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IN1RODUÇTION 

The' Long Range' Transport of Air Pollutants(LRTAP) study plan included 

the study of three lake basins wi th the aim of better w1derstanding the impact 

of atmospherü: pol1utants on 'sensitive aquatic ecosystems in Eastern Canada. 
< L, 

In the Algoma Region of Otitario the effects on a deciduoùs forest in the Great 
" , / 

Lake Region a-r:e bei;ng ~valuated. I~n Kej irnkuj ik Park, Nova Scotia, ecosystems 

, 'influenced by the marine envi ronment , are being studied. 

, Not part of the LRTAP study plan, bùt contributing nonetheless are the' 

studies at the EÀ-perimentalLakes~ Area near Kenora, Ontario, wh~re the 

processes withinlakes undergoing artificial acidification are being,studied~ 

To deterrnfue theeffect of atmospheric pollution .on the 'aquatic; ècosystems 
. . . - . 

of boreal forests, three areas wereproposed; La Mauricie National Park, the 
-", ( ',' , " " , " -

St. 'Mauriteforestry reserve', and the Montmorency Forest in Laurentides Park, 
" " - 1 .. " 

all in Quebec. Because of its characteristics andlogistical advantages the 

ul timate choièe ,was Lac Laflarnme 'in the Montmorency Forest. One -of the 

principal characteristics of ,this lake is its apparent resistance to acidification 

even in view of its sensitivity. , Despitethe high aciditY. of the rain in 

the areathe lake appears ta have resisted acidification. The study'of this 

lake,shouldallowus to deterrnine the mechanisms whereby the lake is buffered 

and to foliow geologicaland biological processes- involved,. , 

Lac Laflamme is a;,headwater lake'ina simple hydrologicalsystem. The 
, , 

vegeta tion coyer in' the, basin' is homogeneous ,and stable', ' typical of the vas,t 

boreal forests~ It is far~ removed from local sourcés; of airpoliution, but 
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is affected by'pollutantstransported overa long distance: .In addition to 
i, 

;,these characteristics Lac L~f1amme ,offers several advantagesin' teTInS of 
.' . . 

accessibility of the site and the facilitiesand instrumentatioh, atthe 
J 

University of Laval Forestry School Experimental Station located nearlY.' 

l , 

The, main'goals of thestudies at this"siteare thè deterrninition of an 
. . .. . .' . 

ion budget and the blological ànd chemical conditions of 'the basin., Work 

has been underuay"since January 1980, with 'the' airn of meeting. these/ objectives' 

in terrnS 'of obta~ning infonnation oh the chemical, biological, and hydro.-, 

geological cornponents of the system. The activities include thé ànalysis 
. , ' 

of the,pr~cipitation and studies of the ,changes of chemical and hydrological 

pararnèters ai v~rious levels of the ecosystem (forest, ,surficialdeposits, 
.. . ',; , ' 

, ' 

org~nic layer, Ja~e basin etc) ~ Studi~~ of the planktonand, 1ish communities 

are alsounderu,ay. 

We foTE.see carrying out a study on the contribution of the aquatic 

macrophytes and sediments in Lac La:flanune to thé lnovement of, the chemical 

q::)mponents through the system. 

According to their goàl the' studles in progress çould be ,divided in two 

groups: studies into the biological'and c1}emical,characteristics of Lac 
/' 

La fI amrne, ,and,the ~tudiesdir,eè:ted tmvard the deterrnination of the, ion . 

balance. Studies on biological,conununities include the phytoplanktonconunu-
, . .'. . ., 

nit y and fish population studies:. Evaluation of the LacLÇlflarnrne water qUéùity , 
. . . . 

and the rnassbalance inèlude:snowand water quali ty deterrnination in ,the 
, , . 

, . . . . . . . . 

lake basin, evaluation of the waterinterception, evaporation runoff and 

percolation (hydrological studies), qualitative and quantitat~ve studies of' 
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'unde;rgrolffidwatel (hydrogeological studies), lake bottorri sediments, and 

lake~vater quality analysis on a regular basis (IWD ptogram)., ' 
, " 

, , \ 
2- f\tASS BALANCE AND WATER QUALITI 

/, 
" 

2.1 Sno'''' and waterquality of the lake Laflamme" (Jones & Bisson 1980 - completed) 

Jon~'s' and Bisson' studied the importance,üf atmospneric pollutants 

accumulation in snow and-theirrate,of releasein the spring. The(authors 
.. 

