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Obi e c t  ive  

This study's objective was t o  determine t h e  water quality t r e n d s  
in Silver Lake, dating back to presettlement times ( e a r l y  1800's). 
A sediment core  was collected dated using Lead-210 to determine 
sediment age and accumulation rate. Total carbon, organic carbon,  
organic nitrogen, total phosphorus, total iron and t o t a l  manganese 
were also analyzed. Diatom frustules were identified in the core. 
Known changes  in watershed landuse activities f rom e a r l y  
se t t l emen t  to t h e  p r e s e n t  were correlated with changes in 
s e d i m m t a t i o n  r a t e s ,  sediment chemistry and changes in water 
q u a l i t y  inferred from t h e  changes in the diatom community 
composition. 

I n t r ~ d u c t  ion 

Silver L a k e  is l oca ted  in t h e  southwest portlon u f  Waukesha 
Count-y,  in southeastern Wisconsin. It's a seepage l a k e ,  a n d  is 
oliq~trophic (slightly productive). It is 222 acres, 4 4  f e e t  deep 
and has a drainage area is 1,154 ac res  resulting I n  a direct 
dralnage area to l ake  area r a t i o  of 5 . 2  t o  1. The 1390 land use 
in t h e  direct drainage area is summarized i n  table 1. 

Table 1. 1 9 9 0  Land u s e  in t h e  direct drainage area cf S i l l r e r  
Lake, Waukesha County,  Wisconsin. 

Background 

Land U s e  Type Percent A c r e s  

Very little water quallty i n f o r r . a s i ~ n  is currently available f o r  
Silver Lake. The Town of Summit h a s  hired the  United Sta t e s ,  

Developed 

Agriculture/Open 

Woodlands 

Wet lands 

Wster 

Department of the  Interior, S e ~ l ~ ~ q i z a l  Survey to collect water 
quality informati?n on an a r i n u h l  k a s ~ s .  T h i s  work s t a r t e d  in 1992 
and is scheduled to cont l n u e  t h ro . i qh  i 9 9 b .  Insuf ficlent data 
exists to determine leng-term rrer lds  in water quality. 
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Figure 1. Silver Lake Map 



Lead-210 (Aging Sediment Samples) 

Geochronology with t h e  naturally occurring Lead-210 is based on 
t h e  principle t h a t  t he  isotope has been continuously de l ive red  to 
the earth's s u r f a c e  and undergoes continuous radioactive decay 
following incorporation i n t o  steadily accumulating sediments. T h s  
activity of Lead-210 in a sediment sample was used to determine 
t h e  age of the sample. Lead--210, a weak beta emitter with low 
activity and is not readily detected therefore, Polonium-2lO, is 
actuaily measured. Polonium-210 is the alpha emitting 
granddaughter of Lead-210, and can be used to r ep resen t  the actual 
Lead-210 activity in each sample because the t w o  i s o t o p e s  are 
assumed t~ be in seqular equilibrium. The daughter is used 
because in an ac id i c  solution it will spontaneously p l a t e  on to a 
copper d i s k ,  which can t hen  be counted on a high resolution alpha 
spec t romet ry  system. A yield monitor, Polonium-208, is added to 
each sample so that the exac t  activity of Polonium-210 can be 
deter rn~ned .  The a c t i v i t y  of Lead-210 at t h e  time of sediment 
sampling is calculated from the count ra t?s  corrected for counting 
background, gr~wth and decay, zounting efficiency and recovery of 
t h e  y i e l d  monitor. 

The sediment accumulation ra te  1s  expressed as an accumulation of 
a mass cf sediment  (gmicm2/yr) ra ther  t h a n  as an accumulated 
depth. Since  layers o f  sediment will become compacted by the 
addition of  new sediment t h e  depth  can not be used to determine 
accumulation rates. Sediment mass is u s e d  to determine 
accumulation rates s i n c e  no mattex how compacted a l aye r  becomes 
it's mass will remain. 

The rate of sediment accumulation will vary depending on the 
sampling location in the lake. The g r ea t e s t  accumulation rate 
occurs  at the maximum depth because of t he  lateral movement of 
sediment  from shallow depths  towards  t h e  deepest  pa r t  o f  the lake 
!sediment f o c u s i n g )  . 

T o t a l  Iron and Total Manganese Analysis 
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The r a t i o  of  i-ron to manganese is used t o  assess t h e  p r e sence  of 
pxyyen in the hypolimnion of a lake. In addition t h ~  ratio of 
i r o n  to phosph~rus can he used  to indicate per iods  5f erosion in 
the watershed.  



