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This study's objective was to determ ne the water quality trends
in Silver Lake, dating back to presettlement times {(early 1800's).
A sediment core was collected dated using Lead-210 to determ ne
sedi ment age and accunul ation rate. Total carbon, organic carbon,
organi c nitrogen, total phosPhorus, total iron and total manganese
were al so anal yzed. Diatom frustules were identified in the core.
Known changes I n watershed landuse activities from early
settlement to the present were correlated with changes in
sedimentation rates, sediment chem stry and changes I n water
quality inferred fromthe changes in the di atom community
composition.

Intreduction

Silver Lake is located in the southwest portion of wWaukesha
County, iIn southeastern Wsconsin. It's a seepage lake, and is
oligotrophic (slightly productive). It is 222 acres, 44 feet deep
and has a drainage area is 1,154 acres resulting in a direct
drainage area to lake area ratioof 5.2 to 1. The 1390 land use
in the direct drainage area is summarized in table 1.

Table 1. 1990 Land use in the direct drainage area of Silver
Lake, Waukesha County, W sconsin.

Land Use Type Per cent Acres
Devel oped 36. 4 420
Agriculture/Open 33.8 390
Woodlands 5.7 77.3
Vet | ands 5.4 73.8
Water 16.6 191.6

Backgr ound

Very little water quality inforrmazion iS currently available for
Silver Lake. The Town of Summt has hired the United States,
Departnment of the Interior, Seslocgical Survey to collect water
quality information on an arnual kasis. This work started in 1992
and is scheduled to continue through 1296. Insufficient data
exists to determne leong-term trends in water quality.
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Figure 1. Silver Lake Map
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Lead-210 (Agi ng Sedi ment Sanpl es)

Geochronol ogy with the naturally occurring Lead-210 iS based on
the principle that the isotope has been continuously delivered to
the earth's surface and undergoes conti nuous radi oacti ve decay
follow ng incorporation into steadily accumulating sedi nents. The
activity of Lead-210 in a sediment sanple was used to determ ne
the age of the sanple. Lead-210, a weak beta emtter with |ow
activity and is not readily detected therefore, Polonium-210, iS
actuaily measured. Polonium?210 is the alpha emtting
granddaughter of Lead-210, and can be used to represent the actual
Lead-210 activity in each sanple because the two isotopes are
assumed to be in seqular equilibrium The daughter is used
because in an acidic solution it will spontaneously plate on to a
copper disk, which can then be counted on a high resolution al pha
spectrometry system A yield nmonitor, Polonium208, is added to
each sanple so that the exact activity of Polonium 210 can be
determined. The activity of Lead-210 at the time of sedi ment
sampling is calculated fromthe count matie® corrected for counting
background, grocwth and decay, zounting efficiency and recovery of
the yield nonitor

The sedi ment accunul ation rate s expressed as an accumul ati on of
a mass of sediment (gm/cm2/yr) rather than as an accunul at ed
depth. Since layers of sediment will become conpacted by the
addition of new sediment the depth can not be used to determ ne
accumul ation rates. Sediment mass is used to determ ne

accunmul ation rates since no matter how conpacted a layer becones
it's mass will remain.

The rate of sediment accumulation will vary depending on the
sampling location in the |lake. The greatest accunul ation rate
occurs at the maxi numdepth because of the | ateral novenment of
sediment from shal | ow depths towards the deepest part of the |ake
I'sedi mrent focusing).

Total Iron and Total Manganese Anal ysis

Analysis of the Total Iron, and Total Manganese in the sedi nent
was done using a acid digestion followed by analysis with a Atomic
Absorption Analyzer. A known quantity of dried and ground

sedi ment was digestrd using nitric acid and hydregen peroxi de.
Following heated digestion the solution is filtered, and brought
up to a known volume  This scluticen is then analyzed for iron and
manganese.

