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ABSTRACT

Potential sources of pollution to Lulu Lake were assessed. Estimates of

‘external and internal loadings were focused on phosphorus (P) using mainly
“literature data. The ma jor source of total P loadiug to the lake was nonpoint
sources with agriculture being the main contributor. Although the potential
for nonpoint P loading was high only small amcunts were delivered to the lake
because of efficient trapping of sediments and associated pollutants by
wetlands and other depositional areas in the watershed. Contribution from
swimming was minimal but significant from internal cycling. Current chemical
data indicated little change in the good water quality of the lake over the
a'past 20 years. Recommendations were made to preserve the relatively pristine

conditions of the lake.
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INTRODUCTLON

The Wisconsin Department of Natural Resources (WDNR) has prepared a

conceptual master plan to manage a unit of the southern Kettle Moraine State
Forest. The plan preserves and enhances high quality natural and scenic
resources of the Lulu Lake area while providing compatible rzcreational,
environmental education and research oppovtunities (WDNR, 1983a). A project
was Initiated between WDNR and the Water Resources Center, University of
Wisconsin-Madison (WRC) to (1) evaluate the potential impact of swinming and
boating activities on the water quality of Lulu Lake, (2) deteruine sources of
pollution in the lake'’s watershed and fdentify critical land uses that need
future improvement and/or long-term protection, (3) develop a phosphorus
budget for tﬁe lake and (4) investigate the status of beach contamination in
Wiscongin.

Quantitative and qualitative assessments of the impacts of swimming and
boating and land use on the water quality of Lulu Lake were based principally
on literature data. Land use information was obtained from Southeastern
Wiscousin Reglonal Planning Commission (SEWRPC) alr photos taken in 1975 and
1980. Additional information was obtalned by persconal contact with personnel
of WDNR, SEWRPC and Soil Conservation Service (Walworth County). The lake was
sampled in April 1986 to determine 1ts current water quality. Beach contam—
ination in Wisconsin was investigared through questionnaires sent to environ-

mental health officers In selected c¢itles and countlies.







SUMMARY AND CONCLUSIONS

The potential impact of water~based recreational activities, particularly
swimming, on the water quality of Lulu Lake was evaluated. 1In addition,
sources of pollution Iin the lake's watershed and critical land uses that need
to be improved and/or protected wevre identified. Assessments were based
mainly on literature data supplemented by information and observations
provided by local, reglonal, state and federal agencies and shoreline property
owners.

Pollutants can reach Lulu Lake from external and internal sources.
External sources include land runoff, wastewater discharges, the atmosphere
and groundwater. In-lake processes, such as thermal stratification and
sediment resuspension, can regenerate avallable pollutants from sediments.
This provides internal loading to the lake water. Estimating the pollutant
load to the lake focused mainly on phosphorus (P). This element 1is the most
limiting to the growth of algae and nuisance aquatic weeds and is easier to
control than nitrogen.

The major source of total P to Lulu Lake is external loading from
nonpoint sources (64%), 1i.e. land runoff from the wvarious land uses in the
watershed (see ple chart). There are no wastewater discharges (polnt sources)
to the lake but the potential for nonpolnt loading is high. However, only
about 120 kg/yr or 9% of P from nonpoint sources is estimated to reach the
lake. This estimate Is based on the assumptions that (a) only land uses
within the 400-m corridors along streams, drailnage channels and the lake are
contributing areas and (b) that delivery ratio of pollutants is low because

the morainal type drainage pattern, artificial impoundments and extensive




Nonpoint sources, 64%

Agriculture, 52%
Atmosphere, 5% XA
Woodland, 4%

Urban, 3% A

Septic system,0.2%

Swimming, 5%

Internal cycling, 31%

TOTAL P LOADING 1S90 kg/yr

ﬂz1xﬁétlands upstream from the lake are very efficient at filtering and trapping
- ‘gediments and P. Agricultural land uses contribute most of the monpolnt

_1ﬁédiﬁg; row croplands and barnyards are the likely major sources.

BSwimming affects water quality by direct inputs of nutrients and fecal

- bacteria from bodies of swimmers and release of pollutants and increased
'_fﬁrﬁidity'from sediment resuspension. Estimated P inputs from 160 swimmers
'  ;éhd from sediment resuspension would amount to 10 kg/yr or 5% of the total

" loading (see pie chart). 1In the proposed swimming beach, 160 swimmers/day

would contribute minimal P loading to the lake. Direct bacteria input from
swimmers may elevate concentrations in the water but only for short periods
because of die off or dispersal through the lake. The effects of swimmers.on
recreational water quality are influenced by density of swimmers, frequency of
swimming éctivity, type of lake bottom and ratio of swimming beach to lake

area.




Potential exists for sediment resuspension in the shallow areas of Lulu

Lake from boating activitlies. However, nutrient release or increased
turbildity 1s likely negligible because boating is limited.

Although nonpolnt sources contribute most of the P loading to Lulu Lake,
significant amounts of P (31%) can be regenerated from the bottom sediments
during thermal stratification of the lake (see pie chart).

Using a predictive model (p. 28) an "average" value of total P concentra-
tion for Lulu Lake was 0.0205 mg/l. This is in excess of the measured values
(<0.02 mg/1) probably becuase the model overestimates some componrents. The
measured value should be further refined since methods are available to
estimate P down to 0.004 mg/l. However, values of dissolved orthophosphate P
of <0.004 mg/l were measured. From data for many lakes the orthophosphate P
usually comprises about 40% of the total P. Based on this estimate the total
P in the lake water column would be <0.01 mg/l.

Limited chemical data along with visual observations have indicated
little or no change in the good water quality of Lulu Lake over the past 20
years. A water quality index was prepared by Lillie and Mason (1983) for
Wiscongin lakes based on water clarity, chlorophyll-g and total P. The index
clasgification ranged from very poor to excellent in 6 categories. Consider-
ing these three parameters, the existing water quality index for Lulu Lake is
"good" for clarity and chlorophyll-g and "very good” for total P. The low
total P content (calculated to be <0.0l mg/l1) in the lake indicates that P
on movement 1s limited due to the efficient trapping of sediments and associated

of pollutants by the extensive wetlands, the morainal drainage type pattern and
impoundments 1in the watershed. Present land use patterns and population in

the watershed 1s expected to remain virtually the same for the next 20 years.




This trend will have little or no impact on the current water quality of the
lake.

Lulu Lake is relatively pristine because entry of nonpoint source
pollutants is maturally buffered by extensive wetlands and other depositional
areas. To preserve the good water quality of this lake the following
recommendations are made:

1. Loading estimates for Lulu Lake represent a "first cut” attempt and
values need to be refined by a monitoring study and investigation of
internal nutrient regeneration.

2. The magnitude of the impact of wetlands and impouadments in
"cleaning” the runoff generated from the watershed should be
investigated to demonstrate natural ways by which lake water quality
can be protected or enhanced.

3. Lulu Lake should be included as one of the lakes covered by the
Baseline Lake Assessment Program of WDNR so that its water quality
could be more thoroughly evaluated.

4, TLakeshore development should be minimized.




STUDY AREA

Lake Description

Lulu Lake--located in the Town of East Troy, Walworth County, Wisconsin—-

13 a small (34 ha) but moderately deep (maximum 12 m) kettle lake (WDNR,

1969). 1Its kettle shape is slightly modified by encroaching marsh areas to
the north and west shores. It iIs a drainage lake with no impounding struc-
ture, although the lake's level may be influenced by Eagle Spring Lake, a man-
made lake located approximately 1.6 km to the northeast. A low—gradient
channel connects Lulu Léke with Eagle Spring Lake. The channel is navigable
by motorboat and is currently the principal means of access to Lulu Lake.
Figure 1 shows the depth contour and characteristics of the lake bottom
and immediate surrounding area of the lake. Hydrographic and morphclogic data
of the lake are presented in Table 1. Marly sand and gravel predeminate in
about 72% of the nearshore areas. The remainder is fairly well consclidated

marl associated with the inlet area. About 35% of the shoreline is bordered

Table 1. Hydrography and morphology of Lulu Lake

Watershed area (including lake), ha 3,740

Lake surface area (ha) 34

Shore length (km) 3.86
Maximum depth {(m) 12.1
Mean depth (z), m 7.32
Lake volume (m3) 2.48 x 10°
Lake area < 0.9 m (%) 10

Lake area > 6.1 o (%) 63
Hydraulic residence time (1), yr 0.55
Ratio of watershed area to lake area 108:1
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by wetlands. The mean depth (7.32 m) is mere than half of the nmaximum depth
"and over 637 of the lake has water deeper than & w. The hydraulic residence

time (exchange time) is about 0.55 yr, or a flushing rate of 1.8 times/yr.

Lake Use. Lulu Lake offers a varlety of fish gpecies and 1s one of the
finest fishing locatlons in the Fox River watershed. The lake's limited
access curtails fishing to some degree. Recent estimates Indicate that on
average three to four fishing boats per day (15 to 25 hp) are present on the
lake, for a total of about 580 hoats from May to September {Schumacher, 1986).

Pleasure hoating also 1s limited. An average of two to three pleasure
boats are estimated to be on the lake per day, for a total of about 470 boats
{(including canoes) for the boating season (Schumacher, 1986). About 065% of
the boats are motorized {25 to 50 hp), mainly of the pontoon type. Water
skiing 1s very restricted because the speed limit on the lake is limited to 8
km/hr. Because of the size of the lake it cannot support high speed power
boats.

Presently, there 1s no swimming facility at Lulu Lake. A suitable
swimming beach area 1s avallable along an 85-m stretch of lake frontage on the
northeast shoreline of the lake. The remainder of the shoreline is not suited
for swimming because of the mavrsh areas to the west and the high banks to the
;% f east. Additionally, except for the northeast nearshore which has a sandy
f bottom, the rest of the nearshore bottom is somewhat marly and swimming
produces turbid water.

Development along the lake shoreline is minimal. Four homesites are

located on the east lake frontage and a trailer court is maintained by a

1000 . ..
000 rescrt on the south shore. Their close proximity to the lake makes them

potentlial sources of pollution. Additional homesites are possible above the

east slope and a portion of the west shore is occupied by a Travemnol

9




Laboratories building, but the remainder of the shoreline does not have

suitable soils for construction.