Carbon and Nitrogen Analysis 

Total carbon, o r g a n i c  nitrogen and organic carbon a r e  measured in 
a Carlo Erba Elemental Analyzer 1106. The t echnique  used is flash 
combustion. The samples a r e  he ld  in a lightweight t i n  container 
and dropped at preset intervals of time i n t o  a vertical q u a r t z  
t ube ,  maintained at 1,030 degrees c e l s i u s  ( ' C ) ,  through w h i c h  a 
constant flow of  helium is r u n .  When t he  samples a r e  i n t roduced ,  
the  helium stream is temporarily enriched with pure oxygen. Flash 
combustion takes p lace ,  primed by t h e  oxidation of t h e  c o n t a i n e r .  
The individual components are  then  separated and eluted as N1, 
CO,, and H,O. They are  measured by a thermal c o n d u c t i v i t y  
d e t e c t o r ,  whose signal is fed into a n  integrator with digital 
printout of  peak area. The i n s t r u m e n t  is calibrated by combustion 
of standards of known elemental compositicn, A sediment sample of 
known composition is a l s o  included in each sample run .  The 
i n o r g a n i c  carbon is determined by subtracting the organ ic  carhon 
from the total carbon in the sample. 

The total carbon accumulation rate is a combination of organic and 
inorganic carbon (carbonates) sources. Organic carbon 
accumulation rates are used t o  i n f e r  o v e r a l l  lake productivity. 
Productive lakes have more algae, and aquatic plants and the  
sediment o r g a n i c  carbon is higher. Inorganic carbon accumulation 
rates are useful in determining t h e  overall water q u a l i t y  and the 
sou rce  of sediment. The accumulation of  inorganic carbon is 
typically found in hardwater or marl lakes which tend to be less 
productive. 

Total Phosphorus 

h known amount of dried, ground sediment is digested with nitric 
and  s u l f u r i c  ac ids .  Following d i g e s t i o n  t h e  soluticn is filtered, 
diluted and analyzed with a spectrophetcrneter .  

The iron to phosphorus ratio is used as a s u r r o g a t e  to watershed 
erosion. A s  erosion in t h e  watershed increases t h e  ratio cf iron 
to phosphorus also tends to increase. The phosphorus accumulation 
rate can be used alone as an indicator of  water nutrient levels. 
The  sedirnent/water interactions regulating phosphorus are complex 
and can make t h e  interpretation of  t h e  p r o f i l e  d i f f i c u l t .  
Therefore, t h e  phosphorus accumulation rate is generally used as 
supportive evidence with o t h e r  sediment parameters. 

Diatcms 

A known amount of wet sediment is d i g e s t e d  with a known amount of 
hydr2qen peroxide and potassium dichromate. Following digestion 
t h e  r e s i d u e  is washed with distilled water at l e a s t  f o u r  times. A 
known amount of glass microspheres is added to the sample to more 



accura te ly  d e t e r n i n e  diaton concentrations in t h e  sample. A 
p o r t i o n  of the diatom suspension is dried on a coverslip and 
samples arc  mounted in H y r a x .  A m i n i m u m  of 100 f r u s t u l e s  were  
identified and counted under  oil immersion objectives (1400X). 

Ail partial valves  cont .a in ing u n i q u e  f e a t u r e s  s u c h  as identifiable 
central areas, or ends were tabulated. Counts were made 
continuously along randomly selected t r an sec t s  and a l l  
identifiabl~ fragments were  included in the count .  When a 
f r a g r n e ~ t  o r  f r u s t u l e  mould not be identified, it was recorded as 
unknown and  i n c l . ~ d e d  in t h e  t o t a l  count. When valve e n d s  were 
t a b u l a r -e d ,  the  number recorded was div ided  by the number of ends a 
complete f r u s t u l e  would possess. Fr~stules and fragrnencs w e L , e  
caun ted  if they were completely i n  the f i e l d  of view or in the 
case when only a p o r t i o n  of the frustule was visible, when t h e  
appropriate characteristic was visible in the r i g h t  half u f  the 
f i e l d  o f  v i e w .  

