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Okdecti

This study's ovbiective was to detsrmine the water gquality trends
in Druid Lake, dating back t¢ presettlement times. A sediment core
was collected ard dated using Lead-21C to determine sadiment age
and accumulatior rate. Total carbon, organic carbon, organic
ritrogen, total phosphorus, total iron and manganese were also
analyzed. Diagtom frastules were identified in the core. Known
changes in watershed landuse activities from early settlement tg
the present were correlated with changes in sedimentation rates,
cediment chemistry and changes in water guality inferred from
changes in the diaton community composition.

Introducticon

Druid Lake 15 located in the southwest portion of Washirngton
County, 1n southeastern Wiscorsin. It is & drainage lake, within
the Asghippun R.ver watershed. The lake is moderately to hignly
procuctive (mesu-eutropnic). Druild Lake is 124 acres. 53 feet
deer and the direct drainage area is 483 acres resulting ia a
direct dra:nage area o lake areca ratic of 3.9 to 1. The 1990
land use in the direct dreinags area is summarized in table ..
Tabls 1. 199¢ Land use 1in Lhe direct drainage area of Jruid lLake,
Waukesha Cocunty, Wisconsin,

r—— —— =

[- Land Usezgype Percent _=J_ Acres _j
Developed 12.5 £0.4
Lﬁgricuituref@pan 57.9 273.6
Woodlancs B 6.3 33.3

| Wet lands 20.86 ¢o.5
Water 2.1 10.1

Backgrcund

The water quality of Druid Lake has been monitcred on an anrual
basis since 1991 by the 11.S. Geclogical Survey. This information
provides an excellent assessment of the recert water quality
trends. The data indicatzg that there has been anly slight
changes 1n the trophic status of Druld Lake. The lake has alsa
been nmonitared by voluntaers cince 1990 providing wvaluabkble water
guality Informaticon on Cruid Lake.

The hizstarical water gualifty of Druid Lake can ke determined by
using tezhnigues which usze known 1elationships between algal



commurnicies, sediment/water interactions, and the rate of
sedimenzation. An analogy would be counting and measuring the
w.dth of tree rings for determinirg the age and rate of growth of
a tree. The concentration of nutrierts and other chemical
paranmeters in the ¢ore provides a clue to the condition of the
lake at a known periced in time. The relative water quality was
determined by examining the diatoms, in the core. Diatoms are
algae which have cell walls composed of silicé which resist
degradation. The sedimentation rate is determined by the lead-210
activity in the sediment core. Lead-210 is a naturally occurring
radicnucleid with a half life of 22.3 years. The decay of lead-

210 provides a means for determining the age of sediment and the
rate of zedimentabion.

Materials _and Methods

The following digscussicon describes the methods used to analyze the
sediment parameters as well as what each parameter means in
regardg o i1nterpreting watershed land use activities and water
quality changes.

Field Sampling

A sediment core was collected from the deepest part of the laxke
(Figure 1}, with a gravity corer. The core was taken back to the
lak and sectioned into 2 centimeter (¢m) secticns. The sediment
sanples were placed _n labeled preweighed bottles, weighed again
then dried to & constant weignt. The difference in wet and drv
welght is used to caicu.ate the porosity 2f the sediment (fForruila

4) . The sawplaes are then ground to a fins powder and stored unt:il
used.
Faormula A
Porcsity = 1-f£) /D,

(1-£)/D,+ (£/D.)

=3

Where:

H

D, = Water Density (1.0 g/cm’}
D, = Sediment Density (Z2.45 g/cm’}
f = Fraction Dry Welght (g/cm’)

Sediment porosity ie used to determine the size of sadimenting
rarticles. & high porosity value indicates finer or smaller
grained material compared to low porosity values which mean
coarsey meterial. Coarser material 1s characteristic of up_and
erosion. Durinc periods of land disturbance cor high ercsion we
would exgect the sediment porosity to dazcrease.