The ratio of iron to manganese iS used to assess the presence of
oxygen in the hypolimion of a lake. 1In addition the ratio of
iron to phosphorus can ke used to indicate periods ~f erosion in
t he watershed.
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Carbon and Ni trogen Anal ysis

Total carbon, organic nitrogen and organic carbon are nmeasured in
a Carlo Erba El emental Analyzer 1106. The technique used is flash
conbustion. The samples are held in a |ightweight tin contalner
and dropped at preset intervals of time into a vertical quartz
tube, maintained at 1,030 degrees celsius (*C}, through which a
constant flow of heliumis run. Wen the sanples are introduced,
the helium streamis tenporarily enriched with pure oxygen. Flash
combustion takes place, primed by the oxidati on of the container.
The individual conponents are then separated and eluted as N.,

GO, and H.,0. They are measured by a thermal conductivity
detector, whose signal is fed into an integrator with digita
printout of peak area. The instrument is calibrated by conbustion
of standards of known el emental conpositicn, A sedinent sanple of
known conposition is also included In each sanple run. The
inorganic carbon is determined by subtracting the organic carbon
fromthe total carbon in the sanple.

The total carbon accunul ation rate is a conbi nati on of organic and
i norganic carbon {carbonates) sources. Organic carbon

accumul ation rates are used to infer overall | ake productivity.
Productive | akes have nore al gae, and aquatic plants and the
sediment organic carbon is higher. Inorganic carbon accunul ation
rates are useful in determning the overall water quality and the
source of sediment. The accunul ation of inorganic carbon is
typically found in hardwater or narl |akes which tend to be |ess
productive.

Total Phosphorus

A known amount of dried, ground sediment is digested wWith nitric
and sulfuric acids. Follow ng digestion the solution is filtered,
diluted and anal yzed with a spectrorhotometer.

The iron to phosphorus ratio is used as a surrogate to wat ershed
erosion. As erosion in the watershed increases the ratio of iron
to phosphorus also tends to increase. The phosphorus accumulation
rate can be used alone as an indicator of water nutrient |evels.
The sediment/water Interactions regulating phosphorus are conpl ex
and can make the interpretation of the profile difficult.
Therefore, the phosphorus accunulation rate is generally used as
supportive evidence with other sediment paraneters.

Diatoms

A kncwn amount of wet sedinent is digested with a known anount of
hydrogen peroxi de and potassium di chromate. Following digestion
the residue is washed with distilled water at least four times. A
known amount of glass mcrospheres is added to the sanple to nore
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accurately determine diaton concentrations in the sanple. A
portion of the diatom suspension is dried on a coverslip and
sanpl es arc mounted in Hyrax. A minimum of 100 frustules were
i dentified and counted under oil inmmersion objectives (1400X).

411 partial valves containing unique features such as identifiable
central areas, or ends were tabulated. Counts were nade
continuously along randomly sel ected transects and all
identifiable fragments were included in the count. When a
fragment or frustule zould not be identified, it was recorded as
unknown and included in the total count. \Wen valve ends were
tabular-ed, the nunber recorded was divided by the number of ends a
conpl ete frustule would possess. Frustules and fragments were
counted if they were completely inthe field of view or in the
case when Onlﬁ a porticn of the frustule was visible, when the
appropri ate characteristic was visible in the right half of the
field of view.

The diatom accunul ation rate is used as a surrogate to lake
productivity. As a lake becomes more nutrient rich and productive
the di at om accurulation rate al so increases. Changes in the

di atom comrunity within a core can alse be used to indicate
periods of changing water quality. The species also indicate the
relative water quality. Since the relationship between certain
species ot diatons ard gereral water quality conditions IS krown,
they provide an excellent tool to determine the historical water
quality changes,

Eesults

The results are presented as accumulatior rates rather than
concentration for a particular period of time, with the exception
of porosity and chemical ratiocs, The accumulation rate IS

cal culated by multiplying the parameter concentration at a
particular sediment depth Wwth the corresponding cal cul at ed
.nstantanecus scdiment accunmul ation rate. The rate of
accumul ati on gives the nost accurate picture of changing lake
conditions. An analogy is a small river flowng into Silver Lake.
The conrentration of phosphorus in the water may he very high but
if thereis little flow in the river the total quantity reaching
-he lake is small, however if the concentration of phosphorus is
low but the river is in flood stage then the total anount of
phosphorus entering zhe |ake may be very high. W®While the
concentration IS important it IS the load to the | ake or sediment
that 1s critical to measure.

appendix 1 graphically summarizes tne sedinment core results and
appendix 2 contains the sedinent chsmistry concentrations for
future reference. appendix 3 summarizes the sedi ment accumulation
results. The sedinent core results are truncated at the early
1800's since the | ead-210 sediment dating technique is accurate




W Iy BN Iy N BN I AN AN O A AN A O A

for the last 150 years. Prior to the early 1800's the dates are
only marginally accurate.

