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sUMMARy AND CONCLUSIONS 

Mazaska Lake waa sampled during the summer of 1992 8S part of the 

Minn930ta Pollution Control Agency's (MPCA) Lake Assessment program. Data 

collected during tile 9tudy showed that in terms of total phosphorus, chlorophyll 

and Secchi disk transparency, the water quality of Ma:!;aska Lake is about the 

average of similar lakaa iu the North Central Hardwood Forest ecoregion of 

Minnesota. The mean summer concentratious of total phosphorus and 

chl(ll"Qphyli were 55 and 25 I.IgIl, respectively, and the mean Secchi disk 

transparency waS 5.8 feet. Based on these water quality value3 Maz.aska Lake 

would be considered Butrophic. 

Phospllorus and chlorophyll data f\t Carlson's model for trophic status 

indicatQrs reasonably well (Carlson 1977). Tbe Becchi disk tranllpHl'ency valUe8 

were somewhat higher than expected ballBd on the observed phosphorus and 

chlorophyll concentraUOnE. Transpllrency readings can still provide good long­

term Bstimates ofphoaphorus and chlorophyll and can be a useful tool for 

tracking future trends. An empirical computer lake model was uaed to predict 

1992 water quality and the reSults were rompared to Qbserved conditions. The 

model predictions and observed conditions did not agree well. The model 

estimated total phosphorus concentrations which were lower than those obeerved 

in the lake. The contribution ofnutrient8 from the scdiments during the e.nmmer 

may pTUvide oome Bxplanatiou for this discrepancy. 

The water quality ofMazaska Lake comparcs well with other lakes in this 

ecoregion. Baeed on toW phosphoros measurements made over the Pilat 12 years, 

the lake would be classified as eutrophic (very productive). Further changes in 

lend uae in the immediate watershed, such as increased dcvelopment and 

u,
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draining or filling of wetland.:>, could result in a continual increase in phosphorus 

loading and a resulting decrease ill water quality. 

Th~ following (l!(ommendatiolls are based on the 1992 aaE;l!'ssmellt of 

Mazaaka Lake: 

1.	 Participation in the Citizens Lake Monitoring Program should continue 

since it is an effective way to asse1iS 10rlg_U'rm and year-to-year variations in 

algal productivity (lake trophic status). Monitoring should be cond\.lcted over 

the Bite ofmaxlmum depth near MPCA siU' 101. 

2.	 The Shieldsville Sportsmen Club should attempt to provide educational 

mal.erials to homeowners with (eapect to lawn maintenance and ahorelina 

protection. Protection of the existing vegetation along the shore will 

minimiz.e erosion and preserve the aesthetic value of the lske. A lake lot witb 

a diverse community of native vegetation will also provide habitat fur 

aongbirds and other eLUall animals. The MPCA, MDNR, and county offices 

may be able to provide 8.8Sistellce in this ama. The book LandscaningJi:u: 

Wildlife and the booklet A Citizens Guide:t!l!&kl;: Protection may also be 

useful educational tools for the Club. 

3.	 Any development in the immediate watershed ahould be completed lIO that 

the im.pacts to lake water quality are minimized. Setback provisiOTlfl and 

natural buffer strips should be strictly adhered to. Soilloaa can be reduced by 

utiliting beat management practices during conatruction Or roa<l building. 

Rice County's shoreland regulations will b~ important ill this regard. 

4.	 Activities in the Mal-a,.ka Lake watershed. such aa wetland removal or 

major land use alteraLions that chanl;!e the drsinal;!f' or flow paUA?1Tls, should 

be discouraged. Establishment and maintenance of effective buffers between 

agricultural areas and ditches, streams, and the lake win help \.0 minimize 

nutrient-rich runoff and provide wildlife habitat. 
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5.	 The members of the Shieldsvllle Sportamen Club should keep up-to-date on 

the progress of the French Lake Clean Water Project. Some of the projecta 

maIWgement tedmiQuc6 may be applio::able at M'u.aska Lake. Those effort'! 

which address shoreline management, and aqustic plant control will be of 

special interest to club members. 

6.	 Although it can be difficult to assess how much impRct individual watershed 

projem will have on the take, the cumulative effect ofeeveral projecte can be 

significant. In addition to the positive e(fecta on water quality, watershed 

projects such. all restoTlltion of wetlands, protection of natural II.reall, ..nd 

creation of buffer strips will impron the wildlife habitat, plant diver6ity and 

aesthetics of the watershed. 

v 
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LAKE ASSESSMENT PROGRAM· 1992
 

Ma:za~ka Lake
 

(10 No. 66-0039)
 

Rice County, Minnesota
 

The Shieldsville Sportllmen Club applied fOt" inclusintl in the Lake N;ses6ment 

PNgrorn in 1992 and llsl.tJd ill their application the fnllnwmg water quality lXlncerns 

for Mazaska Lake. 

1_ An increllse in tho frequoncy ofth" l.QJuc blue-green algae hlnom.e in the 

last 10 yearn. 

2. A dramatic increR"" in t~ growth of aqutltic vegetal.inn. 

3. The potential for increa~ed pressure on the lake re&Qurce as demographics 

clUlnge. 

The g:rIlUP attributed the water quality problema to nutrient-rich agricultural runoff 

which reaches the lake through the e:xtenSoive drainage system in the wateromed. 

Improperly-maintained septic IIYstema, extenllive use otlaw:n fertilUers and the 

removal ofnaturallake·shoTe vegetation were also cited aa rontributors to the 

water quality problems. A report prepared by Rice County in 1986 atated that one 

water quality problem ofMDzaskaLake WIlS the presence orrecal lXlliform bacterial 

contamination. The pTesence of fecal eolifnml bacteria indicatea that the lake has 

been impacted by untreated animal and/or human waste. 

The Lake AllIIessment Program (LAP) waa designed to a~sist lake aesoci.ations 

or municipalities in the collection and analysis ofba~eline water quality data tor the 

J".U'pose of ~..essing the current trophic status of their lalu!. The work plan for 

pa:rticipe.nu in the Lake AssesSll1ent Progr<lm includes collection ofwe 

tr3JUlpnrency data through th" Citizens Lake MonitQring Progrwn (CLMP) and 

examination of the land-use and drainage patterru; in the watershed. During the 

I
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summer of 1992 sLalT of the Minnesota. Pollution Control Agency (MPCAl and St. 

Olaf College collected bll8eLine water quality data as a part of the LAP for Ma~aka 

Lake. Conclusions and recommendations based on water quality and watershed 

data are included in the report. 

BACKGROUND 

Mazaska Lake was sampled five limes during the summer of 1992 hy Ed Weir 

oftbe MPCA Rochester regional office and Mark Vlasak and Al Akins ofSL. OW 

College. Orlien Halverson, Dennis Johnson and Bulrush Bay Resort provided the 

boat and motor for the sampling crew. The Citizena Lake Moniwring Program 

volunteeu were Rachel Fischer and Duelloyd Casperson. 