Aquatic Plants and Algae. Observations in 1967 revealed the extent of

rooted aquatic plant growth along the nearshore area of Lulu Lake (WDNR,
1969). The general distribution of submergent, emergent and floating leaved
vegetation is presented in Fig. 1. (harag was the predominant plant and exaept'
for the southern shore covered the bottom in most areas less than 15 m deep. :
Sedges ((Cyperaceae) were abundant along the shoreline. The remaining aquatic.
plants were scattered, with Myriophyllum (watermilfoil) dominating the west-
central shoreline, while the southern shore had some scattered patches of
Najas flexilis (bushy pondweed). Small and moderate amounts of plants found:
to a depth of 5.8 m included Nitella, Ceratophyllum (coontail), Vallismeria:
(wild celery), and Potamogeton pectinatus (sago pondweed).
Algal blooms were extremely rare in 1967 (WDNWR, 1969). Recent observa-

tions (Francis, 1986) also indicate no apparent algal blooms.

Drainage System

The lake drains a watershed of 3,740 ha by way of a narrow channel in’
marshland to Eagle Spring Lake, Waukesha County. The watershed's relief f
moderate, with the headwaters of its inlet stream lying about 18.3 m abové:t
lake surface. Surrounding hills rise to about 15.2 m above the lake surfgc
Numerous springs are found in the headwaters, many of them have been modi
by property owners to provide small recreational impoundments on their ﬁfq
erty. Other water features found in the headwaters are small kettle laﬁe
bogs. There are 16 impoundments and kettle and bog areas in the wateréﬁ

A 4-ha impoundment located in the northwest quarter of Section 4 &gs

formed by damming a tributary of the Mukwonago River (Fig. 2). This trib

10
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Fig. 2. Drainage system of the Lulu Lake watershed.




drains the upper half of the watershed which is primarily agricultural. Below
this impoundment, 1.e., the lower half of the watershed, is an 8-ha kettle
lake in the northeast part of Section % and a 5-ha seepage impoundment in the
north-central portionm of Section 10. A l-ha seepage impoundment is located in
the center of Section 3, just on the major spring area of the Mukwonago

River. Flow from this spring area is estimated to be 5.95 m3/min and contri-
butes the major baseflow in the Mukwonago River, which ultimately feeds Lulu
Lake. East and southwest of Lulu Lake are tamarack bogs with areas of 1 and 2
ha, respectively. The tributary streams and the Mukwonago River meander
slowly through a marshy valley bottom. These scattered impoundments and
kettle and bog areas, together with extensive marshy streambanks, probably
have a strong Influence on the quantity and quality of overland and stream

flows.

Climate and Hydreclogy

Data for the Burlington, Whitewater and Waukesha reporting stations in
southeastern Wisconsin approximate the precipitation and tempetvature condi—
tions around the Lulu Lake area. An example of these data is given in Table 2.
for 1984. About 46% of the annual precipitation (93 cm) fell from May to
September when vegetative growth occurs, 32% in fall (October to December) and
22% as snow in winter or rain in early spring (January to April) and is
expressed as spring runoff. Streams in this region have been observed to
discharge at above normal rates about 30%Z of the time, mostly during the
spring runoff period (WDNR, 196%).

The average annual precipitation for the last 10 years (1976 to 1985) is-

3 of water fell on the watershed each year. Table

88 cm; or about 3.3 x 107 m
3 presents some hydrological data for Lulu Lake based on an earlier estimate”

(WDNR, 1969). About 227 of the total precipitation reaches the lake as

12



2%
°14

**Pracipitation of 0.254 cm (%.10 inch) or mere.

B
Table 2. Climatological data for Lulu Lake area——1984%
Precipitation (em) Days with rain*# Temperature {(°C)

Month Burlington Whitewater Waukesha Burlington Whitewater Waukesha Burlington Whitewater Waukesha
Jatn. 1.9 1.3 1.4 3 1 1 -9.1 -9.5 -7.9
¥eb. 4.1 2.8 2.5 5 3 -0.56 -0.39 0.17
Mar. 4.6 3.6 4.1 7 6 4 -2.7 -2.7 -2.1
April 12 3.9 11 12 13 13 6.8 7.9 7.7
fay 10 14 12 14 15 13 12 13 13

©  June 10 8.1 11 11 10 11 20 20 21
July 6.9 6.9 7.6 8 9 6 21 21 22
Aug. 6eb 3.6 7.1 4 9 22 22 23
Sept. 7.3 i0 6.9 8 7 8 16 16 16
Oct. 13 17 14 13 16 16 11 11 12
Nov. 8.6 11 3.1 3 9 7 2.8 2.9 2.9
Dec. 7.1 5.1 9.9 3 7 12 -2.3 -2.5 ~2.1
Total 9% 92 96 104 100 pRIEY 3 8.3 8.2
*Source: Climatclogical Dai... Wisconsin, NOAA National Data Center, .[.heville, N.C.



Table 3. Annual water budget for Lulu Lake watershed

Source o %
Precipitation 3.3 x 107 100
Surface runoff at lake outlet 7.2 x 10° 22
Evaporation from water surfaces 5.8 x 105 1.8
Evapotranspiration from wetland 4.5 x 10° 14
Evapotransplration from land surface 1.5 x 107 45
Groundwater recharge 5.9 x lO6 18

runoff. High water loss (59%) occurs through evapotranspiration from wetlands
and land surfaces. Approximately 18% represents groundwater recharge. A part

of the groundwater recharge may become baseflow during non—-storm events. With

a spring flow of 5.95 m3/min, baseflow would amount to about 3.13 x 10° ma/yr.

Physiography/Geology

The 3,740 ha of the Lulu Lake watershed lie in the Wisconsin eastern
ridges and lowlands geographical province (Martin, 1916). The area is typical
of kettle moraine topography, with broad areas of ground moralne and outwash
deposited by the retreating Wisconsin age glacier interspersed with steep-
sided, kettle-shaped depressions. These depressions remain open as kettle
lakes or they have been partially filled with sediment and organic deposits
since the retreat of the ice sheet. The land surface is the product of the
continental glaciers; glacial deposits have modified and masked the bedrock;
topography in the watershed. The watershed lies on the Niagara dolomite

upland.

Soils
Soils within the watershed exhibit a variety of characteristics which ma
limit their use and vary the potential impact on water quality. Surface so

texture, slope and landscape position are important indicators of potenti_

14



erodibility. Figure 3 shows the soll groups within the watershed in relation
to these indicators. BSoil informatlion was obtained from the Foil Survey of
Milwaukee and Waukesha Counties, Wisconain (1971) and Soil Survey of Walworth
County, Wisconsin (1971).

Bottomland solls in the watershed are 1in landscape positions which
recelve runoff and assoclated sediment. Within the watershed these are mainly
organic solls formed from well-decomposed plant material. Examples are the

Houghton muck and Palms muck.
ds Upland soils may generate sediment, depending on land use and management.
' Gently sloping, upland soils are formed in glacial drift or loess (wind-blown
e silt) overlying drift. These soils, on slopes of 0 to 6%, generally have a

& low erosion hazard. Solls formed In drift with loam surface textures include
the Casco loam, Fox loam and Warsaw loam. Soils formed in loess generally
have silt loam surfaces. Examples are the Fox silt loam and St. Charles silt
cal loam.

Solls formed in drift on the uplands have surface textures that range
from sandy loam to sand, which have a lower water erosion hazard than loam or
11t loam. Within the watershed these include the Boyer lcamy sand, Chelsea
fine sand and Fox sandy loam, among others.

Moderately sloping soills of the uplands are also formed in loess or drift

found on 6 to 12% slopes. These solls have a moderate erosion hazard, are

loam to sandy loam In texture and include the Casco soils and Miaml loam.

Soils with silt loam surfaces and a slightly greater erosicn hazard include

the Fox silt loam and McHenry silt lcam.

Strongly sloping to steep upland areas contain soils formed in loamy to
may
gravelly drift. These are on slopes greater than 12% and ranging up to about
1

15
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45%. Commonly occurring soils include the Casco loam and sandy loam, and the

Rodman gravelly loam. These solls have a high erosion hazard.

Land Use
Land use for the watershed area was measured using SEWRPC delineations g
and aerial photographs for 1975 and 1980. Land use divisions useful for

assessing the impact on water quality are shown in Table 4. Urban land use

consilsts malnly of unsewered single family residences and roads, but there are
some commercial, industrial and recreational areas. ERural land use was
divided into the following: row crops, non-row (hay, grain and vegetable)

crops, pasture, farm buildings, wetland, unused rural, landfill/dump, woodland

Table 4. Land use within the Lulu Lake watershed

1975 1980 2000%*
Land use ha % ha A ha %
Urban (including
recreational) 207 5.5 286 7.6 378 10
Recreational 36 1.0 33 0.9 90 2.4
Rural
Row crops 1,295 35 1,183%% 32 1,156 31
Non-row crops 379 10 34 3%% q.2 340 9.1
Pasture 508 14 430 12 426 11
Farm buildings
(no livestock) 26 0.7 347 0,97 34 0.9
Farm buildings
(with livestock) 11 0.3 - - - -
Wetland 451 12 455 12 456 12
Unused 127 3.4 280 7.5 262 7.0
Landfill/dump 0.4 0.01 1.1 0.03 1.1 0.03
Woodland 674 18 663 18 610 16
Surface water 62 1.7 65 1.7 64 1.7 [
Total 3,740 100 3,740 100 3,740 100

*Assumes 94 additional dwellings from 1980 at an average of 0.36 ha per
dwelling and that the WDNR master plan has been implemented.

**The divislion between row and non-row crops was not avallable for 1980. This
number 1s estimated from the 1975 ratio hetween row and non-row crops.
Includes buildings with and without livestock.

_.8nils. aof.

%

4
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and surface water. It should be noted that the division between row and non-
row crops was available only for 1975. The 1975 data were used to estimate
the percentage of the cropland deveoted to row vs. non-row crops in 1980,
Twelve livestock operation areas were identified in 1975, one of which was
located 152 m from a stream and one 400 m from a stream (SEWRPC, 1979).
Update 1n 1986 shows two livestock operations are within 400 m of a stream
(St. Ores, 1986).

In 1975, nearly 60% of the land within the Lulu Lake watershed was in
agricultural use. About 35% of the watershed was used for row crops and 10%
used for non-row crops. Nearly 14% was in pasture and almost 17 of the area
contained farm buildings. Other rural, non—agricultural uses accounted for
about 357% of the watershed area. Woodland comprised about 18% of the water-
shed, wetland about 12%, and surface water nearly 2% of the area. Approxi-
mately 37 was unused.