Lead-210 (Sedi mentati on Rate)

Bet ween 1800 and 1900 the sedi mentation rate was nearly constant
(0.016 gm/cm?yr) (Figure2). Since 1900 the sedimentation rate
increased to a peak of 0.064 gm/cm’/yr in the 1940's. The rate
then decreased In the 1950's to 0.044 gm/cm?/yr then increased to
a secondary peak of 0.056 gm/cm’/yr between the 1960's and 1970's
Following the 1970's the sedinmentation rate decreased to the
present rate of 0.028 gm/cm“/yr.

Porosity

Sedi ment porosity increased slightly between 1800 and 1910's
{Figure 3). Between 1910 and 1930 the porosity decreased to a
minimum. After the 1930's the porosity remai ned unchanged unti |l
the 1960's when the porosity increased to the present (1995} val ue
of 0.9580.

Car bon Accunul ati on Rates

The total carbon, organic carbon and i norgani ¢ carbon accumulation
rate profiles are the same as the sedi ment accunul ati on rate
profile (Figure 4). The carbon accunul ation rate was nearly
constant between presettlement and the early 1900's. After the
early 13%0C’'s the carbon accumnul ati on rate increased substantially
to a peak in the 1340's. The rate then decreased in the 1950's
foll owed by a secondary peak in the 1960's. Follow ng the 1960's
the carbon accunul ation rate decreased to near presettlenent

l evel s.

Total Phosphorus

The phosphorus accunul ation rate peaked in the early 1900's
followed by smaller peaks in the 1920°'s, 1940°'s, 1%60°'s and the
1980's (Figure 5).

Iron/Phosphorus Ratio

Bet ween the early 1800°‘s and the 1840's the iron to phosphorus
ratio increased (Figure 6. Since the 1840's the ratio decreased
toamnimmin the early 1800°s. The ratio increased to two
peaks one in the 1330°'s and the other in the 1850's. Follow ng
the 1950's the ratio decreased to the present (1335) |evel which
is close to the mninum observed in the early 1900's.



Diatoms

Cyclotella michiganiana was found throughout the core and was one
of the nobst abundant taxa found (Figure 7). O©Other species of
interest include Staurosira construens, Staurosira construens var.
venter and Staurosira pinnata which are present in the core until
the md 1930's. After the 1930's Asterionella formeosa, Fragilaria
crotonensis, Aulacoseira ambigua and Cyclotella glomerata
increased I n abundance and are present at the top of the core
(19958) .

The di atom accunul ation rate is shown in figure 8 and shows
several major peaks since the 1910's. Peaks occurred in the
1820's, 1%40's, 1960's and 1980's. The peaks occurred at the same
time as the phosphorus accunul ation rate peaks, with the exception
of the phosphorus peak in the 1310's (See di scussi on above).

Discussion

The follcwi ng discussion will first focus on the watershed
activites which were taking place at known periods of time. This
will then be related to the sediment core results to show the

i npact |and use activites had on the water quality of Silver Lake.

Initial settlement of southeastern Wsconsin started in the 1830's
and continued through the 1850°s. German farnmers settled the area
and cultivated predom nately wheat and | esser amounts of corn,
oats and hay. Around the 1880's wheat farming declined and
farmers turned to ccrn, oats, hay and began to develcp dairy
herds. By the 1930's agriculture was begi nning to grow rapidly,
and was becoming mechani zed. Through the 1380's dairy farms were

numerous in southeastern Wisconsin. In the early 1330's dairy
farming has declined and cash cropping which require | ess | abor
but can also result in greater soil | 0ss has increased.

From the 1940's to the 1960's there was a tremendous increase 1in
the popul ation, especially around the lakes in the Washi ngton,
Waukesha County areas. Lake shorelines that were once farnmed were
being sold for seasonal hones. By 1970 the mpjority of the
shoreline had been develcped W th seasonal homes.