Mar.aaka Lake is four miles northwest of the city ofFaribault in cenlnU Rice 

County (Fig. 1). Surface area of the lake is 687 acres Illld the shore length is 4.8 

Dillee. It is one of seven lakes in Rice County larger than 600 acres. The maximum 

depth of the lake is 46 fellt (14 metere) Illld the mean depth ie 15 feet (4.6 meten;). 

The littoral zone or that part of the botwm that snpports rooted plants COVl!rll 

approximately 49% of the lake (Table 1), 

Mazaska Lake was f=ed by an ice·block in glacial till (Zumberge, 1952), 

When the ice melted a pit was left which collected water w become a lake. Lakes in 

the area that were fOrUIed in a simil<lr manner include Cedar and Roberds. 

Typically lakes of this type are steep-sided and the lake depth ill determined by the 

maximum relief of the local wpography, If the water and accumulated sediment 

were removed from the lake basin, the lake bed would occupy a natural position in 

the local wpogmphy, 

Soils in the Ma:r.a.ska Lake watershed belong to the Lester·Heyden a88ociations 

which are moderatl!ly steep loam! that were fanned in upland glacial till. 

2 
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Ponnenbility of tbe soil is m.oclerate auollhe water table is below 10 fl!!et. Thl!! soiiB 

are suited for use as septic tank drain fields except in areas of high slope. Runoff is 

moderate to rapid and potenti3t for erosion can be severe. Native vegetation in this 

..rea was prairie grass and deciduous u-ees. Some areBS remain aB forest or wooded 

pasture but moat aoils lire presently used for crops. 

BecaUlle conditions in the surrounding watershed affect the water quality in a 

lake, it is helpful to divide the state into areall, called l!!coregions, where c1im:He, 

native vegetation and land characteri~ticsare similar. Minnesota can be dividocl 

into seven el:oregions based OIl SGils, land Ilunllce fonn, natural VegetatiGD, and 

current land use (Fig. 1). Maza.alta Lake is located in the southern lobe of the North 

Central Hardwood Foreat ecoregiou near the border of the Western Corn Belt Plains 

ecoregion. Land use composition in the watersheds of the North Central Hardwood 

Foreat ecoregion is typically 22-50% eultivated, 11-25% pastured and open, 14-30% 

water or marsh, 6-25% forested and 2-9% developed. The land use in the 2200-acre 

Maza.aka Lake waterBhed is more similar to the land use in tbe North Central 

Rardwood Foreat eC1Jregion than the typical land use in the Western Corn Belt 

Plain ecoregion (Table 1). See Appendix for map ofMazaska Lake wtl.tersh.ed. 

Water quality information wa.a collected on May 13, June 10, July 7. AUWlSt S 

and September 1, 1992 at two aites on Maza.alta Lake (Fig. 2). Site 101 in the south 

central portion oftbe lake was chosen beclI.UlIe it is the location Gf maximum depth 

(46 feet, 14 meters). The second site, 102, was chosen to gain an understanding of 

the water quality variability within the lake. The depth at site 102 was 

approximately 36 feet (11 meters). Lake aurface water samples were collected with 

an inu-grated IlllIllpler, whicb is a PVC tube 6.6 ket (2 m.etenl) long with ,on iMide 

diameter ofl.4 inches (3.5 centimeters). Samples from near the bottnm were 

collected with tl. 2-liter Kemmerer sampler, a water trap that closes at a desired 

depth. Pla.nkton samplea weN'. collected with a WiBc<lnsin plUlkton net whi<:h Wall 
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towed vertically from the bottom to the lluMace. A qualitative evaluation of the 

zooplankton waEJ made in the field. Sampling procedures were followed aa described 

in the MPCA Quality Control Manual and analyzed by the Minnesota Department 

ofHealth for total phosphorua, total Kjeldahl nitrogen, nitrate-nitrite nitrogen, 

suspended solids, alkalinity, cWoride, color, turbidity, and chlorophyll-a. 

MeasuremenUi for pH, conductivity, Seccl1i dl"k transparency, and temperature aud 

dissolved oxygen profileB were made in the field, Algal composition was determined 

by means of a rapid 8..BB"-Bsment method. Nearly two decades of Citizen Lake 

Monitoring Program traneparency measurements along with water quality data 

collected in 1980, 1981, and 1989 are ave.ilable for comparison (TahIeS). All data 

with the exception of algal composition was stored in STORET, the U.S. 

Environmental Protection Agency's national water quality data bank. The following 

diSCU6slon allBUIlles that the reader is familiar with b8..Bic water quality terminology 

l!J! U&ed in the CitizeUB GuidI'. to lake. Prokdion. 

RESULTS AND nLSCUSSION 

In-Lake Conditions 1992 

Temperature 

Lakea in temperate climates tend to atratify or separate into three layers in the 

summer due to differences in density callBed by differences in temperature. The 

metalimnion or thermocline ie the middle zone where the water temperature drops 

rapidly with lm1aU inCTe8..Bes in depth. This :tone separates the epilimninn above 

from the hypolimnion below. The epilimnion contW.nB wHI"lller water of aimilar 

de.mrity. This layer is mixed by the wind lind is where moat algae glowth ocrnt'S. 

The hypolimnion contains much colder water, thal does not mix, and ia the zone 

where dead plant material accumulate5 and decomposes. 

4
 
wq-lar66-0039



The temperature pro£\ea meallured at tbe deepellt site (UI1) show that the lake 

was weakly stratified on some dates (e.g., June 10), but did not firmly stratify 

during thp. 'I11mmer or 1~~? (Figa. 3s-e). Surfaee water tempe~..~ure r1Ulged from 

16.7" to 23.8° C (62" to 750 F) aud bottom temperatures from 11.8" to 19.2° C (53 0 to 

67" F) The greatest difference between the surfAce and bottom was 22.8° to 12.2" C 

(730 to 540 F) recorded on June 10. There are probably two major reasons that the 

lake did not firmly stratify. The su=er of 1992 was relatively cooillind 

atmQSpheric temperatures dearly affect water temperatures. Also the lake hBJI a 

mBJcimum depth of 46 feet and a relatively IW"ge aurface area of687 acres. A 

majority ofthe lake is less than 30 feet in depth. That is, Mazaska is not ememely 

deep but has a large wind fekh, whkh me8Dll tha, the lake may tend to mix ellSily. 

Dissolved O1ygen 

Oiasolv"d oxygo"- conoonLrationa decreaaed rapiilly with Increasing water deptb. 

during the 8lU1lIIler at site 101 (Figa. 3a-e). Concentrations in tbe epilimnion 

remained above 7 mgll throughout the summer. Near the bottom oxygen 

eoncentJ:"atioDB were neW" 0 mgfl in Jlllle, July and August. Very low conooutratioI16 

were common at depths helow 8 meters (26 feet). 

The OllYgeD levels in different areas of a lake will detennine where fish and 

other organialIlB are found. Concentrations greater than 5 mgilare considered 

neeeasBry for long-term survival of game fish. Below 5 mgll fish will occupy the 

warmer more oxygenated waters in the epilimnjon. Low oxyean can oleo affect the 

amounts of other chemicals present. For elUlIllple, the amount ofphosphClruJ! in 

lower lev-els of a lake te.ndH to increase ail Q.XYKen C1QncentratillllS fall. 

