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'PREFAGE

Although the original request for technical
assistance concerned elgal growth In the Fox

River, which threstensd a plenned end ape

‘provad developmental progrem for that stream,

it seemed that very little could be eccomp-
lished toward desired corrective measures until
conditions on Fox Chelin of Lakes were reviewed
and & plan developed for enhancing the quallty
of that system'a waters. On this premise the
preparation of thils report was undertaken,
Consequently any prcgfam developed must have as
its uvitimate objective the improvement of water
in the Foi River basin gquality from the Wiscon-

sin - Illinois Line to Ottaws, Illinoise.
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RECOMMENDATIONS R

Arrangements should be mede to Insure the proper ¥
epplication of copper gulfste to Lzke Maris, in-
¢luding the Grass-Marie Chamnel, and Petite Laks Y
{total erea 650 acres) during the 1966 bloom sea=- ﬁ“‘thz
AW,
son, Preparations should be completed In time to ¥i
permit epplication by May 1, 1966,

&. Suggested responslbility for arrangemsnt:.
Divislion of Waterways

b. Suggested responsibilitj for supservision:
Department of Conservation
. Natural Histeory Survey
A11 lakes should be monitored during the period - /
May 1 to October 1 at weekly intervals for (1)
glgal) densitiss and type {Z) temperature and {3)
PHe
g. Suggested responslbility for collection:
Division of Waterways
Lakse County Health Department
be Suggested responsibility for identification:
.State Water Suzrvey
Lakse County EHealth Department
Several stations on the Fox River, downstream of the
Chain during the period May 1 to October 1, should be
monitored at bi-weekly intervals for (1) algal den-
sities and type and (2) temperature.

&8, Suggested responsibllity for éollection:
Sanitary Water Board

b Suggested responsibllity for identificatlon:
Senitary VWater Board
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Arrangements should be made for a conference during v
1966 in the vicinity of the Chein with appropriate

officielas of the State of Wisconsin for an sxchange

-of views regarding lmproving water quality on the

Fox River basin as well ss exploring coofdinated

hydrsulic schemes pertinent te overall basin
development.
Suggested contsct agencles:

. Sanitary Water Bosrd
Division of Waterways

'Preliminary cbservetions should be made durlng 1906 ;//

* of eurrent movements with the Chain with the expect-

ation of using a&ny recorded infermation for a more

intensified investigation during 1667.

Suggesfed asgencies: Al1l .
A study should be undertaken {of at least 2 year v
duratioﬁ) to pefmit an estimate of total incoming
nutrients compared with 6utflowing nutrients.
Sugeested study agencies:

Natural History Survey
Stete Wetsr Survey

&
A study should be undsrteken to detesrmine (1) nutrien%
aceumulationlin‘the winter months énd {(2) concentration
of nutrients in the bottom muck, including orgenie
content.

Suggested study égencias:

Stats Water Survey
Netural History Survey
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Conslderation should be given by all agencies for the
inclusion in the budget of en appropriaté agency or
agencles surficient funds earmarked specifically for
chemical control and eoovdinated studles on the Fox
Chain of Lekes, A& request for such funds should be
submitted to the legislature for the next bilennium
if not soconar. The pfeparations reéuired for da=

termining the amount end desired pre-legislative

contacts should commence immediately.

An Investigation ghould be undertaken to assess the

‘ use of other chemicals end/or biclogical agents for

controll;ng blue=-graen algae. Fileld tesis for avaliu-
ating the effectiveness of 293 DN as well as cost
would appear to be desirable as an initisl undsry-
taking.
Suggested study agencies:

Natural History Survey

Depertment of Conservation
£11 recorded observations on the Chain inﬁluding elgal 2
counts,; temperature, pH, current mecvement, chemical
dosage; &8s well 8s progrsesas feperts en studies should
be submitted to & central agency for use in prepering
an annual rsport of progress as well as Iormuleting
suggested procédures for the following year's activi-

ties on the Chein,

Suggested central agency:
State Water Survey
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An individual in one of the agencies should be 7~
designated as having the responsibility for the
release of newsworthy items and progress reports

to the news media involving the coordinated

activitics of the agsncies,
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ing ebout 28,325 personsg, located om the Chainis ¥ater= !
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SUMMARY. 1949 25 o 6 i acted
¢ C}g—%ﬂu»&ﬂ;f v il v /
Only 21% of the Fox Chain of Lekes drainsge area lles
within Illinocis,
The Chain's water surface ares 13 approximately 6100 b ot
acres and 1t hes a mean deopth of 8 feet st the normal -

pool elevation 736.5 m.s.1.

