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Obiective

This study's objective was to determine the water quality trends
in Moose Lake, dating back to presettlement times. A sedinent
core was collected and dated using Lead-210 to determine sediment
age and accunul ation rate. Total carbon, organic carbon, organic
nitrogen, total phosphorus, total iron and total manganese were

al so anal yzed. Diatom frustules were identified in the core.
Periods of known watershed activities fromearly settlement to the
present were conpared Wi th changes in sedinentation rates,
sediment chem stry profiles and changes In water quality inferred
from the preserved diatom record.

| nt r oducti on

Mbose Lake iS located in the northwest portion of Waukesha County,
sout heastern Wsconsin. The lake is a seepage |ake, it has no
inlet and no outlet. The lake has | ow productivity
{oligotrophic). Mdose Lake is 81 acres, 61 feet deep and has a
drai nage area of 553 acres resulting in a direct drainage area to
lake area ratio of 6.9 tc 1. The 1390C land use in the direct

drai nage area is summarized in table 1.

Table 1. 1990 Land use in the direct drai nage area of Mbose Lake
Waukesha County, Wsconsin.

Land Use Tyre Percent Acres
Developed 23.3 128. 8
Agriculture/Open 32.8 181. 3
Wod| ands 27.2 150. 4
Vet | ands 3.6 19.3
Water i 13,1 72.4

Background

The water quality of Moocse Lake has never been extensively
monitored. Some sanpling was conducted between the 1970's and
present but none sufficient to determine any long term trends in
water quality. The water clarity has been monitored Ly a
volunteer on the |lake =zince 1993. No trends can be determine
based upcn the existing information,

The historical water quality of Moose Lake can be determined by
using technigues which rely upon known relationships between al ga
communitiles, sediment/water interactions, and the rate »f




sedimentation. The sedimentation rate is determned by the lead-
210 activity In the sediment core. An analogy would be counting
and measuring the width of tree rings for determ ning the age and
rate of growth of a tree. The concentration of nutrients and

ot her chem cal paraneters in the core provides a clue to the
condition of the lake at a known period in time. The relative
water quality was determined by exam ning the algal remins,
specifically diatons, in the core. Diatons are al gae which have
cell walls conposed of silica which resist degradation. Lead-210
is a naturally occurring radionucleid with a half life of 22.3
years. The decay of |ead-210 provides a neans for determ ning the
age of sediment and the rate of sedi mentation

Mat eri al s and Met hods

The follow ng discussion describes the nmethods used to anal yze the
sediment paraneters as well as what each parameter nmeans in
regards to interpreting watershed | and use activities and water
qual ity changes.

Field Sanpling

A sedi ment core was collected fromthe deepest part of the | ake
(Figure 1), with a gravity corer. The core was taken back to the
| ab and sectioned into 2 centineter (cm) sections. The sediment
sanmpl es were placed In labeled prewei ghed bottles, weighed again
then dried to a constant weight. The difference in wet and dry
weight is used to calculate the porosity of the sedinent (Formula
A). The sanples are then ground to a fine powder and stored until
used.

Formula A

Porosity = (1-£Y /D,

(1-£)/D,+ (£/D,)
Where: Water Density (1.0 g/cm’)
Sedi ment Density (2.45 g/cm’}
= Fraction Cry Weight (g/cm®)

Dy
DS
f

Sedi ment porosity is used to determne the size Of sedimenting
particles. A high porosity value indicares finer or smailer
grai ned material conpared to | OW porosity wvalues Whi ch nmean
coarser matorial. Coarser material is characteristic of upland
ercsion. During periods of |and disturbance or high erosion we
would expect the sedi nent porosity to decrease.
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Figure 1. Moose Lake Map.



Lead-210 (Agi ng sediment sanpl es)

Geochronology With the naturallﬁ occurring Lead-210 is based on
the principle that the isotope has been continuously delivered to
the earth's surface and undergoes continuous radioactive decay
follow ng incorporation into steadily accunul ati ng sedi ments. The
activity of Lead-210 in the sediment core was used to determine
the rate of sediment accunul ation. Lead-210 is a weak beta
emtter, with low activity and is not readily detected therefore
Pol oni um 210, is actuallz 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 di sk, which can then be counted on a high resol ution
alpha spectronetry system A yield monitor, Pol onium206, is
added to each sanple so that the exact activity of Pol onium 210
can be determ ned, The activity of Lead-210 at the time of
sediment sanpling is calculated fromthe count rates corrected for
counting background, growth and decay, counting efficiency and
recovery of the yield nonitor.