5
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Total Phosphoroa 

PhQl'phoroa is am important nutrient for plant growth, and in 1Jl000t lakes it is 

tha nutrient that limits the &P1ount of algae and weed growth. Total phosphonIB 

(TPl in the epillmnion decreased between the May and July samplings and then 

incraaaed until September (Fig. 4). The mean (average) TP concentration in the 

epilimmon W811 55 ).1g1l and rangro from 33 to 116 ).1WI. TP eoneentratioIlB in the 

epilialIlion at Bampling site 102 were simiim' to those at site 101 (Table 3). The 

mean TP value is slightly higher than eoncentratiOIlB in a set ofminima1\y impacted 

reference lakes in the North Central Hardwood Forest ecoregilln ofMinnesota which 

rangl'd from 23 to 50 I.LgIi (Table 2); 47% of the 436 Msessed lakes in Ws ecoreglon 

had phoephoru..a levels les6 than 55 1.LgIi. TP concentrations in tbe hypolimnion were 

only determined on the June, Augwlt and September sampling dates. Hypolimnion 

concentrll.tioIlB ranged from 82 (September) to 653l!WI (August) and tne mean Wall 

294.gI!. 

An increase in phOllphorua in the hypo1imnion during the summer is 

characteri.lltic ofproductiVB, stratified Jakes and ill hu·gely tits result of two 

procesaee. FiI"Bt, perioda oflow o%ygen levels in tha hypolimnion will atimulilte the 

release ofpnOllpboTUs from the sediments into the lake. Second, algae in the 

epilimnilln allllimilate phQl!phonIB as they grow. When algae die, they settLe out of 

the epilimnion and into the hypolimnion where the phOllpborus is releaaed inta the 

water during decomposition. This results in a decline in TP in the epilimnion from 

spring to fell. While phospborus concentrations will likely increase in hypolimnetic 

weteI"B under stratified conditionB, much of the phosphorua will remain unavailable 

for the production of algae in the epilimnion. However, when strati..li.cation breaks 

doWIi after the growing seaaon (,in this CB.8C early September), phoepbonIB is Dlixed 

throughout the lake and.mey be available for phytoplankton growth the nert spriDg. 

6
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In tbe North Central Hardwood Forest ecoregion, distinct differencee exiat 

between Wres whicb maintain a stable stratification (referred to all dimictlc lakes) 

a.nd thOl;e which only stratify intermittently or do notstrati(y at aiL Tn gp.neral, the 

pboaphQl1.J.!l ooneentrntion of dimictic lakes tend to he two to three times lower than 

those lllkea which do not remain stratified throughout the summer. 

TP concentratioJ1.l5 in Maza.ska Lake were more chamcteristic of an uustratinlld 

lake. The lake did not undergo stllble temperature stratifiClltion during the summer 

of 1992. Phosphorus levels in the epilimnion increased from July to September 

rather than declining &8 ie typical in a stratified Ulke. This is probably unusual for 

MazWlka Lake. 

Total Nitrogen 

Total nitrogan (TN) which ill defined ae the sum of the total Kojeldahl nitrogen 

and nitrate-nitrite nitrogen averaged 1.5 mgll during the SUIDlIler of 1992. Thill is _ 

higher thB.!l the typical TN value for the eo::rregion r(l{erence lakell which ranges ~ 

between 0.6 to 1.2 mgll. Both the average total K;.ieldllhl nitrogen and the nitrate-

nitrite coneeotratillD.B measured in MazlIBka Lake (1.6 and 0,0"' mgll, respectively)­

are higher than tholle measured in minimally impacted lakea in the region (Tllhle 

2). VatWlll this high indicate that nitrogeo sources which include nitrogen fertilizer, 

septic system effluent, ornd animal waste are influencing the eoneentrations in 

Mazaska Lake. 

Total Nitrogeo to Total Phosphorus Ratio (TN;TP) 

Nitrogen and phosphorus are IIIltrienta required for groll'th of aquatic plliDts 

and algae. Although pbosphorull ill U6willy the nutrient limiting the productivity in 

moat Minnesota Ulkea, nitrogen may be tbe limiting nutrient in some Bituations. 

The ratio ofTN;TP can indicate which nutrient ia limiting. For Mazaska Lake the 

7
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TN:TP ratio 1S 28:1. The TN:TP ratio measured fot' MII.z;aska Lake ill. within the 

range of ratioo lor other lakes in the ecoregion, which iB 25:1 to 35:1 (Table 2). Thill. 

suggeata thet increases 1n the in-lake phosphorua concentration may increase the 

production of algae and large aquatic planta. 

Chlorophyll-n 

Chlorophyll concentTations provide II. measure ofthe amount of algae in a lake. 

During the summer, Mazaaka Lake chlorophyll concentrations ranged from 5.45 to 

45 IlWI with a rneanconcentration of25llg.l {Table 2, Fig. 5j, The high 

concentration obaerved in May corresponded with the lowellt Secchi diak 

tranapanmcy mensuremenl. Based on surveys ofCLMP volunteers, concentrations 

from 10 to 20 IlWI would be perceived as a mild algal bloom, and concentratiOIlll 

greater than SO IlWI would be perceived as severe nuiaance conditions (Heiskary and 

Walker,1988). The chlorophyll values reported for MaUlSka l~ake exceeded the 

nuisance conditions level in May, August and Septemher and were alightly higher 

on thelOe datea than typical values determined for the oooregion which rllllge 

between 5 and 221lgl! (Table 2, Fig. 5). 

Transparency (Secchi diBkl 

The Secchi disk tranBparency is an indirect measurlmlcnt of the umaunt of 

algae and other suspended material in the lake. Transparency values can often be 

accucately correlated to the chloropbyll and the total phoophoTUB concentrations. 

The average tranlSpanmcy (Table 2) measured during the !aka assessment sampling 

was 5.8 feet (1.8 meters). The average transparency based on the values 

determined hy volunteer measurements wall. equal to 4.6 feet (1.4 meters) for the 

entire summer and 2.6 feet (0.8 meters) for July and August (Fig. 6). The difference 

between the two averages ill. due to Il2ltural variability and tbe number of 

8
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measurements. The transparency measured for Ma~aska Lake is sligbtly lower 

than typical values for tbe ecoregiofl referem:e lakes. 

Other Physical and Chemical Parameters 

Other water quality parameters measured for Maz8ska Lake in the 6ummer of 

1992 induding color, pH, total euapended solids, total suapended inorganic solid$, 

and alkalinity were similar to values typical for the ecoregion. Chloride, turbidity 

and conductivity values were higher than those for the ecoregion (Table 2). 

Phytoplankton (Algae) 

Phytoplankton SIIlIlplee taken in May, June and July from site numher 101 

were analy:zed. Several species of green algae were abundant in the May and June 

samples. In addition, the blue-green alga Apllanizomen.on floB-aquae was common. 

ApllarU:roT1Un.on grows in bunches which reaemble small grass clippings. Thie 

species tendll w in.-.reae.e in abunds.nce in area lakes during the summer. In July 

AphanizllT1Un.on accounted for 90% of the volume in tbe algae samples. 

