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Obiective

This study’'s objective was to determine the water guality trends
in Ashippun Lake, dating back to presettlement. A sediment core
was collected and dated using Lead-210 to determine sediment age
and accumulation rate. Total carbon, organic carbon, organic
nitrogen, total phosphorus, total iron and manganese were also
analyzed. Diatom frustules were identified in the core. Known
changes 1in watershed landuse activities from early settlement to
the present were correlated with changes in sedimentation rates,
sediment chemistry and changes in water quality inferred from
changes 11 the diatom community composition.

Introductiocn

Ashippun Lake 1s located in northwestern Waukesha County, in
southeastern Wisconsin., It is a hardwater spring fed lake, which
drains to the Ashippun River. The lake is moderately productive
(mesctrophic). Ashippun Lake is 83 acres, 3% feet deep and the
drainage area 1s 371 acres resulting in a direct drainage area to
lake area ratio of 4.5 to 1. The 1990 land use in the direct
drainage area 1g summarized in table 1 (SEWRPC, 1490} .

Table 1. 1920 Land use in the direct drainage area of Ashippun
Lake, Waukesha County, Wisconsin.

W Land Use Type Percent Acres
‘ Developed 14.9 55.2
‘ Agriculture/Open 45 .4 168.4 __J
j Woodlands 2.2 g.2
Wetlands 15.5 57.5
Water 22.0 851.6

Eackground

The water guality of Ashippun Lake was monitored between 1373 and
1978 and 13 summarized in a report entitled A Water Quality
Management Flan For Ashippun Lake (SEWRPC, 1382, FPriocr o this
pericd the water guality had been monitored onliy sporadically.
Volunteers on the lake have been monitoring the water clarity of
Ashippun Lake since 1990, however there is insufficient
information to determine long term trends 1In water gualicty.
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However, the historical water quality of Ashippun Lake can be
determined by using techniques which use known relationships
between algal communities, sediment/water interactions, and the
rate of sedimentation. An analogy would be counting and measuring
the width of tree rings for determining the age and rate of growth
of a tree. The concentration of nutrients and other chemical
parameters in the core provides a clue to the condition cf the
lake at a known period in time. The relative water quality was
determined by examining the algal remains, specifically diatoms,
in the core. Diatoms are algae which have cell walls composed of
silica which resist degradation. The sedimentation rate is
determined by the lead-210 activity in the sediment core. Lead-
210 is a naturally occurring radionucleid with a half life of 22.3
vears. The decay of lead-210 provides a means for determining the
age of sediment and the rate of sedimentation.

Materials and Methcd

The following discussiocon describes the methods used to analvze the
sediment parameters as well as what each parameter means in
regards to interpreting watershed land use activities and water
cquality changes.

Field Sampling

A sediment core was collected from the deepest part ¢of the lake
(Figure 1), with a gravity corer. The core was taken back to the
lab and sectioned into 2 centimeter (cm) sections. The sediment
samples were placed 1in labeled preweighed bottles, weighed again
then dried teo a constant weight. The difference in wet and dry
welght 1s used to calculate the porosity of the sediment (Formula
&). The samples are then ground to a fine powder and stored until

used.
Formula &

Porosity = (1-£)/D,
(1-f)/Dy+ {(£/D.}

D, = Water Density (1.0 g/cm’) _
D, = Sediment Density (2.45 g/cm’!
f = Fraction Dry Weight (g/cm?)

Where:

Sediment porosity 1s used to determine the size of sedimenting
particles, A high porosity value indicates finer or sma.ler
grzined material compared to low porosity wvalues which mean
coarser material. Coarser material is characteristic of upland
ercsicn. During periods of land disturbance or high ercsion we
would expect the sediment porosity to decrease.
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Figure 1. Ashippun Lake Map.