In Iilinois there are 7 sewage treatment n]anusg serve

shed; in Wisconsin there are 12 sewage treatmsent plants,

serving sbout 61,000 persons, on the watershed,

* The water quality of the lakes are chemicelly and : wwiyﬁﬂ

bactericlogiceliy satisfactory and support‘a dge=
sirable fish populaticn in terms of numbers, sizes
and apacies distributicn.

Hulsancte algal blooms have been & source of recorded v

complaints for at least 30 years, Apprehension has

been expressed regarding the curtazilment of bvathing,
boating, water akiing, fishing, lowering of property

valuss, cancelletion of resort trade and the impairs

ment of the pleturesgue beauty of the lake wsters. %ﬂ
Studies designed to determine the interrslatienship w”‘ ﬁ\

] - ) }!). L‘?,‘
of the meny factors contributing to the ecological %“

system cf the ¥Fox Chain of Lskes are nonwexistent.
The Lake County Health Department; Illinolis Department
of Conservaticn, Illinols Department of Public Health

and U. S. Public Heslth Service have, since 1958, mads



SUMMARY (CORT'D}

studies pertinent to the productivity of the laks J{A e
system. . ' {/%7ff e
A &

@gﬁv; 4 lhj-month nutrient study by the uake County Pealth v

Department indicated & phosphorous loasd to the laks

/‘\7
N \Fystem of ﬁé? 100 pounds per year. Approximately 75%

Vi or the lead originated in Wisconsin, ' ' éff“’u ;
9:3 0f that phosphorous lead originating in,Illinéis v
ebout 3 2% was of sewage origin snd the TeTaiqdeP
from lend drainages, Within Illinols 1t was esti~
mated that 45% of the toital losd wes from McHenry

County snd the remainder from Laks County.

10, Per capltz contributions in sewage efTluents on the | ?

Chainfs watershed were estimated to D 1.6 and 6.3 Chee et

péunds per year of phosphorous ani nitrogen respéct» 
- ively.

(EE} A search of thes literature has not revealed a single
instance whefe'ﬁhs szing process of a major ldks, i T
hastened by unatural inducement, has been successe |
fully roversed or indesd rebardéed,

12, The principal trounbls makpfs gsspeisted with nuisanes v~

bloeoms of blue-gresn algee are Mitrocystis, Apheni-
zomenoh and énabéanée These plankien are ldentleal
toc thoas that have plagned the Medison lakes for
years,

13, Any lake showing concentrations in excess of 0.0l mg/l
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mulation within the lake systeme

SUMMARY (COHT'ﬁ)
minsrals for the‘overlayihg waters for years to comé.
Besed upon Wisconsin studies 1t is estimated that suf- .
fiéiént nutrient may be retained in the bottom muck of
the Fox Chain of Lekes to sustaln nuisance &lgel blooms
fér a period of 30 years, without ény additional rém
plenishment of nutrient matter; during that time.,

The total amount of nutrients leaving & lake compafed '

to that sntering wéuld be & meesure of nutrient accu-

15
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Agsuming complete development of ths Chaints shoreline u{;; >

and a complete breakdown of 1/3 the household sewage
dispogal system the estimeted nutrient losd would bs
about 2% of the total load applisd to the system,

Shoreline dwellers on the Chain eppsar to be aﬁ ine-

aignificant source of nutrients at this time.

A plan hes been devoloped for diverting treated sew-
age effluents, in Leke County,; downstream of the lake

sjstém. The estimated cost, not including lateral

sewers, over & 30 year period'is 23,550,000 for a 198G

design population.  Twenty thousand customers would be

~ expected.

Mthods have been developed to chemiecally remove phos-
phorous from treated sewsge effluents but capltel cost,
chemical cost, sludge volume and lack of procf that
such treatment will be-éffectual have detsrred piant

scale construction. -
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SUMMARY (COKT'D)

24t enticipated sfficiencies of chemical trestment or 7

other demonstrated methods 1% is probaeble thail suf-

[

ain

Bug

%}

ficient nutrients will remsin in effluents €
bloomse

Chemicel control measurss smploying algicldes have
veoen successfully used for yoors 1n minimizing the
nuisence effect of slgal blooms,.

