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ABSTRACT 

\h-:rt.er l·J8.S collected at four sites [3.nd 2I18.1:rzed for 3111lTlonium 

rn.trogen, nitTate nitrogen, ortho pho&"'})hate, pH, temperature and 

turbidity. Volllme of' inflm-J and out.f:'lm:,Y water Has also deterrninecL 

T,B.ke Redstone reeeived :;;,250 kg of rlitrate nitrogen, 3,52) kg of 

arn.1TIOnllUn. nitrogen 8l1d 1,680 kg of ortho phosphB.te .. Of this, 1,030 

kg of nit:rate rrLtrogen, 1,150 kg of arn..iflonillIn nitrogen a.no e3C kg 

This represented a. 

filter:L"'1g effici.eney of 19 .. 66;,; for nitrate nitrogen, 3:2. 6?~!b fo:-c 

&"'illnoniUJG nitro gen, a.l'1d h9. h9){, for ortho phosphate removed. from. the 

i.n.fl.m··T 1·m:ters. La.ke Redst.one also reeeived 111• .3 metric tons of 

sediments during the test period. Of this, metric tons of sedi­

men:Ls Here retained by the lEJ~:e .. This represented 2. i'iJ.tering ef­

ficiency OJ: 71.0% renoval of sed:iJnents from the inf10H Fat.ers. 



I NTR.ODTJC'rION 

E;utrophication, the enrichment of 1rlaters by nutrients, is a much 

discussed phenomenon and has stimulated ex'Gensive investigations into 

"the factors involved in lake aging_ (1".","'J h QL:?) sta+ c,,,, llr;'lheY<C) ar"'e 0 ....vt..w. _ \.l..... :?~ ... to<OCl, ... _· ... 0 . .:; >:;0­

sentia.Lly t1·JO wa~Ts in which nutrient materials are made avai.lable to 

lak:es. One was constitutes a closed system in which there is a con­

tin110US cycle of uptake and release of nutrients that remain, for the 

most p2.:rt, permanentl.y within the lake and. its basin .. . The other 

way of supplying nutrients is by an open system in which the m.aterials 

are added to the lakes by tribu.taries, su.rface I'U.;.'Ytofi', and springs, 

take part in one or tvJO seasonal cycles, &"'1d are then removed by either 

outflo',rf or permanent retention in bottom sediments. II 

Present infm:"1nation indicates that the fertilizing elements 

1-lhich contribute most to lake eutrophication are nitrogen and phos­

phorus (}fuckenthlill and Ingr8~, 1967). Mackenthun (1969) vITites: 

"(1) High phosphorus concentrations are associated with accelerated 

eutrophication of waters, when other growth promoting factors are pre­

sent; (2) aqu.atic plant problems develop in reservoirs or other stand­

ing waters at phospho~JS values lower than those critical in flowing 

streams; (3) reservoirs or other standing waters collect phosphates 

from influent streams and store a portion of these within Gonsolidated 

sediments; and ell.) phosphorus concentrations critical to no}:Lous plant 

gro~~hs vary, and they prochlce such grornhs in one geological area, 

but not in another. I! IJund (1965) concluded that nitrogen and phos­

phorus can still be considered as tlifO of therri<3.jor elements limiting 

p.r:Lmary production a:nd in some highly eutrophic lakes, nitrogen may 
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be:.> a more important limiting factor than phosphorus. 

A survey O.Y the literature, hOHever, reve.~1.1ed .f'e,,;,r references to 

quantitat.ive assessments of nitrogen an.d phosphorus eompouTlc1s in im­

pm.1ndm.ents ~ 8[rHyer et al (19h5) and Lacke:l anel Lenz (19h.s:) assessed. 

the nitrogerl contributed to the Madison, Wisconsin lakes. 

(196C) in Yakime. V8.l1ey (1cJashington), Engelbrecht 2..nd I?'I.orgfJn (1961) 

-111 the Kaskaskia. 11iver oa,sin of Illinois, 2Jld Mackenthun (1969) ;::;,t the 

Ross E. Barnett Reservoir (l1ississippi) were notable in performing 

qu.cu'1titative analyses oJ' stremn. nutrients. 