Conti nued urbani zati on of the watershed contri butes increased
stormvater inputs to the lakes and rivers. Stormwater IS the
source Of nutrients and other pollutants which are conveyed in
stcrnmsewers directly to the surface waters rather than being
filtered I n vegetated drai nage ways.

The results of the sediment analysis will be broken into time
periods which reflect either a period of status guo cor periods of
substantial change. These pericds can then be compared to

wat ershed activities to see how the activity on the Land
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i nfluenced the lake. Table 2 summarizes the watershed activities
and correspondi ng sediment core results,

Ti me Period Watershed Activity Sediment Core Results
1800 - 1920 | presettlement through Low sedi mentation rate
early settlenent 0.017 g cm?/yr
condi tions
Di at om community
Maj or changes in i ndi cate excel | ent
agriculture during this |water clarity, |ow
period (wheat farming nutrients

changing to corn, hay,
oats and dairy)

1920 - 1935 | Agriculture becom ng Increase Iin

mechani zed sedi ment ati on rate,
carbon accunul ati on,
High agric. yields being |iron to phcsphorus
demanded rati o and diatom
accumul ation rate

Ui at om taxa indicative
cf 1 ncreasing nutrient

l evel s
1935 - 1970 | I ntensive agricul tural Peak sedi mentation rate
activity dairy farm ng
booming Di at om indicators
suggest el evated
Intensive shoreline nutrient |evels

devel opnment

1970 - 1295 | Rapid popul ation growm h | Low sedi mentation rate

Dairy farming and cash Porosity increasing
crops still widespread suggesting decreasing
sedi nent load

Car bon accumuiati on
rate decreasing

Diatom taxa suggest
I nproving water quality

1800 - 1§20

Presettl enent water guality conditions for Silver Lake were
excel lent. The | ake experienced a very |ow sedi nentation rate of
0.017 gm/cm®/yr and had di atom taxa which were indicative of
excellent water clarity and low nutrient levels. Conditions
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remai ned very good until the 1920's when a increase in the

sedi nentation rate, a decrease in the porosity and an increase in
the iron to phosphorus rati o suggests an increase in the erosion
of the watershed, probably due to human activity.

1920 - 1835

Wany of the sediment chem stry paranmeters show a steady increase
in accunul ation rates during this period. The most inportant
change observed was in the diatomcommunity between the 1920's and
1935. A significant decrease in the number of species which

i ndi cated good water clarity and |ow nutrient levels, and an
increase in species indicative of elevated nutrient levels. The
abruptness of this change was also seen in Mose Lake. The other
study | akes had a more gradual transition between water quality
changes.

1935 - 1970

Bet ween 1935 and the 1970's the sedi nentation rate was the highest
corresponding to the period of maxi mum agricultural activity. The
decrease in the 1950's is unexpl ai nable since all of the

accurul ation rates show a simlar pattern during this decade
however the porosity profile does not show any significant

di vergence from it's trend.

1970 - Present

After the 1970's several parameters have decreasing accumnul ation
rates or values. The sedinmentation rate decreases to near
presectlement levels, the porosity begins to increase suggesting
the accumulaticn of fine grained material and the accumnul ation
rate of carbon al so decreases during this period. These trends
suggest decreasing sediment |oad and primary productivity. During
the 1970's one of the diatom species (Cyclotella michiganiana)

i ndi cative of good water clarity begins to increase dramatically
whi | e other species (Aulacoseria ambigua and Fragilaria
crotonensis) indicative of elevated nutrient levels, decrease.
The sediment chemi stry and diatom community changes during this
period suggesting that the water quality of Silver Lake may be

| NMpr ovi ng.

Concl usi ons
Sedi mentation rates, sedinent chemistry and di atom indicators
suggest that presettlement water quality ccnditions of Silver Lake

was very good. Increased agricultural activity and urban
development resulted in a steady increase in the sedi mentation

10



rate and nutrient level until the 1970's when the sedi mentation
rate decreased. The diatom comunity also indicates there has
been a decrease in the nutrient level in Silver Lake by an
increase of species indicative of good water clarity and a
reduction of species indicative of higher nutrient |evels.