‘have shown theib

0

Extensive fleld and lsboratory studie

P
%

the proper application of copper sulfzte h

versely affected fishing or fish ylelds nor
in bottom muds in concenitration thait would harm bobtbowm
awe ling crganisms,

The cost per scra Tor chemicals snd distribution uvsing .
a liguid spray with boat is about §2.00. -Eelisoptayg
have been found to be more sconomicsl Ffor am 850 sore
resarvolr,

A promising chemical, 2, 3 dichloronapthoguincne -
(2,3D8Q), was found tb he sPecific'fOr'blﬁemgrsan'algaa‘
8t & concentration range of 30 - E5 ppb,

A blue-green virus hes bsen isclated which was the
{irst definito evidence thet viruses may infect. and
destroy fresh water slgme,

It wes not effeciive for

those blus-grsens common to the Chaline.

Current movement in Grass Lake, becauss of its shallows

nesg, iz belisved to be conslderably influenced by wind
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' 'SUMMARY (CONT'D)

dirécticna

Among the recommendations that have been proposed for

eliminating nuisance algsl blooms cn the Fox Chain of

Lokes are ths following:

Gie

Le

Be

h,
i.

ke

A master plan for the proper collection,
troatment and ultimate dlsposal of domsstle
and Industriel wastes.

Eliminate septic tanks.

Locate waste weter outfalls to bypass the
lakes,

Restrict the operstion of high-speed motor
boats.

Remove bottom feeding fish and restocking
with desirabie speciles,. ‘

Prohibit future construction of leng, narrow
embayments,

Dredge out the organic meterial and uvse for
diking the bordsring marshiands.

Regulate flow by upsiream storege.
Stock lskes with plankton fesding fish,
Establish rooted aquatic plants,

Eliminate £l]l nvitrients.

11



A LIMNOLOGICAL REVIEW
AS RELATED TO
THE FOX CHAIN OF LAKES

GEHERAL

There sre 9 major internally connecied lakes in the Fox Chein

of Lakes system. These are dspicted in Figure 1. 7The surface
water level in the system 1s meintained and influenced by the

McHonry Dem under the operation of the Illinois Divisicn of

Waterways (1), Flow through the Chain contributes the major

- porticn of flow in the Fox River from MeHenry to Otiawa, Illinoils,

Thé'major tributery %o the lake system iIs the Fox River which

originates in Wisconsin, Other tributasries of importance are

ths creeks Sequoit, Nlppersink and Squaw. The quantity of

flow from the cresks 1s not zignificant during thse periocd Hay

to Oztocher.

The Fox River has 2 drainage area in Wisconsin of 940 squars

Ty o a0l
LAY D e
£

miles {2). The dralnage ares of the Fox Chzin of Lakes as e

measured st Johnsburg, Illinois, is 1184 sguars miles {Z).
Approximately 21% of the Chain of Lakes drainage arsa lies
within Illinocis.

Stream flow racords through the Chain for the pericd 1915-2L

“and 1926=60 as extrapolated from flow records at the U.5.6.5.

geging station at Algonguin for the-“boating sseson', May to
October, ars conteined in Table 1. A minimum fiow range of
85=150 ¢fs is maintained through the McHenry Dam system. Flow

recording stations exist at the crossing of ITil. Ri. 173 and
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downstream of McHenry Dam, on the Fox River, upstresm &nd
downstresam of the Chaln respectively. Stage recordsr sta-
tions are maintaiﬁed on Nippersink, Fex and Channsl Lakes.r A
non~recording discharge gage stetion, of short termrracord, is

located on Nippefsink Creek.

Table 1
Flow Return Period ' efs MGD Acre-ft/day
Once in 10 ysars 10L 67 200
Once-in &5 years o gl 278

Once in 2 yeers 30 0 196 : 596

The water surface area of the Chain at normal pool (736.5'

m.s.l.) iz approximately 6400 scres with a mesn depth of 8

‘feet. Grass Lake, Fox Lake and Pistakee Lake mske up about

75% of the total surface srea. During the mesn flow of the
Fox Hiver the estimated residence time in the Chain during
May.- October is estimeted-to-be 87 days; this, assuming that
flow is squally distributed through the system. Informaticn
regarding basic morphomstric charactéristics of the ieke chain,
based'updn availeble date, iz set forth in Table 2. In sddi-
tion to lake shoreline there is about 30 mlles of "dredged

chanmel® shoreline developed tc accomodats the desire for

leke frontage propertye.

There ere 7 municlipel sewage trsatment plants, located in
Iliinocis, with effluents discharging within the Fox Chain of
Lakes drainsge basin., Six of these have discharges to strsams
flowing into the Chainj one discharges directly to the laks

system. The cities being served &nd cther pertinent data re-

13



‘garding treatment fecilities are included in Tebls 3.