Urban land uses took up about 5% of the watershed in 1975. These uses
are malnly single-family residential and roads. The low density residentiall
areas were unsewered. Recreational uses are included in the urban division.
Alone, recreational uses comprised nearly 1% of the watershed area.

The 1980 land uses within the watershed did not change greatly from thé
1975 uses. Urban uses increased to nearly 8% of the watershed area. Recre.
ational uses did not significantly change. Agricultural uses decreased.
Nearly 32% of the watershed was used for row crops and about 9% for non-trow
crops. Pasture use was down to about 12%. About the same percentage
contalned farm buildings {(1%). Unused land area increased to >7%, whilei&t
rural uses did not change signficantly. |

Land use In the watershed for the year 2000 was estimated by assumiﬁg

that current trends would continue (a slight increase in urban uses at the

18



expense of rural) and that the WDNR, Lulu Lake, Mukwonago River Unit Master
Plan would be implemented. Tt wasg estimated that the number of single-family
residences would Increase by 94 units between 1980 and 2000 and that these
would occupy an average of 0.36 ha each. Tt is estimated that agricultural
uses In the watershed will account for about 52% of the area, little changed
from the 1980 figures. Woodland and unused rural land area are expected to
decrease slightly. Urban land uses are estimated at about 10% of the water—
shed area 1n 2000, about one—quarter of which will be recreational uses (2.47%
of the watershed). The actual figure in 2000 will depend upon wany factors,
including the local economy and the actual amount of State ownership of land
within the watershed.

Land use for 1980 is illustrated in Fig. 4. Urban, cropland, pasture,
woodland, unused rural wetland and surface water divisions are shown, as well

ag the locations of farmsteads with livestock.

Population
Estimates of the population within the Lulu Lake watershed for the years

1970, 1975, 1980, 1985 and 2000 are shown in Table 5. Treuds in residential

Table 5. FEstimated population within the Lulu Lake watershed

Number of dwellingg* Estimated population#**
1970 138 472
1975 171 585
1980 229 783
1585 243 831
20007 323 1,105

*Number of dwellings as counted on SEWRPC aerial photopgraphs,
scale 1" = 400°'.
**Population estimated as 3.42 persons per dwelling unit

(SEWRPC, 1679)
For the year 2000, the number of dwellings was estimated by
asgumling an increase of 10% over 5 years.
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growth were estimated by counting the dwellings in the 84 quarter sections
within the watershed and calculating the percentage increase per 5-year
interval until 1985. The approximate number of dwellings within the watershed
boundaries was found using the percentage changes and the tally for 1975 (171
dwellings). The counting was done on SEWRPC aerial pholLographs at a scale of
1" = 400",
Watershed population estimates were based on the number of dwellings. It
is assumed that there are approximately 3.42 persons per dwelliang (SEWRPC,
- 1979).

For the year 2000, it was estimated that the number of dwellinge would
increase by 107 over 5 years. This is an arbitrary estimation and the actual

_number of residences will depend on many ecconomic factors and land ownership

patterns.







SOURCES OF POLLUTION

Wastewater disposal, land drainage, land use activities in the watershed,

“ntensity of use of water—~based recreational facilities and in-lake processes
‘have an impact om the water quallity of a recreational lake. Pollutants can
ignter TLulu Lake from external and internal sources. External sources include
;Jand runoff, wastewater discharges, the atmosphere (przcipitation and dry
‘fallout) and groundwater. In-lake processes, such as thermal stratification
‘and resuspension, can regenerate pollutants that have settled in the sedi-
Tments, thus providing internal loading to the lake water. Estimation of
:pollutant loadings is focused mainly on phosphorus (P) since this element is
‘most limiting to algal and aquatic weed growth. Phosphorus, along with
nitrogen (N} are singled out as the major promoters of lake eutrophication.
However, P is considered more manageable because it is added primarily from
allochthonous (outside) sources. WLiterature values ware heavily relied on to

arrive at estimated loadings.

" External Loading

Nonpoint sources of pollution are major contributors of contaminants to
waterbodies (Novotny and Chesters, 1981). Water quality mnanagement planning
must include delineating those lands and land use activities in the watershed
that pose the most severe threat to receiving waters. Information on the
extent of the areal pollution source and the attenuation of pollutants during
delivery between the source and the recelving water is nceded to define these
"hazardous"” lands in the watershed.
Nutrient loadings from nonpoint sources are associated primarily with

land runoff followliung precipitation in the watershed. Under a given
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climatological regime, specific land use types yield or export characteristic
quantities of nutrients to a downstream waterbody. Annual total P and N
loadings to a stream or lake from nonpoint sources can be estimated if the
area of each land use in a watershed and the gquantities of nutrients exported
per unit area of thege land uses are known. Several investigators (Reckhow ef
al., 1980; Rast and Lee, 1983) have compiled and assessed nutrient export
coefficlents~land use relationships from the literature. They have used the.
export coefficients to estimate nutrient loadings for lakes. The Reckhow gt
al- {1980) approach of selecting P export coefficients for given land uses is
largely subjective. The user must rely mainly on matching specific land-us
characteristics in the watershed of interest with those for which export
measurements are available {Table 6).

Table 6. Phosphorus export coefficients (kg/ha—-yr) adapted from Uttormark
et al. (1974) and Reckhow et gl. (1980)

Level Agriculture Forest Precipitation Urban
High 3.0 0.45 0.60 5.0
Mid 0.40-1.70 0.15-0.30 0.20-0.50 £.80-3.0
Low 0.10 0.02 0.15 0.50

*kg/capita-yr.

Rast and Lee (1983) developed generalized nutrient export coeffici
based on broad land-use categories applicable to large parts of the ﬁh;
States (Table 7). Sonzogni 2+ gl. {1980) summarized unit area loadings
various rural and urban land uses derived from eight pilot watersheas
in the Canadian and United States portions of the Great Lakes basi
monitoring study in the Menomonee River watershed showed that in éi
predominantly agricultural subwatershed the total P and soluble P?

ranged from 0.30 to 0.75 and 0.15 to 0.26 kg/ha-yr, respectivelyi(Ba
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Table 7. Phosphorus export coefficients (Rast
and Lee, 1983)

Land Use Total P (kg/ha=-yr)
Urban - 1.0
Rural/Agriculture 0.3
Forest 0.05-0.1
Atmosphere® 0.25

*Atmospheric load consilsts of precipitation and

dry fallout directly onto the surface of a

waterbody.
et al., 1984). This subwatershed consisted of 447 row crops, 30% pasture and
small grains, 10% woodland, 0.6% feedlots, 2.3% wetlands and 11% urban land.

Estimation of external loadings of P arising from various land uses in
the Lulu Lake watershed is based on the }980 1an§wpse inventory of SEWRPC. As
presented in an earlier section (Land Use), the watershed (3,746m£é)7éonsists
mainly of agricultural lands (53%), followed by woodlands (18%), wetland
(12%), urban lands, primarily unsewered single family residential (7.6%) and
unused lands (7.5%). The agricultural portion is predominantly row croplands
comprising 32% of the watershed, while non-row ctrops, pasture and livestock
operation areas occupy 9, 11 and 0.27% of the watershed, respectively.

A range of P export coefficients presented above (Tables 6 and 7) is
expected because of the variability of sources due to watershed topography and
geology, erosional patterns, and intensity or type of land use. The coeffi-
clents selected for Lulu Lake are given in Table 8. They represent "most
likely"” unit loading for each land use based on evaluation of literature
information and knowledge of the existing land use and land use activities in

the watershed. The "low" value for the urban area is attributed to the

primarily low density residential nature of the land use with large lots and
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Table 8. "Total P export coefficients (unit locadings) selected for Lulu Lake

Land use/source Total P (kg/ha-yr) Reference

Urban 0.20 Bannerman gt al. (1984)

Agriculture* 0.50 Recikhow gt aql. (1980), Rast and Lee
(1983), Bannerman et al- {1984)

Woodland 0.05 Reckhow gt g1. (1980), Rast and Lee
(1983)

Septic system* 0.40%% Reckhow gt 1. (1980)

Atmosphere 0.25 Reckhow et a?l. (1980), Rast and Lee
(1983)

*According to SEWRPC (1979) inventory in 1975 about 968 animal units were
found in 11 ha or 88 units/ha. The human population in 1975 was 585 living
in 171 dwellings or 3.42 persons/dwelling. Thirty-six dwellings had septic
systems located in soils with severe limitations.

**%kg/caplta-yr.

extensive grassed areas. Note that the agricultural land uses are lumped wit
an export coefficient of 0.50 kg/ha. This value is considered conservative
since the extensive row croplands and presence of livestock operation areas
may Increase the unit loadings. Two livestock operations in the Lulu Lake
watershed are located within the 400~m_corriQpr of the drainage network.
Also, some pasture lands (grazing) are present in sloping areas adjacent to
the tributéry streams. It was found during pilot watershed studies in thef
Great Lakes basin that livestock operations including feedlots contribute
about 20% of the agricultural load of soluble P {(Sonzogni et al., 1980).
Pastures, non-row cropland and vegetated unused lands would contribute mu;h
lower loadings. Wetlands were assumed to contribute little or no P to the’
lake but act as sediment and nutrient traps. The importance of groundwat_
the nutrient budgets of lakes is poorly understood and attempts to quantif
groundwater seepage contribution are difficult. Based on some estimateéio

Lake Mendota in southeastern Wisconsin, groundwater represents about 33%.

the water that enters the lake but it is low in nutrients, and is not a:
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significant source of P (Brock, 1935). From a nutrient loading standpoint
Lulu Lake can be considered a drainage lake. Baseflow, which is similar to
groundwater seepage during non—storm events, may also be a source of P but
input is not quantified in the study.