Lead-210 (Aging sediment samples)

Geochronology with the naturally occurring Lead-210 is based on
the principle that the isotops has been c¢ontinuously delivered to
the earth's surface and undergoes continuocus radiocactive decay
following incorporation into steadily accumulating sedimentsg. The
activity of Lead-210 in a sediment sample was used to determine
the age of the sample. Lead-2190, a weak beta emitter with low
activity and is not readily detected therefore, Polonium-210, is
actually measured. Polonium-210 is the alpha emitting
granddaughter of Lead-210, and can be usged to represent the actual
Lead-210 activity 1n each sample because the two isotopes arse
assumed to be 1n seqular equilibrium. The daughter 1s used
because in an acidic solution it will gpontanecusly plate on to a
copper disk, which can then be counted on a high resolution alpha
spectrometry system. A vyield monitor, Poleonium-208, is added to
each sample s0 that the exact activity of Polonium-210 can be
determined. The activity of Lead-210 at the time of sediment
sampling is calculated from the c¢ount rates corrected for counting
background, growth and decay, counting efficiency and recovery of
the vield monitor.

The sediment accumulation rate is expressed as an accumulation of
a mass of sediment i(gm/cm2/yr} rather than as an accumulated
depth. Since lavers of sediment will become compacted by the
addition of new sediment the depth can not be used to determine
accumulation rates. Sediment mags 1s used to determine
accumulation rates since no matter how compacted a layver becomes
it's massg will remain.

The rate of sediment accumulation will vary depending on the
sampling location in the lake. The greatest accumulation race
pcodrs at the maximum depth because ¢of the lateral movement of
sediment from shallow depths towards the deepest part of the lake
{gediment focusing;.

Total Iron and Total Mangarnese Analysis

Analvegis of the Total Iron, and Total Manganese 1n the sediment
was done using a acid digestion followed by analysis with a Atomic
Abscrpticon Analyzer. A known quantity of dried and ground
sediment was digested using nitric¢ acid and hydrogen peroxide.
Following heated digestion the scoluticon igs filtered, and hrought
up to a known velume., This solution is then analyzed for fron and
mangangese .,

The ratio of iron to manganese 1s used to assess the presence of
oxXygen in the hypeolimnion of a lake. In addition the ratioc of
iron to phosphorus can be usged to indicate periods of erosicon in
the watershed.




Carbon and Nitrogen Analysis

Total carbon, organic nitrogen and organic carbon are measured in
a Carlo Erba Elemental Analyzer 1106. The technique used is flasgh
combustion. The samples are held in a lightweight tin container
and dropped at preset intervals ¢f time Into a vertical qQuartz
tube, maintained at 1,030 degrees celsius ('C}, through which a
constant flow of helium 1s run. When the samples are introduced,
the helium stream ig temporarily enriched with pure oxygen. Flash
combustion takes place, primed by the oxidation of the container.
The individual components are then separated and eluted as N,

CO,, and H,0. They are measured by a thermal conductivity
detector, whose signal is fed into an integrator with digital
printout of peak area. The instrument is calibrated by combustion
of standards of known elemental composition. 2 sediment sample of
known composition is also included in each sample run. The
inorganic carbon is determined by subtracting the organic carbon
from the total carbon in the sample.

The total carbon accumulation rate is a combination of organic and
incrganic carbon (carbonates) sources. Organic carbon
accumulation rates are used to infer overall lake productivity.
Productive lakes have meore algae, and agquatic plants and the
sediment organic carbon is higher. Inorganic carbon accumulation
rates are useful in determining the overall water guality and the
source of sediment. The accumulation of inorganic carbon 1is
typically found in hardwater or marl lakes which tend to be less
productive,

Total Phosphorus

A known amount of dried, ground sediment i1s digested with nitric
and sulfuric acids, Following digestion the solution is filtered,
diluted and analyzed with a spectrophotometer.