The sedi ment accunul ation rate di scussed above is expressed as an
accurrul ati on of a mass of sedinment (gm/cm2/yr) rather than as an
accumul at ed depth. Since layers of sediment will becone conpacted
by the addition of new sedinment the depth can not be used to
determ ne accumul ation rates. Sediment mass is used to determ ne
accumulation rates since no matter how compacted a layer becones
it's mass will remain.

The rate of sediment accumulaticn will vary depending on the
sanpling location in the |ake. The greatest accunul ation rate
occurs at the maxi mum depth because of the lateral movement of
sedi nent from shall ow depths towards the deepest part of the lake
(sedi ment focusing).

Total Iron and Total Manganese Anal ysis

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

sedi ment was digested using nitric acid and hydrogen peroxide.
Following heated digestion the solution is filtered, and brought
up to a known volune. This solution is then analyzed for i1recn and
manganease.

The ratio of iren to manganese isS used to assess the presence of
oxygen in the hypelimnion of a |ake. In additicon the ratio of
iron to phosphorus can be used to indicate pericds of erosion in
the watershed



Carbon and Nitrogen Anal ysis

Total carton, organic nitrogen and organic carbon are measured in
a Carlo Erba El emental Analyzer 1106. The technique used is flash
conbustion. The sanples are held in a |ightweight tin container
and dropped at preset intervals of tinme intoa vertical quartz
tube, maintained at 1,030 degrees celsius ('C}, through which a
constant flow of heliumis run. Wen the sanples are introduced,
the heliumstream is temporarily enriched with pure oxygen. Flash
conbustion takes place, primed by the oxidation 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 digital
printout of peak area. The instrument is calibrated by combustion
of standards of known elemental conposition. A sediment sample of
known conposition is also included in each sample run. The
inorganic carbon is determned by subtracting the organi c carbon
fromthe total carbon in the sanple.

The total carbon accunul ation rate is a conbination of organic and
inorganic carbon (carbonates) sources. O ganic carbon
accunul ati on rates are used to infer overall lake productivity.
Productive lakes have more al gae, and aquatic plants and the
sediment organi ¢ carbon is higher. Inorganic carbon accunul ation
rates are useful in determ ning the overall water quality and the
source of sediment. The accunul ation of inorganic carbon is
typically found in hardwater or marl lakes which tend to he less
producti ve.

Total Phosphorus

A known anount of dried, ground sediment is digested with nitric
and sul furic acids. Followi ng digestion the solution is fiitered,
diluted and anal yzed with a spectrophotometer.

The ircn to phcsphorus ratio is used as a surrogate to waterched
erosion. As erosion in the watershed increases the ratio of iren
t o phosphorus also tends to increase. The phosphorus accunul ation
rate can be used alone as an indicator of water nutrient levels.
The sediment/water interactions regulating phosphorus are conpl ex
and can make the interpretation of the profile difficult.
Therefore, the phosphorus accunul ation rate is generally used as
supportive evidence with other sediment parameters

Diatoms

A known antunt of wet sedinment Is digested With a kneown amount of
hydrogen peroxide and potassium dichromate. Follow ng digesticn
the residue is washed With distilled water at least four times. &
known anmount of glass microspheres IS added to the sanple tc nore



accurately determ ne diatomconcentrations in the sanple. A
portion of the diatom suspension is dried on a coverslip and
sanpl es are mounted in Hyrax. A minimum of 100 frustules were
identified and counted under oil imrersion objectives {(1400X).

Al'l partial valves containing unique features such as identifiable
central areas, or ends were tabulated. Counts were nade
conti nuously along randomly selected transects and all

identifiable fragments were included in the count. In the case
when a fragnment or frustule could not be identified, it was
recorded as unknown and included in the total count. In the case

when val ve ends were tabul ated, the number recorded was divided by
t he number of ends a conplete frustule woul d possess. Frustul es
and fragments were counted if they were completely in the field of
viewor in the case when only a portion of the frustule was
visible, when the apprepriate characteristic was visible In the
right half of the field of view.