In considering the uptake of nutrients by Lake Redstone} the 

mJ.thor confined the assessm.ent of che:r:d.eal par&"1lcters l",O [urrri1onlum nit ­

rogen., rritr·s.te nitrogen a:nd ortho phosphate (soluab1e inorga.,"lic phos­

phate) • 

Lake Redstone is 253 ha. i;-npoundment on Big Creek, which is 10­0­

cated in parts of 2~ctions 11, 12, 13, 11+, 23 and 2h, 1'131\:, RJE, Sauk 

Count~r", T\':Lsconsin .. Big Creek vJ3..8 dammed dUrL'Ylg the SDltlTIlSr of 1965 

....:. ... t..,...irmrrn depth o.f' " ') 
Irl • 

The Big Creek ·H.9.tershed is composed of 6200 ha of steep, hilJ.,)' 

land TQ t.h a l·~;:.d ·u.tiliz:<?.tioD. of approxiInat.e1y 55% fOI'est, 30% crop1axl.d, 

and 15% permanent pasture (Sauk COunt,~T Soil Conservation Serv':"ce esti ­

~ T •Big Creek is conrposed of two strG2Jn. courses ( \".:est ;~l!Id. E;"7.St FOI~l:s) 

vrhich, prior to imp01.111drnent., joined at 0- point vIhieh is nm>! flooded by 

the lake. l~:,.s a res'U1t, the YrleJ...n 1';Flter sources of L3.ke :':~edstone 2.re the 

~fust and East Forlrs of Big Creek5 Additional l ..rater enters the 1(;).ke 

f1'o1'0- intermittent. streB..ms, seepage &"1d 3uDsn.rfaee springs (G2x'lsorl, 19(1) • 



The dische.rge of "(<later from the ls.ke enters the Baraboo River hoC) Til 

southwest of the lake outlet. 

Ln.ke tteclstone has experienced nuisance algal blooms during the 

SlJ.mrners of 1969, 1970 ~Y).d 1971. The algal populations res.ched such den­

sities th.:lt 3Jl algacide !tJas applied to reduce alga.e numbers (Carlson, 

Only short term improvements 1'1e1"e realized by' the aJ.gac~l.de 

'treatment. 

Because of' the small watershed size ana since there are only t.1rm 

major surface sources of 1-Jater, Lake .Redstone was Gonsidered 2,11 id.eal 

location for assessing the quantitative l..:.'J)take of nutrients by a small 

lake. The Big Creek ~Jatershed :1..s sparsely populated and., despite t.he 

topography, is extensi\tely farmed. Tb-i S situation presenteel a means 

of determining the impact of agricultural ~xnoff on lake water qual­

it,y. 

}1ETHODS AND EJiTEB.lALS 

In addition tiO ortho phosphate, a:rnmonium r..itrogen and nitrate 

nitrogen, measurements \vere ma.de of temperature, pH and tux'biclity. 

~'Ji th the eXGeption of temperature -' all tests i,~Tere made l'Jith a DC-DR. 

Colorii'Tleter (Each Chemic8~ Company, .A.11les., Iowa). 

termined '~{ith an armor-clad. aJ.cohol thermometer. 

Volume d.eterminations 1vere made a.t tp..1'ee test sites: 

Big Creek.~ C ~ T. Highway lIFll, h.8 bn east of the intersection of U. ,3. 

58; \'Jest Fork - Big Greek, C. T. HighvJay 11Ft!, L. 0 kn east of the inter­

section of U. s. 58; Cr~ltlet, 400 m northeast of the confJ:'.1.ence of Big 

Creek and the Baraboo '.1.iver. The confluence is located hoo ill north of 

the C.T. Eigh\rJay w>.ll1 bridge, ~ .. 2 k:m. ea.st of the intersection 0:;: U. s. 