The estimated potential annual lcading of total P from nonpoint sources

to Lulu Lake is about 1,280 kg (Table 9). About 90% of the external loading

Table 9. Total P loadings from nonpoint sources

Area . Total P
Land use/source ha % kg/yr %
Urban 286 7.6 57 4.4
Agriculture* 2,270 61 1,135~ 88
Woodland 663 18 33 2.6
Septic system 123%% 49 3.8
Atmosphere 34t 0.9 9 0.7
Total 3,740 88 1,283 100

*Includes unused land (280 ha) and area devoted to livestock
operations (10 ha).
*#*Number of persons.
Area of lake.
is contributed by agricultural land uses; row croplands and livestock opera-
tions are probably the major sources. The “average" total P concentration of
the lake can be predicted usiang the éﬁpirical input-output model developed by

Reckhow (1979%a}: (; Sw“k.wAMJ%Aj | oench

e . A
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where, on an annual basis,

1

P lake phosphorus concentration (mg/l)

annual areal phosphorus loading (g/mz—yr of lake surface)

It

L
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v_ = apparent settling velocity (m/yr) 11.6 + 0.2 q, (Reckhow, 1979b)

q; = annual areal water loading {m/yr)
Q = annual volume rate of water inflow (or outflow) to lake (m3/yr)
A = lake surface area (m2)

z = lake mean depth (m)
T = hydraulic detention time (m/yr).

The equation can be written as:

The "average" total P concentration for Lulu Lake based on external loadings
drainage and lake characteristics is estimated at 0.135 mg/l.

The predicted total P concentration is more than seven times higher tﬁa
the measured concentration (<0.02 mg/l) in the lake (see section on Water;
Quality). Because the size of the watershed is large relative to the lake:
area (108:1) perhaps portions of the potential P loadings do not reach tﬁé
lake. The amount of P from land uses directly draining to the lake and f;om
land uses close to the tributary streams is probably higher than inputs ff
land uses further away. The impact of land drainage on the lake dependsk_

the distance of the source to the receiving water and on the processes

occurring during overland and stream flows. In addition to distance, sich

, factors as slope, vegetation, soil type, depressions or bottomlands, ing

{'wetlands, perviousness and land use activities determine the amounts of:
Unutrients transported to the receiving streams or lake. Thus, several fa
i determine the delivery of pollutants from the source to the receivingiwa

body.

Phosphorus-is associated with sediment and its transport during sur
runoff is intimately related to sediment delivery (Novotny and Chesters
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1981). As much as 40 to 60% of total P in runoff is associated with particu-
lates (Sonzogni et al., 1980; Bannerman gt al., 1984; Brock, 1985). Sediment
delivery 1s the proportion of eroded material transported to a receiving
waterbody expressed as a ratio ranging from O to 1.0. TIn a study of the
Koshkonong Creek (Water Resources Management Workshop, 1982), sediment
delivery was determined by applying delivery ratios to the soill loss occurring
within 400 m of any ditch or channel in the drainage network. It was assumed
that erosion occurring beyond 400 m would not be delivered to a receiving
waterbody. The WDNR 1s using a 400-m corridor im its rural nompoir® source
inventory program to locate critical socurce areas (WDNR, 1985bL). This type £
inventory was conducted Iin the Turtle Creek watershed in Walworth and ‘ock
Counties (WDNR, 1984). Roehl (1962) studied the relationship of sediment
delivery ratlo and watershed size. Sediment delivery tends to decrease as
watershed area increases because sediment {s transported over a greater
distance and there 1s more cpportunity for sediment to be deposited enroute.
The estimated delivery ratio of total P in a predominantly agricultural
subwatershed of the Mencmonee River watershed was Q:iik(Novotny et al., 1979).
The local topography and morainal drainage network of the Tulu Lake
watershed could tremendously reduce sediment delivery (hence total P), partic-
ularly in the upper portion of the watershed. Surface runoff traverses a
series of wetlands, depressions (kettles and impoundments) and other depo-
sitional areas before entering the lake. The upper 50% of the watershed,
which 1s mailnly agricultural, is above a dam. An extensive wetland area is
found in the lower portion of the watershed. It 1s apparent that these
wetlands, kettles and lmpoundments provide excellent filtration or trapping of
sediments during runoff, thus minimizing the amounts of P transported. Total

external loadings based on aggregation of inputs from each land use in a large
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watershed may be overestimated. In a large watershed with land that is mostly
pervious like agricultural areas, a significant portion of those nutrients
attached to sediments or particulate matter may be filtered from the runoff by
vegetatlon, or redeposited during overland and stream flows or in Intermittent
stream channels (Novotny et al., 1986). Thus the actual amounts of nutrients
reachling a waterbody can be much less than those generated in the upland
sources (il.e., delivery ratio is <1}.

Wetlands are able to improve water quality by removing pollutants through
plant uptake and sediment deposition. Sediment deposition may be responsible:
for much of the pollutant trapping in wetlands (Johnston et al., 1984). This
removal mechanism is more permanent than plant uptake because most of the
pollutants taken up by herbaceous vegetatlion are released when the vegetati@
dles and decomposes. Sediments are capable of transporting adsorbed
nutrients, pesticides, heavy metals and other toxins. In wetlands where tﬁéxe
is little reworking of sediments, particulate deposition can result in .
virtually permanent removal of most pollutants (Boto and Patrick, 1979).
Significant amounts of nutrients could also be removed when dissclved
components are scavenged by the depositing sediments, due to the affinity
nutrients and various toxic materials for sediments (Oschiwald, 1972). :

The magnitude of nutrient removal by wetland deposition has been ést
mated In a few quantitative studies. Based on sediment accretion rateé
Loulsiana tidal marsh, DeLaune et agl. (1978) calculated annual streamsi;
removal rates of 2.10 g/m2 fer N and 1.65 g/m2 for P. Using mnet sediﬁé
rates, Johnston et gl. (1984) estimated annual accumulation of 2.0.ké.
sediment/mz, 2.6 ¢g P/m2 and 12.8 g N/m2 in a seasonally flooded lakés
wetland in northeastern Wisconsin. Mitsch et gl. (1979) reported ﬁig

annual deposition rates for both sediment (5.6 kg/mZ) and P (3.6 g[mz
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iy floodplain swamp along a major river containing high sediment loads in
southern Illinois. Treatment of urban runcffl by wetland filtration indicates
that about 60 to 80% of the total P is retained in the wetland (Wenck, 1981,
Barten, 1983; Weildenbacher and Willenbring, 1983).

Total P input from land runoff can be modified by assuming (1) that 400-m
corridors along streams, channels and lakes are contributing areas; about 38%
(1,250 ha)* of the watershed (except wetlands) is within these corridors and
gh (2) that there 1s 70% trapping of total P by wetlands, kettles and impound-
ments. Table 10 presents a more "realistic” estimation of external P loadings

Le

s to Lulu Lake (cf. Tables 9 and 10). The "predicted" total P concentration for

Lulu Lake considering the modified nonpoint loading is 0.013 mg/l, which is

m ¢ within the range of the measured total P levels of <U.0Z
Quality section).
‘re Table 10. Modified total P loadings from nonpoint sources
‘ Total P
Land use/source Area (ha) kg/ha=-vr kg/vyr 7
Utrban 93%% 0.06 5.6 4.6
Agriculture* 668 * 0.15 100 82
Woodland GO hk* 0.015 7.4 6.0
Septic system 3.3T 0.12 0.4 0.3
Atmosphere 34TT 0.25 9 7.3
Total ([ 1,254%%) 122.4 100
*Tncludes unused land and area devoted to livestock operations.

*%Fstimated area within 400-m corridors along streams, channels

on and lakes (except wetlands) 1s 38%; two livestock operation

areas were identified in 1986 within this corridor.

Number of persons; only one dwelling with failing septic system
1s estimated to be within the 400~-m corridor.

Area of lake.

*Consists of 39, 25, 15, 13 and 7% of woodlands, row croplands, pasture and
other agricultural lands, rural open lands and urban lands, respectively.
Also, two livestock operation areas presently exist within the 400-m corridor.
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Direct' Effect of Swimming on Water Quality

' Land< and water-based reécreational activities may impact water quality in
’differént”ﬁéyéé"*lt”ié’heipful’tb distinguish between the impacts of vatrious
user groups' when managing récreational areds. ‘Swimming/bathing and boating,
fér'eﬁamplé, can affect BacEeriolOgidal and ‘chemical characteristics of a
‘recreatioral lake ‘directly or ‘indirectly:

‘The ‘effect's of swimmers/bathers on recreational water quality is not ‘well
documéiited. " The impacts may include direct release of mutrients and bacteria
from bodies of ‘swimmers and sediment resuspension due to agitation of ‘bottom

sediment$: ‘Sediment resuspension increases turbidity and also releases
nutrients and bacteria to the water column. = The liferature contains few
investigations concerning the ‘amounts of nutrient and number of bacteria
inputs contributed by swimmers.

The nutrient input from bathers. was .quantified by Schulz (1981) of West

Germany undef ;aboratqry conditions. The daily nutrient input from a bather:
was foﬁnd to béug4 ng totai-P'éﬁd 3,100-mé total N (Téﬁle 11). About 98% o;
the tdtéi_P and 45% of the £dfa1 N originated from direct urinary excretioné
of bathers. Considerable N is coming from the o0il used by bathers as sun—

screen.

Table 1l1. Daily input (mg) of total P and total N by a
© - bather {Schulz, 1981)

Element - .. Sunscreen oil . Skin- .. . VUrine Total

0.02 1.1 ‘ 93 94
N - 1,600 115 1,500 3,100

A 60 x 60-m swimming beach was proposed for Lulu Lake's northeast_éﬁqr
The projected number of swimmers is 160 daily during a 90-day swimming:

seasoﬁ. Using the Schulz (1981) eXperimental_Valugs it is estimated tha
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swimmers will add 1.4 kg total P and 45 kg total N to the lake during the
swimming season. About 1.3 kg total P and 20 kg total N will come from
urinary excretions. Estimation of inputs from urinary excretions can also be
made from the data compiled by Altman and Dittmer (1972) of 1.4 liter average
daily urine excretion/person®* containing 850 mg total P (99% inorganic P} and
15,000 mg total N (76% urea). Assuming a person spends 2 to 3 hrs swimming
per day, nutrient input from 160 qw;éééps to Lulu Lake will be 1.0 to 1.5 kg
tota%ﬁP and 18 to 27 kg total N. These estimates assume no bathroom facili-
ties are available neﬁguﬁherswimming area.

Swimmers have been lwplicated as a potential source of hacteria at
swimming beaches (Horak, 1974; Winslow, 1976). Laboratory pool studies have
shown that humans shed large numbers of fecal bacteria while swimming
{Robinton and Mood, 1965; lanes and Fossa, 1970). As a person swimg, bacteria
are washed off the skin and out of some body cavities. The number of bacteria
contributed to bathing water is large and variable. This variability 1s to be
expected because of the personal bacterial variability cited by Rosebury
{1962). Hanes and Fossa (1970) determined that the average density of
coliforms of fecal origin contributed by a bather was 23 x 107 {Table 12).
Other bacteria identified were enterococeci and pseudomonads.