 %rable 2
Heme *surface Area Mex., Depth Mean Depth Volume Shorsline
Acros Feoat Feat Acra~Ft Miles

Chennsl 352 L2 21 The 3.6
Catherine 155 Ls 26 - 1,050 2.0
Marie 480 35 15 - 7200 G
Blufrf 86 31 18 1500 1.6
Potite 157 22 12 . 2000 260
Grass . 1360 5 3 LO8O 8.5
Fox 1700 22 7 11500 10.2
¥ippersink L20 7 ' b 1680 1.9
Pistakes 1700 31 7 11300 11.8

Total 6420 = 8 51760 LTe0

* W. L. Flevation 736.5
#* Determinations from maps furnished by Division of Waterways

o | Table 3
unieine (L) {5} B, ¥ 3
Municipality Pop,. (16l )} Design P.E., "Treatment % Removal

~ Antioch - 2270 5000  TF = AS 85=G0
Fox Lake 3700 10000 IR 30=85
' Hebron ‘ 700 | 1080 TF B0=85
- Leks Villa ' 900 1000 L 85=90
: Richmond . 855 1350 T §0=85
Round Ieke S,D. 11000 - 18400 TF = P 88=9
© Woodstock 8900 19650 ~ TF - AS 85=90
' 28325 56680 '
# TP - Trickling Filter ** Est. capability for S-day

AS Activated Sludge BOD removal

L <« O0xidation Pong
4 = Polishing Ponds

In addition there are 12 municipal sewage treétment plants,
loceted within Wisconsin, with affluents being discharge into
the Fox River basin upstreem of the Chain, The plants serve

approximately 61,000,perséns {6).



ki N

WATER QUALITY

The Fox Chain of Lakes can be claszified as "hard water drain-

ege lakes,™ rich in the bilcarbonates of celcium and megnesium,

Such ﬁéters are typlecal of lakes of glaciated origin in Wis-
consin and Michigan (7). The waters are_reasonably shallow
end summer tempersturecs exceed 80°F, The bottom of the lakes
can be characterized as organically enriched ﬁuck. The con-
centration of some of the prinecipsl constituents affecting

the water chemistrg of the leke system is summarized in Table L,

* Pable L
Pericd Inorganic W Seluble P Hardness Alksalinity
July '62 (7) 0.32 0.13 - -
lug. '63 (7) 0.67 0.25 - -
‘Aug. 165 (8) Lh.10 0.26 - a8¢ 212

No. of Semples 30 29 8 8

# Meen Values in mg/1

The pH rangd® of the lake waters is 8.3 - 9.0. During May to
Cctober, dissolved oxygen measursments, at daylight hours,
generally exceed saturation,

Median values of coliform ﬁeterminatioﬁs, during 8 Z-year sﬁudy

(1959 = 1961) of the lake waters, did not exeeed the 2,00/100 mi

‘index considered as justification by the Laks County Heslth De=

partment for recommending thet bathing be discontinued. Only

one station, at Grass Lake near the confluence of the Fox River,
exceaded 200/100 ml, None of the lake waters was found to be
substanderd from a bacteriological stendpoint (8). 4n esrlier

investigatioﬁ in 195l revealed that L3% of 2ll lake samples con-

15



taihed coliform bacteria counts as high as 32,000/100 ml (9).
Offenders et that time, were notified to céasa improper dis-
chaerge ofrinadGQuafely treated sewago,

An investigstion in 1963 to provide fectusl evidence regard=
ing the fish pepulation the lake system found thet desirabls
numbers end sizes of many species of geme and penfish were
présent end the growth aﬁd condition of the fishes were
favorable (10).

Nuisance-algal klooms have been a sourcs of recorded come
plaints on the Chain for at least the past 30 yesrs {11},

Such protests have at one time or snother expressed appro=-
heﬁsion regarding the curtsilment of bathing, beating, water
7skiing end ishing activities, the lowering of propsrty veluss,
cancellation of resort trade end the impairment of the pleture-
sgue beauty of the lske waters, Luxurient and prolonged algsl
bleoms with a=zgoclated plgmentetion of the waters, periodic
fish kills end offensive odors hasve been e¢bserved during many
investigations (8} (9) (10) {11) (12) {13). The predominant
nulsance phytﬂplankton coﬁsisted entirsly of the bluemgreen
type, Gyanopkjceaﬁ, The nulisance bloomers have been princle

prelly Micrceystis Asrugincsa and_Aphanizomenon flog-aguas,
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~garding a nutrient budget for the Chain there does not appear

