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This study was broken into two parts. Phase I was algal 
sample collection and initial toxin screening. Phase I1 was a 
more detailed study of algal toxins for mutagenicity, lethal 
dose, and viability during storage. 

Reports on both phases, along with other relavent materials 
are include in this document. State Lab reports are part one 
and part two. Part three is a algae toxins factsheet. Part 
four contains tables that report the data collected during the 
Phase I study. 

A background summary and management considerations were 
provided by Dr. Wayne Carmichael who reviewed the information 
presented here. 

Copies of this report can be obtained from: 

Wisconsin Department of Natural Resources 
Attn.: James Vennie WR/2 
P.O. Box 7921 
Madison, Wisconsin 

The original lab report slips were sent to Richard 
Wedepoh1(608)267-7513 at DNR-Madison by the State Lab. They are 
filed in the Lake Management Files. Some of the data on all the 
slips were entered on to a Lotus 123 computerized Spreadsheet 
and is available in that form. 

Lab work was done by Wyatt Repavich (608)262-1210 with 
assistance from Jon Standridge and Jerry Rymer. Sample 
collection was done by the DNR District staff their names will 
be found on the individual lab slips. Bob Barnum (414)497-4053 
from Lake Michigan District, Water Supply, directed the sampling 
of the water supply systems. 

By Wayne W. Carmichael, Ph.D. 

Reports of toxic freshwater algae.are almost exclusively 
due to members of the division Cyanophyta, commonly called 
blue-green algae or .cyanobacteria. Although cyanobacteria are 
found in almost any environment ranging from hot springs to 
Antarctic moils, known toxic maambers are mostly planktonic 
(Carmichael, 1986 and in press). Economic losses due to 
water-based diseases of freshwater cyanobacteria toxins are the 



result of contact with or consumption of water containing toxin 
and/or toxic cells. 

These toxins are all water soluble and temperature stable. 
They are either released by the cyanobacterial cell or loosely 
bound so that changes in cell permeability or age allow their 
release into the environment. Lethal and sublethal amounts of 
these toxins become available to animals during periods of heavy 
cell growth, termed "water bloomsfm especially when the water 
bloom accumulates on the surface, inshore, where animals are 
watering. 

Water blooms can occur wherever proper conditions for 
growth, including irradiance, temperature, neutral or alkaline 
conditions, and nutrients are found. The increasing 
eutrophication of water supplies from urban and agricultural 
sources, which raises mineral nutrient levels, and increased the 
occurrence and intensity of these annual blooms. It should be 
noted that although there are several bloom-forming genera of 
cyanobacteria those that occur most often are also those that 
can produce toxins. 

Known occurrences of toxic cyanobacteria in freshwater 
include Canada (four provinces), Europe (12 countries), United 
States (19 states), USSR (Ukraine), Australia, India, 
Bangladesh, South Africa, Israel, Japan, New Zealand, Argentina, 
and Chile. Not all blooms of a toxigenic species produce 
toxins, however, and it is not possible to tell by microscopic 
examination of the cells whether they are toxic. Environmental 
conditions that favor bloom formation include (1) moderate to 
high levels of nutrients, especially phosphorus and nitrate or 
ammonia; (2) water temperatures between 15 and 30 degrees C; and 
pH between 6 and 9 or higher. 

The economic impact from toxic freshwater cyanobacteria 
include the costs incurred from deaths of domestic animals, 
allergic and gastrointestinal problems after human contact with 
water blooms (including loss of income from recreational areas), 
and increased expense for the detection and removal of taste, 
odor, and toxins (although no approved method yet exists for 
removal of toxins, activated carbon has been tried in certain 
areas). A full accounting of the economic problems associated 
with cyanobacteria toxins ie given by Gorham and Carmichael (in 
press). 

a. Toxic freshwater cyanobacteria are present in Wisconsin 
in some raw surface water supplies. 

be Estimates of toxic bloom frequency range from about 25 



percent in cool weather years and to 50 percent or 
greater in warm weather years in lakes predisposed to 
presence of cyanobacteria blooms. 

c. Toxic blue-green algae bloom occurrence is erratic and 
unpredictable but are found under the same environmental 
conditions which favor non-toxic blooms. 

d. Toxic blue-green algae (perhaps algae in general) should 
be included as part of a list of "agents of water-based 
diseasen for state water management purposes. 

8. Waters which are used for recreational and drinking 
water which favor the growth of heavy water blooms 
should be monitored for the presence of toxic water 
blooms 
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Summary Report of Toxic Algae Sampling 
in Wisconsin Lakes and Rivers during 1986. 

Wyatt Repavich, James Vennie, Richard Wedepohl, 
and Jon Standridge 

This study was conducted by the Wisconsin Department of 
Natural Resources, Lake Management Program and the State Lab of 
Hygiene. Its objective was to confirm the findings of earlier 
studies of toxic algae done by Karl, 1970. 

The primary questions were: 

Does toxic algae exist in Wisconsin's Lakes and Rivers? 

How extensive is their occurrence? 

Are identifiable quantities of the algal toxins getting 
into the surface water supplies systems? 

This study was stimulated by two incidents in Wisconsin 
which resulted in the deaths of dogs swimming in a lake in Polk 
County and cattle drinking from a pond in Green County. In the 
spring of 1986 a contract was established between the Department 
of Natural Resources ( D m )  and the State Laboratory of Hygiene 
for the lab analysis portion of this study. 

The DNFt field staff was asked to collect samples of algae 
blooms they observed during their normal work such as 
supervising Aquatic Nuisance Control algae treatments. 

The capability was established at the State lab to receive 
samples and to do an initial screening test for algal toxins. 
The resulting samples received by the State lab fell into four 
categories: 

1. Samples of algae from lakes with historical algal 
problems. 

2. Repeat samples from 7 sites (6 southern lakes and one 
river) collected 5 times during the summer. 

3. A sampling of raw and finished water from 8 public 
water supply systems using surface source water 
collected at the same sites 3 times. 

4. Incident investigation sampling related to deaths of 
ducks and sheep during 1986. 



Sampling Methods 

The DNR field staff was directed with the Appendix A memo 
(Bruce Baker - May 15, 1986) to collect the water containing 
algae in a standard 250 milliliter bacteriological bottle. This 
was to then be kept in a cold and dark environment and ship 
directly to the state lab for analysis along with the laboratory 
slip (Appendix B). The samples were taken generally at the 
water's surface along the shoreline with the field person 
attempting to get as much algae in the sample bottle as was 
possible without using an artificial means of concentrating. 
Variations of this method occurred in collections of the public 
water supply systems where one sample was collected from the raw 
water intake of the treatment system and another of the finished 
water. Some lake water samples, excluding water supply systems, 
were received by the lab with very few algal cells present. 
These were classified as "no testw samples and are reported in 
Table 1. 

Lab Analysis methods 

Samples were usually received from the field in 24-72 hours 
from time of collection. Upon arrival, the sample was assigned 
a number, mixed thoroughly, and four 2 ml subsamples were placed 
into 13 x 100 nun polystyrene test tubes and covered. The 
remaining sample in the collection bottle was then stored frozen 
at -20 degrees C. All pertinent information from the laboratory 
slip, such as the collector's name and address, the site name 
and exact location of collection, the date, time, and weather 
conditions were recorded into a log book. 

One of the four test tubes was stored at 4 degrees C for 
subsequent microscopic identification of the algae. The other 
three were placed in an ethanol/dry ice bath at -70 degrees C 
then thawed in a warm water bath at 20-40 degrees C. This 
process which disrupts the cells and releases toxins was 
repeated for a total of three freeze/thaw cycles, then the 
samples were stored at -20 degrees C. 

The specific algae genera present in the sample were 
determined by ricrocscopic examination of wet mount slides 
prepared with a drop of India ink. Conventional taxonomic 
guides aupplamented by consultations with the University of 
Wisconsin Botany Department were used in making the 
Identifications. The Identified algae vere listed in order of 
dominance in the aamples. Those genera most commonly observed 



were mabaena, A~hanizomenon, Elicrocvstis, Gloeotrichia, 
Oscillatoriq, and &vnubva (Figure 1 and 2). 

Toxins were detected in the processed samples by mouse 
bioassay. Duplicate female albino mice (25-30 grams) were 
injected intraperitoneally with 0.5 cc of lysed sample 
(Carmichael, 1984). A third control mouse was injected with 0.5 
cc of 0.9% normal saline. 

Following the injection the mice were observed continuously 
for the first 1.5 hours, then every hour to 6.5 hours and again 
after 24 hours. Symptoms of toxicity including lethargy, 
piloerection, salivation, respiratory distress, muscle tremors, 
muscle fasciculation, paralysis and death were recorded. 
Surviving mice were dispatched with cervical dislocation and 
necropsies were performed on mice exhibiting symptoms. 

The assay was considered positive for algal toxins if 
symptoms were observed, and death occurred prior to 24 hours. 
Hepatotoxins were differentiated from neurotoxins at necropsy. 
Hepatotoxins produced enlarged, darkened or mottled livers 
(Figure 3). Contact toxins produced numerous lesions and 
necrotic areas on all peritoneal organs (Figure 4). Neurotoxins 
showed signs of respiratory distress (convulsions, muscle 
tremors, muscle fasiculations and salivation) with organs 
appearing normal at necropsy. Occasionally a sample would 
produce peritonitis or massive rapid infection of the peritoneal 
cavity. Mice exhibiting peritonitis at necropsy were considered 
negative for algal toxins. Mice exhibiting peritonitis at 
necropsy were considered negative for algal toxins. Mice 
exhibiting symptoms or liver damage but surviving the 24 hours 
were considered marginally positive. Negative tests were 
indicated by absence of any symptoms and no pathology found at 
necropsy . 

Summary of Results 

The period of collection occurred from June 1986 through 
November 1986. A cool, windy summer resulted in fewer algae 
blooms to sample than expected. A total of 308 samples 
representing 97 lakes, 12 ponds and 5 streams were collected 
from 114 sites (Table 1 and Figure 5). Of these sites, 19 were 
positive, 6 were marginally positive, 12 were not tested and 77 
were negative. The positive and marginally positive were merged 
and reported as toxic (Figure 6 and Table 2). 