'lolllli18 determinations I,mre rn2.de in cuIverts (one, 1. j2L m ciia­



5 

meter in East Fork; t1.g'O, 2.4h III diameter in \Jest Fork) on C.T~ R:Lghvlay 

nTi'!l and lU the d81l1 at the outlet. Velocity of 1<late~:"' flo1-1 was deter­

mined ~nth a Flol-J Heter (Hilw"a.ukee Engineering Equipment Co.) and a 

ca.librated water 1111861. Volmne calculations 1'Iere made in accordance 

:,vater smnples for physica.l a..nd chemical anal.ysis were taken at 

the three sites listed above lli'1d from a well located at the Sauk co­

unty Park, Hhich is adjacent to the '::lam iw.!?ounding Lake Redstone. 

SCL"Y'ples from the Hell were included to deterrnine the nutrient content 

of the seepage 1-<Jater that enters the la-1<:e. Volu...me of subsurface con­

tribution was determined by the difference between stremn input and 

lake clischa,rge at the i'n.nter flO"L-J levels of Big Creek and the outlet~ 

Su.bsurface contributions 1,tere considered to be constant throughout 

the monitoring period.. 

Collection of l;,rater samples and volunle d.eterminations beg&"1. 

February 29, 1972. Samples "Erere talc en at) till. s time to d.eterrnine the 

Hinter flmY" level of the tHO stref£'D.S and to deter:ri1::Lne the voluIne of' 

subSltri'ace water that lS entering the lake .. 

"Heekly until the spring runoff COrihilenced. Hith all increase in -water 

....,.0'_·.~''''',1Pcu..J.i__ (1vr"""'ch 141'
1, " ta.ken daily until t.he returned'I .:....l.d...J... samples i,\fere volTh"'TI.8 

after wr;ich time they \-l8re ta.ken every other 

day lHl'til t.he termination of the current 11'lOnito:r:Lng period (April 18) .. 

RESULTS 

Nitrate Nitrogen 

Nitrate nitrogen in Big Creek YS.ried from 0 .. :; t.o '7.0 mg/l dur-i 11g 

the rnonitoring period (Figure 1). In all test sites", the concentrat:1.on 

of nitrate nitrogen displa;;red a decreasing trend.;> ~'l:i. th irregularities, 
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until Harch 18 and then remp'; ned relativel.y stable lLYltil the tennin­

ation of the current monitoring period .. 

Contribution of nitrat.e nitrogen from seepage water was rather 

insignificant, ~nth the majority of the tests indicatlng levels at or 

neB.r C. 0 mg/l. Concentrations varied from 0 .. Ci t.o 3.0 mg/l thrmJ.gh­

out the test period and all test.s 107ere less than 0.;; mg/l after March 

18. 

Nitrate nitrogen content of discharge 1-Jater from the outlet 

closely follo1t:ed the trend displayed by the Heat Fork and. Ea.st Fork 

but 1,<"ith a slightly reduced concentration level (0.5 to 3.0 mg/l). 

Total contribution of riltrate nitrogen added to Lake Redstone 

from all tested sources vIas S, 252" 2 kg .. Individual sources of nit­

rate nitrogen were 3,882.3 kg, West Fork; 1,lL5 .. 3 kg, Ea.st Fork; and 

2?4.6 kg, subsl..l.rface sources. 

During the same period, the water d.ischarged at. the outlet con­

tained h,264.5 kg of nitrate nitrogen. The net uptake of nitrate 

nitrogen by Lake B.edstone, for the period Febr~uary through April 

18, was 1,032.9 kg. 

JunllioniuI1l Nitrogen 

Unlike nitrate nitrogen., ammoniurn nitrogen disp1ayed 3. very 

irratic pattern trll'oughout the monitoring per-lOG and the concentra­

tioD of B.i"1ll'non1.1.ml nitrogen increased 11lth 8":'1 increase ll1 volume at 

aJ..l test sites. l..mm.onil1..il1 nitrogen concentrations va.ried from C.:2 

to ::" 5 mg/l in the t't~o strea.m.s and from ()" 0 to (). 6 mg/1 in the f3eep ~ 

J~JrrrYioYl:L1JJn nitrogen concentrations varied from 0.0 to 1*0 

mg/l in the ctLscharge 1t-Jater at, the outlet (Figure ')) .. 
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Tote~ contribu.ti.on of amilloniuffi nitrogen ackLed to Lake Hedst.one 

from all t.ested sources 1oIE1.S J, 523 • .3 kg. InctLvidual SOUJ:'c:es of ~.m.Gllon-

ium nitrogen Here 2,790.8 Kg, \rJest Fork; 64E\.() kg~ East Fork; &11:::'1. 8e.5 

kg, subsurface sources. 