Assuming that all the coliform from swimmers are of fecal origin, the
fecal coliform loading in the proposed Lulu Lake swimming beach for 1 swimming
day 1s estimated to be 6.6 x 103/liter or 660/100 ml. This represents the
worst case that may occur during peak swimming activity (usually weekends) of
short duration. 1In actuality much less fecal coliform could he present due to

deposition of bacterla that have adhered to resuspended sediments,

*4 body weight of 70 kg was assuned.
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Table 12. Number of total bacteria and fecal coliform shed from one

swimmer
Swimming time (min) Mean Median 95% Confidence limit of mean
Total bacteria (10_9)
0-15 320 15 460
15-30 170 37 200
0-30 550 61 700
Coliform (1077)
0-15 16 4.8 12
15-30 7.8 0.04 22
0-30 23 5.2 23

redistribution in the lake water and die—off during swimming intervals. 1If
fecal coliform input is dispersed throughout the lake, bacterial density woul

be 15/1iter or 1.5/100 ml.

Effect of Sediment Resuspensionwaa7Water Quality
When bottom sediment is resuspended associated pollutants may be retu

to the overlying water through resuspension of sediment particles, disperééi

of interstitial water and desorption from the resuspended solids. Resuspénk
sediment, however, may adsorb dissolved contaminants from the overlying{v
thereby decreasing the amounts of pollutants in the water. Furthermore;
soluble species (e.g. orthophosphate) assoclated with anaerobic sediment
be precipitated into insoluble species when they come in contact with
oxygenated overlying water. Readsorption and precipitation of the reléa
contaminants followed by settling of the resuspended sediment may carfy”

pollutants back to the bottom. The contact time between the resuspende

sediment and the overlylng water—-i.e., the duration of resuspension' fors
partly modify the exchange process.
Investigations of nutrient exchange agree that agitation with re

resuspension of sediments releases nutrients to the overlying water:
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1970). This implies that any physical process that disturbs or resuspends
sediments (e.g., wind-induced wave action, fall and spring overturn, water-—
based recreational activities of swimming, bathing and scuba diving) tends to g
promote release of nutrients. Although there is no direct evidence showing
the release of P during agitation of bottom sediment by swimmers, amounts
released can be estimated from results of investigations on other jphaysical
perturbations such as boating.

Changes 1n water quality due to mixing by motorboafs were studied in some
shallow lakes of Central Florida (Yousef ef gl., 1980). The lakes differed in
average water depth, sediment characteristics and tvophic state (Table 13).

It is evident that mixing due to boating activities in the open lake signifi-
cantly increases turbidity, ortho~P, total-P and chlorophylli~g in Lakes Claire
and Jessup. The results obtained from Lake Mizell ware not as conclusive.
Lake Mizell is substantially deeper and the bottom sediment ig sandy in the
shallower depths. The increase in the ortho-P content of Lakes Claire, Mizell
and Jessup averages 43, 16 and 77% which corresponds to an average of 46, 24
and 105 mg P/m? of bottom sediment, respectively (Table 14}, Similarly, the
increase in the total P content for Lakes Claire, Mizell and Jessup averaged

39, 28, and 55%, which corresponds to an average of 84, 58 and 249 mg P/mz,

Table 13. Characteristics of Florida lakes

Mean depth Area Sediment type

Lake (m) {ha) {shallow areas) Trophic state

Claire 2.3 2.1 Sand mixed with fine black Oligotrephic
organic matter

Mizell 4.0 25.1 Sand with low organic Eutrophic
matter

Jessup 1.8 h422 Silty with high organic Hypereutrophic
matter
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Table 14. Release of P after mixing*

Mixing zone Ortho P (mg/l) Total P (mg/l) P released (kg/ha)

Lake (m) Before After Before After Ortho P Total P
Claire 2.6 0.042 0.060 0.085 0.20 0.46 0.84
Mizell 3.4 0.044 0.051 0.061 0.078 0.24 0.58
Jessup 1.5 0.091 0.16 0.30 0.47 1.1 2.5

*Average boating time in Lake Claire was 4.7 hr (Yousel et al., 1978) during
the experiment.

respectively. The average release rate in Lake Claire was 0.092 mg/liter-day:
ortho-P and 0,169 mg/liter—day total-P.
The rate of increase in P content with mixing was much higher than the::
rate of decline after mixing ceased. Pre-mixing concentrations were not
reached 20 hr after cessation of mixing.
The most visible physical effect of sediment resuspension is increasea
tubidity. Excessive turbidity, besides reducing aesthetic acceptability,-

damage aquatic ecosystems by reducing light penetration, clogging gills Qf

fish and disturbing benthic community habitats. Turbid swimming areas p&se
dangers to swimmers because swimmers cannot be seen by lifeguards.

Yousef et gl. (1980) observed significant turbidity in shallow lakes
after mixing by motorboats (Table 15). Positive correlations existed 5§

turbldity and P content in the water column.

Table 15. Turbudity after mixing

Turbidity (JTU)

Lake Before After
Claire 4.0 4.7
Mizell 3.6 4.5
Jessup 13 18
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Bottom sediments of lakes are able to store large numbers of viable fecal

bacteria in proportion to the degree of contamination of the overlying wate ‘.
This stored fecal contamination could he resuspended into bathing areas
creating conditions potentially hazardous to swimmers. Limited investigations
have been conducted in the relatlonship of sedliment-stored pactaria to wate:
quality on natural bathing areas.

A study conducted at Acacia Beach, Grand Lzke, Arizona showed conceantra-
tions of fecal coliform in sediment were significantly higher during the
swimming season than during the nonswimming szason (Winslow, 1976). This
indicates that nearshore sediment of the beach serves as a reservoir for large
numbers of fecal bacteria throughout the summer moaths. Fecal bacteria in the
sediment originates from swimmers and pets, which shed bacteria directly iuto
the water, and from surface runoff carrying dog and wild animal fecal wmatter
from the surrounding watershed and beach area. Concentrations as high as 48 x
103/100 ml of sediment can occur even where swinmers and pets ara the only
apparent sources of contamination. Sediments with predominantly silt or clay-
sized particles or with high organic matter contaln much higher numbers of
fecal bacteria than those wlthout these characteristics. Overall increases in
numbers of sediment—stored bacteria between Friday and Sunday can be a-co.ovced
for by the deposition of fresh fecal bacteriz by large weekend crowds.
Accumulation of fecal bacteria in sediment iz strongly influenced by
currents, wave action and agltation by swimmers. Resuspension of bacteria-
laden sediment by wave action or swimmers may contaminate the overlying

water. Resguspended fecal bacteria and freshly deposited bacteria from the
bodies of swimmers appear to be the major immediate sources of contamination

in the water at Acacia Beach (Winslow, 1976). Yecal bacteria In water wmay he
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redistributed from the swimming area depending on the prevailing currents near
the beach.

There is some potential for sediment resuspension in the shallow areas
(<3.0 m) of Lulu Lake by boating activities. However, release, of nutrients or
an increase in turbidity due to sediment resuspension may be negligible
because of the limited boating activity in the lake. During the boating
season——May to September——three or four fishing boats (15 hp) and two to three.
pleasure boats—-mostly pontoons--(25 to 50 hp) were observed per day
(Schumacher, 1986). Water skiing is very minimal. Sediment resuspension due
to mixing by motorboats is influenced by water depth, power and size of boat
and type of lake bottom {(Yousef gf ql., 1980). The number of boats, kind and
intensity of boating activity and boat speed also affect the resuspension
process.

Phosphorus release from sediments resuspended by bathers in Lulu Lake can
be estimated by assuming a mean beach depth of 1.5 m, an area of 3,720 mz, a
sandy bottom, release rate of P similar to that in Lake Claire (Yousef et al
1980) and a swimming time of 2 to 3 hr daily. For a %0-day swinming season
loading will range from 4 to 6 kg ortho=P and 7 to 11 kg total P. Agitatiq‘ri
of bottom sediments by bathers may temporarily increase bacteria and turbid
in the overlying water. The effect of swimming on sediment resuspension is
governed by the number of swimmers, frequency of swimming and type of lake

bottom.

Overall Effect of Swimming on Water Quality
Swimming affects recreational water quality by (1) direct inputs of
nutrients and bacteria from bodies of swimmers and (2) release of polluté

and increased tubidity from sediment resuspension. In Lulu Lake the estim

P inputs from 160 swimmers and from sediment resuspension are 1.0 and 7.
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for the swimming season, respectively. Tecal bacteria originating from 160
swimmers was estimated to significantly increase bacterial density 1in the
water column of the swimming area. Agitation of bacteria-laden bottom
sediments may also Increase bacterial density, however, quantification is
difficult.

Apparently, 160 swimmers in the proposed swimming beach of Lulu Lake will
contribute minimal P loading to the lake. Direct bacterial input from
swimmers may elevate concentrations in the water column for short periods,
particularly during peak swimming activity (usually weekends). Bacterial
density declines as bacteria that have adhered to resuspended sediments are
deposited on the lake bottom, as bacteria are redistributed in the lake water
and as they die-off during swimming intevvals.

The effects of swimmers on recreational water quality is Influenced by
such factors as density of swimmers, frequency of swimming activity and size
of lake (l.e., ratio of swimming beach area to lake area). Shulz (1981)
investigated the effect of nutrient inputs from bathers on the water quality
of a large and a small lake in West Germany. Total P and ammonia-N concen-
trations 1n both lakes increased when there was a high density of bathers.
This increase is due to direct inputs from bathers and from sediments stirred
up during bathing. A positive correlation existed between the daily increases
In nutrient concentrations and number of hathers. The daily increase in
nutrient concentrations was notably greater in the small lake even though
significantly more bathers were in the larger lake. The amount of nutrients
added by bathers only affected the water quality of the two lakes for a short
period; both lakes recovered during the night. During the bathing season no
enrichment of nutrients could be detected within the bathing areas. The

nutrient input by bathers is of little consequence in large lakes but could bhe




an 1mportant source of eutrophication in smaller lakes with a high density of

bathers.