Although toxic blooms were documented in the water bodies 
used as water mupply aystem aources, this screening of raw water 
8amples indicated the presents of only a few algal cells of 
m, m c v s t i s ,  and G s c ~ a t o r i ~  with no signs of 
toxicity in the mouse bioassay tests. 
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Figure 1 Commonly Observed Algae 

Figure 2 More common Algae 



Figure 3 Hepatotoxin Effects on Mouse Liver 

Figuro 4 Contact Toxins Effects i n  Mice 



Figure 

Figure 6 Lakes Where Algal Toxins were Found i n  1986 



Table 1 Wisconsin 1986 Algae Toxin Assay Results 

Marginally 
Site No Test Negative Positive Positive Total ------.-.------------------.--------------------------------- 
Lakes 12 62 4 19 97 

Ponds 0 10 2 0 12 

Streams 0 5 0 0 5 

----.------------.-----..--------------.-------------------- 
Total 12 77 6 19 114 



Table 2 Toxins Found in These Samples 

TOWNSHIP COUNT 
RANGE LAKE NAME 

SAMPLE ALGAE 
NUMBER RESULT TYPES 

-- 

T13N 
T13N 
TllN 
TllN 
T15N 
T33N 
T33N 
T28N 
T2 9N 
T12N 
T31N 
T13N 
T32N 
T34N 
T33N 
T19N 
T2 ON 
T2 ON 
T33N 
T4 1N 
T4 1N 
T2 4N 
T36N 
T2 ON 
T3 3N 
T35N 
T2 ON 
T2 6N 
T18N 
T18N 
T2 6N 
T38N 
T3 1N 
T14N 

- - 

R06E DELTON LAKE 3 2 1 2 3  
R06E 1 DELTON LAKE 5 1 1 2 3  
R08E WISCONSIN LAKE MOON LIGHT BAY 31 2 2 3 1 
R08E 2 WISCONSIN LAKE MERRIMAC BOAT 32 1 2 1 3  
R13E 3 LITTLE GREEN LAKE 35 1 3 4 
RlOW 4 TEN MILE LAKE 39 1 3 2 1  
RllW 5 PRAIRIE LAKE 40 1 3 
R12W 6 MENOMIN LAKE W. BEACH 43 1 3 1 2  
R12W 7 TAINTER LAKE, WEST SHORE 44 1 3 1 
R14E 8 BEAVER D M  LAKE HWY G 49 1 3 1 
R18W 9 SQUAW LAKE NORTHEAST END 65 1 3 1 
R03E 10 REDSTONE LAKE 86 2 1 3  
R16W 11 MARTIN POND-FISH REARING POND 94 2 3 2 1  
R18W 12 FROKNER POND-FISH REARING POND 95 2 3 1 
R15W 13 MAGNOR LAKE 110 2 3 1 
R21E 14 BIG UING LAKE-BOAT LANDING 114 1 1 3 2  
R17E WINNEBAGO LAKE HIGH CLIFF 128 2 3 4 
R17E WINNEBAGO LAKE HIGH CLIFF 141 2 4 
R17W WAPOGASSET LAKE 142 2 1 3  
R14W 15 STAPLES LAKE 143 1 3 1 
R14W STAPLES LAKE 144 2 3 1 
R21E 16 GREEN BAY GRID 1001 156 1 3 
R17W 17 BUTTERNUT BIG LAKE 157 1 3 1 
R17E WINNEBAGO LAKE HIGH CLIFF 184 2 4 1 
R17W 18 WAPOGASSET LAKE 186 1 3 1 2  
R16W 19 BONE LAKE 188 1 3 1 
R18E 20 WINNEBAGO LAKE HIGH CLIFF 214 1 1 3 4  
R06E BIG EAU PLEINE RESERVOIR 239 2 1 
R04E 21 PETENWELL LAKE CHICAGO AV. 241 1 3 
R04E PETENWELL LAKE PETENWELL PARK 244 1 3 1 
RO6E 22 BIG EAU PLEINE RES. CT. 0 NW 246 1 1 3  
R09W 23 GISSABAGAMA LAKE BIG BOAT LANDING300 2 2 1 3  
R18W 24 RIVERDALE FLXIWAGE-APPLE RIVER 301 1 2 1 
R12E 25 MARIA LAKE SE SHORELINE 307 2 2 1 

TYPES OF AIGAE CODES RESULTS CODE 

1-UABAENA 1-Posit ive 
2 -APHANIZOMENON 2-~arginally 
3-MICROCYSTXS Positive 
4-GfX)EOTRICHIA 
5-NONE 
6-z8HGBxA 
70- 



Appendix A 

Memo on Field Sampling Proceedure 



CORlfJZSPOMP;I'WCI/MEMOlAWBYM mATE OF WISCONSIN 

DATE : Hay 15, 1986 FILE REF: 3120 

TO: u 8 t ~  Resources Supervfsort, ATTN: L8ke H a ~ g n c n t  Coordf mtors; ANC 
k p e r v i  sars 

FROM : Bruce Baker - WR/2 

SUBJECT: Toxic Algae Screening k r v v y  

A screening survey to deffne the extent and m nfW& of toxfc a l ~ e  btoors i n  
Uisconsin w i l l  k conducted t h i s  srrawr. Yc 3 11 be able to tes t  up to 500 
mtar samples, c o l l ~ k d  from as lakes md ponds 8s possfble betteen 
.Iddune a d  mid-Sepkdcr. Your rssistrnct, suggesttons and fnsights m t h i s  
)rublea are requestad. 

On My 29, Dr. Uayne C8rrfchael fm Mrlght Strte University utl1 k fn 
k d i s o n  to meet utth &parbent and 18b staff to d i ~ u t s  the problemof toxic 
a l r e .  h w l l l  be resenting a s e m f ~ r  froa 8:W a.m. to 10:W a.m. (&m t 61 8, 6EF 2) and ul 1 then be m t f n g  with thc lab s ta f f  a t  the University to 
r e v i m  analyt ical procedures. You and your asrociates rre inv i ted to attend. 

Alga1 toxfns have been documented as having cauwd the deaths o f  several 
cat t le  and dogs t h i s  past sunmer I n  Yisconsin. As mre becomes known about 
the potentfal damage these potent toxfns can cause and given that our Takes 
contrnue t o  become more eutrophic, we feel that Z t  i s  important the probTein be 
better understood. Three problem species o f  algae cmtonly found i n  
Yisconsin, Anabaena, Uicroc s t3  -, have been billown to 
produce the -ins. &&ntn?b~i~ ~ a t o r i  are o tn rs .   or ~osses 
to animals include cat t le,  sheep, hogs, birds, an0 irh, uhi le mfnor tosws 
have k e n  mportcd f o r  dogs, horses, ow l1  u l l d  m f u l s ,  and lnverkbrates. 
k u t e  oral t o x i c l t ~  to hrrans has not been docrrcnted, but then I s  increasing 
wideme tha t  tRt toxlns cruse s t m r & r i t l s  and mtwt britrtlont to lake 
mrr. Sat studles have also mp1icaWd rl@nl toxlas vlth long tern h m n  
M a l t h  p rob l r s .  

r 
7he pmposed c o l l u t i o n  protocol for th1s ~ l ) r  1s as follous: 

1 Betmen 100-150 samples can be collected per d i s t r l c t  8s tlw f i rst  
estfmak. If possible sarpting should be evened out over tlw t lw periods 
of June 15 to S t p m r  15 to aake l i f e  e u l e r  a t  the Irb. Worrcmr, Un 
u l n  c r l k r l a  should be t o  sample ln tenu  blw-green alga1 bloom. I t  h8s 
k e n  suggested tha t  ANC supervisors would k ideal people to col lect  
samples, 8s they are travelling to, fm, a r  r r e  rt r sprqy job 

8. t h l s  f f n t  level  tuwy I s  k l n g  set up to maxi~ize tbe potent181 f o r  
f tndlng problems. T h m f o n  s r p l l n g  thou1- 8s much w p s s i b l e  
when and when heavy blue-green r lgre  bloarr rn occurr in~. This my u r n  
wclghting smple c o l l u t l o n  towards tht. l a t t r  prrt of  the surcr,  but rr! 
do hope you c m  h i t  some l rkes earlier. 



t 

TO: Lake Management Coordinators 2. 

3. Smples should be col lukd where surface scrw r n  the hervfest, such rs 
r t  sf to of wind blown r c c l r t i o n s  or i n  prokcud bays. Samples can k 
collected fnrrr piers, borts, or directly froa shore - hatever i s  most 
convenient. The lrkes or ponds sampled r n  up to you. To keep this 
runty froa rddfng to the worklord (except for r 1 I ttle, tiw, b i t )  and 
becollllng r wprrrk praJut,  please urple 8s is convenient, i.e. lakes 
uhen ANC tnrtaents are k i n g  conducWd or those lakes you happen to k 
driving past or a n  suwying for ~ l w  other purpose, such rs 8 krch 
4nspec tlm. 

1. The samples should be collected i n  s t tr l le  250 rillilikr brcti bottles b j  
skimfn mrfrce scms to uximlze Me v w n t  of 81 e present 4s thc 

Imedirkly f o l l d n g  collection s q l e s  s 11 be iced and 
stored i n  the dark and shipped to the lab on the dmy of wlfng. 

S If you couple swple collection to r specific incident, 4.e. r f i s h  k i l l ,  
animal death, or swiarfng corrp'lrint, which 4s r p o d  idea, and you want to 
k sun the l a b  w i l l  analyze your sample, write PRIORIN i n  big red 
1 s t '  on the 1rb slip. This will alert John S tmdt id~ ,  who will k 
handling this survey a t  the Irb. On the lrb slips just note sample r s  
toxfc algae i n  addition to providing basic locater information e k .  If 
the Irb receives nore samples than  budgeted, analysis w i l l  be priori tired 
by i nspecting them for the prosence of one of the w o r  problem algae 
specf es. 