PREVIOUS INVESTIGATIONS
Studies designed to determins the interrelationship of the many

factors contributing to the ecoleogicsal system of the Fox Chain

" of Lekes, so fep &s can be dstermined, ere non-sexistent. It

would appear that in every instance with the exception of one,
Investigations were limited to a 2 - 3 day perlicd or pre-
diceted uvpon complaints or had as en objective soms other

slngle facet assqciated with the waters such a3z {ish population,
or bacteriel densitiss. Most of the water chemistry data,
temperature and dissolved oxygen méasurements have béen in-
cidental to the main purposes of the investigetions. An
examination of bottom deposits for nutrient materisl or organic

content has not been undertsken nor dces thers appesr to be

any detailed informaticon assembled with regard to probabls

current flow within the Chain. With the exceﬁtiOn of the 1=~

month study (12) performed by Lake County Health Department re-
| |
|

to have been & long-term study with the cobjective in mind of
determining specificslly the principal factors existing which

stimulate aﬁd sustain ennually; nulsence algal blooms or the

proportinate influence of each factor. Such lack cof minimal |
g

Information has not precluded the recommending of far - reach-

m— .

‘if—_

"ing snd costly remedigl_measurea,,bThose investigetions most

——

pertiment to the prodﬁctivity of the lake system from the stand-

point of biomass have been made since, 1958. & brief resumé of -

‘the four at hand and cne in preparation follows,



b

71959-1961 Lakea snd Streams Sﬁrveg (8}

The report summarizes cbservations by the Lake County
Health Depéftment In en effort to evamluate the gquallity

of leke and stream water in the county as such quality
might affect public health. Based solaly on bacterial
densitles 1t was cencluded thet ¥At present the streams
rather fhan the inland lakes,‘are the source of concern,®
Further, "wWhile Lake County bathing bssches are reasons
ebly frée from becteris, they are not free of algae
bloOmSeeses The Chain-O!Lakes was not extensively evalua-
ted (in 1959) bscaﬁss 1ittle data had been coilectad from

these lekes at that time." and "A special study was con=

. ducted on eight selscted lakes, l.e. Cedar Lake, Long

Loke, Third Lske, Loch Lomond; Bangs ILake, Slocum Laks,

Lake Zurich, Diemond Leks, on & year round basis, The

study concluded that although adding effiuent which has

been properly purifisd and chiorinstsed to iakes probebly
is not & danger toc the heslth of the public it often

accelerates the nsturel eglng process, suthophication,

The results of these studies have been substentiated by

work done by the Fishery Division of the Illinois Departe
ment ‘of Conservetion,"

July ~ August 1963 Fox Chain of Lekes ~ Algal Problems (9}

The report summarizes e 2-day sampling program under the
il S

direction of the U. S. Public Health Service and sets forth

some chemicsl and bilological data. Pertinent historical

18
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information wes obtained from the files of the Illinois
Sanitary Water Board and the U, S. Public Health Sérvice.
The probable causes of the algal problem existing at that
time in the leske system was s»%ated to be (1) shallow de-
pths of the lakes (2} influx of nuirients (3) extensive
canalization of low aress of the lakes (L} septic tenk
drainege st the lakes' edge (5) climatic conditions in-
eluding low stream flows and (&) the recirculation of nu=

trients from the bettom muds. Aphanizomenon [los-zoguae

comprised the bloom, The conclusions reached were:

1. "The seversl 1akés of the Fox Chain ars blologlcally
overproductive as manifested by algel blooms of such
density &nd quality as to ceuse nuissancs conditlons
and concomitant devaluastion eas sesthetic and recrs-.
ationsl resources.® .

2. "The slgal condition in 1963 was caussd by a combin=
‘ation of low flow in the Fox River and fertilization
from three princiﬁai sources: (&) treated sewage from
the villages of Antloch, Fox Leke and Round Lake;;(b)
infiltretion of septic tank absorption field in un=
sewered residential areas; snd (¢) agricultural run-
off in the drainage basin and from the nutrient-rich
waters of the Fox River,"

3. "According to Dr. Baker, no serious health hazard ex-
lsted, However, the water quallty was so poor as to

be undesirable for bathing and assthetic enjoyment."