,'also inves:tigated the variation in concentration of parametets related to. snow , 

meltperi9dfrom )anuary. 30thto May 6:th 1980. ,Water samples were colletted at 

the georrietric center of thelake arid at each of the four inidrmittent tributaries.'" 

For snow studies a sampling arêa was seletted in each of the sub-watersheds of 
" ' , "\ ' 

the four tributa'fies. ,Sampling was done once a week., Evaluation of the 

,contribution of acidprecipitation was ,measuredthrough sulfate, ni~rate, 

chloride and hydrogenion concentrations. Contribùtion of the wea ther,ing pioccss 
" i " 

and atmospheric deposit.ion-was estimated bymeasurihg the aniinonium" calcium,' 
• 1. . _ • ". 

magnè~ium, sodium 'and potassi~ concentrations. ' Oth~r parameters considered 

inciude pH" conductivity, inorganic carbon, majo'r and minOT ions. According 

tothis study, the Lac Laflamine /watershed seems,to be able to buffer acid i 

precipitation except,during the extreme and bfief meteorological evènts. However, 
, ' , 

.' . \. \ , . 
the lake alkalihity shows 'that the buffering chemical reserve of the lakë could 

,he quicklyexhausted by the cumulativîe effect of acid precipitation. 
i. . ' ) 

1, , 
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2 .. 2. Hydrologlcal studie~ . (Plamondan 1981, - . in· progress) .( '; 
\ 

PHmi.ondon' s research is cèmcerned ,à th the quantification of· the major 

p~rametersof the hydrological cycle includ~ng interception in the forest \ 

cc>ver, . eyaporation,' surface runoff;pe~colationaJid waterrunoff in the maip 

soillayer. The fir?t part of (the study was directed towards the ·'physical 

de,scription of the.watershed and the installation of instrumentd .. 111e a~alysis 

of the 'first results is in progress and the physical description of the lake 
(' 

.·wat;ershed';is completed. 

. . 

2.3 Hydrogeological studies (Azzaria & Gelinas·198l.':' in progress) 

Azzaria and Gelinas arestudyingthe hydrogeological aspects of growld-
" . 

wateL' The nature, distribution and hydrogeological properties of the under-
\ • , '. .' i • • 

g;o~d reservoir and the ckvêl'opment ai a runoff model' 'to predict' the 'speed, 
, . , 

\ 

ditectioI). andflow of groundwater. are included. Th~second part oftheii . 

work deals with water qualitychanges in theseepage, the)study of the 
:, . ( . . '. . .. 

mineralogical nature of the sôiland geochemical processes involved in the 
~ " 

reactïon5:. between water and the soils. These investigations should allow' 
. . ) ( '-.!'. 

us to de termine to what extent the geological materials in the watershedcan 
- . 

neutralize, the' acidic J)Fecipi tation: Preliminary resuÎts showthat gropnd~ 

water could bé themajor,water input to 'the lake .. The hydr~ulic conductivity z . 

tests and the runoff mode~ suggest that even without surface runoff a significant 

aniount ofwater ,teaches the lake. Prelirninary soil anaiysis also-indicate that 

sodiurn/andcalciurn plagioclases ·may contribute to reducé the acidity of water 
; ')' . 

/' 

percolating through it if the contact time is sufficiently long. \ 
',. 

\ ." 
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2.4 Lake sediment study' (Ouellet 1980 - completed) 

Stratigraphic analysis of Lac Laflamme ~ediments h,asbeen carried' out 

by Ouellet. Pa1eo1imno1bgica1and geochemica1 analyses were performed.to 

~eteTmine the possible effects, that cou1d be attributed to the long' range' 

transport of atmosph~ric po1lutants.Stratigraphic ana1y~is shows no obvious 

. indica'tion of major change in the 1ake system during the last hundred years. 

Pa1eolimnologica1 analysis does not show any change, which could bé related . . 

to acidification . 