The iron to phosphorus ratio is used as a surrogate to watershed
@rasicn. As ercsion in the watershed ilncreases the ratio of iron
tc rhosphorus alsc tends to increase. The phosphorus accumulation
rate can be used alone as an indicator of water nutrient levels,
The sediment/water interactlons regulating phosphorus are complex
and can make the interpretation of the profile difficult.
Therefcore, the phosphorus accumulation rate 1s generally used as
supportive evidence with other sediment parameters,

Diatcms

A known amount of wet sediment is digested with a known amcount of
hydrogen peroxide and potassium dichromate. Following digestion
the residue is washed with distilled water at least four times. &
known amcunt cf glass microspheres 1s added to the sample to more



accurately determine diatom concentrations in the sample. A
porticn of the diatomr suspension is dried on a coverslip and
samples are mounted in Hyrax. A minimum of 100 frustules were
identified and counted under cil immersion cbiectives (1400X) .

All partial wvalwves containing unigqie features such ag identifiable
central areas, or ends were tabulated. Counts were made
continuously aleong randomly selected transects and all
identifiable fragments were included in the count. Whken a
fragment or frustule could not be identified, ir was recorded as
unknown and included in the total count. When valve ends were
tehulated, the number recorded was divided by the numker of ends a
cemplete frustule would possess. Frustules and fragments were
counted 1f they were completely in the field of view or in the
case when only a portion of the frustule was visible, when the
arpreopriate characteristic was visible in the right half of the
field of view.

The diatom accumulation rate is used as a surrogate to lake
oreductivity. As a lake becomes more nutrient rich and productive
the diatom accumulation rate also increases. Changes in the
diaztom community within a core can also be used to indicate
periods of changing water quality. The species also indicate the
relative water quality. 3ince the relatisnship between certein
species of diatoms and general water quality conditions is known,
they provide an excel’_ent tosl to determine the historical water
gquality changes.

Results

The regults are presented as accumulation rates rather than
concentration for a particular period of time, with the exception
of porosity and chemical ratios. The accumulation rate is
calculated by multiplying the parameter concentraticn ac a
rarrticular sediment depth with the corresponding calculated
instantaneous sediment accumulation rate. The rate of
accumulation gives the most accurate picture of changing lake
conditions.  An analogy is a small river flowing into ashippun
Lake. The concentration of phosphorus in the water may be very
nigh but if there is little flow 1in the river the total quantilty
reaching the lake is small. however 1f the concentraticn of
phogphorus 15 low but the river ts in flood stage then the teoktal
amount of phosphorus entering the lake may be very high. While
—he concentration 1s important the lcoad te the lake or sediment 1is
critical to measure.

Appendix 1 graphically summarizes the sediment core results and
Aprendix 2 contains the sedirent chemistry concentraticns for
fucture reference. Appendix 3 summarizes the sediment accumulation
results. The sediment core results are truncated ac the early
1800"s since the lead-210 sediment dating technigque is accurate




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

Lead-210 (Sedimentation Rate)

Since the 1840's the sediment accumulation rate lncreased steadily
to a maximum rate of 0,063 gm/cm2/yr in the 1830°s (Figure 2).

The rate decreased until the 1970's then increased to the present
{1995) rate of 0.055 gm/cm2/vr.

Porosity

Between 1800 and the 1840's the porosity remained nearly constant
(Figure 3). Between the 1840's and 1940 the porosity decreased to
a minimum of 0.8944. After the 1940°'s the porosity increased
again to the current (1995) value of 0.8511.

Carbon Accumulation Rates

Between 1800 and 1840 there was little change in the total carbon
deposition rate (Figure 4). After the 1840's the total carbon
accumulation rate increased substantially until the 1860's. Thig
increase was due to an increase in the i1norganic carbon
accumulation rate. Between the 1860's and the 1980's the total
carbon accumulation rate remained fairly constant. Since the
1980's the total carbon accumulation rate substantially increased
as a result of an increase in both organic and incrganic carbon
accumulation.