I ' l l  be notifying the departaents of Health and Social Services and 
Agrfcultun of this survey so they're rware of what w'll be doing. Again, i f  
you are responding to m incident be rwrn that rlfpl toxicity roblms a n  1 r y  1 .  Collutfng r q 1 e  8 d y  rfWr w even severr hours r f k r  
the problem hrs surfaced can k too I r e .  Siwe the toxins rrr uuwlly 
comentrrted l n  t h i n  wrfrce scms, r puff of ulM cm quickly ditut+ and 
s m the problr to r f n t  rhcn 4 t  vlll a 1 r be toxic. Rhwdcr 
to b e 1  thc maple ~ I O R I # ~ ~  it ir nry iqortant % t it ~e rcmned. 

tc: District D i m t o r t  
Jim Wis - W4 
Steve Miller - W4 
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TOXIC BLUE-GREEN ALGAE PROC;RAn DATA SHEET 
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Toxic Algae Study Report 
On Mutagenicity, Lethal Dose and Sample Storage Viability 

Wyatt Rapavich, Jon Standridge, and William Sonzogni 

Jntroduction 

Phase one of the 1986 Toxic Algae project indicated that 
roughly one quarter of the waters in the State of Wisconsin 
contained toxic blooms at the time they were sampled. The acute 
effects of these toxins on animal life are well documented; 
however, the chronic effects are not. Therefore, both crude and 
purified extracts of algal toxins were tested for mutagenic 
activity using a battery of three vitro tests -- the Ames 
Mutagen Test (Maron, 1983), the Bacillus subtilis Multigene 
Sporulation Test (Sacks, 1984), and a chromosomal aberration 
test using human lymphocytes (Cohen, 1971). Also, the viability 
of stored samples and the minimum lethal dose of the extracts 
were determined. 

Algal extracts tested were both purified and crude. 
Purified extracts (including hepatotoxin at 0.9 mg/mL, 
anatoxin-a(s) at 0.02 mg/mL, and neosaxitoxin - unknown 
concentration) were obtained from Dr. Wayne W. Cannichael's lab 
at Wright State University. Eight extracts were prepared from 
frozen Wisconsin lake water samples proven to contain toxins by 
mouse bioassay. The lake water samples were thawed, mixed, and 
dispensed into 500 mL beakers in 50 gL aliqouts, then frozen and 
thawed in an ethanol/dry ice bath to disrupt the cell walls and 
release the toxins. Next, the sample was centrifuged to remove 
coarse particulate matter and the mupernatant was collected and 
passed through a 0.45 um filter. The filtrate was then 
evaporated to dryness and reconstituted in 10 mL of distilled 
water. Again the sample was filtered through a 0.45 um filter 
followed by a 0.20 um filter to insure sterility. The resultant 
filtrate was finally placed in mterile vials and checked for the 
presence of viable toxins using mouse bioassay. 

Ames testing was conducted on both the crude and the three 
pure toxins at three doses (100, 50, and 25 uL) following 
procedures developed by Haron (1983) using mlmonellg 
g m h i m u r i ~  with and without the use of a liver microsome 
preparation (S-9). A second bacterial assay employing Bacillus 
~ubtilig, developed for detecting environmental mutagens (Sacks 
1984), was applied to the hepatotoxin and neosaxitoxin (plus S-9 
and minus S-9) and to the crude extracts (minus S-9) at three 
concentrations (100, 50 and 25%). The three pure algal toxins 
were also tested vitro against human lymphocytes (cohen 
1971). Three log dilutions of toxin were tested on three human 
lymphocyte cell sources. 



In addition to the mutagen studies, the long-term storage 
of toxins for future analysis was tested to determine the length 
of time samples may be stored and retain activity. Nine crude 
extracts with storage times ranging from two to six months were 
tested for viability using mouse assays. 

Studies were also carried out to determine the minimum 
doses at which the toxins are lethal to mice for both purified 
and crude extracts. Twofold dilutions were used until a 
non-lethal dose was found using the mouse assay procedures. 

Results 

Neither bacterial assay indicated any significant mutagenic 
activity (Tables 1 and 2) from the toxins. B. subtilis did 
exhibit toxicity when exposed to the pure extracts at the higher 
doses (Table 2). 

All three pure extracts, particularly hepatotoxin, were 
clastogenic, or capable of producing a low level of chromosome 
damage, in the human lymphocyte system (Table 3). No toxic 
effects were noted. 

The viability of samples stored frozen at -20Oc was 
variable. Neosaxitoxins were tested at 1 month was toxic, but 
were no longer viable when tested after six months. The 
hepatotoxins and contact poisons showed continued strong 
activity after five months of storage. Anatoxin-a(s) remained 
viable at six months but was not viable at ten months. 

Studies were done to determine the minimum lethal dose of 
both crude and purified extracts. Although anatoxin-a(s) is a 
faster acting toxin than hepatotoxin, results in Table 4 
indicate that the neurotoxin required a higher concentration 
(0.268 mg/kg) to kill mice, whereas hepatotoxin only required 
0.080 mg/kg. Note that a(s) toxin is unstable and therefore is 
probably a loss of activity is expected - this indicates that 
the toxicity is 10 times greater than the concentration reported 
here (Carmichael 1987). Data on the concentration of 
neosaxitoxin was unavailable, therefore the final concentration 
of 7.14 W k g  of the pure extract was required to kill a mouse. 

The crude extract data from Table 4 demonstrates that 
lethal doses are related to the amount of toxin in the extract. 
Extracts from Beaver Dam Lake and Lake Henomin were the most 
potent, needing only 3.57 mL/kg of extract to kill mice. Big 
Long Lake, Big Eau Pleine Reservoir and Lake Delton exhibited 
the least amount of toxicity, requiring 14.28 mL/kg of extract. 
Estimates of minimum lethal doses for the Lake Henomin and 
Beaver Dam Lake samples for a 20 kg Springer Spaniel dog would 
be approximately 70 mL of lake water ingested. For a 75 kg 
human the lethal dose would be approximately 270 mL for the same 
toxin. 



Conclusions 

Toxic algae is a potential danger in Wisconsin. The 
possibility of death of livestock and other animals consuming 
water containing algal toxins is an ever present threat 
considering the relatively low doses required and the state wide 
prevalence of toxic blooms. 

Although the Ames and 3, subtilus assays do not indicate 
dangerous effects from chronic exposure, the lymphocyte study 
did suggest potential health risk related to human consumption 
of toxins. In relative terms, however, it should be noted that 
the level of chromosome damage is much lower than that produced 
from known clastogenic compound used as controls. Nevertheless, 
each of the three systems used have varying sensitivity to 
compounds due to different metabolic pathways and chromosome 
vulnerability. Therefore, the findings of the lymphocyte study 
should not be overlooked particularly since the effects on human 
cells ie ehown. 
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Table 1 

Mutagenic Activity of Algal Toxins 
in the Ames Mutagen Assay 

Ratio of Induced Revertants to Control 

TA 98 TA 100 TA 102 
Extract Dose (uL) -S9 +S9 -S9 +S9 4 9  +s9 

Purified Toxins 
Neosaxi toxin 100 0.02 -0.11 0.31 0.02 0.40 0.11 

50 0.48 0.22 0.07 0.19 0.13 0.13 
2 5 0.03 -0.14 0 1  0.10 0.60 0.23 

Hepatotoxin 100 0.14 0.22 0.08 0.14 0.42 0.14- 
(0.9 ug/uL) 50 0.02 0.18 0.01 -0.07 0.33 0.09 

2 5 0.16 0.00 0.04 0.12 0.22 0.10 

Crude Extracts 
L. Delton 100 

50 
25 

Ten Mile L. 100 
50 
25 

L. Menomin 

Beaver Dam L. 

Squaw L. 

Big Long L. 

Stlrplts L. 



Ratio of Induced Revertants to Control 
TA 98 TA 100 TA 102 

Extract Dose (uL) -S9 +S9 -S9 +S9 -S9 +S9 

Big Eau Pleine 100 0.10 -0.02 0.31 0.05 0.80 0.36 
Res . 50 -0.06 -0.07 0.29 0.10 0.15 0.09 

25 0.00 0.27 0.22 -0.08 -0.15 0.52 

Postives in the Ames test have a ratio value greater than 1.00 and exhibit 
a dose response. 



Table 2 

Mutagenic Activity of Algal Toxins 
in the Bacillus subtilis Multigene Sporulation Test 

Numbgr of Mutants/ 
10 Survivors - 

S9 Strain Strain Percent 
Extract Dose nix 168 HCR-9 Survival 

Control 10 UL - 2 6 
10 UL + 2 2 

H2°2 1.25 ug - 41 58 

Purified: 
Hepatotoxin 9.0 ug 

4.5 ug 
2.25 ug 

Hepatotoxin 9.0 ug 
4.5 ug 
2.25 ug 

Neosaxitoxin 100% 
50% 
2 5% 

Neosaxitoxin 100% 
50% 
2 5% 

Crude : 
L. Delton 

Ten Mile L. 

Beaver Dam L. 

Squaw L. 

Big Long L. 

Staples L. 

Big Eau Pleine 
Res. 

Positives generally exhibit a number of mutants valw two times greater 
than the control coupled with a dose response. 



Table 3 

Ckomosorne Breakage Sn Human Lymphocytu Exposed In V i m  for 3 Algdtoxlnr* 

Control Mitotic 
%Total % Control % Induced % Mitotic %Mitotic Index as % Number Number 

Concentration Breaks Breaks Breaks+ Index Index of control of of 
To* (ug/ml) (Range) (Range) (Range) (Range) (Range) (Range) People Cells 

Hepatotoxin 
0.9 dd 14-32 6 8-26 0.8-23 1 a2-6.2 40.3-111 .O 3 150 
0.9 dd 12-16 6 6-10 1.04.6 1.242 74.233.) 3 150 

0.009 ug /d+t  6 4 2 1.7 2.3 47.8-87.0 1 '  100 

1 72 hou culturea wlth t o d n  dded after first 24 hours. 

+ Induced breakage Is total breakage from vhich breakage observed In parallel controls has been subtracted. 

Due to limlted amourt of material, could not test a higher dose. 

++ Thb result w u  based only on a single treated culture. 



TABLE 4 

Lethal Dose of Algal Extractt 

Carrcentrath Time 
to 

! h e  (mL) wP mouse FAY wth (min) 

Purified 

Hepatotoxin 
(0.9 mg/mL) 

Neosaxitoxin 

Anatodn - ah) 
(0.02 mg/mL) 

0.5 

0.25 

0.125 

0 -0625 

Crude Extracts 
1. Dclton 0.05 

0.25 

0.125 

0 -0625 



Concentration Time 
to 

Dose (mL) Death (mh) 

Ten Mile 1. 

