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INTRODUCTION

Eutrophication, the emrichment of waters by nutrients, is a

3
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discussed phenomenon and has stimulated extensive investigations into
the factors involved in lake aging. Curl (1957) states,"There are es-
sentdlally two ways in which mutrient materials are made available
lakes. One was constitutes a closed system in which there is a con-
tinuous cycle of uptake and release of mutrients that remain, for the
most part, permanently within the lske and its basin. . . . The other
way of supplying nutrienis is by an open system in which the materials
are added to the lakes by iributaries, surface runoff, and springs,
take part in one or two seasonsl cycles, and are then removed by elther
outflow or permanent retention in bottom sediments.n

Present information indicates that the fertilizing elements
which contribute most to lake eutrophication are nitrogen and phos-
phorus (Mackenthun and Ingram, 1567). Mackenthun (1969) writes:
n{1) High phosphorus concentrations are associated with accelerated
eubrophication of waters, when other growth promoting factors are pre-
sent; {2) aguatic plant problems develop in reservoirs or other stand-
ing waters at phosphorus 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 consclidabed

sediments; and (i} phosphorus concentrations critical %o noxious plant

growths vary, and bthey produce such growths in one geological area,
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but not in another.® ILund (196 oncluded that nitrogen and phos-
phorus can stlill be considered as two of the major elements limiting

primary production and in some highly eutrophic lakes, nitrogen may
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be o more dmportant limiting factor than phosphorus.

A survey of the literature, howsver, revealed few refersnces to
guantitative assessments of nitrogen and phosphorus compounds in im-
poundments. Sawyer et al {19458) and Lackey and Leng {1945} asssssed
the nitrogen contributed Lo the Madison, Wisconsin lakes. Sylvester

> ~ 3 H - % 3 1 T g &
0) in Yakime Valley (Washington), Engelbrecht and Forgsn (1963

in the Kaskaskiz River basin of Illinois, and Mackenthun (1969) at th:

Ross K. Barnett Reservoir (Mississippi) were nobable in performing

aquantibabive analyses of stresm nutrients,

In considering the uptake of nutrients by lLake Redstone, the

suthor confined the assessment of chemical parameters ito ammonium nii-~

o

rogen, nitrste nitrogen and ortho phosphate (soluable inorganic vhos-

o

phate).
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Lake Redstone is a 253 ha Lmpoundment on Big COreek, which is lo-
cat in parts of Sectioms 11, 12, 13, 1k, 23 and 2L, TI3K, R3E, Sauk

Gounty, Wisconsin. Big Creek was dammed during the summer of 1965
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the lake reached capscily during the swmer of 190, with s

PP
irmurs depth of 12 m.

The Big Creek watershed is composed of

land with a 1wnd uwbilization of approximately
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and 1h% permanent pasture (Sauk County Scoil Conservatlion Servics ssti-
mabe ). Big Creek is composed of two streasm courses (West =nd Esst Fork

s

which, prior to impoundment

the lake. A4is a rssult, the

N B E hr 1- EaR Wity
and Bastb Forks of Big

from intermittent streams,



The discharge of water from the lzke enters the Baraboo River OO m

LA

southwest of the lake outblet.

Lzke Redstone has experienced nuisance algal blooms during the
swaers of 1969, 1970 and 197L. The algal populations resched such den-
sities that an algacide was applied to reduce algae rumbers {Carlson,
1971}, Only short term improvements were realized by ths algacide

treatment,

Hecause of the small watershed size and since there are only iwo
major surface sources of water, lake Redstone was considered an ideal
location for assessing the gquantitative uptake of nubrients by a small
lake. The Big Creek watershed is sparsely populabted and, despite the
topography, is erxtensively farmed. This situabion presented a means
of debtermining the impact of agricultural runcff on lzke water qual-
ity.

METHCDS AND MATERIALS

In addition to orthe phosphate, ammonium nitrogen and nitratb
nitrogen, measurements were msade of termperature, pH and turbidity.
With the exception of tempsrature, all tests were made with a DO-D2
Colorimeter (Hach Chemical Compsny, Ames, Iowa). Temperature was de-
termined with an armor-clad alcchol thermometer.