During the same period, the 1tlater discharged at the outlet con­

taj.ned 2,.3 '73. 2 kg of ammoniu.:m nitrogen. The net uptake of' &T'flffioni"J.Iil 

n1trogen by I.;ake Hedstone, for the period February 29 t11rough April 

18, was 1,150.1 kg. 

Crtho Phosphate 

Ortho phosphate concentrations of the Hest Fork t;tnd East Fork 

displr.~.yed rem!3.rkable sL"TIUl2.1-.ity in trend. and quantities.. Concentra-

Ortho phosphate concen­

trations increased 1-J'ith an increase in volume i'rom spri.,1J.g runoff. 

There Has also ~ill increase in ortho phosphate concentration viitb. stre?illl 

f10'li1 increases occurring after the initial 5n01;.-1 melt period. 

Ortho phosphate concentrB.tions of seepage ~lat.el' rem2.ined at 

mg,/l or less tp..roughont the test period. 

Ortho phosphate eoncentration of the discb.arge vater at the out­

let varied. from :] .. 0 to (]. 6 mg/l tr.troughout the monitoring periocL. 

graph indicated. a lapse of appro:ri 'l'lla.tely 10 d.ays 1')et1feen the lncrease 

in concentra:t:1.on in the contributing strearn.s s....11.d the lncre::;.se :1.n con­

centration B.T., the outlet. The disch3.rge Hater, hm,.,rever:; had a longer 

period of high concent:cation (approximately 2j.~. days as opposed t,D about 

14 da.ys in the contributing strealTis) but a much lOHer high point~ of 

concentration (0.6 mg/l as opposed to 1.1.1. mg/I in the contributing 
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l'ot3l contribution of ortho phosphate added to Lake Redstone 

from all tested sources 1·ras 1,676.e kg~ Individual sources oJ:' ortho 

phosphate Here 1,J4.o .. 5 kg, Hest Fork; 302.7 kg, East Fork: 2Jl.ci 1.3 .. 6 

kg, subsurface S011rces ~ 

Dl.lring the same period, the 1iTater discharged :.~;t the outlet 00n­

tained Bh6.8 kg of ortho phosphate. The net uptake of ortho phosphate 

by 1ake Redstone, for the period F'ebru.9.ry 29 through ;\pr:i.l 18, was 

8Jc .. () kg. 

Tu.rbidity 

The 21110unt of turbidity occurring in Lake Eedstone was s:Lg­

nificrtDt when convert.ed to a total -v-Jeight of contribution. Total 

contribution of sed.iments added" to Lake Redstone fro!r. all tested. 

sources was 111.3 metric tons. Individual sources of turbidit.:/ 

vJere 88.9 metric tons, Hest Fork; 22.3 metric tons, East Fork~ a.nd 

subsm"':face sou.rces were considered to be zero. 

Jio.ring "the same period, -the water ciisch.s.rged at the outlet con­

tained 31.98 metr:Lc tons o.f st3diments. A net of 79 .. 3 metric tons of 

sedil'nents 1·Tas added to the Lnke Redstone b;:win dllr:i.ng the pe~~iod 

February 29 through April 18 (Figure h). 

pH - Temperature 

Observations of temperature and pH "Here taken throughout the 

't' .' (-" c' • L:\nlOlU: orlng perlOd. .r 19l1res ./ (,;: O). No relationsbip between these 

factors a:ncl the uptake of nutrients wa.s undertaken in this pro.jeGt. 