L. Menomin 

Beaver Dam 1. 

Squaw L. 

Big Long 1. 0.5 14.2857 - 61 

0.25 7.1029 . -  ,210 



Corrccntration Time 
(&kg (mdkg to 

Dose (mL) mouse) mouse) Death (mid  

Staples L. 

Big Eau Pleine Res. 



PART 3 
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ALGAE THAT PRODUCE TOXlNS A N D  
THEIR POTENTlAL EFFECTS 

Depmiment of Natural Resources Lske hnagement R-m 

PUBL-WR-162 87 
June 1967 

Summary 
Algae are fed by nutrients in lake water. Human activities add excessive amounts of nutrients to  lake 

.,... . . 
water which can, in turn cause more algal blooms. Algal Hmms are easily recognized as thlck, green ' "~"-?." '  .":' 

? , . 1, ;: .:,+ slimy mats which float on the lake surface but only a few types of blue-green algae ~produce'to~s. 
Limited and spsctfic condMons are for bluewen algae to mxfns. Ifxfns- &&& :: P,'"'>~.~~'':~c.-:: 

& < .  

, . , ' . .  
.h  .:... .. E::f:v:"'sr, " 

blue-green algal toxins can be harmful to animals. "" - . . A, , .;*",<. ~ . , , , ," 
I. - i  

' .. $" \ I , .< +. # ,, . . , 'I ,. >, :; , - Y , . . , , , " .  

What are Algae? d c .'. -. B" p :  

" ,>,,r .;,x*z+G?~~$,~<"*,.%~ 
&ae are &&cop& plant. that are fwnd in all lakes as well as iin &.oid;l. fhsn '* W p  : :. ,~$:-~"i%& 

&fferent kin& &&pq, and emh g- un&r &ffmnt mnd&ns. M a  &ae -fir 4i3$gi$&4#& 
mp9 2$&,ik& ' m b p h i c  (Mghly M e )  Ides while others a bund hl atgotrophic ( n e t  poor) Iks.7hc , .,, . 

. " present in a hke the greener and less dear'& water win appear. The amourit md'm &'a:k.-' " i-"r*? -1 
shgaethatanefoundtnahkewillaffectwzlterCbrtty,theMery,andthegrowthofother~ts. - >  

I .  

Algae as Part of the Food Chain 
Algae are an important part of the natural lake food chain. These microscopic plants are eaten by 

microscopic animals called zooplankton. The zooplankton are eaten by fish which are then eaten by 
larger fish. Humans and other animals may consume these larger fish. 

Different Types of Algae 
Most freshwater algae can be divided into three broad categories: green, bluegreen, and golden 
brown, based on the kind of pigments that are present in the algal cells. The algae may appear 
green, brown, blue, bluegreen, violet, red or black. 

_ . . ,  

. . ..., . , . ,. - . 
. . ' V . '  

A laboratory analysis is o d w a y  of determlnlng wh.(hs or not a pkkukidborn d n l n g d g s e  kt-. h 
.many cases the presence of algal boldns are r%cognimd car& uftw lhrestodr or pets borne ill die 
.~,h b l n g  iexposed to an MOM: .. -. 

. .. % -+.. . . ; :, g>,+::,-r , : . ' .  .. p.??, ; ' 
:. i :. ". 

- ..., . , . . , :! ~, i .g::,% .* . A  . . 
, . ' . . a -  - , *  / C ,  < ,. .. . ,; ,. *, . . . . ' , , &. .;$,;.&. ..A ,.. 7:?;,$',';&,i:;; -. ,: - ! . , 'V. 

- . .  t 8. . ,. . , 
.,.... $ma.: ... , 

- .  ; ,a ; ...:.' , '.L~""... ...* .)&& $:,. . ;.. . .,, :::t,j;. . .. . ".. , : . ; A  - ,.. . . !  , ,  ., ; < , . , 7 .;, ;' .. . ,. ." ,'\.' ' " 
, .. 

. . ,  i i 
..f , . 

, , : , .,,. LC. . , t: f.,. -..>ir> '.' 

*, . .  . .~ * '  . 5 , . ;* . ., . .$.- ,%, ,,: . .. 



Ceds of Exposure to Algae that Roduce Toxins t 

TA- released into the water from dying blue-green algae may be dangerous to livestock, pets, 
lpaterfowl, and otha.anim&. Animals drinking the water contatning toxins can be affected in four 
ways, depending on the kind of animal, the type d poison produced by the algae, and the amount 
d#gae  consumed: 

they may d a m e e  their liver or skin; 
* they may die immediately due to respiratory failure; 
-e they may die between one to six hours after drinking the bad water as their internal organs fail, 

particularly the .k. - they may not b affected at all 

'People may alwk a k k d  by algte +tat podwe toxhlr, pmrthWy4rom ~sudmrntag in water 
containing the t-, a by$toudring the dgae  W. Symptom i d u Y P L ' ~ g l ,  ddmaing cif the . .. 

ddn, eye initation, .dizzhw, cramps and v o m f t l n g ~ ~ ~ k t n g ' m E n ~  quantities dim& containtng the 
takins may result in m t s s t t n a l  prddems (indigestion]. -Genera&, -humans mwer 'from ,the 

-, . 
z i,: . . .  

Wisconsin, ,.- Ikrsstodr, dogs, and waterfowl have died as ;a d cd wldrihking contamhated watgls,.-: ,I . 
. ' ... . "' , ' brl ' " ' 

"":2- .e;,;, 

While algal blooms are a natural part d the lake environment, we are becoming more concerned 
about their presence. Why? Because human activities add excessive amounts of nutrients to our lakes 
and streams, resulting in more frequent algal blooms with occasional toxin producing algae. To better 
understand how widespread and serious the algal toxin problems may be in Wisconsin, the 
Ddpartrnent of Natural Resources sampled lakes during 1986. Samples were collected at sites where 
bhe-green algal blooms were found. 

Analysis was done by the State Laboratory of Hygiene to determine if these samples were toxic. A 
f' rqppztwill somi be available which discusses these fesuhs. 

r r: 

famun,~.1~ard~drOIliDdBe*kr~lealn~~8~pnwntEDnettosmm~.Wt 
can dl play arda in hr$ing mntd nuleancredghl b m s  bykamtr rgahut  and practidllg ways of 
proltretring  out u e  rusowms. * p c F  
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PART 4 

Tables of Data Collected. 

Table 1 - Wisconsin Surface Water Supply Sampled for Algal 
Toxins with the Mouse Bioassay 

Table 2 - Lakes Sampled for Algal Toxins in 1986 
Table 3 - Intensive Sampling Conducted By Wyatt 

Repavich and other Southern District Staff. 

Table 4 - All Samples Collected During the Survey 
Table 5 - Surface Water Inventory of Lakes done 1960's 

to 1980's for positive toxins lakes. 



Table 1 Wisconsin Surface Water Supply Sampled for Algal Toxins 
with Mouse Bioassay. 

Results Algae 
0-Negative 1-ANABAENA 
1-Positive 2-bPHANIZOMENON 

Analyzed by Wyatt Repavich 2-Marginally 3-MICROCYSTIS 
at State Lab of Hygiene Positive 4-GLOEOTRICHIA 

5-NONE 
6-LYNGBYA 
7-OSCILLATORIA 

Results Date 
Lake Name and Water Supply System # Algae ..................................................................... 
MICHIGAN LAKE RAW GREEN BAY CITY FROM KEWAUNEE 205 0 5 19-Aug-86 
MICHIGAN LAKE RAW GREEN BAY CITY FROM K'AUNEE 228 0 5 26-Aug-86 
MICHIGAN LAKE RAW GREEN BAY CITY FROM KEWAUNEE 250 0 5 02-Sep-86 
MICHIGAN LAKE FINISHED GREEN BAY 206 0 5 19-Aug-86 
MICHIGAN FINISHED GREEN BAY 229 0 5 26-Aug-86 
MICHIGAN LAKE FINISHED GREEN BAY 251 0 5 02-Sep-86 

MICHIGAN LAKE RAW MANITOWOC INTAKE 203 0 5 19-Aug-86 
MICHIGAN LAKE RAW MANITOWOC INTAKE 226 0 5 26-Aug-86 
MICHIGAN LAKE RAW MANITOWOC INTAKE 248 0 5 02-Sep-86 
MICHIGAN LAKE FINISHED MANITOWOC IN PLANT 204 0 5 19-Aug-86 
MICHIGAN LAKE FINISHED MANITOWOC IN PLANT 227 0 5 26-Aug-86 
MICHIGAN LAKE FINISHED MANITOWOC IN PLANT 249 0 5 02-Sep-86 

MICHIGAN LAKE RAW MARINETTE IN PLANT 207 0 5 19-Aug-86 
MICHIGAN LAKE RAW MARINETTE IN PLANT 230 0 5 26-Aug-86 
MICHIGAN LAKE RAW MARINETTE IN PLANT 252 0 5 02-Sep-86 
MICHIGAN LAKE FINISHED MRINETTE 208 0 5 19-Aug-86 
MICHIGAN LAKE FINISHED MARINETTE IN PLANT 231 0 5 26-Aug-86 
MICHIGAN LAKE FINISHED MARINETTE IN PLANT 253 0 5 02-Sep-86 

SUNSET LK RAW KING WI VET HOME 
SUNSET LK RAW KING WI VET HOME 
SUNSET LK RAW KING WI VET HOME 
SUNSET LK FINISHED KING WI VET HOME 
SUNSET LK FINISHED KING WI VET HOKE 
SUNSET LK FINISHED KING WI VET HOME 

WINNEBAGO LAKE RAW APPLETON INTAKE PUMPS 191 0 1 18-Aug-86 
WINNEBAGO LAKE RAW APPLETON INTAKE PUMPS 215 0 5 25-Aug-86 
WINNEBAGO LAKE RAW APPLETON INTAKE PUMPS 262 0 5 03-Sep-86 
WINNEBAGO LAKE FINISHED APPLETON INTAKE PUMPS 192 0 5 18-Aug-86 
WINNEBAGO LAKE FINISHED APPLETON INTAKE PUMPS 216 0 5 25-Aug-86 
WINNEBAGO LAKE FINISHED APPLETON INTAKE PUMPS 263 0 5 03-Sep-86 