Volume debterminations were made at three test sites: Zast Fork -

way U"EN, LB I east of the intersection of TU.S.

Big Creek, C.T. Highwa

) .7 i T . 33 M e 2oy H i ki T
583 West Fork - Big Creek, C.T. Highway "F", L.0 kn east the inter-
L. St < LT b FRNp - o o
section of U.S. 58 OCutlet, LOO m northeast of the conflu of Big
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Oreelr and the Barasboo Ziver. The confluence is locate

north of




meter in East Fork; twe, 2.4 m diameter in West Fork) om C.T. Highway

"PY snd in the dam at the outlet. Velccity of water flow was deber-

mined with a Flow Meter

N

Milwankee Engineering Equipment Co.} and a
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calibrated wabsr
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heel. Volume calculations were made in accordanc

lance
with Welch {194L8}.

Water samples for physical and chemical analysis wers taken at
the three sites listed above and from a well locabed at the Sauk co-

W

unty Park, which is adjacent to the dam impounding Lake Redstons.
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Samples from the well were included to determine the nutrient conbent

of the seepage water thal enbters the lake. Volume of subsurface con-
tribution was determined by the difference betwsen stream input and
lake discharge at the wloter flow levels of Big Creek and the outlet.
Subsurface contributions were considered to be constand throughout
the moniboring pericd.

Collection of water samples and volume determinations began
Pebruary 2%, 1972. Samples were taten abt this time to determine the
winter flow level of the two streams and to determine the volume of
subsuriace waber that is entering the lake. Jamples were btaken

weekly until the
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pring runoff commenced. With an increase in waier
volume (March 1L}, samples were taken daily until the volume returned
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to near-normal (March 2L}, after which time they were

¢t

zken every obtne

day until the termination of the current monitoring period (April 183,
REULTS
Hitrste Nitrogen
Hitrate nitrogen in Big Creek varied from 0.5 %o 7.0 mg/l during
the moniitoring period (Figure 1). In all test sites, the concentraticn

S , . . et U S
of nitrate nitrogen displayed a decreasing trend, with ilrregularities,
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until March 18 and then remained relatively sizble until the termin-
ation of the current monitoring psriod.

Contribution of nitrate nitrogen from seepagse water was rather
insignificant, with the majoriiy of the tests indicating levels at or
near C.0 mg/l. Concentrations wvaried from 0.0 to 3.0 mg/l through-
out the test period and all tesits were less than (.5 mg/l after March
18,

Hitrate nitrogen content of discharge water from the outletb
olosely followed the brend displayed by the West Fork and East Fork
but with a slightly reduced concentraiion level (0.5 to 3.0 mg/l).

Total contribution of miftrate nitrogen added to Lake Redstone

W

,

from all tested sources was 5,2572.2 kg. Individuel sources of nit-

rate nitrogen were 3,882.3 kg, West Fork; 1,155.3 kg, East Fork; and

During the same period, the water discharged at the outlet con-
tained L,26l.0 kg of nitrate nitrogen. The net uptake of nitrate

n

nitrogen by Lake Redstone, for the period February 2¥ through Aprdil

Apmonium Nitrogen
Unlike nitrate niitrogen, ammonium nitrogen displayed sz very
irratic patiern throughout the monitoring period and the concentra-
tion of ammonium nitrogen increased with an increase in volume atb

211l test sites. Avmonium nitrogen concentrations varied from 0.7

o
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¢ 7.5 mg/l in the two streams and from 0.0 to 0.0 mg/l in the seep-

& water. Ammoniun nitrogen concentrations varied from 0.0 to 1.8

B
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mg/l in the discharge water at the outlet {(Figurs 7).



Totel contribubtion of ammonium nitrogen addsd to Lake Rs

gtone
from all tesbted sources was 3,523.3 kg. Individusl sources of ammon-

Covte LA

ium nitrogen were 2,790.8 kg, West Fork; 648.0 kg, Bast Fork:; and 88.%5
kg, subsurface sourcsas.