- Figure 1. Druid Lake Map




Lead-210 (Aging Sediment Samples)

Geochronology 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 continucus radicactive decay
following incorporation into steadily accumulating sediments. The
activity of Lead-210 was used to determine the rate cf sediment
accumulation. Lead-210, a weak beta emitter with low activity is
not readily detected therefore, Polonium-210 is actually measured.
Polonium-210 is the alpha emitting granddaughter of Lead-210, and
can be used to represent the actual Lead-210 activity in each
sample because the two isotopes are assumed to be in seqular
equilibrium. The daughter is used because in an acidic solution
it will spontanecusly plate on to a copper disk, which can then be
counted on a high resolution alpha spectrometry system. A yield
monitor, Polonium-208, is added to each sample so that the exact
activity of Polonium-210 can be determined. The activity of
Lead-210 at the time of sediment sampling is calculiated from the
count rates corrected for counting background, growth and decav,
counting efficiency and recovery of the yield monitor.

The sediment accumulation rate 1s expressed as an accumulation of
a mass of sediment {(gm/cm2/yr) rather than as an accumulated
depth. Since layers of sediment will become compacted by the
addition of new sediment the depth can not be used to determine
accumulation rates. Sediment mass 1s used to determine
accumulation rates since no matter how compacted a layer becomes
it’s mass will remain.

The rate ¢f sediment accumulation will vary depending on the
sampling locatlion in the lake. The greatest accumulation rate
occurs at the maximum depth because of the lateral movement of
sediment from shallow depths towards the deepest part of the lake
(sediment focusing).

Total Iron and Total Manganese Analysis

Analysis of the Total Iron, and Total Manganese c¢oncentration in
the sediment was done using a acid digestion followed by analvsis
with a Atomic Absorpticon Znalyzer.

2 known quantity of dried and ground sediment was digested using
nitric acid and hydrogen percxide. Following heated digestion the
solution is filtered, and breought up to a known volume. This
solution is then analyzed for iron and manganece.

The ratio of iron to manganese i3 used to assess the presence cof
oxygerl in the hypolimnicn of a lake. In addition the ratio of
iron to phosphorus can ke used to indicate periods of high erosion
in the watershed.




Carbon and Nitrogen Analysis

Total Carbon, Total Nitrogen and Organic Carbon are measured in a
Carlo Erba Elemental analyzer 1106. The technique used is flash
compbustion, the samples are held -n a lightweight tin container
and dropped at presef intervals of time intc, a vertical quartz
tube, maintained at 1,030°C, through which a constant flow of
helium ig run. When the samples are introduced, the helium stream
is temporarily enriched with pure oxygen. Flash combustion takes
place, primed by the oxidation of the container. The individual
componernts are then separated and eluzed as N,, C0O,, 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
instrurent is calibrated by combustion of standards of known
elemnental composition. A sediment sample of known composition is
also included in each sample run.

The total carben accumulation rate 1s a comblnatliocon of organiz and
inorganic carbon (carbonateg) sources. Organic carbon
accumulation rates are used to infzr overall lake productivity.
Productive lakes have more algae, and agquatic plants and the
sediment organic carbon is higher. Inorganic carbon accumulation
rates are useful in determining the overall water quality and the
source of sediment. The accumulation of inorganic carbon is
typically found in hardwater or marl lakes which tend to bz less
productive.

Total Phosghorus

A known ameount of drieqd, ground seciment 1s digested with nitcric
and sulfuric acids. Following digestion the solution is filtered,
diluzed and analyzed with a spectrcphotometer.,

The iror to phosphorus ratio is used as a surrogate to watershed
arcsion, Az erosion in rhe watershed increases the ratio of iron
to phosphorus also tends to increase, The phosphorus accumulation
rate can Le used alone as an indicator of water nutrient levels.
The sediment/water interactions regulating phosphorus are complex
and can make the interpretation of the profile difficult.
Taerefore, the phosphorus accumulation rate is generally used as
supportive evidencs with other sediment parameters.

Uoatcms

A known amount of wet sediment 15 digesrtred with hydroger peroxide
and potassium dichromare. Following digestion the residue i3
washed with distillied water at l=zast four times. A known amount
cf glass microspheres 1s added tno the sample to more accurately
determine diatom concentraticns within the sediment. & portior of
the diatom suspension is dried con a coverclip and samples are
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mounted in Hyrax. A minimum of 100 frustules were identified and
counted under oil immersion objectives (1400X).