The di atom accumnul ation rate is used as a surrogate to | ake
productivity. As a |lake pecomes nore nutrient rich and productive
the diatom accumulation rate al so increases. Changes in the
diatom community within a core can al so be used to indicate
periods of changing water quality. The species al so indicate the
relative water quality. Since the relationship between certain
species of diatonms and general water quality conditions is known,
they provide an excellent tool to determine the historical water
quality changes.

Resul ts

The results are presented as accumulation rates rather than
concentration for a particular period of tinme, with the exception
of porosity and chemical ratios. The accunulation rate is

cal cul ated by multiplying the parameter concentration at a
particul ar sediment depth with the corresponding calculated

| nst ant aneous sedi ment accumulation rate. The rate of
accumulation gives the nost accurate picture of changing lake
conditions. An analogy IS a small river flowng into Moose Lake
The concentrati on of phosphorus in the water may be very hi gh but
if thereis little flowin the river the total quantity reaching
the | ake is small, however if the concentration of phosphorus is
low but the river is in flood stage then the total amount of
phosphorus entering the lake nmay be very high. While the
concentration is inportant, the load to the lake or sedimsnt is
critical tOo measure.

Appendix 1 graphically summarizes the sediment results and
appendi x 2 contains the =zediment chem stry concentrations for
future reference. Appendix 3 sunmarizes the sedi nent accunul ati on
results. The sediment core results are -runcated at the early
1800‘s since the | ead-210 sediment dating technique is accurate
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for the last 150 years. Prior to the early 1800's the dates are
only marginally accurate.

Lead- 210 ( Sedi mentati on Rate)

The accumnul ation rate increased substantially after the early
1900' s (Figure 2). Presettlement accunulation rate is 0.018
gm/cm/yr, then the rate peaked in the 1950's to 0.046 gm/cm?yr.
Foll ow ng the 1950's the sedimentation rate decreased steadily to
the present (13995) rate which is equal to that observed during
presettlement.

Porosity

Prior to the late 1800's the sedi ment porosity changed very little
(Figure 3). After the 1830°s the sedi nent porosity decreased to a
m ni mum of 0.8906 during the 1950‘s. After the 1950's the
porosity increased to maximum of 0.9785 at the surface (1995}.

Iron to Phosphorus Ratio

The ratio of total iron to total phosphorus in the sediment
increased in the early 1900's and peaked between the 1930's and
1970's (Figure 4}. By 1995 the ratio decreased to presettlement
| evel s.

Carbon Accumul ati on Rates

The total carbon accumulation rate was relatively high from
presettlement to the 1870's (Figure 5). After the 1870's the rate
decreased to a minimum during the early 1900's. The accunul ation
rate increased rapidly to a peak In the 1950's. The increase was
due to an increase in inorganic carbon accunmulation. Follow ng
the peak in the 1950’'s the rate of accunul ati on decreased rapidly
to levels observed in the early 1300°s.

D at ons

Prior to the 1830‘s, the diatom comunity was dominated bl-
Staurosira construens var. venter, Staurosira construens and
Staurosira pinnata indicating excellent water quality {(Figure 6).
Beginning around the 1950's these taxa started to decline, and
Cylotella michiganiana indicative of good water clarity became
nore abundant indicating a slight increase in nutrient levels.
However, the | ake still exhibited very good water quality.

Bet ween the 1920's and 1930°'s there 1s a mgjor change in the

di atom taxa. Three species wWhich indicate an increase in nutrient



loading to the | ake increased in abundance including Asterionella
formosa, Fragilaria crotonensis and Stephanodiscus medius. These
three speci es have remai ned the dom nant species to present.

The rate of accunmul ati on Increased significantly after the 1830's
and continued to increase until the 1950's (Figure 7). Followi ng
the 1950's the di atomaccurul ati on rate decreased for

approxi mately a decade before resunm ng a steady increase to
present (19%5). The diatom accunul ation rate has never been

hi gher than what is currently {(1995) observed.

Di scussi on

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

i npact the land use activities had on the water quality of Mose
Lake.