Durding the same period, the water discharged at the ouilet cou-

tained 2,373.7 kg of ammonium nitrogen. The net uptake of ammonium

nitrogen by Lake Redstone, for the period February 29 through April
18, was 1,150.1 kg.
Criho FPhosphate
Ortho phosphate concentrations of the West Fork and East Fork
displayed remarkable simmlarity in trend and quantitiss. OConcentra-
tions varied from 0.1 to 1.h mg/l (Figure 3}. Ortho phosphats concen-
trations increased with an increase in volume {rom spring runoff.

There wags also an increase in ortho phosphate concembration with stream

flow increases occurring sfber the initiel snow meli periocd.
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Urtho phosphate concertrations of seepage waiter rema

mg/l or less throughout the test period,

Orthe phosphsete concentration of the discharge water

let varied from C.0 to 0.6 mg/l throughout the monitoring period. The

graph indicated a lapse of approximabtely 10 days between the dincrease

in concentration in the contributing streams snd the increass in

centration at the outlet. The discharge water, however, had a longer

period of high concentration {(spproximately 2L days as opposed to aboub

Y

I days in bhe contributing stresams) bubt a much lower high point of

&

concentration {o.5 mg/l as oppossd Ho L.h mg/l in the contribuiting
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Totsl contribution of ortho phosphate added to Lake Redsitone
from all tested sources was 1,678.8 kg. Individusl sources of ortho
phosphate were 1,340.5 kg, West Fork; 302.7 kg, Fast Fork:; and 13.6
kg, subsurface sourcss.

During the same period, the waber discharged at the outlel con-
tained BL6.8 kg of ortho phosphate. The net uptake of ortho phosphate
by Lake Hedstons, for the period Februasry 2% through April 18, was
830.0 kg.

Tarbidity

The smount of turbidity occurring in ILske Radstone was sig-
nificant when converied to sz btobal welght of contribution. Totsal
contribution of sediments added to Lake Redstone from gll tesie
sources was 111.3 metric ftons. Individusl sources of turbidity
were 8.9 metric tons, West Fork; 22.3 metric tons, Zast Fork: and
subsurface sources were considered te be zero.

s

Doring the same pericd, t

k3

he water discharged at the outlet con-
tained 31.98 metric tons of sediments. 4 net of 79.3 meiric tons of

sediments was added to the Lake Redstone basin during the period

2
£

February £% through April 18 (Figure L.
pE - Temperature
Ovservations of temperature snd pH were taken throughoult the
monitoring period (?igures 5 & 6). Yo relationship between these

factors and the wtake of nutrients was undertaken in this projsct.
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wH of the discharge waler was consistently lower than the

o

treams. The pH of the outlet was below 8.0

g
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Y of the scontributing
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the pH of the West Fork was below 8.

Pork was below 8.0 on siy bests,

O on nine
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During the monitoring period {Februrry 29 through April 183,

o
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the Zilg Creek wabershed Llost 4,700 kg of nitrogen and 1,5756.8 kg of

{‘

phogphorus, This amounted to a loss of 1.51 kg of nitrogen

:
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herus per hectare,
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LSS Wooded
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lznd experiencss & loss of 0.03L kg of nitrogen and £.003L kg of phos-
vhorus per hectare per yesr. Applying this formula o the Big Cresk

one might conclude that only 115.7 kg

£ phosphorug would be lost from the foresited

AF
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Jackson and Bay {1957} suggested that cropland and pasture experienced

2 trogen and
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per year. The applicstion of this
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nitrogen and 125.7 kg of phos-

; » - o R o and 114 g mf ol vy
consin is conbtributing 2,045 kg of nitrogen and 114 kg of phosphorus
per square mile of drainsge area per year. Ingelbrech?t and Horgan