Total FPhosphorus

Since the 1840's the phosphcrus accumulation rate substantially
increased (Figure 5). The rate reached a maximum in the 1%30's,
then decreased substantially until the 1960's. The phosphorus
accumalation rate increased between the 1360's and the 1980's and
decreased slightly during the most recent time,

Iron/Phesphorus Ratio

Since the mid 1800's the iron o phosphorus ratlo increased So a
maximum in the 1950's {(Figure &). The ratio decreased after the
1950's until the 1990's when it substantially increased.

Diatoms

The diatcem accumulaticn rate (Figure 7) peaked in the early 1500's

~1



and again in the 1920's. Since the 1%20's the accumulation rate
decreased until the 1970's when it increased to present levels
(1895) .

In the early 1800's (Figure 8), Navicula pseidoventralis,
Staurosira ceonstruens, and S. construens var. venter dominated.
These taxa suddenly decreased around 1835 and were replaced by
Cyclotella michiganiana and Cyclotella pseudostelligera and to a
lesser extent Asterinella formosa. In the early 1900°s
Stephanodiscus medius appeard and was relatively abundant until
the 1970's. Cylotella michiganiana reappears 1n the core
beginning in the 19%60's.

Discussgion

The following discussion will first focus on the watershed
activites which were taking place at known perilods of time. This
will then be related to the sediment <ore results to show the
impact land use activites had on the water quality of Ashippun
Lake.

Initial settlement of scutheastern Wisconsin started in the 1830°s
and continued through the 1850°s. German farmers settled the area
and cultivated predominately wheat and lesser amounts of corn,
cats and hay. Arcund the 1880°'s wheat farming declined and
farmers turned to corn, o<ats, hay and began to develeop dairy
herds. By the 1930°s agriculture was beginning to grow rapidly,
and was becoming mechanized. Through the 1980°'s dairy farms were
numerous in southeastern Wisconsin., In the early 1990's dairy
farming has declined and cash cropping which regquire less labor
but can also result in greater soil loss has increased.

From the 15%40's to the 1960's there was a tremendous increase i1
the population, especially around the lakes in the Washington,
Waukesha County areas. Lake shorelines that were once farmed were
heing sold for seasonal homes. By 13950 the majority of the
shoreline had Leen developed with seasonal homes.

Continued urbanization of the watershed contributes increased
stormwater inputs to the lakes and rivers. Stormwater 1s the
source ¢f nutrients and other pollutants which are conveyed in
stormsewers directlv to the surface waters rather than being
filtered in vegetated drainage ways.

The results of the sediment analysis will ke brgken into time
periods which reflect sither a period of status qguo or periods of
significant change. These periods can then be compared to
watershed activities to see how the activity on the land
influenced the laks. Table 2 summarizes the watershed activitiessg
and correspending sediment core results.,



1800 - 1830

Presettlement water quality conditicons for Ashippun Lake were
excellent. The lake experienced a very low sedimentation rate of
0.010 gm/cm?/yr and had diatom taxa indicative of excellent water
clarity and low nutrient levels.

1830 - 1930

The steady increase in the sedimentation rate from the 1840's
until the peak in the 1920's (Figure 2} corresponds with an
increase in the development and agricultural activity within the
watershed, The initial settlement and agricultural activity in
the watershed, decreased the water ¢guality of Ashippun Lake. Thisg
is supported by a decrease in particle size as indicated by
porosity, an increase in total carbon, diatom accumulation rates
and diatom species indicative of increasing nutrient levels.

18930 - 1970

Since the 1930's the sedimentaticn rate declined until the 1870's.
This decline does not correspond to an improvement in water
quality. The diatom taxa during this period indicate increasing
nutrient levels in Ashippun Lake.