WINNEBAGO LAKE MENASHA FILTRATION BASIN 193 0 1 3 18-Aug-86 
WINNEBAGO IAKE MENASHA FILTRATION BASIN 117 0 5 25-Aug-86 
WINNEBAGO LAKE MENASHA FILTRATION BASIN 266 0 3 7 03-Sep-86 



WINNEBAGO LAKE MENASHA TAP WATER IN PLANT 194 0 5 18-Aug-86 
WINNEBAGO LAKE MENASHA TAP WATER IN PLANT 218 0 5 25-Aug-86 
WINNEBAGO LAKE MENASHA TAP WATER IN PLANT 267 0 5 03-Sep-86 

WINNEBAGO LAKE NEENAH RAW WATER IN PLANT 195 0 1 3 18-Aug-86 
WINNEBAGO LAKE NEENAH RAW WATER IN PLANT 219 0 5 25-Aug-86 
WINNEBAGO LAKE NEENAH RAW WATER IN PLANT 264 0 5 03-Sep-86 
WINNEBAGO LAKE NEENAH FINISHRD TAP WATER IN PL 196 0 5 18-Aug-86 
WINNEBAGO LAKE NEENAH FINISHRD TAP WATER IN PL 220 0 5 25-Aug-86 
WINNEBAGO LAKE NEENAH FINISHRD TAP WATER IN PL 265 0 5 03-Sep-86 

WINNEBAGO LAKE OSHKOSH RAW WATER OUTSIDE PLANT 197 0 1 18-Aug-86 
WINNEBAGO LAKE OSHXOSH RAW WATER OUTSIDE PLANT 221 0 5 25-AUg-86 
WINNEBAGO LAKE OSHKOSH RAW WATER OUTSIDE PLANT 268 0 3 7 03-Sep-86 
WINNEBAGO LAKE OSHKOSH FINISHRD TAP WATER IN P 198 0 5 18-AUg-86 
WINNEBAGO LAKE OSHKOSH FINISHRD TAP WATER IN P 222 0 5 25-Aug-86 
WINNEBAGO LAKE OSHKOSH FINISHRD TAP WATER IN P 269 0 5 03-Sep-86 



Table 2 List of Wisconsin Lakes Sampled for Algae 
Toxins in 1986. 

TOWNSHIP RANGE LAKE NAME 

T34N 
T27N 
T4 ON 
T2 6N 
T34N 
T4 ON 
T31N 
T37N 
T18N 
T12N 
T26N 
T19N 
T35N 
T35N 
T4 ON 
T19N 
T3 6N 
T4 ON 
T39N 
T18N 
T17N 
T40N 
T32N 
T33N 
T6N 

T4 ON 
T34N 
T9N 

T12N 
T24N 
T34N 
T2N 
T13N 
TllN 
T13N 
T4 ON 
T9N 
T34N 
T2 4N 
T2 9N 
T29N 
T6N 
T5N 

T43N 
T4 ON 
T19N 
T15N 

R12E 
R08W 
RllE 
R07E 
R17W 
RllE 
R2 0E 
R06E 
R16E 
R14E 
R05E 
R2 1E 
R12E 
R16W 
R09E 
R2 1E 
R17W 
R12E 
R07E 
R23E 
R04E 
RlOE 
R18W 
RlOW 
R03E 
RllE 
R13E 
R07E 
RlOE 
ROlE 
R13E 
R16E 
R06E 
R06E 
R03E 
RlOE 
R19E 
Rl8W 
R2 1E 
ROlE 
ROlE 
RlOE 
R13E 
R03E 
R07E 
R16E 
R13E 

AGNES LAKE MIDDLE 1 METER 
ALTOONA LAKE 
ANVIL LAICE SOUTH SIDE BT LANDING 
BAKER, HATT FARM 
BALSAM EAST LAKE 
BASS LAKE EAST SIDE R.E.PETERSON 
BASS LAKE WEST END 
BEARSKIN, BIG LAKE EAST @ BOAT LANDING 
BEAU DES MORTES 
BEAVER DAM LAKE HWY D 
BIG EAU PLEINE RESERVOIR PARK NORTH BEACH 
BIG IXlNG LAKE-BOAT LANDING 
BISHOP LAKE-SE BOAT LANDING 
BONE LAKE 
BOOT LAKE NORTH SIDE SUNNYBROOK RESORT 
BULLSIEAD LAKE WEST PUB. LANDING 
BUTTERNUT BIG LAKE 
BUTTERNOT LAKE 
CARROL LAKE OFF CTH J 
CARSTENS LAKE WEST SHORE 
CASTLE ROCK LAKE NW SIDE 
CATFISH/EAGLE LAKE THOROUGHFARE N OF BRIDGE 
CEDAR LAKE 
CHETEK LAKE NEAR DAM 
COX HOLLOW LAKE 
CRANBERRY LAKE PUB. BOAT LANDING 
CRANE LAKE - ANDERSON HOUSE 
CRYSTAL. LAKE 
CRYSTAL LAICE 
CUNNINGHAM CREEK 
DEEP HOLE LAKE MIDDLE SURFACE 
DELAVAN LAKE 
DELTON LAKE 
DEVILS LAKE 
DUTCH HOLLOW LAKE PUB. BOAT LANDING 
EAGLE RIVER HWY 17 BRIDGE 
FIVE LAKE 
FROKNER POND-FISH REARING POND POLK CO 
GREEN BAY GRID 1001 1/4 HI OF BAYSHORE PK 
HOLDING POND DORCHESTER POTW 
HOLDING POND LYNN DAIRY 
KEGONSA LAKE 
KOSHKONONG LAKE 
LAKE OF THE FALLS (F-U FIDWAGE) 
LITTLE ARBOR VITAE NE LM; 
LITTLE BUTTE DES MORTES LAKE 
LITTLE GREEN LAKE 



R13E 
R08E 
RlOW 
R07E 
R15W 
R12E 
R16W 
R12W 
R24E 
R09E 
RlOE 
R09E 
R12E 
R12E 
RlOE 
R06E 
R04E 
R18E 
R13E 
R12E 
R17W 
R17W 
R12W 
R12W 
RllW 
R08E 
R03E 
R18W 
R18W 
R14E 
R14E 
RlOE 
R09W 
R07E 
R18W 
R14W 
R08E 
RllE 
R12W 
RllE 
RlOW 
RlOE 
R06W 
RO6E 
R05E 
R17W 
RlOE 
R03E 
R09E 
R17E 
R08E 
R08W 
R04E 

LITTLE SAND LAKE BOAT LANDING 
LITTLE ST GERMAIN LAKE EAST BAY 
IDNG LAKE AT THE NARROWS 
MADELINE LAKE OFF CTH J 
MAGNOR LAKE 
MARIA LAKE SE SHORELINE 
MARTIN POND-FISH REARING POND POLK CO 
MENOMIN LAKE W. BEACH 
MICHIGAN LAKE RAW MARINETTE IN PLANT 
MONONA BAY-NORTH BEACH 
MONONA LAKE 
MUSKELUNGE LAKE NORTH SIDE BT LANDING 
PARK LAKE ADJ TO SWIMMING AREA 
PAUL BURNS POND 
PELICAN LAKE EAST SIDE 
PESOBIC LAKE EAST SHORE 
PETENWELL LAKE ARROWHEAD LAGOON 
PEWAUKEE LAKE 
PICKEREL LAKE VORAS TAVERN 
PINE LAKE NE SIDE 
POLK CO-BELD POND-WALLEYE REARING POND 
POLK CO-HEMAN'S POND-WALLEYE REARING POND 
POND 10 SPOONER W/W HATCHERY 
POND 7 SPOONER W/W HATCHERY 
PRAIRE LAKE 
RAINBOW FIDWAGE CTH E NEAR DAM ROAD 
REDSTONE LAKE 
RIVERDALE FLOWAGE-APPLE RIVER 
RIVERDALE FLOWAGE-APPLE RIVER 
ROBERTS LAKE-SE BOAT LANDING 
ROCK RIVER EAST OF SUMNER 
SCATTERING RICE LAKE SOUTH SHORE BT LANDING 
SISSABAGAMA LAKE SW SHORE 
SNAKE LAKE OFF HWY 47 
SQUAW LAKE NORTHEAST END 
STAPLES LAKE 
STELLA LAKE BOAT LANDING 
SUNSET LK RAW KING WI VET HOME 
TAINTER LAKE 
TAMBLING LAKE OUTFIDW RANGELINE RD 
TEN MILE LAKE 
THUNDER LAKE SOUTH SHORE 
TRUMP IAW3 
TUG LAKE NORTH SHORE SWIMMING BEACH 
VIRGINIA LAKE-NORTH SHORE 
WAPOGASSET LAKE 
WAUBESA LAKE - BABCOCK PARK BEACH 
WILSON LAKE 
WINGRA LAKE 
WINNEBAGO LAKE HIGH CLIFF MARINA 
WISCONSIN LAKE KERRIMAC BOAT LANDING 
WISSOTA LAKE 
YELLOWSTONE LAKE 



Table 3 - Intensive Sampling Conducted By Wyatt 
Repavich and other Southern District Staff. 