Zooplankton 

Zooplankton (microscopic animale) wall collected and analyzed at each 

SIIlIlpling date. Many small-bodied fonlUl were obser>-w in May, hut fewer animals 

were observed in June and July. In July about 25% of the entire plllIlkton sample 

was zooplankwn, apprDximately half ofwhich were water Deas and half copepoda. 

Few large-bodied zooplankton were observed in any of the samples. Large·bodied 

forme can be beneficial for lakell becauae they can CQnBume large quantities of algae. 

9
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Aquatic Plantll (Macrophytes) 

The Shicldsville Sportllmen Club exp1'eGsed concern ahout the increaaed growth 

of pondweed along the l.nke shore of Mazaska. Lake. In a plant lIur.tey conducted in 

the aummer of 1992, the moat ahwlClant species were the large-leaved pondweed 

(PofamogetOll amplifoliusl and sago pondweed (P. pectinatu.~). Curly-leaf pondweed 

(P. crispu.s) was present hut not abundant. TIlia plant is an introduced, or exotic 

species, th.:>t out-competes and replaces more deBirahle native species. Curly-leaf 

pondweed was probably introduced during the lata 1960's and is of concern because 

it has gradnally iMreased in denllity and areall'rtent. 

Only areas of lake botwm sh.allow enough to receive adequate light will 

RUpport the growth of macrophytes. There is a direct relation.ahip between Secchi 

disk transparency and tb.e maximum depth of colonization (MDCl by aquatic ple.nta 

(CanJ]a!.d ftl. .w.., 1985). 

log MDC = 0.79 Jog SD (meters) + 0.25 

Over the monitoring period the average Secchi disk trlUlsparency W8B 5.8 feet (1.8 

meters). Using this value, the maximwn depth of colonization for Maz.a.ska Lake 

would be 9.2 feet. At 9 feet plant growth will he aparee and more planta will grow in 

pl"OgreslliveJy shallower water. About 35% ofthe lake is leas than 10 feet deep. 

Moat plant growth is in this area IUId forms a ring of weed II around the lake that 

may be a nui.aance for boating ur swimming. 

A uumher ofrechniques may be UBed to contrD! nuisance mseroph.ytes in r.mall 

areas. Manual or mechanical harvesting can be an effective, short-term control 

technique for KrlIail BWimming areas or hoat paths. This also bas Ramall additional 

henefit of removing nutriente from the l.nke. In Bome eases permits from the DNR 

are required for weed control. 

Sediment covers or surface Rhading are experimental ta:bniqnes which may 

elfec:ti.vely control weed growth hy controlling light in small aress. Bee the Lake 

10
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and Reaervoi~ Resta~ationGwdance Manual (USEPA 1990) fo~ mare jnformation. 

When deciding on an appropriate conLrol technique, nmembe~ ~hat many aquatic 

planta play an essential role in the health of the lake community. Althnngh cudy­

leafpondweed ie an exotic species, removal of large areas oftMs weed without a 

reootab1isbment of Dative perenniall'lpeciell may reawt in an increalle in the severity 

and frequency of algal hIOOIIl.8. 

Trophic Status 

One means of evaluating the trophic Bte.tus or prcdill:tivity of a lake and 

int.arpreting the relationship between total phosphorus, chlorophyll, and See.::hi disk 

transparency ill Carl~n'a Trophic State Iudex (Carlson, 19'1'1). TWa index Wll-B 

developed from the relationships of summer Secchi disk tran:'lparency and the 

8urla~ water conceutratioJl$ of total pho~phorus and ehlorophyll. Trophic State. 

Index ('rBIl ""In"" are calculated aa follows, 

Total phoaphon.Lll TSI (TSIP) '" 14.42 ill(TP) + 4.15 

CblonJphyll TSI (I'SIC) "" 9.81 In(Chl lilJ + 30.6 

SecchI diak 'llil (TSIS) '" 60 - a.41ln(SD) 

Note unita: TP in /Lg!l, Chlorophyll in 1J.l¥1, Seechi disk 

transparency in meters 

PosErible values for TSI range from 0 (altra-oligotropbic) to 100 (hypereutropmc). 

With this index each increase of 10 units represents a doubling of algal biomass 

(Fig. '1). 

The TSI values oftotal phosphorus, chlorophyll, and Secchi diek transparency 

for :Ma.z8SkA LakB ere between 52 and 62....-ith an average of 59 (Tabl'" 2). Baaed on 

thelis values the lake would be coruddered eutrophic. Usually the three TBI values 

are more aimilar than tho&e determined fw Mazll-Bka Lake. 'I'b.e eotregpondence 

between TP and chlorophyU ie perfect, hut the Secchi 1'81 is lower. ThiJl discrepancy 

wq-lar66-0039



may he dne to the dominance of the hlne-green algaeAphanitamellOn. Under theae 

conditiona, Secchi disk transparencies tend to he higher than would he elCpected 

hased on the TP and chlorophyll concentration:;_ However, Secchi diak monitoring 

ofMazll!Ika Lake can ~tm provide a reliable indication of the algal and phoaphorus 

b"end.5 in the lake. 

Comparison afTSI values for Mazask..a Lake to those of other lakes in the 

North Central Hardwood Forest ecoregion can provide n hasis for evaluating the 

water quality of the lake. A TSI value of 59 ranks in the 50th percentile for the 

ecoregion. In otber words 50 percent of the lakes assessed in tbe region have '1'81 

values lese (are lees eutrophic) than Mazll!Ik..a Lake. 

Another way to compare the trophi<: statua variahlea is on IIcatterplots. Figure 

8 illustrates the generlll relationships hetween total phoaphorus, chlorophyll, and 

Seo::hi disk transparency llnd where the MaZll!Ika Lake data plot on tbe graphs. 

The three parameters generally are closely <:orrelated since phosphorus ia often the 

nutrien~ limiting algal production, and Secchi diak transparen<:y is dependent upon 

the algalle"els in the lake. The plota show that increases in phosphoTUa will reault 

in an increase in chloropbyU and a decrease in S~chi disk transparency depth. 

Alternately, a decrease in phosphorus will reault in an increase in water quality as 

mell!lured by chlorophyll <:oneentrationtl and transparency readings. 

Trend Anal)"6ia and Hiatorics1 Data 

HiBtorics1 data is availahle for Mazll!lk..a Lake and other lakes in Ri<:e County. 

National Biocentric completed a water quality evaluation of/akell and IIcreama in 

the county in 1972. Secchi disk measurements taken hy the CLMP volunteers are 

available from 1974 to the present (Fig. 9). Water quality data from county and 

etate sampling effort.s are available far 1955, 1980, 1981, 1989 and 1992. Although 
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other water quality information is available, only yearn with two or more 

measurements for any parameter will be considered in this discussion. Mean 

summer total phoosphorus, chlorophyll-a and Secchi disk measurements from 

previous ..... ears are shown below. 