Internal Regeneration of Nutrients from Sediment
During the summer, lakes are thermally stratified and oxygen is depleted
below the thermocline. Under anoxic conditions nutrients are released from
bottom sediments and are concentrated in the hypoliwmnion. Some of the
nutrients way diffuse across the thermocline during stratification; however,
the bulk of the hypolimnetic nutrients remains unavailable to algal growth
until 1t is mixed into the photic zone during overturn. Several
investigations have been undertaken to determine the contribution of hypo-
limnetic P release to overall P budgets and to evaluate the physical and
chemical controls on both sediment release and availahility of P to the photic
zone (Vollenweider, 1968; Filos and Swanson, 1975; EPA, 1980; Jacoby e# al.,.
1982;: Holdremn et agl., 1983; Lazoff, 1983; Raman and Ewvans, 1985; Stauffer,
1985). It has been recognized recently that internal loading is a significéﬁt
source of nutrients and should be included in nutrient budgets and manageméﬁ'
studies of lakes.

Vollenweider {1968) estimated sediment nutrient release rates of 12 and

0.10 kg/ha-day for ammonia~N and P, respectively, under anaerobic conditioﬁ
Filos and Swanson (19753) reported P release rates of 0.012 and 0.26 kg/ha%

under aeroblc and anaerobic conditions, respectively. The Clean Lakes Ptog

of the EPA {1980) suggests P values of 0.014 to 0.14 kg/ha-day under aerobi
conditions and 0.27 to 0.55 kg/ha—-day under anaerobic conditions.

Lulu Lake stratifies during summer and anoxic conditions occur staft:
at 6 m depth (WDNR, 1969). This means that about 60% or 20 ha of lake;Bot
can become anoxic in summer. It is likely that half or 10 ha of the ldk_

bottom is completely anoxic in midsummer {July—-August). A swmall amouﬁt:'f
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wind fetch creates a fairly shallow mixed layer ia the lake during summor.
Based on the releage rates determined by Vollenweider (1968), the amount of P
released from the bottom sediments during the mldsummer period (62 days) is

approximately 60 kg/yr.

Comparison of Phosphorus Sources for Lulu Lake

The soluble- and total-P sources for Lulu Lake are presented in Table
16. Although nonpoint sources contribute most of the P loadings to the lake,
glgnificant amounts of P can be regenerated from the bottom sediments.
Holdren (1983) estimated that internal P release can be a significant source
of loading for some lakes. Coutributions from 160 gwimmers either directly or

as a result of sediment resuspension is small.

Table 16. Phosphorus sources for Lulu Lake

Soluble P Total P
Source kg/yr 7 keg/yr %
Nonpoint 49% 43 122 64
Swimming (160 swimmers) 5 5.2 LG 5.2
Internal regeneration 60 52 60 31
Total 115 100 192 100

*Assuming 40% of total P is soluble (Sonzogni et al., 1980;
Bannerman et agl., 1984; Brock, 1985).

Based on all sources "average" annual total P councentration of the lake
predicted by Reckhow's model {(Reckhow, 1979a) 1s 0.0205 mg/l. This value is
higher than the measured concentration of <0.02 mg/l {see section on Water
Quality). It is likely that some model parawmeters are overestimated. Errors
can arise from selection of export coefficients and use of a laboratory~-

derived release rate of P from anaerobic bottom sediments. Loading estimates
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from various sources are uncertain because of the many assumptions made. The
loading estimates for Lulu Lake at this time represent a "first cut” attempt
and values need to be refined by a monitoring study and an investigation of
internal regeneration of nutrients. In spite ef the shortcomings of the
"gpuestimate"” exercise comparison can still be made to determine the

significant sources of P for Lulu Lake.
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WATER QUALITY

Water samples were collected on April 30, 198¢ o determine the water
quality status of Lulu Lake. Tables 17 and 18 compare parameters that may
reflect changes in water quality of the lake. The alkaline pi of the lake has
remained essentially unchanged over a 20-yr period; slight variations exist
between some parameters, probably due to differences in sampling techuniques
and analytical procedures. Phosphorus——total P and dissolved P--levels ia the

lake did not increase from 1966 to 1986.

Table 17. Water quality of Lulu Lake, April 6 and September 13, 1966
(WDNR, 1969%9)

April at depth September at depths of
Parameter® of 0.9 mw 3.0 m 7.3 m
pH 8.3 8.3 7.9
Total alkalinity 220 200 220
Electrical conductivity 440 370 410
Ca 48 17 23
Mg 27 27 26
Na 1.0 2.0 1.6
K 1.1 0.90 1.0
Fe 0.02 0.01 0.02
cl 2.0 2.5 2.9
50, 20 27 26
Total P 0.01 0.01
Dissolved P 0.03 0.01

*Values in mg/l except pH {units) and electrical conductivity
( ymhos/cm).
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Table 18. Water quality of Lulu Lake and related waterbodies, April 30, 1986

Lake Lake at depths of
Parameter® average*¥ 0.9 m 7.3 m Wetland Stream'
pH 8.2 8.3 8.3 7.7 8.6
Total alkalinity 250 .240 240 260 280
Total hardness 290 280 270 280 330
Electrical conductivity 430 410 420 420 430
Ca 63 60 6l 65 69
Mg 31 30 30 30
WHa 3.0 2.9 2.9 2.4
K 0.68 0.70 0.69 0.74
Fe 0.047 0,013 <0.011 0.024
Mn 0.006 0.008 0.005 <0.003
Cl 5.8 5.8 5.8 1.6
504 20 21 21 17
Total P <0.02 <0.02 <0.02 0.02
Dissolved ortho-P <0.004 <0.004 <0.004 0.007
Total N 0.40 0.40 0.490 0.60
NH4-N 0.03 0.03 0.04 <0.02
NO4+N0,~H 0.33 0.32 0.32 0.02
Turbidity 1.7 1.1 1.5 7.7
Chlorophyll—z 0.006

*Values in mg/l except pH (units), electrical conductivity (pmhos/cm} and
turbidity (FTU); total alkalinity and total hardness expressed as CaC04.
Aluminum, copper, boron and zinc were determined but values were below
detection limits of 0.352, 0.025, 0.029 and 0.010 mg/l, respectively.
Secchi disk reading was 3.0 m.

**Average of 5 samples collected at the inlet, middle and outlet of the lak
Below a 4-ha impoundment.
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Phosphorus concentrations in the lake remain low over the years (Table

18). The present P concentration of <0.02*% mg/l, although it may vary during

the year, indicates that the lake is noneutrophic (lakes with >0.02 mg/l1 tetal
P are considered eutrophic or fertile). Recent observations showing the
absence of algal blooms {(Francis, 1986; Schumacher, 1986; Miller, 1986) also
confirm the high quality of the lake. A Secchi disk reading on April 30, 1986
of 3 m suggests a high degree of clarity in spring. Water clarity may
decrease In summer due to phytoplankton growth, but no algal bloom is evident.
Schumacher (1986) has observed water clarity of no more than 1.2 m during
summer., Chlorophyll-g concentration in spring is low {0.006 mg/l) but may
increase in summer as phytoplankton proliferates~-the extent of which 1s not
known at this time.

A water quality index was prepared by Lillie and Mason (1983) for
Wisconsin lakes based on water clarity and concentrations of chlorophyll—g and
total P. The index classification ranged from very poor to excellent in 6
categories {Table 19). Considering these parameters, the existing water
quality index for Lulu Lake 1s "good"” for clarity and chlorophyll-g and "good”
to "very good” for total P,

Thermal stratification appears to begin in mid-spring, however, the water
column is sti1ll well-oxygenated at this time (Fig. 3). Earlier data showed
that complete anoxic conditions of the hypolimnion occur in July (WDNR, 197%9).

Total P concentrations in water tend to decrease from the stream to the

lake, 1.e., stream >> wetland > lake (Table 18). Although sediments and

*Concentrations below 0.02 mg/l can now be detected but it was not done in
this study. This type of analysis would provide valuable information.
Assuming 40% of total P is dissolved orthophosphate-P (<0.004 mg/1l), the
calculated total P level would be <0.01 mg/l.

45




Table 19. Water gquality index for Tulu Lake*
Water Chlorophyll-g Total P
Index clarity (m) {mg/l) {mg/1)
Excellent »>6.0 <3.001 <0.001
Very good 3.0-6.0 ' 0.001-0.005 0.001~-0.01
Good 2.0-3.0 0.005-0.01 3.01-0.03
Fair 1.5-2.0 0.01-0.015 0.03-0.05
Poor 1.0-1.5 0.015-0.03 0.05-0.15
Very poor <1.0 >0.03 >0.15
Lulu Lake 3.0 0.006 <0,02%*

*Based on

a repert prepared by Lillie and Mason (1983) for

Wisconsin lakes.
k*(Caleulated value is <0.01 mg/1 (see footnote on p. 43).

Water Depth {m)

Temoerature (°C) or D.O. {mg/ 1)
8 10 12 14 16

1 1 [ H { i A H i

- & o

k2

®&-— Temperature
&~—a DO

1

5. Temperature and dissclved oxygen
profiles of Lulu Lake, April 30, 1986.
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assoclated nutrients may be trapped in a 4-ha impoundment at the middle of the
watershed, the effluent still contains a relatively high level of P. However,
high levels of P are not detected downstream, which may indicate further
trapplng of P in the wetland.

Limited chemical data along with occassional visual observations have
indicated negligible deterioration in water quality of Lulu Lake for the past
20 years. Changes In land use patterns and population in the watershed are
predicted to be minimal over the next 20 years. This trend will héve little
impact on the current water quality of the lake.

It 1is possible that state ownership of lands in the area with minimal
lakeshore development, or implementation of the master plan (WDNR, 1985a),
will mitigate pollution from nonpoint sources because critical source areas

and other resources will be more carefully managed and protected.
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STATUS OF BEACH CONTAMINATION IN WISCONSIN

L. Gould, G. V. Simsiman and G. Chesters

INTRODUCTION

A three-tiered survey was conducted between March and June 1986.
Environmental and public health officers representing 16 counties and 11
cltles were surveyed regarding beach contamination and related information
(Table Al). Although this 1s a nonrandom survey, we feel that it is a good

representation of Iindividuals capable of answering our questions.

PRELIMINARY SURVEY
A preliminary survey was distributed to 27 individuals in March 1986.
The information obtailned from this questionnaire was used to estimate the
extent of beach contamination in Wisconsin. Questlons were directed towards
whether sampling was conducted, which bacterial indicators were tested, and if

beaches had been contaminated in the past 5 years.