The diatom accumulation r a t e  is used as a s u r r o y a L e  to lake  
producti;.ity. A s  a lake keromes more nutrlent r i c h  a n d  productive 
t h e  diatom a ~ c u ~ u l a t i o n  r a t e  also increases. 2hanges in the  
diatom c o m . u n i t y  wlthin a core can a l s v  be used to indicatc 
per iods  of changing ,water quality. The species  a l s o  indicate the 
r e l a t i v e  wate r  quality. S i n c e  t h e  r e l a t i o n s h i p  between cert~in 
speclcs oi diatoms a ~ d  ger:eral water  quality conditions is kr-own, 
they ~ r o v i d e  an exc2llent tool to d ~ t e r m i n e  the  h i s t o r i c a l  w a t e r  
qua1 ity changes ,  

The r e s u l t s  a re  p re sen ted  as a c c ~ m u l a t ~ o ~  rates ra ther  than 
concentration f o r  a particular period of time, w i t h  the exception 
of Forosity and c h e m i c a l  r ~ t i o s .  T h e  ~~~~~~~~~~~ion r a t e  is 
calculated by multiplying the  parameter concentration at a 
p a r t i c u l a r  sedinent depth with t h e  corrssponding calculated 
,rlstantaneous s e d i m e n t  accumulation r a t e .  The r a t e  of 
accumulation g i v e s  t h e  most accurate p i c t u r e  of  changlng l a k e  
condltlons. An ana logy  is a small river flowing i n t o  Sliver Lake. 
The conrentration of p h o s p h n r u s  in t he  water may be very high but 
i f  t h e r e  is l i t t l e  flow in the r i v e r  t h e  t s t a l  quantity reaching 
:he lake  is small, however if the concentration of phosphorus is 
l o w  but t h e  r i v e r  is i n  f l ood  s t a g e  t h e n  t h e  total amount of 
?hosphorus entering :he lake may be very h ~ g h .  W h ~ l e  t h e  
roncentratl~n is irnpm3rtan' it is t h e  load to t h e  lake or sediment 
t h a t  LS c r i  tical t+o measure.  

AppenSix 1 graphically sunmarizes t n e  sediment c o r e  resxlts and 
3 p p ~ n d i x  2 contains the sediment chsmistry concentrations f o r  
f u t u r e  reference. Appendix 3 summarizes t h e  sediment a z c u m u l ~ t i ~ r l  
r e s u l t s .  The sediment core r e s u l t s  a r e  ~runcated 3t t h e  e a r l y  
1800's s ince  the lead-210 sediment d a t i n g  technique is accura te  



f o r  the last 1 5 0  years.  P r i o r  to t h e  ea r ly  1800's t h e  dates are 
only marginally accurate. 

Lead-210 (Sedimentation Rate) 

Between 1 8 0 0  and 1 9 0 0  the  sedimentation r a t e  was n e a r l y  cons tant  
1 0 . 0 1 6  gm/cm2/yr) ( F i g u r e  2 ) .  Since  1 9 0 0  the sedimentation rate 
i nc reased  to a peak of  0 . 0 6 4  gm/cm2/yr in the 1 9 4 0 ' s .  The r a t e  
t h e n  decreased in t h e  1 9 5 0 ' s  to 0 . 0 4 4  gm/cm2/yr then  increased to 
a secondary peak of 0 . 0 5 6  gm!crn'/yr between t h e  1 9 6 0 ' s  and 1970's 
Following t h e  1 9 7 0 ' s  t h e  sedimentation rate decreased t o  the 
p r e s e n t  r a t e  of  0 . 0 2 8  gm/cm2/yr.  

P o r o s i t y  

Sediment porosity increased  slightly between 1800 and 1 9 1 0 ' s  
( F i g u r z  3 ) .  Between 1910 and 1 9 3 0  the  porosity decreased to a 

minimum. A f t e r  t h e  1 9 3 0 ' s  t h e  porosity remained unchanged  until 
the 1960's when t h e  porosity increased to t h e  p re sen t  ( 1 9 9 5 )  value 
of  0 . 9 5 8 0 .  

Carbon Accumulation Rates 

The total carbon,  organic carbon and inorganic carbon accumula t ion  
r a t e  profiles are t h e  same as t h e  sediment accumulation r a t e  
profile ( F i g u r e  4 ) .  The carbon accumulation rate was nea r ly  
constant between presettlement and the ear ly  1 9 0 0 ' s .  A f t e r  t h e  
e a r l y  1900's the carbon accumulation ra te  increased substantially 
to a peak in t h e  1 3 4 0 ' s .  The r a t e  then decreased i n  t h e  1950's 
followed by a secondary peak in t h e  1 9 6 0 ' s .  Following t h e  1960's 
t h e  carbon accumulation r a t e  decreased t.o near presettlement 
levels. 

T o t a l  Phosphorus 

The phosphorus accumulation r a t e  peaked in the early 1900's 
fo l low?d by smaller peaks in t h e  1920's' 1940's, 1960's and t h e  
1980's ( F i g u r e  5). 