All partial valves containing unique features such as i1dentifiable
central areas, or ends were tabulated. Counts were made
continuously along randomly selected transects and all

recognizable fragments were included in the count. In the case
when a fragment or frustule could not be identified, 1t was
recorded as unknown and included in the total count. In the case

when valve ends were tabulated, the number recorded was divided by
the number of ends a complete frustule would possess. Frustules
and fragments were counted if they were completely in the field of
view or in the case when only a portion of the frustule was
vigsible, when the appropriate characteristic wag visible in the
right half of the field of view.

The diatom accumulation rate 1s used as a surrogakbte to lake
productivity. As a lake becomes more nutrient rich and productive
the diatom accumulation rate also increases. Changes in the
diatom community within a core can also be used Lo indicate
reriods of changing water guality. The specles also indicate the
relative water quality. Since the relationship between certain
species of diatoms and general water guality conditions is known,
they provide an excellent tool to determine the historical water
quality changes.

Results

The results are preserited 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 concentration at a
particular sediment depth with the corresponding calculated
instantaneous sediment agcumulation rate., The rate of
accumulation glves the most accurate picture of changing lake
conditions. An analogy is a small river flowing intoc Druid Lake.
The concentration of phosphorus in the water may be very high but
1f there is little flow in the river the total quantity reaching
the lake 1s small, however 1f the concentration of phosphorus 1is
low but the river is in flood stage then the total amount of
phosphorus entering the lake may be very high. While the
concentration is important the load to the lake or sediment is
critical to measure.

Appendix 1 graphically summarizes the sediment results and
appendix 2 contains the sediment chemistry concentrations for
future refarence. Appendix 3 summarizes the sediment accumulation
regults. The sediment core results are truncated ac the early
1800°'s since the lead-210 sediment dating technique 1s accurate
for the last 150 years. Prior te the early 1800°s the dates are
only marginally accurate.




Lead-210 (Sedimentation Rate)

Since the 18%0's the sediment accumulation rate increased steadily
to a peak of 0.183 gm/cm®/yr in the 1950°'s (Figure 2). The rate
decreased to 0.084 gm/cm?’/yr in the 1980's then increased slightly
to 0.1 gm/cm?/yvr at the top of core (1395).

Porogity

Sediment porosity in the Druid Lake sediment core is shown in
Figure 3. In the early tc mid 1800°s the porosity is constant.
After the 1860's the porosity decreased to a minimum of 0.8575
during the 1920°s. Since the 1920°'s the porosity steadily
increased to a maximum of 0.9433 in the 1890's.

Carbon Accumizlation Rates

Since the 1920's the has been a substantial increase 1n the rate
of carbton deposition (Figure 4}). The rate peaked during the
1950's then decreased steadily until the 1980°'s. Between 1980 and
199% there has been an increase in the carbon accumulation rate.,
There 1s little change in the proportion ¢f organic to inorganic
carbon deposited in the lake as seen in figure 4.

Total Phosphorus

In the early 1200's there was a substantial increase in the total
phosphorus accumulation rate (Figure 5). The rate increased and
peaked in the 1950°'s after which it decreased until the 1980's.
Since the 1980's the rate of phosphorus accumulation increased
substantially.

Iron/Phosphorus Ratlio

Between the mid 1800's and 1900 the ratic of iren to phosphorus
increased glightly {(Figure 6). Following the early 1900°s the
ratio increased substantially to a maximum of 27.1 in the 1920's.
Since the 1920°'s the ratio decreased to 12.6 during the 1370's
then increased over the next decade. The ratio decreased after
the 1980"'s to a minimum of 10.4 in the early 1990's,

Diatoms

The dominant diatom throughout the entire length of the core 1is
Stephanodiscus medius {(Figure 7)., The next two dominant diatoms
throughout the entire core are Astericnell formosa and Fragilaria

fnd

croteniensis, although . crotonensis first appears around 187%5.




Figure 8, summarizes the diatom accumulaticn ratesg for Druild Lake.

The diatom accumulation rate increased between the mid 1800's to
the 1920's (Figure 8}. After the 1920's the accumulation rate
increased substantially. Since the 1930's the accumulation rate
has been wvariable but consistently higher than pre-1920's,

Digcussion

The following discussion will first focus on the watershed
activites which were taking place at known pericds of time. This
will then be related to the sediment core resultg to show the
impact land use activites had on the water quality of Druid 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 amcunts of corn,
sats and hay. Around the 1880°s wheat farming declined and
farmers turned to corn, c¢ats, hay and began to develop 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 require less labor
but can also result in greater soil loss has increased,

From the 1940°s to the 1960°s there was a tremendous increase in
the population, especially around the lakes in the Washington,
Waukegha County areas. Lake shorelines that were once farmed were
being sold for seasonal homeg. By 1963 the maijority of the
shoreline had been developed with seascnal homes.

