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Subject: Dts 1& 3 MPS public hearing on 23 January 1995 -and- our tephone
conversation of 26 January 1995----SYNOPS S- LAKE CARRYING
CAPACITIES

In order that the MPS is not ddayed unduly, the following drategy may serve to be
quite effective
[1] A planning policy datement to the effect that Coundl will initiste a secondary planning
drategy ASAP (with perhgps atime limit) to address the important focus on "water qudity” will
be a compromise. In the case of Didrict 3, the dgnificant system is the Woodens (or Hoser)
river sysem. Thereis d interest in the Eagt River sysem and | am nat & the present quite
sure what portion of the watershed iswithin Dt. 1.

[11]  While inland "water qudity" is generdly conddered as a provindd responghility,
neverthdess it has now been widdy accepted by the scientific and rdated communities that land
development (municipa responghility), sewardship practices and other rdated ativities of the
human spedies can have long term deleterious effects.

(a) With respect to ondte sysems, it has been reported in extensve literature thet
even propaly functioning sysems do contribute phosphorus (the limiting nutrient) to the
watercourses, generdly within 300m on areasonable time scde. The effective methodology to
prevent undue pallutionis to implement dengty controls (#s of ongte sysems) with the concarn
on “cultural eutrophication' inmind.

(b) Thisapproach is recognized and used by the Ontario Minigtry of Environment and
Energy, and by some munidpditiesin Ontario such asthe Didrict Munidpdity of Muskokaand
its condtituent locd municipdities, townships surrounding Upper Rideau Lake, Big Rideau Lake
and Lower Rideau Lake and the Township of Chandos  In the Didrict of Muskoka this was
accomplished by fird sdting maximum _average summer_Chlorophylla levels ad
then trandating same to result in larger lots (i.e dengty controls) or in extreme cases, further
lakeshore devdopment has been prohibited. Mogt of the devdopment in Muskoka
(recrestiond lakes) has been dlegedly dong the lakeshores, hence the focus on same. Kings
County, N.S. is conddering smilar controls around lakes Aylesford, George and Loon.
Wheress, in the suburban aress of Hdifax County development does extend into so-cdled
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backlands  Though in some indances, controls may not be necessary depending on future
"water quality" desred.

(1) The Dorsst Ressarch Centre under the dble leedership of Dr. P.J. Dillon has
communicated to us thet the 300m zone is conddered as the areawhich is the most susceptible
over the near to mid-future time scdes 1t is bdieved that phogphorus would reach the leke
through ground weter as areault of the fallowing phenomenon (but not limited to); water logging
during spring, macropores (thru decaying roots) in subsurface, and fracturesin bedrock. Under
idedl condiitions (laboratory conditions do not exigt in the red world), the intervening soil comt
plexes dictate the rate of progresson of the phosphorus plume (severd am in day solls to
metresin sandy soils).

[111] Animportant part of the problem rdates to the manner in which the subdivisonsreview
process is undertaken, i.e, in bits and pieces What should be taken into account is the
cumulative effects of dl other plans of subdivison that preceded an gpplication, some of which
might not occur for many yearsto come.

There are two aspects in the Lake Carrying Capacities, the Shoreland
Development Capability (not restrictive and sometimes being implemented by
Public Health engineersindirectly) and the Lake Trophic state (not presently
considered by any agency, which can be quite restrictive) depending on the
water quality objectives of the community and the degree of change in the
water quality that the community wishesto per mit.

[IV] BEUTROPHICATION is ofcourse, only one agpect of water qudity, which is generdly
Oefined as the sum of dl detectable properties of water, induding bacterid conditions, amdl,
gopearance, toxidty, and the nature and extent of aguatic plant and animad communities.
Although locdized bacterid and humen hedth problems do occur from time to time, these are
generdly not widespread in recrediiond lakes  Aswal, toxic contamingtion is not a Sgnificant
problem in mog inland recregtiond lekes (with rare  exceptions). Therefore,
EUTROPHICATION is gengdly the prime water quaity concarn on recregtiond lakes and
|ake trophic Sate is conddered to be the prime indicator of recregtiond lake hedth.

[V] Lake managers prefer summertime or ice-free conc. of Chra (Chlorophyll-a), rather than
TP (Totd Phogphorus) conc. and SD (Secchi Disk) depths as the prime indicators of lake
trophic Sate because
(@) 1) Whilean excdlent mathematicd rdationship exigs between TPand Ch-a, TP

isnot vishle to the naked eye and has no direct impact on shordine resdents or lake usars

i) In contrast Chraiis readily goparent, and its direct impact is one of the key
concarns expressad by members of the public about their lakes.

iif) Though a mathematicd rdationship between Ch-a and SD depths dso
exigds, SD measurements are often subgtantidly influenced by factors ather then Chra, such as
neturd colour, suspended sediment, waves Aswel, SD depths are recorded by individuasin
the fidd, and there can be consderable variaions between the depths recorded by different
urveyors under the same condiitions.
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(b) In generd, average ice-free Chra conc. up to about 2 nyl indicate low dgd
dengties and an unproductive or nutrient-poor lake. Average conc. between 2 and 5 ngyl,
dthough moderatdy high, are acogptable for svimming and other water contact recregtion.
However, lakes in this intermediate range can experience short term pulses of up to 10 ngy/l to
12 ng/l in warm, cdm periods in midsummer, produding dgd blooms  Average ice-free conc.
exceading 5 ng/l ae high; a these levds, water qudity for svimming and other water contact
recregtion frequently deteriorates, and aesthetic qudity declines.