Between t h e  e a r l y  1803's and t h e  1 8 4 0 ' s  t h e  iron to phosphorus 
r a t l o  increased  ( F i g u r e  6!. S i n c 3  t h e  1 8 4 0 ' s  the r a t i o  decreased 
to a minimum in the ear ly  1900's. The ratio increased to t w o  
peaks one i n  t h e  1930's and t h e  other in the 1950's. Following 
the 1950's the ratio decreased to t h e  present ( 1 3 9 5 )  level which 
is c l o s e  to t h e  minimum observed in the e a r l y  1900's. 



D i a t o m s  

Cyc lo te l . la  n i c h i g a n i a n a  was fclund t h r o u g h o u t  t h e  core and  was one 
of t h e  most abundant taxa found (Figure 7 ) .  O t h 2 r  species of 
i n t e r e s t  include S t a u r o s i r a  construens, S t a u . r o s i r a  construens var. 
venter and S t a u r o s i r a  p i n n a t a  which are  present in t h e  co re  until 
t h e  mid 1 9 3 0 ' s .  A f t e r  t h e  1930's Asterionella f c r m o s a ,  F r a g i l a r i a  
crotonensis, Aulacose i ra  ambigzla a n d  Cyc lo te l la  g l o m e r a  ta 
increased in abundance and are present  at t h e  top of the  core 
( 1 9 9 5 )  . 

The diatom accumulation r a t e  is shown in figure 8 and shows 
several ma jo r  peaks s i n c e  the 1 9 1 0 ' s .  Peaks occurred i n  t h e  
1 9 2 0 f s ,  19401s, 1960's and 1980's. The peaks occu r r ed  at t he  same 
time as the phosphorus accumulation rate peaks,  with the exception 
of t h e  phosphorus peak in the 1310's ( S e e  discussion a b o v e ) .  

The follcwing d i s c u s s i o n  w i l l  first focus  on t h e  watershed 
activites which w e r e  taking place at known per iods  of time. This 
will t h e n  be related to t h e  sediment core results to show the  
impact land u s e  activites had on t h e  w a t e r  qua l i t y  of  S i l v e r  Lake. 

I n i t i a l  settlement of  southeastern Wisconsin started in the 1830's 
and z o n t i n u e d  th rough  the 1 8 5 0 ' s .  German farmers settled t h e  a r e a  
and cultivated predominately wheat and lesser amounts of corn, 
o a t s  and hay. Around t h e  1 8 8 0 ' s  wheat  fa rming declined and  
farmers t u r n e d  to ccrn, oats, hay and began t o  develap d a i r y  
h e r d s .  By t h e  1 9 3 0 ' s  agriculture was beginning to grow rapidly, 
and was becoming mechanized. Through t h e  1380's d a i r y  fa rms  were 
numerous i n  southeastern Wisconsin.  In the ear ly  1990's dairy 
farming has  declined and cash  cropplng which r e q u i r e  less labor 
b u t  can a l s o  r e s u l t  in g r e a t e r  s o i l  loss has increased. 

From t h e  1 9 4 0 ' s  to t h e  1 9 6 0 ' s  t h e r e  was  a t r emendous  increase i.n 
t h e  population, especially around t h e  l akes  in the Washington, 
Waukesha County a r e a s .  Lake s h o r e l - i n e s  that were once farmed were 
b e i n g  s o l d  for seasonal homes. By 1 9 7 0  the majority a£ the 
s h o r e l i n e  had been develcped with s e a s o n a l  hom2s. 

Continued urbanization of t h e  watershed contributes i nc rea sed  
stormwater inputs t o  t h e  lakes  and r i v e r s .  Stormwater is t h e  
s o u r c e  of n u t r i e n t z  and o t h e r  pollutants which are cnnveyed in 
stcrmsewers d i r e c t l y  to t h e  s u r f a c e  waters r a t h e r  than being 
f i l t e r e d  in vege ta t ed  drainage ways. 

The r e s u l t s  of t h e  sediment analysis will be broken i n t o  time 
p e r i o d s  which reflect e i t h e r  a o f  status quo cr p e r i o d s  of 
substantial c h a n g e .  These per ic ,ds  can then be c~rnpared to 
watershed activities to see how t h e  activity on t h e  Land 



influenced the l a k e .  Table 2 summarizes the watershed activities 
and corresponding sediment core results, 

Presettlement water quailty c~nditions f o r  S i l v e r  L a k e  were 
excellent. The lake experienced a very low sedimentation rate of 
0.017 g r n / ~ m ' / ~ r  and  had diatom taxa which were indicarive of 
exce l l en t  water c l a r i t y  a n d  low nutrient l e v e l s .  Conditions 