TP(#ofobs.} Chi a (# of 008.) Seechi (# of ohe.) 
Ye~ (UKa) ill<ill {feetJ 

1974 3.4 (4) 

1975 2.1 (4) 

1980 78 (5) 4.1 (5) 

1981 56 (4) 4.2 (7) 

1982 2.9 (5) 

19M 2.7 (2) 

1989 62 (4) 26.2 (4) 3.6 (4) 

1992 55 (4) 25.2 (4) 5.8 (4.1 

Based on the data available it does not appear that tbe water quality of 

Mazaslw. Lake has changed greatly over the past 12 yean. In. meMurementll taken 

betwoou 1980 and 1992, mean epilimnion rota! phosphorus ranged from 55 to 78, 

,","gil. The meau trophic status index (TSIP) far the years 1981), 1981, 1989 tuld 1992, 
was 64. This value categorizes the hike ..~ ,,,,trophic. Mean chlorophyll-a value.. 

decreased-from 26.2 to 25.2 ,","gil between 1989 and 1992. 

Nat:ioual Bioceut:ries assigtled water quality iudexe8 1;0 nine iDkes iu Rice 

County JD.1972. Each index was based aD. 8ecchi diBk trllll-llpareuc)', bioc.hemiee.1 

aqgen demand (BOD), available phasphate, ammonia, pH and totallXlliform 

bacteria. Dired comparisou of the 1972 Biocentric data with the LAP date collected 

in 1992 ill not meaningful, but the 1972 study does provide au indication of the 

relative water quality of lakes in Rice Count)' at that time. Maz;lUIka Lake was 

r-ated below Fox, bnt above French, Shielda, Roberds, Cerl;lr, Circl.., Union and 

Canuon Lakes. Iu 1986 Rice County compiled a water qualit)' evaluation of lakeB 

and st.reama ill the county which compared historical data and data the count)' 
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collected in 19&4. Agricultural runoff, lakeshore development and nutrient-rich 

sedimenl were coi::IBi.dered to be the major sourt:ee of nutrient input. 

Mean summer Secchi di.sk traIlBparencies have been collected Cor Mazallka 

Lake on an irregular bll.6ia since 1974. Secchi disk values llave varied considerably 

over the period. In lIilt of the eight yeanl studied, mean traIlBparency in July and 

August was nelll' 01" over three feet. In 1989 and 1992 mean Secchi disk values for 

July and August exreeded four feet. 

In the summer of 1993 perceptioIlB ofMazll.6ka Lake water quality were 

collected from people fiahing the leke, as part ofMDNR creel surveys. The surveys 

were conducted. from 10 June to 16 October. Ratings (daily ave:rsge6) of the lake's 

"physical CQndition~ ranged from 1.5 (l'rystal dear water to not quite erylltal clear-­

a little algae prBBentlvisible) to 3 (definite algal green, yellow or brown colcr 

apparent). "R(}(;;[Mtional suitability" ratings ranged from 1 {beautiful, could not be 

better) to 3 (llwimming and aBlltb.etic e~oyment sligb.tly impaired because of algae 

leve]fJ). See Appendix for complete aurvey resulte. PerceptioIl.'l of the lake'll water 

quality did not vary greatly during the couree of the survey. 

Nutrient Sources 

There are three iDflow atreams to Ma:r:aska Lake and one large outflow, Wolf 

Creek, to the east (Fig. 2). The inflow atl'eams have intermittent flow and carTY 

water from aubwaterllheds of the lake's entire waterahed. The size and amount of 

agricultural. activity in theae aubwatersheds diffenl. Nutrient inpute from the 

!Ure8mB draining theae areal> variea because oftheae di:IIetencea. There are marsh 

areM to the west, northwest and acutheaat of the laka 

It is likely that nonpoint BOUTel:! pollution accounta for much oftha nutrient 

input to Ma:<aak.a Lake. Nonpoint aourel:! pollution includes: agricultural runoff 

14
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frOIn croplands and pastures, pesticide and fertilizer UBe, feedlot runoff, urban 

nmoff from streeLB, yards and construction sites, leachate from 5eptir: systems, 

dredging al1d draining activities, and the iInpacl9 from the loss of wetIannll_ 

Although it is unrealistir: to exped that all nonpoint pollution sources can be 

ellininated, the implementation of BeBt Msnsgement Practices (EMF's) and other 

land U&e changef> = minUnizc human impact... on wilLer quality. 

To control50il erosion, reduce the use of fertilizers and pesticides, and improve 

manure management, hest managemant practices for agriculture should be selected 

that meet wa.ter quality goals as well as the individlUll fann operation. Refer to the 

MPCA'a Agriculture .lW.li Water QllsHty publication for mora infonnation on 

agricultural BMP's. 

Several direct discharges to Mazaaka. Lake from drain tiles were identified in ­

the study. Runoff from the immedio.te waterahed wsooontributes a 6ignificant 

amount of nutrienbl tD thl! lakl!. Three BOut"COB of nutricnloB were jd.mtiJied liS 

potential problems in the immediate watlll'llhed of MIl.7.Illl&.a La~: livestock feedlots 

and s pasture near tlIe lake shore, failing =-5ite sewage treatment syatams. and 

lawn fertilizers which contain pbosphotull. 

Livestodr 

Feedlots and near-shore pasture can contribute large amounts of nutrients to a 

lake. Cattle allO"l>ffld to wade in a lake tend tD increase erosion along the llhoreline 

IUld degrade water quality in the lakfl_ Arumal mllnure deposited directly into a 

lake adds not only nutrients but oxygen-demanding material and bacteria. A huffer 

ofvllgeta.tion between purmane.nt pa8~ and the lake with an alternate water 

"OUrce will dl'ect.ively reduce the pollution load from the area. Agricultural BMP8 

include ~D.ggelItiOD8for t.he management <If Animal wastes. 

15
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In-Lairn 

A pornon of the nutrients that enter a lake from the waterehed become bound 

tQ the bottom sediment. These nutnente are released under certain conditiorul. 

Phosphorus, for ex.wnple, is released from the sediment when the bottom contains 

no oxygen. This was the caee at site 101 in Mazaska. Lake in 1992 on the June, July 

and Augu.at sampling dates. The contribution ofphosphoruB from tho. sediment can 

repreeent a !lignificant part of the phosphorus load to 8 lake and, in some case", may 

be the major souroo of phosphorus. 

Estimatell oftbe sediment eontribution can be made from lake volume and 

phosphorus data (Appendix). Estimates aftbe intemal pbol'lpharus loading for 

Mazaeka Lake based on 1992 data show sediment phosphorus contributions are 

approximately 2000 kilograms for the eummeF. Although eW.culatiOIlll of sediment 

contributions on an annual basis would likely yield a lower value became 

phosphorus is loot to the sediments Elt other times of the year, the sediment-loading 

estimate ie meful for making qualitative comparisons. The eediment contribution 

was compared to the wate~shed-loadingestimates from the wateT quality models. 

The comparison suggeet.B that the sediment contribution is greater than the 

contribution from the watelllhed area surrounding M,u8.sk.a I...ake. 