Continued urbanization of the watershed contributes increased
stormwater inputs £c the lakes and rivers. Stormwater is the
source of nutrients and other pellutants which are conveyed in
stormsewers directly to the surface waters rather than being
filtered in vegetated drainage ways.

The results of the gsediment analysis will be broken into time
periods which reflect either a period of status quo or periods of
significant change. These periods can then be compared to
watershed activities te gee how the activity on the land
influenced the lake. Table 2 summarizes the watershed activities
and corresponding sediment core results.

1800 - 1860

During presettlement and early settlement Druid Lake had a low
sedimentaticon rate of 0.013 gm/cm-/yr. The diatom raxa which

dominated the sediment core are indicative of relatively high

nutrient levels and only meoderate water clarity.
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Tanle 2.

core results.

Time Period

Summary of watershed landuse activities and sediment

watershed Landuse Activity

— —

Sediment Core Result

Low sedimentation rate {(0.013

Diatom taxa suggest elevated
nurrient levels with moderate

farming take turns during
this pericd

Majority of shoreline
urbanized by 1350

1800 - 1860 | Prezettlement and early
setlement g/cmt/vr)
Wheat farming dominant
F‘ water clarity
1860 - 195G | Wheatr farming and dairy

increasing sedixentation rate
to a peak of 0.135 g/cm?/yr

Increased in diatom
acourilation rate

Fresence cof diatom tawxa
indicacive of elavated
rutrient levels

Jrhanizationr ¢of watershed
and shoreline

Dairy farming dcminates
agrizultural activities

1860 - 1950

= ]
Cecline in sedimenation rate
etween 1850 and 1582's,
however no inmprovement in

water quality as indicatad by
digtom taxa

Diatom accumulation rate
declined despite taxa
indicators

The increase in the sedimentation rate from the 1860's until tne

peak 1in thes
development
decrease 1n
nost likely
increase in
the primary

1950's (Figurc 2)

correspolilds well with the increased

and agricultural activity within tne watershed. &
porosity indicates depositicn of coarser material

coming from the disturbance of the land.

The

diatcocm accumulation rates i1ndicates an lncrease in

productivity.

Diatom species indicative of elevated

nutrient levels found Lhroughout the sediment core suggest -hat
Druid Lake was a highly productive lake even prior te settlement
of the watershed,

1550 -

Since the 1850's

1980's when

diatom taxa

diatom accumulation rare however suggests tlat since the 15507

Present

1t increased slightly.

~he sedimentatior rate has declined antil the
This decline in sedimentacion
rate deoes not correspond to an imgrovement

in water guality. The

indicate that the Zake 1s still nutrient rich. The

4]

the level of primary produc-ivity has decreased,



Conclusions

Early settlement and agricultural activity in the watershed
significantly increased the sedimentation rate in Druid Lake
prior to the 1860°'s. During presettlement the sedimentation rate
was 0.013 gm/cm®’/yr compared to (.1 gm/cm’/yr preseatly. The
level of primary productivity also increased during this period.
The diatom taxa present throughout the sediment core indicate
that Druid Lake has peen nutrient rich since prior to settlement
and the increased wazershed activity had little influence on the
nutrient levels,

While the results indicate that Druid Lake has always been

moderately to highly productive there is still a need to control
sediment and nitrients to the lake.
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Sediment Accumulation Rate
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Porosity

Druid Lake, Washington County
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Carbon Accumulation Rate
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Druid Lake, Washington County
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Phosphorus Accumuiation Rate

Druid Lake, Washington County
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Figure 5. 1995 Upper Rock River Basin Assessment
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Druid Lake

Washington County

Analyst: M. MacDonald
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= Diatom Accumulation Rate

- Druid Lake, Washington County
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Druid Lake Washington Ceunty,

Sediment chemistry results.

