’ 2. Loadings

(a)

(v)

(e)

‘ ' (a)

In Teble 6 these data are presented and the estimated 1975 "best
practicsble technology"” loading calculated was 15,335 tons.

As indicated, if the phosphorus content of detergents was reduéed _
to 5% PéO5 (or 2.2% P) thevuncontrollgd (conbined sewer overflows,
etc.) loading might be further reduced by some 725 tons to a
residual loading of approximately 695 tons. This would then give a
total loading of 14,610 tons.

If additional reductions could be obtained in the U.S. industrial
‘load,'as~suggested previousl&, then the preceding load might be
reduced to 13,810 tons. This, then, might be considergd as an
optimistic lower bound for the phosphorus loading produced using
"best pract;pdble'techhqlogy".

If, as recommended in the IJC Report (1970), the industrial loading
vere reduced by 80%vin the United Statés, then a calculated residual

load of 13,465 tons would result.
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TABLE 6
PHOSPHORUS LOADING TO LAKE ERIE {1975)

(ASSUMING UTILIZATION OF "BEST PRACTICABLE TECHNOLOGY")

Phosphorus (tons)

.. . 3. k.
UNITED STATES
Municipal 2,845 %
Mun. - Uncontrolled (combined , : _§
sewer overflows, etc.) 1,420 (695) g
Industrial 1,428 (628) (283)
Land Drainage : 5,127 Z
|
CANADA :
~¥Minicipal ' 230
#Mun. - Uncontrolled (combined
sewer overflows, etec.) T5
Industrial ) 120
Land Drainage » 1,720
LAKE HURON . - 2,370
TOTALS ~ 1. Present ﬁlans : 15,335
2. Reduction in P content
of detergents in U.S.
to 5% P05 (2.2% P) : 14,610
3. Additional reduction
in U.S. industrial load. . o
(including reduction in 2) 13,810

4. Reduction in U.S. industrial
loading by 80% from 1975 values .
(IJC recommendstion for 1975) 13,65

® Approximate

1