MODELING SUMMARY 

Numerom models are availahle for estimating nutrient and WElter hudgote for 

lElkea. Theae modela can be UBed to relate the flew ofwater and nutrients from a 

lake's watershed to obserored conditions in a lake. Alternately, they may be UBed for 

estimating changes in the quality of a lake as a result of altering nutrient inputs to 

the lake (e.g., changing land UBea in the watelllhed) or p.]tering the flow or amount 

of water entering the lake. The "Minnesota Eutrophication AnalyBiB Procedure'" 
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(MlNLEAP) model and the Re..:khaw and Simpoon (1980) model were used to a/lsesa 

the elll'l1mt water quality ofMazaska Lake. MINLEAP was developed lly MPCA 

staff based on an analysis of data collected from a set of represent.:ltive minimally­

impacted lakes for Bach ecoregion. Total phosphorus, chlorophyll, and transparency 

values caJcuJ.atsd lly MINLEAP sllould reflact the vahll'~ found in a. minim",lIy~ 

impacted lake with the watershed size, lake morphometry, and geographic location 

ofMazaska Lake. It is intended to be WJed as a screening tool for estimating lake 

eonditions with lllinimal data inpnt and is described in greater detail in Heiskm'y 

and WIlson (l990). 

Published runoff coefficients, predpitation and evaporation data, and nutriont 

export coefficients were used in this modeling effort. Precipitation and evapl1Ta.tion 

data wera derived from Gunnlll'd (1985) and data from the State Climatology Office 

(1989). InputB to tlle models are noted in Tables 4 and 5. 

The TP and chlorophyll concentrations for Mazaska Lake predicted by 

MINLEAP were 27 .and 8 )JgIl respectively which is between two and three tim..a 

lower than the values determined in the 1992 aampuug (Table 2). The observed 

SelXlhi di~k depth wall approximately 2 feet lower than the predicted value. The 

e..l.imated pllosphoruB loading, corresponding to an in·lake plloophorua 

concentration of2711gf!, is 251 kgIyr. However, given the difference between the 

predicted versus observed in-lake phosphoruB concentration, it is liuly th". aetnal 

phosphorus lottding ie much higher. MINLEAP estimated pllosphorua retention at 

86 percent and water ~idence time at approximatelY 10 years. 

TIt" ..econd model used was Reckhow and Simp~on (1980) which predicts the 

impact afwatershed characteristics and management on lake phospboruB 

coru:entrationS. The uncertainty associated with thia simplified ll!llIe8sme.nt 

requires that the mudel output be exp~sed as a r.llllge of values. The Reckhow­

Simpson model (UBing the Canfield/Bacbman equatiun) predicts .Illl in-lake 
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phosphorus amcentration ranging from 42 to 67 Ilgll (or Mazaska Lake. The 

"average~ concentration value of 52 IJ.gI1 is most OOJIlparable to the 1992 Ilummer 

mean (55 Ilgll). The pbolWhorus flux (load) conesponding to a concentration of 52 

Ilg!l ill 722 kgfyr. ThUll, the difference in phosphoTUl! flux predkted by Reckhow­

Simpson {Ulling "average" export coefficients) versus MlNLEAP (251 kgIyr) suggesla 

that the phosphorUll loading is approrimalaly 3 times that expected based on 

Mazaska Lake's morphometry, watershed size, and ecoregion. Neither model 

indicatell how much of the "exce.s5~ nutrient loading is from the waterahed and how 

much ia recycled from lake sedimenla (internal loading). 

Typical phosphorus export valuell for the area, baaed on "average- export 

coefficients, are UJSed in the Reckhow-Simpson model. Based on the.'le estimates, 

agricultural lands potentially contrihute about 65 percent of the phosphonul from 

tbe waterllhed. Urban areaa and septic tanks may contribula about 15 percent, 

while the other land Ulles contribute the remaining 20 percent. However, these are 

jUllt estimatea, and the actu.lU contributions may vary significantly from the 

percentages above. 

GOAL SE'ITING 

The hietorical data and model predictions indicate that attaining an average 

epilimwon pbOBphorua concentration of 40 to 45 JJ.gII is a reasonable goal for 

Ma:zaska Lake. To maintain fisheries, aes'LhstiCl! and full recreational usage, 

phoephorus levels of about 40 Ilgll are desil'llble for a majority of the lakes in 

Minnesota. Iflevels are maintained at 40 to 45 IJ·gIl, the lake will snpport fishing 

and swimming most of the time. Some algae would be present most of the summer 

hut the periodll of severe algalhlooms (chlorophyll concentrations greater than SO 
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).lglll would eri!lt only Ilbont 20% of the !lummer. In 1992, chlorophyll concentrations 

exceeded 30 \lgll over 60% of the Bununer. 

Reduction in the phosphorua loading wiil he rcquired to reach th" goals stated 

above. Loading from tbe water-ahed "bould be controlled before in·lake treolmente 

are att.empted. Ifpresent conditions and inpnts continae, a gradual worsening of 

lhe lake'a condition and suitability for recreation will result. 

The lake iB s reflection oC its watershed. The quality of the lake water is 

detennined by not only the lake's shape and ecology, but also the activities that 

occur in the waterahed. The results ofthia study suggest that excessive phoophoruB 

is reaching the lake from the watershed and the lake sediments. Implementation of 

beet management practicea on eultivl"lted land, r"ed\oLo, and the immediate 

watershed Oawns and septic systems) should help to reduce the phosphorus loading. 

Dncll watershed contribution!! are adequately controlled, some in-lake treatment 

which addrelitles th" tlediment contributionB may be appropriate. A more detailed 

study would be neceS!lary to predict the lake'!! respOllBe to watershed and in-lake 

treatment methods. 
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Table 1. Ma.:zaska lake morph()(Tletric, watershed and fish~fy 

characteristics. 

~ONR 1.0. 66-0039
 

Aro:!: 687 acres (2'7a.l hal
 

Mean Depth: 15 teet (4.6 meters)
 

~axifT\IJm Depth: 46 feet (14.0 meters)
 

Volume: 10300 acre-feet OZ.? H~3}
 

littoral Area: 49'106
 

S~rerlne Leneth; 4.8 miles 

wne~d Am: 2ZOO acres (890 hectarul 

Watershed Area; Lake Surl300 Are~ R:!tio: 3.2.:1 

Estimated AYeraee Water Residenl:e Time: 10 years 

Fisher...." • Ecological Oassifi<;lIllon: 1loug~l\sto,.{>lImefish 
Management Classlli::iItion: Warmwater garnelish 

Land Use (peroentolQe): 

Fgrl!Sts Water/Marsh Pa:Hure/CRP Cultivated Urban 

, ,Mauska lake 10 '0 56 

North Central
 
Hardwvod Forest. 6·ZS 14~30 l'-ZS ZZ-SO ,-,
 
Piblic: Accesses: Z
 

lnlets/Outkt:s: "3 iII\ets (unnamRd) 1 outlet {Wolf Creek}
 

DeYell>prnent (Hon"le!l.l 
5eii""'!91 Permanent 

1967 4S'0
1982 no " 6S 175 
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Table 2. Mazaska Lake average summer water quslity characteristics 
and trophic status indicators (based on epillmnion 1992) 
compared wllh other lakes in the North Central Hardwood Forest 
ecoreglon. 