SEDIMENT TOTAL TOTAL ORGANIC OMMMWWO TOTAL TOTAL YEAR

DEPTH FOROSITY PHOSPHORUS CARBON NITROGEN CARBON IRON MANGANESE (Mid}

I ug/om WT % WT % WT % ug/gm g/ gm
0-2 0.5433 1133 11.74 0.82 8.54 11785 749 1994 .2
2-4 0.9270 874 11.51 0.72 6.93 12531 743 1990.9
4-6 0.9207 810 10.91 0.69 6.70 12788 703 1586.9
6-8 0.9131 804 10.84 0.69 6.73 12231 672 1982.2
8-10 0.9043 802 11.04 0.66 6.54 11565 683 1977.1
10-12 0.8845%5 724 11.80 0.62 6.51 16002 723 1971.7
12-14 0.883¢0 770 11.59 0.63 6£.40 10801 704 1366.5
14-16 0.8876 725 12.29 0.70 F.60 10679 712 1961.9
16-18 G.8858 748 12.51 0.70 7.45 10875 732 1957.5
18-20 0.8860 753 12.53 0.73 7.886 11952 723 1353.3
20-22 0.8808 750 11.49 0.71 7.53 14273 671 1949.6
22-24 0.8785% 751 11.15 0.64 6.44 14659 686 1546.3
24-26 0.8717 744 10.86 0.62 £.21 13841 £30 1942.6
26-28 0.8715% 720 9.93 0.5%% 5.97 14026 630 1538.5
28-30 0.8623 765 5.63 0.55 5.36 16221 595 1533.7
30-32 0.8575 750 7.36 0.50 4.69 20188 583 1827.5
LI I 7 = I 1 _




Druid Lake Washington County,

Sediment chemistry resutlts.

1

SEDIMENT TOTAL TOTAL ORGANIC DMMMWW.Q TOTAL TOTAL YEAR
DEPTH POROSITY PHOSPHORUS CARBON NITROGEN CAERBON IRON MANGANESE {(Mid}
<m ug/gm WT % WT % WT % ug/gm ug/gm
32-34 0.8355 784 6.53 0.45% 4.11 21208 544 1518.3
34-386 0.8426 872 7.91 0.51 4.83 19514 568 1905.4
36-38 0.8583 914 9.72 0.63 6.22 18162 540 1886.1
38-40 0.9085 1168 15.37 1.0% 11.43 22909 5587 1863.8
40-42 0.503% 1112 16.28 1.08 13.861 20605 671 1833.2
42-44 0.5057 1151 15.38 0.3%8 10.49 20211 881 1797
44-46 0.8971 1187 14.64 0.88 3.71 20630 980 1762
46-48 0.89695 15.08 0.90 .89 20444 942 1723
48-S0 0.8806 15.61 0.85 9.52 22816 1005 1685
50-52 0.8560 14.72 0.69 9._05 22128 1030 1640
TR T O T [ T T T U o (N (N e T s [ e (N s [ 0 e
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Druid Lake Washington County, Sediment chemistry results.
SEDIMENT

SEDIMENT YEAR ACCUM. TOTAL
DEPTH FE:MN FE:P (Mid) RATE DIATCOMS

valve/gm.

cm gm/cmz/yr dry. wt.

0-2 15.7 10.4 1994.2 0.095 7.55e+08
2-4 16.9 14.3 1590.9 0.098 £.342+08
4-6 18.2 15.8 1%8¢6.% 0.0%0 4.10e+08
6-8 18.2 15.2 1982.2 0.084 6.412+08
g8-10 16.9 14.4 1977.1 0.090 6.1Be+08
10-12 13.8 12.6 1971.7 0.091 6.85e+08
12-14 15.3 14.0 1966.5 0.117 2.48e4+08
14-16 15.0 14.7 1961.9 0.120 3.88e+08
16-18 14.9 14.5 1957.5 0.135 4.79e+08
18-20 1.5 15.9 1953.3 0.131 7.62e+08
20-22 21.3 19.0 1949.6 0.180 3.08e+08
22-24 21.4 19.5 1546 .3 0.183 6.492408
24-26 22.0 18.6 1942.6 0.151 2.70e+08
26-28 22.3 19.5% 1538.5 0.156 4,90e+08
28-30 27 .4 21.3 1933.7 0.121 4.90e+08
30-32 34.7 26.9 1927.5 0.101 3.56e+08

o M % 4 or oW R o owm |
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Druid Lake,

Washington County,

Sediment chemistry results.