Results Algae 
0-Negative l-&EUBAENA 
1-Positive 2 --I ZOMENON 

Analyzed by Wyatt Repavich 2-Marginally 3-J¶ICROCYSTIS 
at State Lab of Hygiene Positive 4-GLLIEOTRICHIA 

5 -NONE 
6-5YEK;BYA 
7 -OSCIUATORIA 

Lake Name -------------- 
KEGONSA LAKE 
KEGONSA LAKE - 
KEGONSA LAKE - 
KEGONSA LAKE - 
KEGONSA LAKE - 
KEGONSA LAKE - 

# Result Alga Type Date --------.---------.------------------------------- 
10 0 2 3  29-Jun-86 

FISH CAMP CO. 24 0 5 075~1-86 
FISH CAMP CO. 56 0 3 14-Jul-86 
FISH CAMP COO 74 0 3 215111-86 
FISH CAMP CO. 101 0 3 28-Jul-86 
FISH CAMP CO. 12 1 0 3 04-Aug-86 

KEGONSA LAKE OUTLET 
KEGONSA LAKE OUTLET 
KEGONSA LAKE OUTLET 
KEGONSA LAKE OUTLET 
KEGONSA LAKE OUTLET 

KOSl 
KOSl 
KOSI 
KOSl 
KO61 
KOSl 
KOSl 
KO61 
KO61 
KO61 

XONO 
XONO 
:KONO 
KONO 
XONO 
XONO 
XONO 
XONO 
AONO 
AONO 

gG LAm 
gG LAKE 
gG LAKE 
gG LAKE 
gG LAKE-DRIFT INN 
VG LAKE-ROCK R. BOAT 
gG LAKE-ROCK Ro BOAT 
gG LARE-ROCK R. BOAT 
gG LAKE-SHANTY INN 
gG LAKE-SHANTY INN 

MONONA BAY-TRIANGLE BOAT BOU 79 0 3 2  215~1-86 
MONONA BAY-NORTH BEACH 80 0 3 2 215~1-86 

MONONA LAKE 6 8 0 4 3  21-Jul-86 
MONONA LAKE AT STORKWEATHER 190 0 4 3  16-Aug-86 
MONONA LAKE EAST SHORE 225 0 3 25-Aug-8 6 
MONONA LAKE AT STARKWEATHER. 272 0 6 3  04-Sep-86 

ROCK RIVER EAST OF SUMNER 28 0 2 075111-86 
ROCK RIVER EAST OF SUMNER 60 0 3 1  145~1-86 
ROCK RIVER EAST OF SUMNER 78 0 5 21-Jul-86 
ROCK RIVER EAST OF S'OMNBR 105 0 1 3  285~1-86 
ROCK RIVER EAST OF SuMNER 126 0 3 04-Aug-86 



WAUBESA LAKE - BABCOCK PARK 
WAUBESA LAKE - BABCOCK PARK 
WAUBESA LAKE - BABCOCK PARK 
WAUBESA LAKE - BABCOCK PARK 
WAUBESA LAKE - CHRISTY'S LAN 
WAUBESA LAKE - GOODLAND PARK 
WAUBESA LAKE - GOODLAND PARK 
WAUBESA LAKE - GOODLAND PARK 
WAUBESA LAKE - GOODLAND PARK 
WAUBESA LAKE - LAKE FARM CO. 
WAUBESA LAKE - LAKE FARM CO. 
WAUBESA LAKE - LAKE FARM CO. 
WAUBESA LAKE - LAKE FARM CO. 
WAUBESA LAKE - LAKE FARM CO. 

WINGRA W 
WINGRA LAKE 
WINGRA LAKE PARK LAGOON 
WINGRA LAKE PARK LAGOON 
WINGRA LAKE PARK LAGOON 
WINGRA LAKE PARK LAGOON 
WINGRA LAKE PARK LAGOON 

WINGRA LAKE-VILAS PARK BEACH 
WINGRA LAKE-VILAS PARK BEACH 
WINGRA LAKE-VILAS PARK BEACH 
WINGRA LAKE-VILAS PARK BEACH 
WINGRA LAKE-VILAS PARK BEACH 



Table 4 Results for all samples collected and screened from 
Wisconsin Waters by WDNR for Algae Toxins during 1986. 

Results Algae 
0-Negative 1-ANABAENA 
1-Positive 2-APHANIZOMENON 

Analyzed by Wyatt Repavich 2-Marginally 3-BICROCYSTIS 
at State Lab of Hygiene Positive 4 -GLOEOTRICHIA 

5-NONE 
6-LYNGBYA 
7-OSCILLATORIA 

TOWNSHIP 
# RANGE WUCE NAME RESULT AU;AE TYPES ................................................................ 
1 T24N ROlE CUNNINGHAM CREEK 0 5 
2 T7N R09E WINGRA LAKE 0 3 
3 T13N R06E DELTON LAKE 2 1 2 3  
4 T13N R06E DELTON LAKE 0 1 2 3  
5 T13N R06E DELTON LAKE 1 1 2 3  
6 T13N R06E DELTON LAKE 0 1 2 3  
7 T2N R16E DELAVAN LAKE 0 3 1 2  
8 T32N R18W CEDAR LAKE 0 4 3 1  
9 T4N R04E YELLOWSTONE LAKE 0 2 
10 T6N RlOE KEGONSA LAKE 0 2 3  
11 T13N R06E DELTON LAKE 0 1 
12 T29N R12W TAINTER LAKE 0 3 1 2  
13 T19N R16E LITTLE BUTTE DES MORTES LAKE 0 1 
14 T29N R12W TAINTER LAKE 0 3 
15 T28N R08W WISSOTA LAKE 0 2 1 3  
16 T29N ROlE HOLDING POND DORCHESTER P O W  0 3 
17 T29N ROlE HOLDING POND LYNN DAIRY 0 3 
18 T9N R19E FIVE LAKE 0 1 3  
19 T7N R09E WINGRA LAKE 0 3 
20 T7N R09E WINGRA LAKE PARK LAGOON 0 5 
21 T7N R09E WINGRA LAKE-VILRS PARK BEACH 0 3 
22 T6N RlOE WAUBESA LAKE - LAKE FARM CO. PARK 0 5 
23 T6N RlOE WAUBESA LAKE - CHRISTY'S LANDING 0 3 2  
24 T6N RlOE KEGONSA LAKE - FISH CAMP CO. PARK 0 5 
25 T6n RlOe KEGONSA LARE OUTLET 0 3 2 1  
26 TSN R13E KOSHKONONG LAKE 0 2 1 3  
27 T5N R13E KOSHKONONG LAKE 0 5 
28 T6N R14E ROCK RIVER EAST OF SUMNER 0 2 
29 T9N R19E FIVE LARE 0 1 3  
30 T9N R19E FIVE WKE 0 1 3  
31 TllN R08E WISCONSIN IAKE MOON LIGHT BAY 2 2 3 1  
32 TllN R08E WISCONSIN LAKE MERRIMAC BOAT LAND 1 2 1 3 
33 T27N R08W ALTOONA WURE 0 1 2 3  
34 T28N R08W WISSOTA 0 2 1 3  
35 T15N R13E LITTLE GREEN LAKE 1 3 4  
36 T2N R16E DELAVAN LAKE-NORTHWEST CHANNEL 0 3 2 1  
37 T2N R16E DELAVAN LAXE -SWIM BEACH WEST END 0 3 2 



38 T2N 
39 T33N 
4 0  T33N 
4 1  T13N 
4 2  T34N 
4 3  T28N 
4 4  T29N 
4 5  T33N 
4 6  T33N 
4 7  T21N 
4 8  T31N 
4 9  T12N 
50 T12N 
51 T7N 
5 2  T7N 
53 T6N 
5 4  T6N 
55 T6N 
56 T6N 
57 T6N 
58 T5N 
59 T5N 
60 T6N 
6 1  T2N 
6 2  T2N 
63 T2N 
6 4  T13N 
65 T31N 
66 T7N 
6 7  T7N 
68 T7N 
69 T7N 
70 T7N 
7 1  T6N 
72 T6N 
73 T6N 
7 4  T6N 
75 T6N 
76 T5N 
77 T5N 
7 8  T6N 
79 T7N 
80 T7N 
81  T l l N  
82 T6N 
83 TON 
8 4  T26N 
85 T26N 
86 T13N 
87 T13N 
88 T2N 

R16E 
RlOW 
R l l W  
R03E 
R17W 
R12W 
R12W 
R l l W  
RlOW 
R06W 
R20E 
R14E 
R14E 
R09E 
R09E 
RlOE 
RlOE 
RlOE 
RlOE 
RlOE 
R13E 
R13E 
R l 4 E  
R16E 
R16E 
R16E 
R03E 
R18W 
R18E 
R18E 
RlOE 
R09E 
R09E 
RlOE 
RlOE 
R l  OE 
RlOE 
RlOE 
R13E 
R13E 
R14E 
R09E 
ROPE 
ROSE 
R03E 
ROOE 
R06E 
R06E 
R03E 
R03E 
R16E 

DELAVAN LAKE LAWN LODGE BEACH 
TEN MILE LAKE 
PRAIRE LAKE 
REDSTONE LAKE 
POLK COUNTY 
MENOMIN LAKE W. BEACH 
TAINTER LAKE, WEST SHORE 
PRAIRE LAKE 
CHETEK LAKE NEAR DAM 
TRUMP LAKE 
BASS LAKE WEST END 
BEAVER DAM LAKE HWY G 
BEAVER DAM LAKE HWY D 
WINGRA LAKE PARK LAGOON 
WINGRA LAKE-VILAS PARK BEACH 
WAUBESA LAKE - LAKE FARM CO. PARK 
WAUBESA LAKE - GOODLAND PARK BEACH 
WAUBESA LAKE - BABCOCK PARK BEACH 
KEGONSA LAKE - FISH CAMP CO. PARK 
KEGONSA LAKE OUTLET 
KOSHKONONG LAKE 
KOSHKONONG LAKE 
ROCK RIVER EAST OF SUBINER 
DELAVAN LAKE LAWN LODGE BEACH 
DELAVAN LAKE-NORTHWEST CHANNEL 
DELAVAN LAKE -SWIM BEACH WEST END 
REDSTONE LAKE-WEST SHORE 
SQUAW LAKE NORTHEAST END 
PEWAUKEE LAKE 
PEWAUKEE LAKE 
HONONA LAKE 
WINGRA LAKE PARK LAGOON 
WINGRA LAKE-VILAS PARK BEACH 
WAUBESA LAKE - LAKE FARM CO. PARK 
WAUBESA LAKE - GOODLAND PARK BEACH 
WAUBESA LARE - BABCOCK PARK BEACH 
KEGONSA LAKE - F I S H  CAMP CO. PARK 
ICEGONSA LAKE OUTLET 
KOSHKONONG LAKE-SHANTY INN 
KOSHKONONG LAKE-ROCK R. 
ROCK RIVER EAST OF SUBINER 
UONONA BAY-TRIANGLE BOAT HOUSE 
UONONA BAY-NORTH BEACH 
WISCONSIN LAKE-HWY V AT GRADS 
COX HOLltXlW .LAKE 
FOX RIVER 
BIG EAU PLEINE RESERVOR- CO. 0 
BIG EAU PLEINE RESERVOIR-CO. 0 
REDSTONE LAKE 
REDSTONE m 
DELAVAN LAKE LAWN LODGE BEACH 