Typical Range.... Igr Ecorogjon 1 
Total Pho~pho'us (J,lgn) 23-50"
 
ChlorophylHl (llgll) mllsn 25.2 5-22 

Chlorophyll-a (J,lgfl) maximum 45.3 7·32 

Sllcchi disk (meters) '-' 
Secchi disk (fllel) ,., 
Total Kjeldahl Nnroglln (mgll) 

Nitrite & Nltratll-N (mgtl) 0.04 < 0.01 

Alkaliniry {mg/l) 137.5 75-150 

Color (Pt-Co Uni\l;) 17.5 10-20 

pH (SU) 1i.6-8.S 

Chlorid~ (mgtl) 16.0 4-10 

Tolal Suapended Solids (mgll) ,., 
Tolal Sn~pended lnorgl>nio;: Solida (mgll) ,., 
Turbldiry (NTU) " 
Conduo;:tivity (unho&!o;:m) ". 200-300 

TN:TP retio 28:1 25:1-35:1 

Tropbjo;: SlaWs 10([,0810r6: 1992 

CarlSQn Trophil: Stetue Ir'llSeJo. Valuea Percenlil,,2 

TP TSIP 
Chl-a TSIC " "
 
5eo=hiTSIS " "
 
Mean 151 50 " "
 "
 
, _ 2S_751h percanllle tor '''I'rasanlaUVS - minimelly Impacted lakee In lhll North Central 

Hard_ad Fo,est Eco"llion (Heiata<y & WlIOIOn. 1990) 
~ _Relelive to IIpprm:lmetely 70tllllcBs in Ihe NCHF ilCQreg'on. One hundred percenl ll1Val 

Impl,e" """'est TP end chlorophyll concanlraticn 1;r deopest Se<:chi disk meesuremenl 
lor thel ec<:Ir&glon. 

"
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Table 4. MINLEAP modeling summary lor Maxaska Lake 1992 

Minr>eSOla Lake Eutrophicalion -'nBJysis Procedure 

[npul yariables 

Lake Name: Malll"ka Lake
 
Ecoregion Number: 2_CHF
 
Wal ..r~hed An"'. (HAl
 
Lake Surtace Alee {HA) 275
 '" 
Lake Mearl Depth (M) 4.'
 
OJserved Meall Lake TP (jJ.gJI)
 
OJserved Mean Chl-a (~) 25.2"

<ltJst!rved Mean SOCdlI(M) ..,
 

Incu! Dala 

•
Lake Name: Mazaaka Lake
 
EcoroglOn: CH'
 
Lakli! Nea: 275 HA
 
Wa(erehed Nea (excudlng lake) 878 HA
 
Mean Depth 12.5 MB\'&Ts
 
Observed Meall TP ",.."
 
Observed Mean Chl-a 25.2 ~
 
Observed Mean Secd1l 1.8 M.alers
 

RESIlITS 

Lake: Maza3ka I.aks Ecoraglon: CHF 
Average Inflow TP: 200.9168 ~ Tolal P Load: 251.4272 kgfrr 
lake Outnaw: 12514 HM3Iyr Af.aal Watlll' Load: .4550545 W,r 
Residence Time: 10.1 yrs	 p RetanUon Cool: .8855 ~ ~ .. ~ :;; 

• , :,~. o. _.';> 

VAriable Obsel'lr'@d Predicted S1l1	 Residual T.Ie!it ~ .;.
~ 

55.00 -11.05 1.81.,£-~ 

Chi-II (mgJIJ 25.20 8.1 J 5.65 0.'19 1.52 • 
T"'" P """"	 27.01 '""" 0.31

""'" 2.gS	 

...

Secchl (met8l'll) 1.8G	 1.02 0.10 0.47 ;, 

!iOIE:	 Residual-lOG10 (cbserY'ildlpred-=ted) 
T-Tesl lor slgnifiC3r1t dlftererce be1Yrgen cilserved and prOOIc\ed 

CbkuuWyll-a Interval Erealleocies M'» 
Predicted Predlcled Predicted""'" Observed Caw A CB/leB Case C f£Il 

95.41	 25.08 26.75 3M8 . "2. 59.60 1.72 2.'" 12.09 
JG 27.28 0.15 032 5.08 
8' 2.Cl3	 O.OG 0.00 0.74 

~:	 CBSe A: within-year vanaliOn considered 
Case B: within-year +year'!D-year vartaIialoonsid9fed 
case c: case B + model etror considered 

'" 
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Figure 1. Location of Mazaska Lake and Minnesota ecoregions. 
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Figure 2. Mazaska Lake sampling sites 101 and 10Z. (map by D. D. I.)
 
wq-lar66-0039



Figure 33. Dissolved Oxygen 3nd tempe",ture profiles for s3mpling site 
101 on M3%ask3 l3ke • MilY 13, 1992. 
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Figure 3b. Dissolved oxygen and temperature profiles for sampling sites 
101 and 102 on Mazaska Lake - June 10, 1992. 
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Figure 3<:. Dissoh/ed oxygen and tempe.rature profiles for sarnpling srtes 
101 and 102 on Mazaska L1ke· July 7, 1992. 
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Figure 3d. Dissolved oxygen <Ind temperature profiles for sampling sites 
101 and '02 on Mazaska Lake· August 3,1992. 
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F-igure 3e. Dissolved oxyget1 <Iod temperature profiles for sampling sites 
101 and 102 on M<lzaska Lake - September 1, 1992. 
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Figure 4. Surface (epilimnion) and bottom (hypolimnion) water tolal phosphorus (TP) 
concentrations at sampling site 101 on Mazaska Lake in 1992. 
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Figure 5. Odorophyll-a concentrations in surface (epilimnion) water at sampling 
site 101 on Mazaska lake in 1992. 

ChI-a Wgl!j 

05/13192 BO.l 
06/10192 5.45 
OUJ7192 1B.6 
08"""'2 36.5 
O91tJ1192 45.3 

00 ,---------- ____, 

00 

o i---_-~-~~-_---_-~-__J 
071OUIl"o!. """" 
Date 

"
 
wq-lar66-0039



Figure 6. Secchi disk transparencies for Mazaska Lake in 1992, from measurements 
by the Citizen Lake Monitoring Program and the Lake Assessment Program. 
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Fi9ur~ 7. Carlson Trophic Status lnd~x values (TSI) and relationships to 
Mazaska Lake data for 1992. 

TS[ <; JO 

TSI .JO ~ 40 

T$l 40 ~ 50 

TSl 50~60 

TSI 60-70 

TSl70.80 

TS1 >SO 

CI13sLc.:L1 oligotrophy: Oe;u WJ.tc:;. 09gerl througilOUt l11e year ill hYPOOlicno.ion 
n.l.monid nsb<:riet in dc::ep lues. ' 

Deeper laIr:~ slill exhibit cla.ssic3.l oligolIOphy. bu( some: shallower lakes will 
be<::omc &.rIoue in t!:le br,lOlimnion during \he: sumw<:<:. 

Water modc:nucly clear, but inCTl::::L'Iing probabiliry of ano;cia i.e. hYPOl.iwnlon 
during $w:nnJcr.. 