A brief examination of the historical watershed activities wll
hel p explain the results of this study. 1Initial settlenent of
sout heastern Wsconsin started in the 1830's and conti nued through
the 1850's. German farmers settled the area and cul tivated wheat
with some mnor amounts of corn, oats an3 hay. Around the 1880°s
wheat farm ng crashed and farmers turned to corn, oats, hay and
began to devel op dairy herds. By the 1930's farming was beginning
to grow rapidly, and was becom ng mechani zed. Through the 19880°g
dairy farmng was king in southeastern Wsconsin. Mst recently
there has been a trend away from dairy farm ng and a novenent
toward cash crops which require | ess labor but can also result in
greater soil lass.

From the 1940's to the 1960's there was a tremendous increase in
the popul ation, especially around the lakes in the Washi ngton
Waukesha County areas. Lake shorelines that were once farned were
being sold for seasonal homes. By 1940 the mpjority of the
shoreline had been devel oped with seasonal homes.

Ccntinued urbani zation cf the watershed contributes additicna
stormvater to the | akes and rivers. This stormwvater is the source
of nutrients and other pollutants which is conveyed in stormsewers
directly to the surface waters rather than being filtered in
veget at ed dr ai nage ways.

The results of the sediment analysis wll be broken into time
pericds wWhich reflect either a period of status quc or periods of
significant change. These periods can then be compared to

wat ershed activities to see how the activity on the | and
influenced the | ake. Table 2 summuarizes the watersned activities
and corresponding sediment. core results.
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1800 - 1830

Presettl ement water quality conditions for Mbose Lake was
excellent. The | ake experienced a very |ow sedinentation rate of
0.018 gm/cm?/yr and had di atom taxa which were indicative of
excellent water clarity and | ow nutrient I|evels.

Table 2. Sunmary of watershed activities and sedi nent core

results.
. Time Period wat er shed Activlity Sedi ment Core Results
1600 - 1830 Presettlement conditions Low sedi mentation rate
. 0.018 gm/cm?/yr
D atomconmunity indicative
of excellent water clarity
. and low nutrient levels
1830 - 1890 1830 - 50's Initial No significant changes in
settlement =f a ea water quality indicatcrs
. 1850 - 1880 Wheat farmng
dom nat es
1890 - 1450 1890 - 1930 wheat farming I ncreasi ng sedimentation
being replace? with corn, rate to 3 peak of 0.046
hay, vats and some dairy gm/cm?/yr
1930°s farm ng becom ng Porosity decreases
mechani zed indicating Increased
_ erosi on
1940+'s - 80's dairy farmng
baoming Fe:P ratic increases
supporting increased
1950's rapid development of ercsion
shoreline
Steady increase in aiatom
. accunul ation rate
1950 - 1555 Reductien in land disturbance | Reduction in sedimentation
activities rate
. Transition fromseasonal to Porosity increases
year round homes suggesting reduction of
erosion in watershed
. Fe:P rati o decreases
suggesting reduction of
erosion in watershed
. D at om accumulation rate
continued to 1ncrease
. i ndi cating nutrient | oading



1830 - 1890

Bet ween the 1830's and 1890's the |ake maintai ned excellent water
quality conditions. The diatomtaxa and sedi mentation rate were
indicative of presectlement wilii@l No significant changes had
occurred during this time period.

1890 - 1950

The greatest changes in the sedi ment profile occurred between
this 60 year period. A steady increase in sedinmentation rate
reaching a peak of 0,046 gm/cm?/yr by the 1950°s, a significant
decrease in the porosity indicating a supply of coarser grained
material to the | ake, and an increase in the total iron to totai
phosphorus ratio suggests a period of increased erosion to the

| ake. A substantial increase in the nutrient loading which is

i ndi cated by the change in the di atom community and a st eady
increase in the diatomaccunul ation rate during this period

i ndi cates increased primary productivity (nore al gae).

1950 - Present

Since 1950 sedi nent accunulation rate, porosity profile and iron
to phosphorus ratio indicate a substantial reduction in sediment
loading to Mbose Lake. 1In fact the sedimentation rate has
reached presettlement rates, althcugh the diaton1connunity
conposition and accumulation mame suggests that nutrient levels
have steadily increased over this time period.