89 T2N 
90 T26N 
91 T40N 
92 T18N 
93 T9N 
94 T32N 
95 T34N 
96 T7N 
97 T7N 
98 T6N 
99 T6N 
100 T6N 
101 T6N 
102 T6N 
103 T5N 
104 T5M 
105 T6N 
106 T2N 
107 T2N 
108 T34N 
109 T34N 
110 T33N 
111 T33N 
112 T12N 
113 TllN 
114 T19N 
115 T13N 
116 T12N 
117 T7N 
118 T7N 
119 T6N 
120 T6N 
122 T6N 
121 T6N 
123 T6N 
124 T5N 
125 T5N 
126 T6N 
127 T20N 
128 T20N 
129 T38N 
130 T38N 
136 T40N 
140 T37N 
141 T20N 
142 T33N 
143 T41N 
144 T41N 
145 T33N 
149 T34N 
154 T35N 

R16E 
R07E 
ROlW 
R16E 
R07E 
R16W 
R18W 
R09E 
R09E 
RlOE 
RlOE 
RlOE 
RlOE 
RlOE 
R13E 
R13E 
R14E 
R16E 
R16E 
R17W 
R17W 
R15W 
R17W 
RlOE 
R06E 
R2 1E 
R03E 
R05E 
R09E 
R09E 
RlOE 
RlOE 
RlOE 
RlOE 
RlOE 
R13E 
R13E 
R14E 
R17E 
R17E 
RlOE 
RlOE 
R07E 
R06E 
R17E 
R17W 
R14W 
R14W 
R17W. 
R14E 
R12E 

DELAVAN LAKE-S W BEACH 
BAKER, MATT FARM 
BUTTERNUT LAKE 
BEAU DES MORTES 
CRYSTAL LAKE 
MARTIN POND-FISH REARING POND POLK 
FROKNER POND-FISH REARING POND 
WINGRA LAKE PARK LAGOON 
WINGRA LAKE-VILAS PARK BEACH 
WAUBESA LAKE - LAKE FARM CO. PARK 
WAUBESA LAKE - GOODLAND PARK BEACH 
WAUBESA LAKE - BABCOCK PARK BEACH 
KEGONSA LAKE - FISH CAMP CO. PARK 
KEGONSA LAKE OUTLET 
KOSHKONONG LAKE-SHANTY INN 
KOSHKONONG LAICE-ROCK R. 
ROCK RIVER EAST OF SUMNER 
DELAVAN LAICE WEST BEACH # 2 
DELAVAN LAKE LAWN IDDGE 
POLK CO-BELD POND-WALLEYE REARING 
POLK CO-HELMAN ' S POND-WALLEYE 
MAGNOR LAKE 
WAPOGASSET LAKE 
CRYSTAL LAKE 
DEVILS LAKE 
BIG IDNG LAKE-BOAT LANDING 
REDSTONE LAKE-WEST SHORE 
VIRGINIA LAKE-NORTH SHORE 
WINGRA LAKE PARK LAGOON 
WINGRA LAKE-VILAS PARK BEACH 
WAUBESA LAKE - LAKE FARM CO. PARK 
WAUBESA LAKE - GOODLAND PARK BEACH 
WAUBESA LAKE - BABCOCK PARK BEACH 
KEGONSA LAKE - FISH CAMP CO. PARK 
KEGONSA LAKE OUTLET 
KOSHKONONG LAKE-DRIFT INN 
KOSHKONONG LAKE-ROCK R. 
ROCK RIVER EAST OF SUMNER 
WINNEBAGO LAKE HIGH CLIFF MARINA 
WINNEBAGO LAKE HIGH CLIFF 
THUNDER LAKE-BEIXIW DAM 
THUNDER LAKE-ABOVE DAM 
LITTLE ARBOR VITAE NE LDG 
BEARSKIN, BIG LAKE EAST END 
WINNEBAGO LAKE HIGH CLIFF MARINA 
WAPQGASSET LAKE 
STILPLES INCE 
STAPLES LAKE 
WAPOGASSrn LAKE 
R O m S  LAKE-SE BOAT LANDING 
BISHOP LAKE-SE BOAT LANDING 



R2 1E 
R17W 
R12W 
R12W 
R08E 
R05E 
R17W 
R17W 
RlOE 
R12E 
RlOE 
RlOE 
RlOE 
R l l E  
R l l E  
R l l E  
R04E 
R04E 
R04E 
R l 6 E  
R16E 
R16E 
R l 6 E  
R12E 
R12E 
RO6E 
R09E 
R09E 
R17E 
R23E 
R17W 
R17W 
Rl6W 
R15W 
RlOE 
R17E 
R17E 
R17E 
R17E 
R17E 
R17E 
R17E 
R17E 
R11E 
R l l E  
RO6E 
R06E 
R24E 
R24E 
R2 5E 
R25E 

GREEN BAY GRID 1 0 0 1  1 /4  M I  OF BAY 
BUTTERNUT BIG LAKE 
POND 1 0  SPOONER W/W HATCHERY 
POND 7 SPOONER W/W HATCHERY 
MUSKELUNGE LAKE SW SHORE BT LANDING 
VIRGINIA L?U€E NORTH END CHANNEL 
BALSAM EAST LAKE 
BALSAM LAKE 
THUNDER LAKE SOUTH SHORE 
PINE LAKE NE SIDE 
EAGLE RIVER HWY 1 7  BRIDGE 
CATFISH/EAGLE LAKE THOROUGHFARE 
SCATTERING RICE LAKE SOUTH SHORE 
TAMBLING LAKE OUTFIXlW RANGELINE 
ANVIL LAKE SOUTH SIDE BT LANDING 
BASS LAKE EAST SIDE R.E.PETERSON 
CASTLE ROCK LAKE NW SIDE BACKWATER 
CASTLE ROCK LAKE NW SIDE 
CASTLE ROCK LAKE SW SIDE CO. G 
DELAVAN LAKE SOUTH CHANNEL 
DELAVAN LAKE LAWN 
DELAVAN LAKE WEST BRANCH 
DELAVAN LAKE N W BEACH 
PARK LAKE ADJ TO SWIMMING AREA 
PARK LAKE CITY PARK ENTRANCE 
TUG LAKE NORTH SHORE SWIXMING BEACH 
WUSKELUNGE LAKE NORTH SIDE 
BOOT LAKE NORTH SIDE SUNNYBROOK 
WINNEBAGE LAlCE HIGH CLIFF MARINA 
CARSTENS LAKE WEST SHORE 
WAPOGASSET LAKE 
WAPOGASSET LAKE 
BONE LAKE 
NAGNOR LAKE 
WONONA LAKE AT STORKWEATHER CR 
WINNEBAGO LAKE RAW APPLETON INTAKE 
WINNEBAGO LAKE FINISHED APPLETON 
WINNEBAGO LAKE KENASHA FILTRATION 
WINNEBAGO LAKE MENASHA TAP WATER 
WINNEBAGO LAKE NEENAH RAW WATER 
WINNEBAGO LAKE NEENAH FINISHRD TAP 
WINNEBAGO LAKE OSHKOSH RAW WATER 
WINNEBAGO LAKE OSHKOSH FINISHRD TAP 
SUNSET LK RAW KING W I  VET HOME 
SUNSET LK FINISHED KING W I  VET HOME 
PBSOBIC LAKE EAST SHORE 
PESOBIC LAKE EAST SHORE 
MCHIGAN LRKE RAW MANITOWOC INTAKE 
MCHIGAN LAKE FINISHED MANITOWOC 
MCHIGAN LAKE RAW GREEN BAY CITY 
MCHIGAN LAKE FINISHED GREEN BAY 



207 T30N 
208 T30N 
209 T2N 
210 T2N 
211 T2N 
212 T2N 
213 T2N 
214 T20N 
215 T20N 
216 T20N 
217 T20N 
218 T20N 
219 T19N 
220 T19N 
221 T18N 
222 T18N 
223 T22N 
224 ~ 2 2 ~  
225 T7N 
226 T19N 
227 T19N 
228 T23N 
229 T23N 
230 T30N 
231 T30N 
232 T19N 
233 T38N 
234 T40N 
235 EXTRA 
236 T35N 
237 T35N 
238 T26N 
239 T26N 
240 T26N 
241 T18N 
242 T18N 
243 Tl8N 
244 Tl8N 
245 T26N 
246 T26N 
247 T26N 
248 T19N 
249 T19N 
250 T23N 
251 T23N 
252 T30N 
253 T30N 
254 T43N 
255 T42N 
256 T40N 
257 T40N 

R24E 
R24E 
R16E 
R16E 
R16E 
R16E 
R16E 
R18E 
R17E 
R17E 
R17E 
R17E 
R17E 
R17E 
R17E 
R17E 
Rl lE 
RllE 
RlOE 
R24E 
R24E 
R2 5E 
R25E 
R2 4E 
R24E 
R2 1E 
R09W 
R08E 
BOTTI 
RlOE 
RlOE 
R06E 
R06E 
R06E 
R04E 
R04E 
R04E 
R04E 
RO6E 
R06E 
R05E 
R24E 
R24E 
R2 5E 
R25E 
R24E 
R24E 
R03E 
R03E 
ROlW 
ROlW 