The managenent inplications of this work clearly point to the need
to manage nutrient loading to Silver Lake. Since Silver Lake is
phosphorus |imted every effort should be made to reduce the
phosphorus | oad. Sedi ment appears to be |less of a problem than
phosphorus at the present time.
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Sediment Accumulation Rate

Silver Lake, Waukesha County
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Figure 2. 1995 Upper Rock River Basin Assessment
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Porosity

Silver Lake, Waukesha County
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Figure 3. 1995 Upper Rock River Basin Assessment



Carbon Accumulation Rate

Sllver Lake, Waukesha County
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Figure 4. 1995 Upper Rock River Basin Assessment







Iron/Phosphorus Ratio

Silver Lake, Waukesha County
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Figure6. 1995 Upper Rock River Basin Assessment




Silver Lake
Waukesha County

Analyst: M MacDonald
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Diatom Accumulation Rate

Silver Lake, Waukesha County
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Figure 8. 1995 Upper Rock River Basin Assessment




Silver Lake,

Waukesha County sediment chemistry results.

SEDIMENT TOTAL TOTAL TOTAL ORGANTC I RON MANGANESE YEAH
DEPTH POROSI TY PHOS FHORUS CTAPRON WITROGEN CARRBON Fe Mn (MIDY
cm gy am WT. % WT. % W, % ug/sam ugigm
n-7 M. 95303 675 15.749 1.04 9.76 4743 432 ag1 3
o-4 0.94245 481 L4.70 0.82 B.40 9698 440 TR B
4-4 0.93164 358 14,142 0.70 7.41 8904 426 19273 .3 ||
£-17 0.92427 335 14.14 0.68 7.41 8485 424 1567 .1
5-10 0.92342 282 14.37 0.7 0 7.43 8789 410 14004
1n-12 0.92341 154 14.69 0,74 7.50 10345 112 14527
15-14 0.92443 368 15.30 n,7a 9.17 64T 404 145,56
14-1& 0.92106 258 15.51 0,73 R 0 7861 3 1339
1£ 178 0.221016 739 15.70 i, &% &, A9 TR 479 Lo9il 3
15-77 0.93004 479 16.52 1.0% ooy 4664 751 10234
20-322 0.95569 772 21.28 1 Tk 16 AL 11719 253 1914.2
22-24 0.95806 2004 22,02 1 B3 18 11 17756 296 1903.8
24-26 0.95653 637 23.07 1.A84 17.74 13659 298 15888
26-25 0. 347%6 564 2b &% 1.65 1T 21 11702 3Bl 1872.9
18-30 L 532 26 17 1.43 11140 14462 78h 18576
30 % 033600 d4.%9 12 9n L.34 L3 "7 15890 380 1840.1
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silver Lake, Waukesha County sediment chemistry results (Con't).
THTAT,
SEDIMENT TOTEL TxTAL TOTAL DREGANIC IRON MANIANESE T EAR
DEFPTH FOROSITY FHOSPHCRUS CARBON NITROGEN CARBON Fe W ML)
cm ug/gm WT. % WT. % WT. % g/ gm ug S Jm
12-74 033427 <08 18.53 .29 12,49 14706 138 L1820
14-36 n.G1585 549 18,38 132 11,26 14235 129 1801
16-18 0.%43%8 580 2). 31 1.60 14.17 14737 211 1781
18-40 0.62928 495 17.98 1.16 11.39 12113 315 1742
40-42 .942938 PEE] 19.75 1. 4R 1440 11%R7 T 1745
42-14 0. 32760 Lng 18_ 70 1.14 11 16 LTy ‘i3 ol
4d4-46 n.90523 iB6 16.61 0.0% 9.2 1277 164 1694




Silver Lake, Waukesha County sediment chemistry results.