[VI] Eor predictive purposes, TP conc. and variations ar e utilized.

(a) Although predictive modds are not perfect, ndther are measurements. Actud
biologicd conditions in a leke vary from year to year, as a result of dimaic and other
environmentd vaidions FHdd sampling and (in the case of TP and Cha) laboratory andyss
are not exact processes and involve adegree of error. For these reasons, when used as abass
for lake management decisons, measured data should represent the means of large numbers of
samples over long periods of time therefore the estimates generated by awel cdibrated modd
based on current use and deve opment condiitions can be taken as represanting the long term
means around which messuremeats, if avaladle, would vary. This is ofcourse an ided world,
and in the red world of large and complex lake sysems, this daim of accuracy cannot be made
indl cases. Even if thereis a sgnificant ggp between the predicted and measured trophic date
indicators for a particular lake, and some doulbt surrounds the absolute value of the predicted
indicators, the modd will ill indicate the rdative change in trophic date that would result from a
given changein conditions

(b) Thevadue of 0.8 kg TP/capita years'year originates from a survey of phosphorus
conc. in inflows of domedtic sawage in a number of urban STPsin North America. and Europe
A dmilar vdue was empiricdly determined from studies of underdrained tile fidd systems e the
Ontario Hospitd in Orillia This esimate is accurate + 0.2 kg/capita years'year, depending on
locde and food intake, and accounts for inputs associated with gorm drainege.

(g) Phosphorus may enter a water body through the inflows, predipitation, dry
fdlout and from the ssdiments, and it may be removed by sedimentation and through the
outflow. Nitrogen has a more complex pathway. In addition to the inputs and outputs
described for phogphorus, nitrogen can enter and leave a waer body in the form of free
nitrogen gas (No—) through amaspheric exchange. Carbon has been shown to diffuseinto the
water column a rates aufficient to meet the needs of photosynthesizing cdls  Phosphorus, on
the other hand, cydes between living and nonliving particulate forms and the dissolved form.
The differet pathways of phosphorus nitrogen and carbon in lake meaboliam meke
phosphorus the obvious choice for eutrophication control. A certain reduction of
phasphorus input will generdly resuit in a gregter reduction in dgd biomass compared with the
same reduction of nitrogen. Furthermore, the reduction of nitrogen input without a proportiona
reduction in phosphorus, cregtes low N/P ratio which favors nitrogen fixing nuisance agee,
without any reduction in dgd biomass

Tota Phosphorus and not other phosphorus species, is consdered the key varigble for
practicd rather than theoretica reasons. Totd phosphorus indudes some or dl of thefalowing
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fractions cryddline, ocduded, absorbed, paticulae organic, soluble organic and soluble
inorganic phosphorus Out of these fractions, the three biologicdly avalade phosphorus
fractions ligded in order of decreasing availability are soluble reactive phosphorus (a
mixture of dissolved inorganic and organic gpedies), soluble unreactive phosphorus (some
indude dissolved phosphorus fed by peraulfate oxidation, and is availadle for phytoplankton by
enzymdic hydrdistion which frees organicdly bound fractions), and "labilé’ phosphorus
(esxodiated with soil partides).

[VII] "Ecosystem' is the unit of naturd organization in which dl living organiams interact
colledtivdy with the phydcd chemicd environment as one physca system. L akes areliving
ecosysems.  Trophy' refers to the rate of supply of organic maiter. Lake ecosystems are
complex, invalving both terrestrial and aquatic photosynthesis, externd and internd
nutrients, grezer and detritd food webs, and aerobic and anaerobic metaboliam.  Lake
ecosysem congds of two mgor components the "aguiatic' component which is the waterbody
itsdf, and the "pardimnetic’ component which conggts of the drainege basin or wetershed. The
pardimnetic component could be divided into avariety of land-use fractions (urben, agriculturd,
and wooded/wetland), soil groupings, dope dasses, or other categories. Likewise, the aquetic
component could be divided into littord zone; peagic zone; benthic (profunda zone) boundary
layer; sediments; and during summer drdification into epilimnion, metdimnion, and hypdlimnion.

Mos enagy enters a smdl lake through terredtrid photosynthes's in the watershed
(pardimnion). About one hdf of the inddent PAR (photosyntheticaly active radidion) is
reflected and refracted a the lake surface, and much of the rest may be aosorbed by lake water
and organic mater dissolved in it. Teredrid organic materid dfects physcd/chemicd
properties and processes of lakes, combines with products of agquetic photosynthesis to support
lake food webs, and accumulates in lake ssdiments.  Autochthonous production by aquatic
mecrophytes (littord zone photosynthess) and phytoplankton (peagic photosynthes's) is grazed
by littord invertebrates and peagic zooplankton, then by forage fish preying on zooplankton,
and findly by predetory fish (piscivores) on forage fish. This trophic dynamic sructure prevalls
in the littordl zone and trophogenic pdagic zone of mesotrophic and eutrophic lakes.