SEDIMENT

SEDIMENT YEAR ACCUM. TOTAL
DEPTH FE:MN FE: P {Mid) RATE DIATOMS
valve/gm.
om gm/cm2/yr dry. wht,
32-34 39.0 27.1 1918.3 0.072 3.40e+08
34-36 34.3 22 .4 1905.4 0.054 5.88e+08
36-38 33.6 19.9 1886.1 0.030 3.94e4+08
38-40 38.4 1.6 1863.8 0.022 4.30e+08
40-42 30.7 18.5 1833.2 0.013 2.06e+08
42-44 22.9 17.6 1797 0.013 4.80e4+08
44-4¢ 21.1 17.4 1762 0.013 1.8%e+08
46-48 21.7 1723 0.013 1.8972+08
48-50 22.7 le8% 0.013 3.51e+07
S0-52 21.5 1640 0.013 7.86e+06

ﬁlé ﬁlﬂ ﬁld

L L L

1

i

e B e e I e T e B e B

™

i



]lh

Druid Lake Washington County, sediment chemistry accumulation results.
TOTAL
YEAR TOTAL TOTAL TOTAL ORGANIC INORGANIC MANGANESE TOTAL
(migd) PHOSPHORUS | NITROGEN | CAREON CARBON CAREBON IRON Fe Mn DIATOMS
valves/c
m”*2/vyr
gm/m2/yr ug/cem2/yr | ug/oem2/yr (*10"7}
1994.2 1.12 8.1 115.9 84.3 31.5 11.63 0.74 7.46
1990.9 0.85 7.0 112.4 67.7 44.7 12.23 0.73 6.19
1986.9 0.73 6.2 98.4 60.4 38.0 11.53 0.63 3.69
1982.2 0.68 5.8 31.0 56.5 34.5 10.27 0.56 5.38
1977.1 0.72 5.9 99.0 58.6 40.3 10.37 0.61 5.54
1971.7 0.72 5.7 107.5 59.3 48.2 9.11 0.66 6.24
1966.5 0.90 7.4 135.6 74.8 60.7 12.64 0.82 2.90
1961.9 0.87 8.4 147.3 91.2 56,2 12.81 0.85 4.66
1957.5 1.01 9.5 168.6 100.4 68.2 14.66 0.99 6.46
1953.3 0.98 9.5 163.7 102.7 61.0 15.61 0.94 9.96
1549 .6 1.35 12.7 206.7 135.4 71.2 25.67 1.21 5.53
1946.3 1.38 11.7 204.3 118.0 86.3 26.856 1.26 11.89
1942 .6 1.12 9.4 163.8 93.7 70.1 20.88 0.95 4.07
1838.5 1.13 9.2 155.3 93 .4 61.9 21.95 0.99 7.66
1933.7 0.93 6.6 104.4 64.8 39.6 19.70 0.72 5.93
1927.5 0.75 5.0 74.1 47.2 26.9 20.32 0.59 3.58
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Druid Lake, Washington County Sediment chemistry accumulation results.

YEAR TOTAL TOTAL TOTAL OMMMNWO INORGANIC MANGANESE TOTAL

{mid) PHOSPHORUS NITROGEN CARBON CARBON CARBON IRON Fe Mn DIATOMS

valves/

cmt2/YY

gm/m2/yr ug/cm2/yr | ug/cn2/yr {(*10°7)
1918.3 0.56 3.2 46.7 29.4 17.3 15.18 0.35 2.43
1205.4 0.47 2.7 42.6 26.0 16.6 10.51 0.31 3.17
1886.1 0.28 1.% 29.3 18.8 10.6 5.48 0.16 1.19
1863.8 0.26 2.3 34 .4 25.5 8.8 5.12 0.13 0.96
1833.2 0.14 1.4 21.2 17.7 3.5 2.68 0.0% 0.27
1797.3 0.15 1.3 20.0 13.6 6.4 2.63 0.11 0.62
1762.0 0.15 1.1 19.0 12.6 6.4 2.68 0.13 0.25
1723.4 1.2 15.6 12.9 £.8 2.66 0.12 0.26
1684.8 1.1 20.3 12.4 7.9 2.97 0.13 0.0%
1640.0 0.9 19.1 11.8 7.4 2.88 0.13 0.01
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