Lowe:t' boun~ of cJ.a.ssieal eUlIOphy: Dc:CTl::::L'Ied lr.lnspan:ncy, anoxie 
hypolimrUa dlUUlg the summer, ~ph)"'(e: problems evidc:lll~ .... lrttH...aler
fisheries only.
 

Dominance ofblue-gro:cn algee. algal scums probable, ell:!ensive IllaCl'Ophytc

probleau. 

H.avy alp} bloom, poulble U1ro~ho\lt the summer. dense macrophyu: beds. 
but extent limi~ by ligh!: penetnlJ.on. Of~e.I1 would be elas!Uicd as 
bypernop?-ic.• 

• '" Mazaska Lake values 

OLlGor"Qfl'HIC loIesor"OPHIC eUTIlOPHIC HTP(REur"OPt!IC 

~ 2S ~ l. W •• ~ S5 ~ 45 10 15 10 

TAOPllIC aTATe '--.,....:.·!i;;~llilOEJ. 

2 \.5 , , .. .. ..' ... . 

"
 
wq-lar66-0039



• • 

• • • 

'" 

.. " • 

.,
, " 

• •
6 " • 

• "'~'~ .
• 

•

'.:.<\'"._~. :' \-13zaska Lake 

" 
" _-­... 

•

10 90" " " 
TP (ulill '" '" 

ZI • 

- •J , ..' 

" " "-, Chi !. (ulll)" ­

•

•
ZI •


•
 

-
• •


~ IS 
•
• ••
 

•


, Maxaska lake

.'...
• •/ • •, • • ..• • 

• 
:--~ 

• • • • , • •

" " " " " '"" ("III) '" 

Figure B. Scatlerplots of chlorophyll-a, total phosphorus and Secchi disk transPilrenc:iesbased on sunmerdata from a set of representative lakes fromJour ecorogions inMinnesota with values for Mazaska lake in 1992. 
wq-lar66-0039



Figure 9. Mean Secchi disk transparencies in July ane! August for Mazaska Lake 
since 1974. 
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Estimate of sediment phosphorus contribution based on 1992 summer data. 

This e5tiTlate i!; based on the foI\Owing ~SSlJmp{jons: 

1. "The incruse of phosphorus (II the hY\Xlllmn;<Yl is the ",suit of the ,ed;me<1tnlan and 
decay ot algae hom the epillmnilln and fluX of phospholl.5 from !he 5edimenU. 

2. The hypolimoetic phosphoNs coocenlruion measured at site 101 in August WOIS 
repre.ntali...... of th.. w~ore hypolimnion. 

3. "The decrease in epilimnetic phJsphJrus is due to the Lplake and subsequent 
52di!'OO!ntlti'UI of phosph.orus try algae. 

4. Other inputs and outPJt5 of phosphorus to the lake over this period ~re negligible. 

lake Volume .. VL c 1.35 X 1010 UteI'> 
Ep\\Imneue Volume c V~ : 6.80 k t()9 Uters 
Hyponmnetlc Volume c VH - 4.74 X 1()9 UteI'> 

Total Phltsphorus;	 Sprillg Epilimnion - TPSp~ '" 112 JIg/L 
Aug. Epilimnlon .. TPAUG '" 66 /lg/L 
Hypolimnion '" TPH - 653 J'g/L 

1.	 The difference between the epilimnetic concent!'3tion in th.. spring :md in August i,
 
CllftS'deted the amaunt of ptocsphoru:s wtIidI enteli!d the tlYPJ~mMion trom the
 
sedimetltation of algal!.
 

TPsPlt - TPAlXi" 11 Z. J'QIL • 66 JIgiL - 46 pg/L 

46pg/L X VE (8.80 X 109 L) c 4.05 X10" JI9Phospi'orus 

2.	 Assuming all of this phOsphorus stays in the hypolimnetic Wilti!r thiS would result in an
 
iocrez;l> eqU;ll th'l m:lS/$ divided by the volume of the hypolimniQl'I:
 

4.051.1011 /lgP + 4.741.l09 L '" 85p-glL 

3.	 Alkl ilis to the spnng Itjpolimnetil; phophoNs ooncentratlon to get an esOl'nate of the
 
expected phosphorus coocentrntiOll giwn no other inptm;:
 

85pg/L of 112~L '" 197pg/L 

"
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4.	 SubtraCt this concentr.ltion from the obserwd CClncentr.ltion (VH) to obtain an e$tirnate 
of the phosphorus increase due to sedimellt contributions: 

(TPH)	 GS3pg/L - 197pg/L _ 4S6pglL 

multiply by (VH) to obtain mass: 

4Sf."sv'L x 4.74 X109 L ., 2.HiX1012"gp 

or 2160 Kg P 

This mass would result ill a whole lake increaSl! c>f 1,,0 "giL jf it were BVlli\able to 
the whole lake. 
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Summary of responses to lake warer qualiry quesrlons collected 
during 1993 creel surveys on Mazaska Lake. 

Physical Condition Recrea.tional Suitability 
6->0 ,• ,	 2
 """6-12 4 IS 2
 
6-20 1 3 2
 
6-23 1 2 2S
 
6-27 7 2 2
 
6-28 1 2 2
 
7-2 2 IS 2
 
73 1 2 2
 
7-28 1 2 2
 
'-2 2 l l
 
'-6 4 2
 

4 l	 1
.-.	 2
 

8-13 1 3 3
 
8-14 5 l l
,8-15 3 2
 
8-17 3 2 2
 
8-21 1 2 2
,.8-23 2 15
 
8-29 3 2 2
 
9-4 4 2 2
 
9-6 3 2 2
 
!H2 2 IS 2
 
10-16 1 2 2
 

Ph~cal CondItion 
1. Cry'll~l c~r ....ter 
2. Not quIte oy.nal c\ear - ll.lirtle ii.l&&e present/visIble 
3. DeflBlte alil81li!rnen. Y"IJow, Or b""""" coloor apparenL 

~---4. Hlib algall"....\lI with limlred clarity lUId10r mild odOr apparenr 
S. Sev", high a.Ipe ~ets with one or mOl"" of th~ following: 

-masaj"" floating ~UQ1t on Ide or wa.ohed up on ihore 
- strOng. -fout ode>r 
- fish kill 

SuItability fur Reer_lion 
1. Beautiful, could nOt be better 
2. Very minor al!.$\hedc preble....s; e>1c"llent for lWimn>ln" boatina........
 
3. SwiInrnlng and ..... thetic enjoymCllf $I~dy impai""" boocau- of ~ 1c:""ls 
4.	 DesIre 10 S'Nim &Dd 1"",,1 of "'njoyment ot th'" J..o}:., substantially reduced 

because oflllg"" levels (i.e., -.ould not swim, but boating i. okay) 
s.	 S.....hnrnl"ll &Dd ,.... \hedc enJoymertt of the la1:e ne;u-ly Impossible be<;auJe of 

"'e;a. bois 

Water Clarity and Aquatic Plants 
or 61 respoJaes: 

.14 (23'16) prefer turbid water and fewaquatlc plants 
-47 (77'M1j prefer dear water and rt'Inn)' squall" plan15 

45
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Approximate watershed area of Mazaska Lake. 
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