An increasge 1n nutrient loading and decreasing sedimentaticn rate
ig possible if nutrients are reaching the lake that are not
associated with sediment. Urban development in the watershed,
specifically arcund the perimeter of the lake increased
substantially between 1950 and 1975. This may have increased
nutrient loading from septic systems and lawn care without the
assocliated sediment lcoad. The first urban development occurred in
the 1950's on scils which were pcoorly suited for individual septic
systems and probably resulted in increased nutrient loading to the
lake. WwWhile so1l erosion may have been decreased due to improved
agricultural and erosicon control practices, fertilizers may be
enriching the soil, so that even though there is less sediment
ernitering the lake it contains a greater amount of phosphorus. Tc
is not possible to differentiate between these twoe explanationg
with the existing information.

13870 - Present

Since the 1970's the increase in sedimentaticon rate 1s due £o an
incredse 1in the deposition of inorganic and organic carbon rather
than from external sources. External sediment zources would have
resulted in an increase in the iron to phosphorus ratio and a
decrease 1in the sedimenrnt porosity. The ircn to phosphorus ratic
dmes increace but not until the mid 15890's. The sediment porogity
indicates ceontinued sedimentaticn of finer grained material which
also supports the theory that the sediment is rot from external
socurceg. In additicn, the diatom community over the last 20 years




suggest that nutrient levels are declining and water clarity 1is
actually improving.

Table 2. Summary of watershed activity and sediment core results.
Time Period Watershed Activity Sediment Core Results
1800 - 1830 | Presettlement conditions Low zedimentation rate

{(0.010 g/em*/vr)
Diatom taxa indicative of
excellent water qualiry.
1830 - 1930 | Substantial increase in Steady increase in
agricultural activity sedimentation rate from
0.010 g/cm?/yr to 0.063
g/cm’yr
Decrease in sediment
poroslity
Increase in sediment total
carbon
Increase in diatom
accumuilation rate
Diateom tarxa ilndicative of
increasing nutrient levels
1330 - 1970 | 1850 eastern shore of lake sedimentation rate declines
developed iresidential}
Diatom taxa indicative of
1970 - 1975 additional urban elevated nutrient levels
development in watershed
Diatem accumulation rate
Agrifulture status quc decreasing
1970 - 1995 | Shoreline agriculture Increase in sedimentation rate
activity decreased
Diatom taxa indicative of
Low density residential elevated nutrient levals
development increased
Diatem accumilation rare
Tranzition from seascnal to increasing
vear round homes

Conclusions

Initial land clearing and agricultural activity in the war
had a significant adverse impact upon the water quality cf
an

Ashippun Lake. sediment chemistry

Sedimentation rates,

diatom species indicate that presettlement water guality
conditions of Ashippun Lake was close te the least productive of

the lakes examined.

Increased agricultural activity resuited in

a steady increase in sedimentation rates and nutrient levzls

until the

10

1220 'z when the sedimentation rate decreased.




Following the 1930's the nutrient loading remained elevated.
Since the 13%70's the total carbon accumulation rate has 1ncreased
however the diatom community indicate improved water clarity.

The management implications of this work clearly point to the
need to manage nutrient loading to Ashippun Lake. The results
show how the lake responded to pericods of high sediment and
nutrient loading and provides the evidence to reduce the
phosphorus load. The existing sediment load appears to be less
of a problem than the phosphorus lcad at the present time.
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Sediment Accumulation Rate

Ashippun Lake, Waukesha County
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Figure 2. 1955 Upper Rock River Basin Assessment




Porosity

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




Carbon Accumulation Rate

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




Phosphorus Accumulation Rate

Ashippun Lake, Waukesha County
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Figure 5. 1995 Upper Rock River Basin Assessment




Iron:Phosphorus Ratio

Ashippun Lake, Waukesha County
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Figure 6. 1995 Upper Rock River Basin Assessment




Diatom Accumulation Rate

Ashippun Lake, Waukesha County
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Figure 7. 1995 Upper Rock River Basin Assessment




Ashippun Lake
Waukesha Co.