. ' , 
2.5 Water' qualitystudy (!lm - in progress) 

To assess the, water quality changes re1ated to acidprecipitation and to 

collect the data neededfor the mass balance determination, mid-lake and outlet 

watel' has been 'sampled week1y. The parameters analysed include major ions, ' 

heavymetals, trace metals:, inorganic phosphorus,' total phosphorus,pH, color; 

conductance and alkalinity. Preliminary analysis of the results is inprogress. 

J 

3 .BIOLOGY OF LAc:LAFLAMME 

1. 

3.1 Phytoplankton community study (Auclair, 1981 in progress), 

Auc1air's workallowed ps to determine the composition of the phyto- .•... 

p1anktonic species in the lake and to :study the possible relations beuv"een 

population dynamics' and sorne water qua1i ty parameters . Pre 1 iminary ana1ysis . 
. ( 

- '.' . 

inditates an 'importarit temporal variability' of nitrogen 'and a low phophorus 

mineralizationbetweenmid-december and mid-january. 'Analysis of the data, ) 
\ 

lS now underway. 
\ ' 

-5-

) 



\. '. 

3.2 Fish population study (Lafontaine et 'al. 1981 -tobé completed) 

To assess the fi?h population in the lake Laflamme, LafoIitaine et al\ 

studied the embryonicdevelopment, grmvth .and reproduction of brO.ok trout. 

(Salvell.mls fontinalis). . From this study i t appears that the 'fishpopulation 

'of the lake is in good condition. Moreresearch is required hmvéver to 

. complete the . fish population ana1ysis.·. The In1and Waters Directorate, Quebec 

Region, intends to complete the fish population study in ÜHH. 

1 . 
\ 
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LAC LAFLAM\1E - BUDGET 

ACTIVITIES 

Massba1ance ·and lvater .qua1i ty 

- Snow and water qua1ity of the 
1ake·Laf1amine 

- Hydro1ogica1 studies 

.. - Hydrogeo1ogica1 studies 

- Lake sediment study 

- Water qua1ity study 

Bio1ogy of Lac Laf1amme 

Phytop1ankton community study 

- Fish population study 

* Estimated costs 

, 1979/80 

13 K J 

6 K 

19 K 

COSTS 

1980/81 

15 K 
1 

28 K 

12 K 

13 K 

68 K 

1981/82 

28 K 

50 K* 

10 K* . 
) 

88 K 
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LAC LAFLAMME 
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Légende: 
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Carté des stationsd'échanti11o!1nage qU Lac Laflarr.me (46011 1N 
Laurenti des . (Lafontaineet al., 1981) 

F" . - frayères 

p.-c. = physico-chimie 

p. = poissons" 
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Carte topographique du 
bassin du lac Laflamme. 
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tA' FORÊT MONTMORENCY (Plamondorr1981) 
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Étude de biomosse • ________________ ~~_~ ___ ® 
Ft'rtilisètionexp~rinientole ..; ______ .., __________ CD 
• 1 • d·· ( t:':'I Eco og.e es p e.t 1 '_$ ron9(.>ur$ ..,_;...;. ___ .,.. _______ .,.._ ~ 
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.lim.itt-dt'Io ror~t Montmorency _______ ..:.:.. ~. ___ _ 
'Chemin principol .., __ ..::... ________ ~_' ___ ':" ==== c( R&se~ve ~c:o!ogiqut'-----...;---..;- ... -------.c::J 

Réserve <;l'c.>ou potoblt> .;.: __ .;;. ______ H::::! 
Op~rotions·f6r(.>slÎèr(.>s ,1966-1973 __ ... __ ~ __ , c::::J 
Op~ror'ion$ fort'sriè'(.>$, 1974.;. ______ li~I:;"i::.i 

Bossin exp~rimc.>nrol des eeux volées ______ 1;",;,;,./ 

Ch t'min st' eondoire __ ..;.;.. • .:. ___ ..: ______ _ 
'timit~ dc "C'omportlmC!'l' _____ ~ ___ ~ __ ~ __ ,~-••• , ••• I.t~.·,'. 
.' _. r . Storion de météo __ ~ _____ ... __ .;. ___ .. ____ . __ ,. ' 

Écloircies pr6commer~iole$ expérim'entoles --~---- '(D. 
,Sylviculture de l'épinl;tte blanche ------------ ,CD 