Results

We received a very high response (96%4) to the first survey (Table AZ).
Six individuals answered no throughout the questionnaire, indicating that they
nelther sample nor have seen any signs of beach contamination in their
region. Of the health officials surveyed, 387 reported at least one
contaminated beach in their area of jurisdiction in the past 5 years.

Of the 15 health departments that collect water samples, 100% test for
fecal coliforms, 47% test for two or three bacterial indicators listed in the
survey, and 13% test for all three. None of those surveyed collects bottom

sediment samples for bacterial analysis.




SECOND SURVEY
A follow—up questionnaire was distributed in April 1986 to 20 individuals
who answered yes to any question on the previous survey. The intent of this
survey was to futher explore the methods and frequency of sampling, to compile
information on the types and scurces of beach contamination, as well as

determine how many beaches were closed because of contamination (Table A2).

Results

Response (95%Z) to the second survey was also very high (Table A3). The
one questionnaire not returned should not affect the conclusions drawn from
the survey. 1In the preliminary survey this individual reported that the WDNR

conducted sampling for the district.

Sampling Program. Sixteen of the health departments surveyed reported

that they conduct their own water sampling while WDNR collects for three
departments. Fifteen of them (79%) take sauwples throughout the swimming
season, one throughout the year and another only during emergency periods. An
emergency period was defined by 12 health administrators as an occurrence when
a chemical, physical, or biological problem exists on land or in water that
poses an immediare risk to public health. Warnings are posted at the beach
and the beach is officially closed to the public {(Question 10O, Table A4),.

The majority of the health departments (69%) collect water samples ome to
five times a week during the swimming season. A few departments (10%) do
sampling one fo seven times per week during swimming and emergency periods and
one department only samples when an emergency occurs. All departments who
sample regularly during the swimming season collect water on Mondays and
usually on one other weekday. Three agencies sample every weekday. There are

no reports, however, of sampling on weekends during peak swiamming hours.

A-2




:Mondays, however, probably give a good indication of the extent of contami-
_pation by swimmers occurring over the weekend. Sampling time (from early
morniﬁg to late afternoon) appears to depend on the route taken by the
inspectors. In general, it appears that sampling is conducted in the first
half of the day.

Grab sampling (79%) is the main method of collecting water samples.
Sampling depths vary from surface to >24 inches but most departments collect

samples at depths of 0-6 (32%), 6-12 (16%) and 12-24 (21%) inches. The number

of samples collected per beach appears to be fairly uniform, i.e. 1 to 2 at

sthall and medium beaches and one to four at large heaches.

Contamination. Fifty—eight beaches in the counties and cities surveyed

have been reported as contaminated in the past 5 years. Approximately 71%
were contaminated by bacteria alone, 19% by chemicals alone and 10%Z by both.
Approximately 53 (91%) of those beaches reported contaminated were
closed. Thirty-six (68%) were closed for bacterial contamination, 10 (19%)
for chemicals and 3 (6%) for poor visibility and/or excessive algal and weed
growth.

Sources of beach contamination are varied and often multiple. As a
fesult, health officials checked more than one answer to Question B3 (Table
A3). To apply these responses to the 58 contaminated beaches, the number of
times each source was checked on the survey was tabulated and those percent-
ages were calculated. Major sources of contamination were runoff from
cropland (listed 6 times), runoff from residential areas (6), septic systems

(3), and runcff from feedlots and manure storage (8). Pollution due to road

salts, sanltary treatment plants, and runoff from parks and campgrounds, were =

each listed twice; swimmers/bathers once; and cottage development areas




none. "Other” sources of contamination specified were houseboats, duck

manure, and overflowing sewers during periods of high rainfall.

TELEFHONE SURVEY
To compliete the information compiled on contaminated beaches the 12
health departments who reported beach contamination and ceonducted their own
sampling were contacted by telephone in June 1986. The intent of this third
survey was ko obtain mere quantitative information, to formulate an idea of
how Individuals intepreted certain questions on the second survey and to
understand how each person defined terms such as emergency period, size of

beaches, etc.

Discussicn

Contzamination has closed approximately 55% of the 53 contaminated beaches
at least conce in the past 5 years. Additional quantitative data received dﬁe
the phone was not compiled because many health officials did not keep adequat
records and therefore spoke from memory. Table A4 consists of general |
comments and interpretztions to each question.

It was discovered that several health officials had misinterpreted
questions Bl and BZ in the second survey. Instead of stating how many
different beaches had been contaminated and clogsed, some wrote the total:
number of contamination episodes that have occurred in the past 5 years@
of these errors have now been corrected. |

Many health officials (66%) report that high rainfall is the mosfi
freguent cause of contamination in their region. High rainfall promo#é_
contamination by (a} generating runoff from various land uses, includ%n
feedlots and manure storage areas and (b)) causes overloading of wasté,dl

{STPs and septic) and sewer systems resulting in overflows and failﬁyes
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Runoff from land surface and overflows/failures of waste treatment systems are
the major sources of beach contamination, as 1indicated in Question B3 of the
second survey. Some departments have developed formulas based on amount of
rainfall over time for closing down their beaches. For example, one health
department closes four beaches which are located on rivers when rainfall
exceeds 0.5 inches 1ﬁ 4 hours.

Bacteriological standards mandated by the state for closing beaches are
not always adhered to. According to the Wisconsin Administrative Code (1SS
171.21), if the fecal coliform count exceeds 200/100 ml the water should be
resampled and consideration be given to closing the beach. Many departments
often close their beaches when the 200/100 ml value 1s reached. However, a
few departments do not close unless sample counts reach 1000/100 ml, while
others "never"” close their beaches. Reasons given for a no-closing policy
are:

1. Although the beach 1s sampled, it 1s not city owned and therefore

never closed even 1f contamination does occur,

2. Although bacteriological counts frequently exceed the Wisconsin State
gtandard, the safety hazard posed by having no lifeguards is far
worse than the current contamination problemns,

3. Because most bacterial contamination 1s due to high rainfall and only
lasts 48 hours, by the time the result of the sample analysis comes
back from the laboratory a week later, the contamination 1s
“"history.”

Questions Bl and B2 from the second survey are now viewed in a different
light: the number of reports of contamination and closings are directly

related to that particular health department’'s definition of contamination and

its closing policy.




CONCLUSIONS

The exceedingly high respense rate on all three surveys allows some safe
assumptions 'tc be made concerning the status of beach contamination in
Wisconsin. The most frequent type of contamination con beaches in Wisconsin is
bacterial (68%). It appears that bacterial contamination is related closely
to high rainfall events. High rainfall generates runoff from such land uses
as feedlots, éroplands and residential areas and also causes overflows/fail-
ures of sanitary waste disposal and sewer systems. This contaminaticn problemi
tends to recur at least once a swimming season. Chemical contamination rarely
occurs and is anm accidental phenomenon. In contrast to varying policies
towards beach closing in regard tc bacterial contawination, health department
are gquite conservative when confronted with chemical hazards.

The extent of beach contamination in Wiscomsin is difficult to assess
because individuzl health departments have separate closing policies and
definitions of how much contamination presents a risk te public health. It is
therefore recommended that standard methods be establighed for the State.
Sampling should be conducted on the same days of the week and at the same ti
of day, the same number of samples should be collected at each site, and the
game type of analyses should be conducted. If all beaches are tested in tﬂe
same way, uniform closing policies could be established. 1t is also

recommended that a2 record of past contamination episodes be kept-



Table Al.

The Water Resources Center, University of Wisconsin—t{adison wishes

to thank the environmental health and public health administrators
listed below for their help and kind cooperation in the survey.

Solomon Belinky

Director of Public Health
Sheboygan Health Department
708 N. Seventh Street
Sheboygan, WI 53081

(414) 459-3485

Joyce Berning, Director

Iowa County Community Health
Nursing Agency

113 West Chapel Street

Dodgeville, WI 53533

(608) 935-2810

James J. Blaha

Health Commissioner
Manitowoc Health Department
P.0. Box 765

Manitowoc, WI 54220

(414) 683-4455

Ronald M. Buege, MS, RS
Environmental Health Director
West Allis Health Department
2909 South 10lst Street

West Allis, WI 53227

{414) 476-3770

Darryll Farmer, MPH

Director of Environmental Health
City-County Health Department
720 Second Avenue

Eau Claire, WI 54701

(715) 839-4718

Lorraine Fuchs, Director

Walworth County Public Health Nurse
Courthouse Annex

Box 1007

Elkhorn, WI 53121

(414) 723-5570

John C. Hanson

Racine County Department of
Environmental Control

Ives Grove

14200 Washington Avenue

Sturtevant, WI 53177

(414) 886-6393

Patrick Heiser

Health Officer

Douglas County Health Department
1409 Hammond Avenue

Superior, WI 54380

{715) 394-0296

Rolf Helgerson

Director of Environmental Health
La Crosse County Health Department
City Hall

505 North 6th Street

La Crosse, WL 54601

(608) 785-9771

Harold Hillmer, RS
Health Officer

City of Fond du lLac
160 South Macy Street
Fond du Lac, WI 54935
{(414) 929-3290

Orville, W. Hintz, RS

Director

Dane County Environmental Health
Division

Dane County Public Health Department

1206 Northport Drive

Madison, WI 53704

(608) 241-4481

Dave Holman

Director of Environmental Health
Rock County Health Department
P.0. Box 1143

Janesville, WI 53545

(608) 755-2641

George A. Kupfer, M5, RS

Director

Bureau of Consumer Protection
and Environmental Health

Room 105, Municipal Building

841 North Broadway

Milwaukee, WI 53202

(414) 278-3676




Table Al. Continued

Peter Lemere, MPH, RS
Health Commissioner
City of Green Bay

Room 308, City Hall

100 N. Jefferson Street
Green Bay, WI 54301
(414) 497-36561

George A. Morris, RS

Director of Environmental Health
Waukesha County Department of Health
214 5. Main Street