Concl usi ons

Agricultural activity and urban growth in the watershed had a
substanti al adverse impact upon the water quality of Moose Lake.
Sedi ment ati on rates, sediment chemistry and di atomindicators
suggest that presetslEmen water quality conditions of Moose Lake
was excellent. Increased agricultural activity and comowmtmsmed
urban devel opment around the perineter of Mdose Lake resulted in
a steady increase in the sedimentation rate and nutrient levels
until the 1950's when the sedimentation rate decreased.

Foll owi ng the 1950's the nutrient |oading remained el evated and
has resulted in decreased water quality conditions.

The managenent inplications of this work clearly point to the
need to manage nutrient |loading to Mbose Lake. Since Mbose Lake
is phosphorus limited every effort should be made to reduce the
phosphorus | oad. Sediment appears to be less of a probl em than
phosphorus at the presenc tine.
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Publ i Ac

As a condition of the Wsconsin Lake Managenment Pl anning Grant
awarded to the Town of Merton, an assessment of the opportunities
for acquiring public access needed to be conpleted In conjunction
with this project.

Based upon personal know edge and interviews wth Department of
Natural Resources staff and local citizens the author has

determ ned that the greatest potential for obtaining public
access on Moose Lake is through the Haslingers Resort. Ether
acquiring property fromthe current owner or establishing a |ong
term agreenent which would allow the public to |aunch boats and
park vehicles with trailers at an approved price would need to be
obtained. \While efforts to secure public access have been
attenpted in the past they have been unsuccessful primrily due
to monetary constraints on the Department of Natural Resources.
Another private access sate IS avail able on the south shore.

This site is kr>wn by locals ~=d strictly regulated by the owner.
The site has . launch but ext. 'mely limted parking and a narrow
and wi ndi ng access road. The owner of this site was ki nd enough
to allcwthe Departnent to access Moose Lake for the purposes of
this study.
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Sediment Accumulation Rate

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

Moose Lake, Waukesha County
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Figure 3. 1995 Upper Rock River Basin Assessment
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Iron:Phosphorus Ratio

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



Carbon Accumulation Rate

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

Analyst: M. MacDonald N\
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Moose Lake, Waukesha County sediment chemistry results.

SEDIMENT TOTHRL TITAL TAITAL CMMMM.HL_” TEON MANGANE:SE YEAR
DEPTH POROSITY PHOSFHOERUS TAREON HITROGEN CHREBON e Mri [MID!
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Moose Lake, Waukesha County sediment chemistry results.

SEDIMENT
SELIMERD TEAR BCCUM. TOTAL
DEFTH Fe:Mn Fe: P tMID EATE DIATOMS
valveniyg
o qm/cm2/yr dry wt.
0-2 0.0 15.0 1992.1 0,018 2.012+09
2-4 5.1 22.1 1977.6 0.013 9.04e+08
4-6 45. 4 33.9 1963.3 0.020 3.672408
68 36.9 7.4 1955 .1 0.0486 2.48e+08
8-10 52.1 i7.q 1732507 n.n27 3.7T7e4 08
10-12 42.2 Tl 1312 .5 .l H. 152+ 8
12-14 ?9.3 12.6 1ERS .Y n.n11 I TR
14-14 22.9 10,6 127/1.% a.017 1.1 3R
16-18 21.4 11.% 1H5% 7 a.01% 1. 57esnin
18-20 34.8 15,73 1073 n.n17 787007
20-22 27,5 19,5 18132 n.nwa? L.ideyud
22-24 27.2 13.5% NEER n.nL7 Boulaeyd?
24-26 47 .6 1%.0 1ian n.nwr 1. #1es3
26-28 42.13 14.1 1769 g.oL? 3.5 fee
28-30 10.5 13.8 1744 0,017 3.
an-22 28.4 12.5 1720 J.0L7 X,
i2-14 16.3 13.1 1R5%% n.el7 ER
34-38 an. = 1.6 167 % .o 5.5%2 07
3s-38 36,1 4.3 10650 0.7 4. 9907
38-40 4.0, 14.3 o, 960207
40-42 580 15.9 161° .07 B.7Ee?
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Moose Lake, Waukesha County sediment chemistry accumulation results.
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