19



L., ™A progrem to remedy the problem should be initisted
immedietely,. Such e progrem must 1nvol§e the best-
informed technical talent available and will raquire -
the fuil cooperation of local residents &8 well as

the assistance of federsl end state agencles having
capabilities in this field.” |

The remedial measuregs proposed consisted of a combination

- of actlons some of which ecoculd be tsken 1mﬁediately and
others on a long-term basis., These, as stated, were as . ¢
fol;ows;

YA wide area master sewage plan should be developed as

soon as possibie. This master plan should provide for

-fhe proper collectlon, treatment end ultimate dispasai

of demestic and industrial weste waters, end 1t should

oncompass all of the area of the Fox River watershed that

is within the Chicsgo Metropolitan'.ﬁ,rea; repidly becoming
urbanised. The plan should ldentify strategic points at
which waste waters can bas discharged with minimum detri-
mant to the stream, and analysis should be made of the
impact of waste loads on the syétem, for both present and
projected future losds. This does not mean that a single

‘seweraze system must be bﬁil@ for the whole area. It

.does mean, however, that coordinated planning-should be

done for ths whole aresa. Pieéemeai plamming Ey indivi-

dusl municipalities, or even by single counties, will not
produce an adaquate plan, as the water does not respect

political boundsries. In addition, piecemeal planning will

20



not receivs the widaspread ecceptance essential to pro-
mulgationa

Reduction in present nutrient contributions will bs re-
quired if the waters of ths Chein of Lskes and the Fox
River are to be Ilmproved, This can be accomplished by

the elimination of septic tenks in built-up arses, es-
pecielly those draining te the lskes: by cohstruction of
intercepting sewer systews; and by changiﬁg locations of .
waste water outfell points to Eypass the lakes snd dis-
charge to flowing stresms. Concentrations of nutrients
might also be reduced by placing restrictions on the
,operation‘of high-apeed motor boats thet may cause ro-
suspension of nutrients from the boitom sediments, Bot- ”i?}hww

LEE-PEENES

tom~feeding fish, such as carp end catiish, may also gause;:tﬂ%ww”

[T A
i
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rasu5pension of bottom sediments. The possibility of re-j
moval of bottom«feedersg and restocking with more desipr-
sble apecilas, should'belinﬁestigated. Future construction
of long, narrow embayments where stagnant water conditlions
develop shogld be prohibited,

Institution of the foregoing'measures a8 soon aslpﬁéctic-'
able should result in considerasble alleviation of the pre~
sently unsetisfactory conditions,  Further progress teoward
restorstion of the subject waters will require several
long-range approaches, If determined feasible from an
snginesring viéWpoint; the organic sediments in the lakes
should be dredged and the spoil used for filling or diking

- off the bordering marshlands. The possibiiities for flow
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regulation by upstream storage that would augmsnt low
flows in the ¥Fox River, &nd for further reduction in
nutrisnt eoncentrations in waste waters by additional
treatment, should be investigated. The latter will re-
quire research tc develsp economically feasible techniges.
The possibility should be explored of using biological
contrels such as stockling the lekes with plenkton feed-
ing fish or estsblishing rooted zguatie piants that will < .

succesafully compete with the algee for nutrienis and

light., No efficient mathod of binlogical control are

nown at this time.%

L1963 - FisherE'Investigation {(10)

The veportis principal ebjectives have been previcusly

stated together with conclusions regarding the fish pope-
ulation in the Chealin. In addition some limited data rve-
gerding watef chemistry is presented in the report along
uith the observation concerning "{he appsrent depleticn

of sbundance of submergent vegetation --- over recent

years;® thus concluding that "the present scarcity of

submergent vegetation end the expanding problem of planke
tonie algase dr%matizes the significance qf the biological
changes which are teking place.” C(Conelusions other than
thoss pertaining to the fish population consisted pri-

verily of the following: )
"The maln cause for econcern at this time would be the

future water quality. The increasing severity of plank-



D.

verted away from the watershed leading into thsse lakes,

tonic blue-green elgae blocme during the warm months in=
dicetes environmental ¢onditions which approech stagnation
in some lakes-of the Chain ceusling fish mortellty in areas
&8s a result of algas drift and decomposition. Low ®eter
flow caussd by pvolonged drought was a econtributing footon
to algae abundanese in 1963, Bocause biue-green slgae -
blooms are wusually related te the infliuwence of extra nu-
trients such as from sewsge trestment plaﬁtga&ﬁg.septic
systems it is recommended that a cenﬁralts@wagﬁ collece
tion bs expanded in the residential arsas sround these

jo

Qe

lakes end theat sewage treatment plants? elfflusnts be
50
The report in conclusion stated,

"4 regular program of wster sample collsciions should be
got up for the Chain, which would include chemicsl and
biological analysas of the water. Permanent ssmpling
qtatlons and stendardized sempling procedure should be 2
part oﬁlsu h & progrsim. a1l publis egencies concerned
with the Fox Chaln of Lakes areza, be it conservation;
health, beat safety, wéterways cr recreationel planning
should cocrdinate snd share their progrems end informe
stion cne with another.®

Aorll 136l ~ Bottom Orgenisma {1h)