Dousman, WI 53118

(414) 544-8015

Beverly Muhlenbeck, Director

Sauk County Public Health Service
116 Fifth Avenue

P.0. Box l4

Baraboo, WI 53913

Betty Numrich, Director
Director

Vilas County Nursing Service
P.0. Box 369

Eagle River, WI 54521

(715) 479-7408

Tom Perkins, County Sanitarian

Kenosha Office of Planning and Zoning
Administratlon

212 56th Street

Kenosha, WI 53140

(414) 656-6550

Victor Rossing, MPH, RS

Director, Health and Welfare Department
Oshkosh Health Department

City Hall, Box 1130

Oshkogh, WI 54902

(414) 424-0287

Leonard Rudie, Health Commissioner
Appleton Health Department

1024 South Lawe Street

Appleton, WI 54911

(414) 735-6429

A-8

Dr. Jill Schmidt

Director of Environmental Health
and Laboratory

Department of Human Rescurces

Madison Division of Public Health

City-County Building, Room 507

210 Monona Avenue

Madison, WI 53710

(608) 266-4843

Bobert Schmitz, RS

Director of Environmental Health
Portage County Human Resource Center
817 whiting Avenue
Stevens Point, WI 54481
{715) 345-5350

Kathryne Sutliff, Director
Oneida County Courthouse
P.0. Box 400

Rhinelander, WI 54501
(715) 369-6111

John Teichtler, Sanitarian
Door County Public Health Service
Door County Courthouse
138 5. Four Avenue

Sturgeon Bay, WI 54235

Richard Wissell

Public Health Administrator
Racine Health Department
City Hall

730 Washington Avenue
Racine, WI 53403

{414) 636-9495

Thomas E. Wittkopf, Director

Bureau of Environmental Health
Division _

Marathon County Health Departmen'

400 E. Thomas Street

Wausau, WI 54401

{715) 348-1406, Ext. 204

George Zimmer, Chief
Environmental Health D1v1510n
Kenosha Health Department
625 52nd Avenue

Kenosha, WI 53140

{(414) 656-8170



Table A2.

This preliminary questiconnaire was distributed to Z7 health

adaministrators and officers throughout Wisconsin in March 1986.
Twenty-six surveys were returned (96%). The questionnalre
displayed below has been slightly altered from the original form.
The right hand columns indicate the frequency of answers to each

question.,

The Water Resources Center of the University of Wisconsin-Madison and the
Wisconsin Department of Natural Resources have a cooperative project to
investigate the status of beach contamination in Wisconsin. It would be
greatly appreclated i1f you could provide yes or no answers to the following:

Respondent (%)

Question Yes No NA®
1. Do you conduct water sampling of swimming beaches
in your area of jurisdiction? 62 38
la. Do you have specified methods of collecting water
samples? 54 46
lb. Do you sample with specified frequencies during
the swimming season and at other times? 58 42
le. Do you analyze water samples? 58 35 7
for total coliforms? 40
for fecal coliforms? 100
for fecal streptococel? 20
2. Do you collect bottom sediments at swimming
beaches for bacterlal analysis? 100
3. Have any beaches been contaminated during the
last 5 years in your area of jurisdiction? 58 42
Ja. Have the sources of contamination been
identified? 31 42 19
*NA - no answer.




Table A3. This followup questionnaire was distributed in April 1986 to 20
individuals who answered yes to any question on the previous
survey. There was a 95% return rate. The questionnaire
illustrated below has been slightly altered from the original form
to accomodate the fact that individuals could check more than one
answer to each question. A total of 58 beaches have been
contaminated in the past 5 years. However, only 53 of those
beaches were closed.

Thank you for your help and cooperation in completing the gquestiomnaires we
sent you in March 1986 concerning the status of swimming beach contamination
in Wisconsin. We received an exceedingly high response (26/27) to the
preliminary survey. We are conducting a follow-up survey and we would
appreclate very much if you could provide answers to questions appearing
below. Please check one or more appropriate answers to Al, A3, A4, A6 and B3.

Question Respondent (%)

Al. Do you conduct water sampling of swimming beaches

(a) during the swimming and non—swimming seasons? 5
(b) only during the swimming season? 79
(c) only during emergency periods? 2
(d) no answer 11

A2. How frequently do you collect water samples during the

(a) swimming season? 1 to 5 times/week 68
(b) non-swimming season only? #]
{¢) emergency periods? 5
(d) swimming + emergency periods? 1 to 7 times/week 11
(e) no answer 16

A3. Do you collect water samples by

{(a) grab sampling? 79
{b) depth samplers? 11
{¢) other methods (please specify) 0
(d) no answer 10

A4. Do you sample at water depth(s) of

(a) 0-6"7 37
(b) 6~12"7 16
(c) 12-24"7 21
(d) >24"7 3
{(e) b, ¢ and d 5
(f) a and b 5
{g) no answer 11
A>. How many samples per week do you collect once twice three x four X
{a) small beach? 69 31 0 0:
(b) medium beach? 73 27 0
{¢) large beach 50 25 17
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Table A3. Continued

A6. Do you collect water samples

{(a) early morning? 18
(b) late wmormning? 18
{c) early afternoon? 3
(d) late afternoon? 0
(e) morning (a or b) 12
(£) afternoon (c or d) 5
(g) late AM or early P 12
{h) throughout day? 29
A7. Which days of the week do you sauple
(a) Mondays only? 16
(b) Mondays plus one other weekday? 37
(¢) all weekdays? 16
(d) no answer 31

Bl. How many local swimming beaches have been contaminated in the*
last five years with

(a) bacteria alone? 71
(b) chemicals alone (includes nutrients, salts, oils and

grease, pestlcides and other toxics)? 19
(¢) bacteria and chemicals 10

B2. How many local swimming beaches have been closed in the last*
five years due to

(a) bacterial contamination? 68
(b) chemical contamination? 19
(¢) bacterial and chemical contamination? 2
{(d) excessive poor visibility caused by color, deposits,

oils, grease, etc.? 2
(e) excessive algal and weed growth? 5
(£) other 4

B3. Have you jdentified the major gource{s) of beach contamination as®*

(a) runoff from cropland? 17
(b) runoff from feedlots and manure storage? 23
(c) runoff from regidential areas? 17
(d) runoff from parks and campgrounds? )

(e) road salts? 6
(f) small scale waste disposal system {septic tank)? 8
(g) sanitary treatment plants (STPs)? 6
(h) swimmers/bathers? 3
{i) cottage development areas? 0
(1) sewers/high rainfall? 6
(k) others (please specify)? 6

e ———————e—

%A total of 58 beaches were contaminated in the past 5 years but only 53 were

closed.

x#Because many health officials jdentified wmore than one contamination source,
and there may have been more than one source for each contamination episode,
the above percentages represent the total number of times gach source wWas
checked, i.e., runoff from cropland was checked 6735 times = L7%.

A-11




Table A4. After compiling the data from the second survey, it was felt that

additional information could be used. Twelve health departments
who reported beach contamination and conducted their own sampling
were contacted by telephone and asked the questions listed below.
Some individuals lacked adequate records and spoke mostly from
memory while others were able to retrieve the information from
files. The results given below are therefore mostly qualitative
but contribute significantly to the conclusions made for the entire
survey on the status of beach contamination in Wisconsin.

How many beaches are in your area of jurisdiction?

Total number of beaches = 85
Total number closed at least once in past 5 yr 47

What size are the beaches that you have reported contaminated?
What is your definition of a large, medium, small beach?

Shoreline footage estimates of beaches ranged anywhere from 30 to 4,000

ft. The definition of a large, medium or small beach depended on the

size of beaches that each had in his/her area of jurisdiction. For

example, while one individual considered a 4,000-ft beach to be medium
~sized, others considered 1,000 to 2,000-ft to be large.

How big is the lake/river where contamination has occurred?
Do you have any idea how much of the lake is being contaminated?

Because health officials are not responsible for testing outside of the
beach limits, they rarely have any idea of how extensive contamination
is throughout a lake or river body. However, some health inspectors who .
sample at the smaller inland lakes find that the entire lakes are being

contaminated. Their reports come from residents who experience problems:
on their private beaches. :

When contamination is occurring on large lakes like Michigan or
Superior, health officials felt that the source of contamination was
extremely isolated. They knew this because other beaches that they
sampled at just a short distance down the shore would have no
contamination.

Where is the contaminated beach in relation to town or city?

There are an egual number of beaches within city limits as there are
outside.

Is the contaminated beach adjacent to campgrounds and/or picnic areas?

All health officials interviewed do not believe that campgrounds and/of.
picnic areas have any relationship to beach contamination.

How many swimmers does each beach (reported contaminated) get during the"
week?
During peak periods?

Most health officials hold no information on these two questions. It
therefore remains unresolved whether state standards are followed
regarding the density of swimmers on the beaches. There is no B
indication, however, that the number of swimmers contributes to the:
decreasing water quality of these beaches. .
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7. How many times a year is a contaminated beach closed?

The most common reason for closing a beach 1s high rainfall; the rapid
influx of water creates bacteriologlcal problems by generating runoff
from feedlots and other land use areas and causing sanitary waste
disposal and sewer systems to overflow as well as septic systems to
fall. As a result, some departments use a safety formula that involves
closing a beach as soon as a certain amount of rainfall occurs in a
prescribed amount of time. The number of times that a beach will be
closed 1s in direct relation to the wetness or dryness of that summer
seagson. One individual indicated that closing may ocecur 4-5 times
during a dry summer and possibly 10-12 times during a wet one.

8. Does the same beach become contamlnated year after year?

When high rainfall 1s the cause of contamination, the same beach will
-be polluted year after year. Chemical contamination appears to be a
much more accidental type phenomenon.

3. Do you feel that the number ¢f samples that you collect 1in order to
determine contamination 1s sufficient?
Do you feel that you are liberal or conservative when closing a beach?

All except one health officlal answered yes to the first part of this
question. This individual had the most "conservative" attitude towards
appropriate human safety.

All health officials felt that they were either conservative or fair
when making a decision to close a beach. However, each individual's
concept of what was conservatlve differed. Some follow the Wisconsin
State code exactly. A few report that although they sample, they never
close thelr beaches because it is more hazardous to human health to not
have a lifeguard than to be exposed to high fecal counts. The attitude
also depends on the type of contamination. Health officlals are more
concerned about chemical than bacterial contamination and will close a
chemically polluted beach much more readily.

10. What 1s your definition of an emergency episode in relation to closing a
"contaminated"” beach?

Degpite the fact that health officilals close their beaches at varying
levels of fecal counts (anywhere from 200-1,000 counts/100 ml sample),
they all gave surprisingly similar definitions of an emergency episode:
an occurrence when a chemlcal, physical, or blological problem exlsts
on land or in water that poses an immediate risk to public health.
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