IS

{1961} stated that one test stablon, which received runcif from a
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cuibivabed drainsge sres

are miles, experisenced o losgg of

e

107.3 kg of ortho phosphate
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square mile of

g Creek watershed esperienced
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a loss of spproximately 366.0 kg of nitrogen and 70.0 kg of phos-
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phorus per sgusre mile during the criticsal PEriod,.
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Midgley and Dunklee 3.37 kg of nit-
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rogen of pnosy matric ton




per hectars application of manure on an 8% slope in Vermont when the
ground was Ifrozen. Assuming that all the eropland in the Big Cresk

T ~ 4 K 1.
v assuption at best,

he watershed then experienced a loss of L.7 kg of nitrogen an

kg of phosphorus per heciare.

The high concenbrabtion of ammonium nitrogen,

total nitrogen content,

]
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. - - £ T
he waters of Big Creek,

uwltinstely Leke Re

(l‘

dastone, were altered by the farming practices on
the wabershed.
LA

Mackenthun and Ingram (198l)) cited laboratory investigations by

Gerleff and Skoog showing that 5 units of nitrogen plus .00 units of

phosphorus would produce 100 units of algae. Thelr sxperimental work
indicated & rabtio of about 60 : 1, but in naturszily occuring algas and
zubmerged plants, the raitlo 1s about 10 parts of nitrogen to 1 part

of phosphorus (Gerloff and Skoog, 1957). Sawyer et al (194S), follow-
ing & sbudy of soubheastern Wisconsin lskes, established inorganic

8

phosphorus concentrations of 0.3 and 0.015 mg/l, respec-

tively, as the mindmun aversge anmual concentratlons that would re-
sult in frecuent nulsance blooms. The latter ratico ds 20 ¢ 1

The concentrations of 0.3 mg/l nitrogen and C.0L5 mg/l phosshor-
us, as seb forth by Sawyer et al (1205},
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A most interesting aspect of this project is the filterding ch
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acteristics that an impoundment exerits on inflow walers.
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99 of the orthe phosphate from Big Creek. Hackenthun and

b o D -~ pen s m DO NG N
Tngram {1967) observed a 50.0% reduction

total phosphorus as &
result of the filterding influence of the Aoss ¥, Barnebtt Reservoir

on the inflowing waters. Indeed, the nutrient content of the dis-

charge water from Leke Redstone was mers  then ample to support mal-~
sance bleoms of aligee despite 2 signiflicant reduction in mutrien

concentrabions.

Mlen (195%) postulated that the maximm algal crop that can be

produced by one unit of phosphorus is 250 units {({ield conditions)

1

Applying this formmls to the uptake of nulrients by Lake Hedston
the total increase in algae during the monitoring period would ex~
ceed 207.5 metric tons {wet weight) or about B20 kg of algae per

£ 7

hectare of
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Figure 1. Concentration of nitrate nitrogen 1
milligrams per liter of waber samples taken from
the four sites indicated, during the period Feb-

ruary 29 through &pril 18, 1972.
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Figure 2. Concenbtration of ammonium nitrogen
in milligrams per liter of water samples taken
from the four sites indicated, during the per-

iod February 29 through April 18, 1972.
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Figure 3. Concentration of ortho phosphate in
milligrams per liter of water samples taken
from the four sites indicated, during the per-

iod February 29 through April 18, 1972.
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Figure L. Concentration of turbidity in Jackson
Turbididy Units of water samples taken from
the three sites indicated, during the periocd

February 29 through April 18, 1972.
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Tigure 5. Temperature in degrees centigrade
of water samples taken from the four sites
indiecated, during the period February 29

through April 18, 1572.



ol Well

. S N .
. . & o esmmamreo o e o i P G i & & . & & g
S Py e « A 4 4 VRSN SUVRUE YHURUIIIS SRR YU SURPE SUSOI U SR | A i S U SN S X

March

Temiperature



Figure 6. pE of water samples baken from the
four sites indicated, during the period Feb-

ruary 29 through April 18, 1972.
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PMlgure 7. Volume in cubic feet per minute of water
flow taken at the three sites indicated, during the

period February 29 through April 18, 1972.
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