MICHIGAN LAKE RAW EiARINETTE 0 5 
MICHIGAN LAKE FINISHED MARINETTE 0 5 
DELAVAN LAKE NORTH SHORE 1 0 3 1  
DELAVAN LAKE NORTH SHORE 2 0 3 1  
DELAVAN LAKE NORTH SHORE 3 0 3 2 1  
DELAVAN LAKE CHANNEL 4 0 3 1  
DELAVAN LAKE SOUTH SHORE 5 0 3 2 1  
WINNEBAGO LAKE HIGH CLIFF MARINA 1 1 3 4  
WINNEBAGO LAKE RAW APPLETON INTAKE 0 5 
WINNEBAGO LAKE FINISHED APPLETON 0 5 
WINNEBAGO LAKE MENASHA FILTRATION 0 5 
WINNEBAGO LAKE MENASHA TAP WATER 0 5 
WINNEBAGO LAKE NEENAH RAW WATER 0 5 
WINNEBAGO LAKE NEENAH FINISHRD TAP 0 5 
WINNEBAGO LAKE OSHKOSH RAW WATER 0 5 
WINNEBAGO LAKE OSHKOSH FINISHRD TAP 0 5 
SUNSET LK RAW KING WI VET HOME 0 5 
SUNSET LK FINISHED KING WI VET HOKE 0 5 
MONONA LAKE EAST SHORE 0 3 
MICHIGAN LAKE RAW MANITOWOC INTAKE 0 5 
MICHIGAN LAKE FINISHED MANITOWOC 0 5 
MICHIGAN LAKE RAW GREEN BAY CITY 0 5 
MICHIGAN LAKE FINISHED GREEN BAY 0 5 
MICHIGAN LAKE RAW HARINETTE 0 5 
MICHIGAN LAKE FINISHED MARINETTE 0 5 
BULLHEAD LAKE WEST PUB. LANDING 0 6 1 3  
SISSABAGAMA LAKE SW SHORE 0 3 1 6  
LITTLE ST. GERMAIN LAKE EAST BAY 0 3 1  

rE NOT TESTED DUPLICATE 
PELICAN LAKE EAST SIDE 0 3 1  
PELICAN LAKE EAST SIDE 0 3 
BIG EAU PLEINE RESERVOIR SE BOAT 0 1 
BIG EAU PLEINE RESERVOIR SE BOAT 2 1 
BIG EAU PLEINE RESERVOIR SE BOAT 0 1 
PETENWELL LAKE CHICAGO AV. BOAT 1 3  
PETENWELL LAKE ARROWHEAD LAGOON 0 5 
PETENWELL LAKE MONROE PARK 0 3 
PETENWELL LAKE PETEMJELL PARK 1 3 1  
BIG EAU PLEINE RES. CT. 0 SW SIDE 0 3 
BIG EAU PLEINE RES. CT. 0 NW SIDE 1 1 3 
BIG EAU PLEINE RESERVOIR PARK 0 5 
MICHIGAN LAKE RAW HANITOWOC INTAKE 0 5 
MICHIGAN LAKE FINISHED I3ANITOWOC 0 5 
MICHIGAN LAKE RAW GREEN BAY CITY 0 5 
MICHIGAN LAKE FINISHED GREEN BAY 0 5 
MICHIGAN LAKE RAW MAIUNETTE 0 5 
MICHIGAN LAKE FINISHED MARINETTE 0 5 
LAKE OF THE FALLS (PIAHBEAU FIOWAGE 0 1 3 
WILSON LAKE 0 3 
BUTTERNUT LAKE #1 WEST BOATLANDING 0 3 1 2 
BUTTERNUT LAKE 82 SW SHORE SMALL 0 3 1 2  



2 5 8  T2N 
2 5 9  T2N 
2 6 0  T2N 
2 6 1  T2N 
2 6 2  T20N 
2 6 3  T20N 
2 6 4  T19N 
2 6 5  T19N 
2 6 6  T20N 
2 6 7  T20N 
2 6 8  T18N 
2 6 9  T18N 
2 7 0  T22N 
2 7 1  T22N 
2 7 2  T7N 
2 7 3  T l l N  
2 7 4  T5N 
2 7 5  T5N 
2 7 6  T2N 
2 7 7  T2N 
2 7 8  T2N 
2 7 9  T2N 
2 8 0  T2N 
2 8 1  T40N 
2 8 2  T40N 
2 8 3  T39N 
2 8 4  T39N 
2 8 5  T39N 
2 8 6  T39N 
2 8 7  T35N 
2 8 8  T34N 
2 8 9  T34N 
2 9 0  T34N 
2 9 1  T35N 
2 9 2  T28N 
2 9 3  T12N 
2 9 4  T40N 
2 9 5  T13N 
2 9 6  T13N 
2 9 7  T34N 
2 9 8  
2 9 9  T38N 
3 0 0  T38N 
3 0 1  T31N 
3 0 2  T15N 
303 T15N 
3 0 4  T15N 
3 0 5  T15N 
3 0 6  T15N 
3 0 7  T14N 
3 0 8  T15N 

R16E 
R16E 
R16E 
R16E 
R17E 
R17E 
R17E 
R17E 
R17E 
R17E 
R17E 
R17E 
R l l E  
R l l E  
RlOE 
R06E 
R12E 
R12E 
R16E 
R16E 
R16E 
R16E 
R16E 
R08E 
R08E 
R07E 
R07E 
R07E 
R08E 
R12E 
R13E 
R13E 
R13E 
R13E 
R08W 
RlOE 
R l l E  
R03E 
R03E 
R12E 

RlOW 
R09W 
R18W 
R15E 
R15E 
R15E 
R15E 
R15E 
R12E 
R15E 

DELAVAN LAKE HWY 15 & 5 0  ASSEMBLY 0 3 
DELAVAN LAKE SOUTH SHORE 0 3 
DELAVAN LAKE HY 1 5 & 5 0  VIEWCREST 0 3 
DELAVAN LAKE HY 156150 HIGHLAND 0 3 
WINNEBAGO LAKE RAW APPLETON INTAKE 0 5 
WINNEBAGO LAKE FINISHED APPLETON 0 5 
WINNEBAGO LAKE NEENAH RAW WATER 0 5 
WINNEBAGO LAKE NEENAH FINISHRD TAP 0 5 
WINNEBAGO LAKE WENASHA FILTRATION 0 3 7 
WINNEBAGO LAKE WENASHA TAP WATER 0 5 
WINNEBAGO LAKE OSHKOSH RAW WATER 0 3 7  
WINNEBAGO LAKE OSHKOSH FINISHED TAP 0 5 
SUNSET LK RAW KING W I  VET HOME 0 3 
SUNSET LK FINISHED KING W I  VET HOME 0 5 
MONONA LAKE AT STARKWEATHER CR. 0 6 3  
DEVILS LAKE PWINKTON TOW 0 3 1  
PAUL BURNS POND 0 1 
PAUL BURNS POND 0 1 
DELAVAN LAKE HIGHLAND CHANNEL 0 3 
DELAVAN LAKE HIGHLAND BEACH 0 3 
DELAVAN LAKE CREST CHANNEL 0 3 6  
DELAVAN LAKE ASSEMBLY GROUNDS 0 3 
DELAVAN LAKE SOUTH SHORE CHANNEL 0 3 1 2 6 7  
LITTLE ST GERMAIN LAKE EAST BAY 0 1 3  
STELLA LAKE BOAT LANDING 0 1 3  
MADELINE LAKE OFF C C I i  J 0 1 3  
SNAKE LAKE OFF HWY 4 7  0 5 
CARROL LAKE OFF CTH J 0 1 3 2 7  
RAINBOW FLOWAGE CTH E NEAR DAM 0 1 3 2  
BISHOP LAKE - SOUTH BOAT LANDING 0 5 
CRANE LAKE - ANDERSON HOUSE 0 3 1 2  
PICKEREL LAKE VORAS TAVERN 0 3 
DEEP HOLE LAKE MIDDLE SURFACE 0 5 
LITTLE SAND LAKE BOAT LANDING 0 5 
WISSOTA LAKE - MOON BAY 0 3 1  
PARK LAKE 0 3 1  
CRANBERRY LAKE PUB. BOAT LANDING 0 3 1  
REDSTONE LAKE BOAT LANDING 0 1 2 7  
DUTCH H O D W  LAKE PU3. BOAT LANDING 0 6 3 1 
AGNES LAKP: MIDDLE 1 HETER 0 1 
CATTLE DEATH-ANIMAL HEALTH LAB 0 
IONG LAKE AT THE NARROWS 0 3 2 1 6 7  
SISSABAGAMA LAKE BIG BOAT LANDING 2 2 1 3 
RIVERDALE FIOWAGE-APPLE RIVER 1 2 1  
DAVID ZECH .INT. STREAM BEHIND SHED 0 DIATOMS 
DAVID ZECH INT. STREAM BEHIND SHED 0 DIATOMS 
DAVID SECH INT. STREAM BEHIND SHED 0 DIATOMS 
DAVID ZECH INT. STREAM BEHIND SHED 0 DIATOMS 
DAVID ZECH INT. STREAM BEHIND SHED 0 DIATOMS 
NARIA LAKE SE SHORELINE 2 2 1  
DAVID ZECH INT. STREAM BEHIND SHED 0 DIATOMS 
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Uu- UXt 
-1-1 .............................................................. 

CorMI- 11 
A m  ln urn WW 
Wu<lntnr(t)l-(s) 3 
~rrx. apth root 21 
Anr -or thrn 20 foe 10% 
~ m - t h r n ~ f o o t  n 
Anr w Ikttom M 
A m  6-1 Bottom 7% 
A m  ~ack ktta n 
A m  k t t o a  40% 
O l m t  Ontmaa Area Sq. IIl 188 12s 
A m  I l l r l a r1 t va l  D n i f w a  65% 
~ n r  YIU ~ l t l r d  ormi- nx 
Iktmhd Arm (q. 111 188 ma 
Inlot O(Nom)l(W.vig&le)2(lot W.v)S(Swwal) 1 
Ovrlot O(*on)l(w.v~g&l~)L(Wot W.v)S(lntrni ttmt) 1 

l(Yea) 2(no) 2 
Water Control Structure Wolfit Foot SB 
Alk r l tn l t y  pp 72 
pll ltndrcd Unit 8.7 
Cadrtm 2!l Dog. C ~ I r r c  227 
Wter Color l(Lt.Br)2(lld.Br)S(Dk.BrU(Cl~r)5(Turbld) 4 
ktehl 01.lr ~0.t s 
Chl#i& -1 s 
Y ln twk l l l  l(Yr)2(11o) 2 
A l g a  hblit Coplalntr  l(Y88)2(llo) 1 
CIrP 1(Y8.)2(11o) 1 
stmtod ?&I h l(Ye)LClo) 2 
?ol lu t lm R d d  Lake l(Y88)2<b) 1 
F lu t t u t l ng  Y l t n  L m l r  l(St.ble)Z(+Z FtUSn)S(+Z FtLllat 2 
Anr of Adjoining Uetlnd<Acrea) %5 
Pwc8nt Wet lrd Ian-lkodlr 54% 
P e r m  Yltl8nd Voody 46% 
Lake Voltme Acre-Feet 55400 