The study was part of g general zppraissl of botiom faune

T

existing in the Fox River basin within Iilinols. The re-

port identifles sampling points and pressnts s list of those

K3
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organiSme collected. The investipgator stated, "It is
possible from & study of the inter-relstionship of the
specles of bottomedwelling organisms and thelr indivie
duel responses to & pollutleonel losd to devise & system

of stream clessifications, Such & system acknowledges

tha_degree-to whith an environment is capable of maln-

taining & state of balanced sguatic prdduetion.“
For the purposes of classification the terms bal&nced,'

unbaionced, semi-pollutsd and poliuted have beon incor=-

porated, Fine locaticns on the lakss of the Chein and

thelyr tributaries were samplad. The stations and their

-glasgifications are as follows:

l. Fox Lake Polluted

2e FPistaksse Bay ' Semi-Polluted
e Sauew Cresk Unbzlanced

ie FoxePetite Channel Semi-Pcllutsd

5, Fox-Grass Charnel Polluted '
« Soqueoit Cre = .8, Anticch Semi-Polluted

7. HNippersink Creek Unbalsneed

8. Fox River at EKt. 173 Semi-Polluted

9. Fox River at Wis-Ill, Line Unbalanced
The bottom fauna observed consisted principally of:

Tendipes La
Sponges
Annelids
Falry Shrimp
Nemetodes
Flat worms

July 1963 =~ September 196l = Nutrient Study (12)

The study was undertaken by the Leke County Heaslth Depart-
ment for the purpose of determining the significant sources

of nutrients a3 relsted to tributeriss of the Chain and the-

ﬁ.@? AR
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.guentity of nutrient inflow from eech tributery. For
the purposes of thé.study nutrients were consldersd to
be phosphorous (POg) 2nd nitrogen {N). A report is in

- preperation and comments set forth hereln are bassd upon
a8 review of the date made avellable by the Laks County
Health Department.

In addition to phosphorous and nitrogen determinations,
temperature, wind direction; secchl resdings, pH anﬂ
algal counts wers recorded. Some effort was made to

study current movements by the release of dye.

Preliminsry estimates Indlcate the phosphorous {P04) loed

to the lake system, and ths trlbutaries involved, to be

as follows: _ , Z\fu'
Pox River ' ;30,000 pounds pasr year
Sequoit Cr. 440,000 pounds per yesr
Squaw Cr, 36,100 pounds per year
Nippersink Cr, 63,000 pounds per year

553,100 pounds per year

'Or the epproximatsly 285 tons of phosphorcus appllsd to

the Chain ﬁnnually from tributary inflow sbout 75% origin;\

ates from the drainage sreaz in Wisconsinj of thet origine

ating within Illinoils boundaries 32% is of sewage origin

and the remainder from land drainege. From the viewpeint

of county contributions, within Illinois, it is estimated

that 15% of the total phosphorous load emanatses from
McHenry County (mainly land dreinage) end 55% from Leke

County. \-
s b
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A summery 1s presented in Tsble 5 ' 34—

: 5500

Toble 5
Source Wisconsin . lake County McHenrvy County

Sewage G2,000 30,100 15 500
#,30,000  *76,100 63,000 des
# pnnual Poundage of Phosphorous R

From determinatione meds on ths Fox River near Johnsburg,
33% of the phosphorous applisd to the leke system wWas
seither retained in the lzke system or lost by algal flow-
throuzh,

Iend use in the Chain's basin is-ccnsidered to be 15%

urban and the remeining 85% agriculture or open space;

vhosphorous contributions approximate 2% and 76% from
sach use respectively.

Composite semples ol sewage efflﬁents,ffom trastment
fecilitles serving the municlpalities of ¥Fox Laks,

Round Lake Sanitary DBistrict and Antioch in&icateg a per

capita per yeer contribution of 1.6 1lbs and 6.3 1ba. of

——

‘phosphorous {POg) snd total nitrogen {ﬁ) respectivaly.

The tresatment facilitles aerving Laks Villa, because of
location, was not considersd significant for the purposss
of the study,

Hitrogen computations were not available however in apply-
Ing the ratio N:P of asnelyticasl rssults the amcunt of

total incrgenic nitrogen tributary to the lske systems
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apprears Yo boe:

Fox Rivey 1100, 000 pounds par jeer
Sequoit Cr. 105,000 pawnd' per year
Squaw Cr. - 86,000 pounds per year
Kippersink Cr. 17L.000 pounds per yesr