Analyst: M. MacDonald
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Ashippun Lake, Waukesha County sediment chemistry results.
Tislie
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Ashippun Lake, Waukesha Ccunty sediment chemistry results {(Con't).
JOTAL
SEDIMENT TOTAL T AL TOTAL DIRTAN T 1ECH MANGANESE YEAE
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Ashippun Lake, Waukesha County sediment chemistry results (Cont).

SEDIMENT
SEDIMENT TtELR ACCUM. TOTAL
DEPTH Fe:Mn Fe:p M1l RATE DIATOMS
valvesy
om s eme sy dry wt.
-2 11.7F 266 1333.4 0,056 6. 1%e+0H
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4-6 13.3 24.8 LBz n.048 4. 87208
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Ashippun Lake, Waukesha County sediment chemistry results (Con't).

FEDIMENT
SEDIMENT YEAR AU, TCTAL
DEPTH Fe:Mn Fa:P M) RATE DIATCME
Vel ve g
cm grsem? iy dry wt.
36-18 34.1 11.5 141% o.010 H.99e.+07
3B-40 40.3 12.2 1806 0.0140 R.42e+07
40-42 46.3 13.2 1761 0.010 1.319e+08
42-44 43.0 11.7 17749 0.010 1.07e+08
d4-44 44.6 11.6 17632 0,01 3.54e+08
46-48 44 .8 12.2 1747 0.010 1.0e+08R
48-L0 9.0 12.1 1171 D.010 o740 07
50-52 40,3 126 1711 0.010 2. 6Ros 07
52-54 37,4 12.7 1%l 0,010 IR
54 56 4.3 12.8 1674 5,010 4.568+37
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Ashippun Lake, Waukesha County sediment chemistry accumulation results.

T2TAL [RORGRN]

TOTAL ToiRL TOTHRL CRGANTE CARBOD TFCH MANGARNESE AL

FHOSPHORUS NITEROZEN CARBON AR RCH RSRTEAE | te M DI M3 n

T Fas

ugSomIiye ugsSomi gy Lgfmlaye o tlnta
0.23 4.4 0.2 EEN 1.1 .18 0.53 33779
0.30 4.0 64.9 16.1 28, 598 .49 33,77
1942.1 0.26 3.6 Ra 12.5 266 630 .49 240
1874.0 n.z2 2.9 48.2 27.8 A0Lh £.073 a 41 172,673

19464 .4 0.21 Iy 46,7 24.3 2n.5 £_3d Rk 9. B3 1
1%54 .0 .22 2.8 44 .7 250 19.8 .97 .31 1U0.63
1944.0 T 3.2 47.4 29.n 1% .4 1.54 0.419 In.037
19354 .40 } | 3201 0.9 11.51 ] [T
.4 L4l 3.4 =101 sk 1.4 1o 0 n_ta i
1918.10 0,k 11 46 0 Anld Suon g.0n 144 1.5
1948 .1 0,32 3.4 AF B 304 16.2 T4 o, s EER
1297 .4 t.26 3ot 0.0 L f.2. 0.5t 1.8%
1885.4 0.2z 1.0 51,8 79.9 2205 4,44 (R £.24
13765 0.1%9 3.6 w4.n 3301 5.5 3.27 n.ze (LR
1864 .3 18 3.8 S3.4 ER 1%.78 ToHE o RS
1853, 4 0.15 1.4 . 31.2 8.0 1.82 0oL} [
13507 0,09 2.5 251 19,7 0,497 0,04 4T
[EAp 3.6 311 iclL nog [ [N 024
Thia n.ona an 3G Tnl 5 1on? o cor
1ans 4 ol Tt Vs 1.14 R !
_._ R P ELUNE: 1.7 1.4 ERAY 1. 4%




TOCTAL

ORCAENTE
ARG

THOEGANIC
CAPRIN

R ]

T

30.6
260
ZE.0
25.2
23.4
23.8
oL