"Em,rever) -the .pH of t.he disch,?-rge 1'J8.ter "Has consistently J.OHer tb.an the 

pH of the contributing st:reams. The pH of the outlet tva.s belo\cJ' e" c 
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on 17 of' 22 tes'ts_~ the pH of' the \~Jest "?ork 1-{as belm·J oJ) o:n nine t.ests 

and the pH of the East Fork '~'Jas beloH 8. C on six tests. 



DISCUSSION 

Du.ring the monito:ring period (.F'ebr1.1p.I'Y 29 through April It)), 

the Dig Creek vJatershed lost 8.9 7GO kg of nitrogen an.d 1,676. e L::g of 

This 8l110fu'1tecl to a loss of 1 .. 51 kg of nitrogen 2-l1d C.27 

Kg of phosphorus per hectare. Sylvester (196J.) suggested that 'Hooded 

l;:;rlCl expel'iences c. loss of C).(X31.j. l<:g of nitrogen alld c.. ooJL kg of phos­

-;,;ra:te:rsned., one might conclude t.hat onl.y 115. (' kg of nitrogen and. 11 . .5 

kg of phosphorus 1rlOUlcl be lost frorn the forested. 12.ncL per ye:-1T. 

,j <:101-:8on B...:.'1d BilY (1957) sD.ggested that cropland and pa.stllre e::Kperienced 

a loss of () .. 067 kg of nitrogen a.nd C. Dh~~ kg of phosphorus per hectare 

The applic :::It.ion of this fornmla to the Big Creek ~'J;:;:tershed 

HGulcl indicate a loss of 138 . .5 kg of nitT'ogen and 1?~;. 7 Kg of pnos­

phorus from the cropJ_~nd and pastlLre. 

Sa1'({er (1 0 k?) found. that o.griml1t.ural c.irainage in 1·J.8/lison, His­

consin is contrib-u.ting 2,1)4:; kg of n:L t:rogen clJ.'li.:1 116 kg (Jf phosphol"llS 

per squn.re mile of drainage a.rea per year. Engelbrecht c3.nd Ho:r'g8.D 

(1~?61) stat.ed that one test ste.tion, Hhich receiYed l'l.Ulofi' from a 

013:.1. tivated drrJ.inage are[~ of 11 sq:u.are l1liles, expel'ienced ~~ loss of 

lC2.3 l-;:g of ortho phosph,:lte (plus hyd:rolyzable P 2(5) per YT:2.r De:r 

square mile of d""~ain8.ge arec:.* 

a 105s of 2.pproxiJur.-l.t.el,Y kg of nitrogen 8J1Cl Kg 

phorus per sq:J.c:.re mile GUl'lng the critic21 spring :r"U.Y:.o.f:C p8:r'iod~ 

11idgley and Dunklee CL91.J.5) indj~cated that about 3.. 37 kg of nit-

l"ogen end 1 ~ 11 kg of ptloSljrlOI"US 1:181'e lost fl'om a 22'. C m.etl'J..G tOL 
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plsI' hect:-?.re app1ica:tion or"' m[;1,nure on an 8% slope ll1 Vermont l'!b.en the 

.c'ground was .l.rozen .. 11.. 8 surning that all cropland :Ln the Creel<: 

"'\,-ratershecl ·<;rn:·J.s treated 'b','ith Il1'.:L"l.Ure" an u:l.l:Ll:::el;'T assuJnpt:i.on at best.~ 

the Hater-shed then e}~eriencecl n loss of L- .. 7 kg 01.' nitrogen and :.: .. ;, 

kg of phosphorus per hecta.re. 