Sediment  Core Results 

L o w  sedimentation r a t e  
0.0 17 gm/ crn2/yr 

Diatom community 
indicate excellent 
water c l a r i t y ,  low 
nutrients 

~ n c r e a s e  in 
sedimentation r a t e ,  
carbon accumulation, 
iron to phcsphorus  
ratio and diatom 
accumulation r a t e  

Uiatom taxa indicative 
cf increasing nutrient 
levels 

P e a k  sedimentation r a t e  

Diatom i n d i c a t ~ r s  
suggest elevated 
nutrient levels 

Low sedimentation r a t e  

Porosity increasing 
suggesting decreasing 
sediment load 

Carbon accumuiat ion 
r a t e  decrezsinq 

D i a t o m  taxa  suggest 
improving b:at er quality 

Time Period 

1800 - 1920 

1920 - 1935 

1 9 3 5  - 1 9 7 0  

, 
1970 - 1995 

k?atershed Activity 

Presettlement t h r o u g h  
early settlement 
conditions 

Major changes in 
agriculture d u r i n g  t h i s  
period (wheat farming 
changing t o  c o r n ,  hay, 
o a t s  and d a i r y )  

Agriculture becoming 
mechanized 

High agric. y i e l d s  being 
demanded 

Intensive agricultural 
a c t i q ~ i  ty d a i r y  farming 
boomi~g 

I n t e n s i v e  shoreline 
development 

~ a p i d  population growth 

Dairy f armlng and cash  
crops still widespread 



remained very good until t h e  1920's when a increase in the 
sedimentation rate, a decrease in the porosity and an increase  in 
t h e  i r o n  t o  phosphorus ratio suggests an i nc rease  in t h e  erosion 
of the watershed, probably due to human activity. 

Wany of  t h e  sediment chemistry parameters show a steady increase 
in accumulation rates du r ing  t h i s  per iod .  T h e  most important 
change observed was in the diatom community between t h e  1 9 2 0 ' s  and 
1 9 3 5 .  A significant decrease in t h e  number of  species which 
indicated good water c l a r i t y  and  low nutrient levels, and an 
increase  i n  species indicative of elevated nutrient l e v e l s .  The 
abruptness of t h i s  change was a l s o  seen in Moose Lake. The o t h e r  
study lakes had a more g r a d u a l  t r a n s i t i o n  between water quality 
changes.  

Between 1935 and t h e  1970's t h e  sedimentation rate  was the h i g h e s t  
corresponding to t h e  p e r i o d  of maximum agricultural activity. The 
decrease in t h e  1 9 5 0 ' s  is unexplainable since all of t h e  
accumulation r a t e s  show a similar p a t t e r n  du r ing  t h i s  decade, 
however t h e  p o r o s i t y  p r o f i l e  does not show any significant 
divergence f rom it's t r e n d .  

1 9 7 0  - P r e s e n t  

After t h e  1970's several parameters have dec rea s ing  accumulation 
r a t e s  or values. The sedimentation rate decreases to near 
presettlem?nt l eve l s ,  t h e  porosity beg ins  to i nc rease  suggesting 
t h e  accumulation of fine grained material and t h e  accumulation 
r a t e  of carbon also decreases during this p e r i o d .  These trends 
suggest decreasing sediment load and primary productivity. During 
the  1970's one of t h e  diatom speci2s (Cyclotella m i c h i g a n i a n a )  
indicative of good water  clarity begins to increase dramatically 
while other species ( A u l a z o s e r i a  ambigua  and Fragilaria 
cro tonens i s )  indicative of elevated nutrient l e v e l s ,  decrease. 
The sediment chemistry a n d  d~a to rn  community changes during thls 
p e r i o d  suggesting t h a t  t h e  water quality of  Silver Lake may be 
improving. 

Conclusions 

Sedimentation rates, sediment c h e r n ~ s t r y  and diatom i n d i c a t o r s  
suggest that presectlement water quality ccnditions of S i l ~ r e r  Lake 
was very  good. Increased agricultural activity and u r b a n  
develeprnent resultfa in a steady increase in t h e  sedimentation 



rate and nutrient level until t he  1 9 7 0 ' s  when the sedimentation 
rate decreased. The diatom community a l s o  indicates there has 
been a decrease in the n u t r i e n t  level in Silver Lake by an 
i nc rease  of species indicative of good water clarity and a 
reduction of  spec ies  indicative of h ighe r  nutrient levels. 

T h e  management implications of  t . h i s  work c l ea r l y  po in t  to the  need 
to manage nutrient loading to Silver Lake. Since  Silver Lake is 
phosphorus limited every e f f o r t  should be made to reduce the 
phosphorus load. Sediment appears t o  be less of a problem t han  
phosphorus at t h e  present time. 
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