[VIII] Trophic classification (for numericd vaues refer to our Synopss # 2 titled
Prediction of Lake Capadty/Lake Use): Lakes in which mogt of the organic matter is from
autochthonous sources are referred to as autotrophic, wheress those dominated by the input of
pardimnetic particulate organic metter (POM) and dissolved organic matter (DOM) are termed
dlatrophic. Rodhe's scheme induded Oligatrophic (low in both auto- and dlotrophic organic
sources), eutrophic (dominated by autotrophy), dystrophic (dominated by dlotrophy, brown
coloured weter), and mixatrophy (high in both auto- and alotrophic organic sources).

Trophic dassfication is mog commonly peformed usdng parametas which reflect
pelagic phytoplanktonic autotrophy (totd phagphorus[TH], chlorophyll, Secchi). As commonly
used, trophic gateindices (TSs) refer to thelevd of planktonic autotrophy. In lakes dominated
by pardimnetic or littord organic sources, the TS will be low because autochthonous (peagic,
phytoplanktonic) production islow, eg., dystrophic lakes
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Oligo-Eutro classification scheme: Oligotrophic lakes are poorly supplied with
plant nutrients and support little plant growth.  As a reault, biologicd productivity is generdly
low, the weters are dear, and the degpest layers are wdl supplied with oxygen throughout the
year. Meotrophic lakes are intermediate in characteridics. They are moderatdy wel supplied
with plant nutrients and support moderate plant growth.  Eutrophic lakes arerichly supplied with
plant nutrients and support heavy plant growths As aresult, biologica productivity is generdly
high, the waters are turbid because of dense growths of phytoplankton, or contan an
abundance of rooted aguetic plants, degpest waters exhibit reduced concentrations of dissolved
oxygen during periods of redricted drculaion. The boundary categories of the aove are
ultredligotrophy and  hypereutrophy.  Eutrophic and the extreme condition of eutrophy,
hypereutrophic lakes are not desired by mogt ditizens. 1t will be gppropriate to point out here
thet the oxygen depletion in the bottom waters could occur even in lakes lesser productive then
eutrophic lakes (eg. diga/meso) with smdl hypalimniums.

[IX] Lake Restoration (‘after the fact'): The fird and mogt obvious sep toward
protection and retoration of alake or reservoir isto divert or treat excessve nutrient, organic,
and slt loads Even this expensive process, while necessary, may be insufficient
to produce immediate and long-ladting effects due to internd recyding of nutrients and the
associated production of dgae and macrophytes. Severd authors have identified feedback
loops in eutrophic systems that can maintain the eutrophic Sate for some period after loading is
curtaled. These indude macrophyte growth-deeth-decay cydes, nutrient release under agrobic
and aneerobic conditions, and bioturbation. In these lakes and reservoirs a second Sep, a
technique to manipulate or dter an internd chemicd, bidlogicd, or physica process, may be
needed to promptly restore the water body.

The problem is more complicated because mogt lakes and many reservoirs are smdl or
shdlow, with extendve littord zones, macrophyte devdopment, and high raios of bottom
sediment to lake volume. We now know thet lakes and reservairs contain interacting food
webs and dynamic dores of nutrients in ther bottom sediments that interact with the water
column. They are nat Smply reaction vesss containing nutrients and dgee. Managing ad
resoring lakes and reservoirs must indude a recognition of the sgnificance of littord zones and
mecrophyte development, aswdl asthe roles of biologicd interactions and feedback processes,
which might combine to mantain high nutrient concentrations and plant biomess long after
nutrient diverson.

Ecosystems can be viewed as arbitrary subdivisions of The Biosphere in which living organisms and their
environments interact, adaptively. For example, an ecosystem can be an aquarium, a tropical rain forest, a lake,
ocean, city, or family farm.

.................... The difference between the concepts of environment and ecosystem is comparable to that
between house and home. A house is external and detached. In contrast, a home is something that we are in,
and see ourselves in even when we are not there.

.......... *Johnny Biosphere'
(Dr. J.R. Vallentyne, Former Co-Chairman, Great Lakes Science Advisory Board,
Member, SWCS)
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The Challenge of Change
Man often becomes what he believes himself to be. If | keep on saying to my-
self that | cannot do certain things, it is possible that | may end by really be-
coming incapable of doing it. On the contrary, if | shall have the belief that |
can doit, | shall surely acquirethe capacity todoit, even if | may not haveit at
the beginning.
......... Mahatma Gandhi (quoted in "Our Province, Our Future, Our Choice", A
Consultation Paper for A Nova Scotia Economic Strategy, Voluntary Planning,
March 1991)