The r:.igh concent:r;:J.tion of arnmonium nitrogen, as 'd'(-;:11 as a high 

total nitrag en content, 'inclica:ted that the waterf3 of Dig C:reeh:;} e..ncl 

'ultime.tely 1a.ke Redstone, were elltered by the 1. 2..1'1TCl.ng practices on 

the 1:Jatershed.. 

cited laboratory investigations by 

Gerloff and. Skoog shmring that 5 units of nit:rogen plus C.. Oe 1.mits of 

phospho.r'u.s 1fould prodllce 100 units of algae .. Theil" experimentn.l ·~·JOrk 

indicated ~: r'd.tio of about 60 : 1, but :i.n Dab.-u"a.=Lly occur:lng a.lgae e.J."'lo. 

f3ubmerged plants, the ra.tio is 2~bout 10 parts of nitrogen to 1 part 

of phosphorus ((}erlofi' and Skoog, 1957). 

ing 2. stu,:1y of southea.stern ViDGOns:1~1 lakes, establishe~l inorganic 

nitrogen and phosphorus concentrations of 0.3 and () .. D15 mg/I, respoc­

ti-vely, as the ID-1 Y1inn:Ull 8.vers.ge Cl.11...Y1U2J_ concentrations t.hat 1vould 1:'8­

suJ.:t in frequent nuisance bLooms .. The latter ratio is 20 

The concentrations of 0 .. .3 YIlg'il nitrogen and CJ..015 mc,,/l phosphcr­

us, as set forth by :3.:::rv-ryer et a1 (1945), 1:.7as exceeded, aUG, in mOEit 

cases, many times over on ever'] day of testing Juring "t:h.8 monitoring 

A ll'tOst interesting <3.spect oJ' tlTLS project is the filtering char-

removed 32.6L% of the 8Jmnoni~tm nitrogen, 



2,n':3 L().Lj.';,li{ of the ortho phosphate from Big Creek. l'ie"clcentb.U'l, s.nd, 

Tngrcl1il, (1~')()7) observed a. )O.O:;~ reduction in total phosphorus as a 

r1leSlllt~ of the filtering ini'l'u.ence of the ,;.10S8 Barnett Reservoir 

Ind.eea, th<::; nutrient content of the dis­

th~~ ample to support llili-

SallCe blooms of [,LLg2.8 despite H Sig,llii'icE'Jl:[:, red:uc::tion in m.ltrient 

concentrations. 

(l Qt',r~\ 'It 't' {'hP.1J.en .1 ,~/ / post.u... a. veQ nac 0.:. e m.s,:x::inl1.:Wl ,:;tlgal crop that C2.:."1 be 

produced by one unit of phospb.orns is 250 units (f:Lel:l conditions). 

,Appl~rj..ng this i'orrmllc1 to the uptake of nutrients by Lake '2.ecistone, 

the tot.:?J~ increase in algae during the monitoring period 1'JQuld e y 
­

hectare 
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li>igure 1. Concentration of nitrate nitrogen in 

milligrams per liter of water samples taken from 

the four sites indicated, during the period Feb­

ruary 29 through April 18, 1972. 
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Figure 2. Concentration of currmonium nitrogen 

in milligra.ms per liter of water saJJlples taken 

:from the four sites indicated, during the per­

:Lod February 29 through April 18, 1972. 
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Figure 3. Concentration of ortho phosphate in 

milligra~s per liter of water s8~les taken 

from the four sites indicated, during the per­

iod February 29 through April 18., 1972" 



ell 

Ou tlet 

West fork 

.. 6 

.4­

,2 

1.0 

mal' .. 8 

,,0 

,,4 

,,2 

0 ..0 

..6 

..4 
..2 

1..0­

mg/I ~8 

.6 

.. 4 

.2 

0.0 
29 10 

March 
20 

East 

30 9 



Figure h. Concentration of tur~idity in Jackson 

Turbidity Units of water samples taken from 

the three sites indicated, during the period 

:B'ebru.RrY 29 through April 18, 1972. 
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Figure 5. Ter~erature in degrees centigrade 

of water sa.'11ples taken from the four sites 

in0~cated, dlIT~ng the period February 29 

through April 18, 1972. 
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Fi6ure 6. pH of water sarr~les taken from the 

fou.r sites indicated, during the period Feb­

ruary 29 through April 18, 1972. 
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~~'igure 7. Volume in cubic feet per minute of water 

flm'IT taken at the three sitas indicated, during the 

period Febrtlary 29 through April 18, 1972. 
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