SELRIMENT
SEDIMENT YEAR ACCUM. TOTAL

DEPTH Fe:Mn Fe:P {MID) RATE DIATOMS
valves/g
om gm/om? fyr dry wi.
-2 19.1 12.2 1991.9 0.028 1.41e+08
2-4 19.8 1B8.1 1982.8 0.027 1.52e408
4-6 20.%9 24.49 1973.% 0.047 1.490e+08
6-8 20.0 25.3 1%67.1 0.0%¢6 2.11le+08
3-10 21.4 il.2 1960.4 0.085 1.27e+08
10-12 25.1 29.2 1952.7 0.044 1.41e+08
12-14 23.68 26.2 1945.6 0.064 1.49%9e+08
14-16 20.8 in.s 1939.13 0.0%7 1.21e+08
16-18 18.4 12.9 1931.9 0.048 6.Ble+ 07
18-20 26.8 20.2 1523 .4 0.039 1.30e+G8
20-27 40.0 17.4 1514.72 n.023 7. 18007
27-24 44.8 [ 1303.8 2.018 7.B%e07
24-26 46.5 21.8 1BH8.4 0.012 1.07ee0R

26-28 34.86 23.4 1872.9 0.020
28-30 37.5 27,2 1857 .6 0.0l 4. 4007
30-32 41.8 7.1 1840.1 o.017 d.blesd]




Silver Lake, Waukesha County sediment chemistry results (
SEDIMENT
SEDTMENT TEAR ACCUM. roTal
CEPTH Fa:Mn Fa:p [MID RATE OIATOMS
T gm/omZ /Y
7oy 435, 29.0 1920 0.J016 3460407
14 .35 19.4 2.6 1E91 0.016 5. 30e+07
36-39 3.1 25.4 1783 0.016 6.042407
3g-40 JE.4 24.5 1762 0.01¢ 1.08a.nR
40-47 43.1 20.2 1745 D.0La 1.36e+08
42-44 29.1 14,7 13030 a.016 1.8le+D8
44 46 19.7 4.3 1694 0.016 hm.mmmloq

‘t).
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5ilver Lake, Waukesha County sedi ment

chem stry accumulation results.

TOTAL TOTAL TaTAL O;’?;I‘?IEC THORGANTC | RON MANGANESE TOTAL
YEAR PHOSPHORUS NITROGEN CARBON CARBON JARBON Fe Mn DEATOME
va,ves/em/yr
ug/cmz/yr ng/cm2/yr ag/Cme /Y Y *1074
1991.9 0.19 2.9 44 .7 27 4 Le.9 2.31 0.12 9.57
1982.8 0.13 2.2 EEIA 2003 Le.? 1.31 C.12 4.03
1973.9 0.17 3.3 7.6 34.4 32.6 4.20 020 8.98
1967.1 0.19 3.8 7%.8 41 14 g, 0 4.79 0.24 11.90
1960.4 0.15 3.8 TaR 408 275 4 .80 0.22 6.93
1052.7 0.16 1.3 65.D i3 7 31.8 4. %3 0.18 h, 7Y
1945%. 46 0.24 5.1 98.%& L0 3205 6.21 AR aORY
1939.3 0.15 4.6 g9 1 47.6 41.5 4.52 n e f.97
1831 % 0.11 4.1 75 ¥ 42.6 32.6 3,78 n.21 4
1923.4 0.19 4.1 6.1 8.4 25.5 3.75 14 LN
1014.2 0.15 4.1 i8.8 38.6 10.3 DLEG o7 L &%
14507%.8 .17 3.4 10,5 N 7.2 2.44 vo0k 1 44
18888 0.07 2.2 26,8 20.6 6.2 1.61 oong 1.24
16729 011 i1 40.7 30.0 19.7 260 ¢ oos
1857 ¢ 07y - 4 VLG 22.5 1n.1 2.4 o, "
1840,z .07 4 111 23.8 3.2 7.7 0, '
1820 o, 2 L R 20.0 a7 238 noon e
1831 0 ng 21 2304 I I 8.2 2.60 a.GE TR
1783 0. na 2E s 22.7 9.8 2.36 o.g 0.97
1762 ook 1.3 g3 18.2 10.5 1.93 0.05% 1.73
1745 n.os D4 Il.e 23.0 3.6 1.92 0. 04 2.21
1722 a08 10 291 17 .9 11.3 1.57 iy 2.83
1694 0.0k 1.4 YRR 14.3 12.3 1.14 (L 1.05