~ ST : T R
765,000 pounds pey veep

The former. engineering diractor ofl the
Department and dirsctor of the. study ezpressed ths opline-
lon that ths camplﬂté~rﬂmoval of sewage effluent disge
chapges inte the tribﬁtaﬁias or the lskes proper would
not aignificantly alter the continuing slgsl blooms. ene y

vironment new exleting in the Ohs

ion thet land drsinsge slons conirim
phosphorous and niltrogen considerably iﬁ sxeesg of the
minimum required to sustain slgal blooms in the Fox Chein
of Lakes.
Certain lskes in the Chein srea were repoeried by Lake
County stafl members to be in “clsesr® condition through-
out the year even though they sre complstely surrounded
by dwellings. These include Ceéatg Doep, Loon, Woostar,.
Siiver, Duck, Fish_and‘Bang&s Lakss,., The water chemisiry
of these lskes was reported te be similar to the Chaln,
DISCUSST

Of the numerous investigetions end long term studiss of proe-

ductivity in lakes the undertskings at the Madizon iskss in

.F‘

¥Wisconsin, appesr to be the mest pertinent to conditions ex-

isting in the Fox Chain of Lekes {15, 16, 17}. To2 o?ivimg

S
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water chemisiry, mineral content and temperature ranges arse
quite gimiler and the types of algae, creating nuisance
conditions, are identiecsl. 1In spite of the major changes

that have bson instituted at Madison, with regard to the
diversion of treated seowage effluents from the lake system,
ennuzl nuisangee blooms persist. Such blooms continue to occur
on Lake Mendota where drainage, primsrily, has alwajs been
from non-urban aresas and'Laké Mcnoneg from where municipal sew-
age effluents were diverted 30 years ago,

A saarch of the literature, though not exhaustive, has not‘
revealed a single insténce whers the aging process of a major

lake,'hastenad by unatural inducement, has been successfully

reverssd or indeed rotarded as measured by preductivity. Bartch

has stated with regard to lakes "During the course of history
they changs continually cemwe gnd it is at the algal bloom
stage'thét.ﬁéople are concerned ¢f the iwmediste unpleagant-
ness o1 élgae that interfersd with water rescurce enjoyment and
not because this is & milestone in the progressive extincticn
of fhe lake™ {174).

Since the ideal objective, that of improving water gquality,
would involve reversing or retarding the aging process of the
Chain'®s lake system 1t would sesm desirable %o review some
information pertaining to the productivity of the system or

similar ones as well as the work of others regarding slgae;

nutrients, sewage snd control measurss.
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Phytaplénkten

The number of elgal cells per ml cons%ituting & bloom
has been arbitrarily set at 500 (18), Whether or not

a “nﬁisance bloom" exist 1s dependent upon the predomine-
ent generaj ths blue-green type are generally the trouble
makers (12) (15) 6}, It is not uncommon to have cell

counts in excess of 500 per ml in the Chain during the

. period May to October, consisting predominantly of BGA.

Investigators have reported "blooms®, under ice cover (15).

These algse like eny other chloraphyllwbéaring plant

depend upon a supply of cerbon dioxide from which they

"convert to carbohydrsite matter in the presence of sun-

llghta In the ebsence of fres C0g, the bicarbonates .
{HCOz) yield sufficient C0g for photosynthetie nesds (19)0
An aquxlibrium exists in water between the carbonate, bie

carbonate and hydroxyl lons; thus any CO, uptake from bi=-

cerbonate will 1ncfease.the hydroxyl concentrsations and

correspondingly ths pH. An incresse in pH is usually

associated with a bloom,.

. Many of the blus-greens are c¢capable of nitrogsn flxation.

This means they can supply any deflclency of ﬁntroben

from the atmusphere as long as other nutrients are avail-

sble, Sawyer, in laboratory studies, concluded that
phosphorous pleys a key role in nitrogen fization end that
in the absence of phosphorous nitrogen fixation would not

occur (178). gphanizomanoﬁ wes the test organism in Sawyer's

" WworTk,
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For the two principel nutrlitional elements to be readily
available for ultilizetlion by blueegreen algae they must

be 1n the form of scluble inorganic phosphorcus and nit-

rogen (15) {17C) (20). Benolt howaver has suggested that
gince BGA grow best in waters with high orgenic matter

the algse do grow by ultilizing crganic¢ phosphate (21).

" Benoit emphasizes there 1s no shortage of organic phose

phate in natural waters and refers to 2 calculation by

Hutchinson that gs high as 60% of the total phosphoréus

in some Wisconsin lakes mey be in orgenic forwm.-

Blue-green algse cells were found to be sbout . 7% nitrogen

“and 0.7% phosphorons on & dry walght basis; a ratioc of

10 ¥:P., It was determinéd thet the minimum cell content

for Microcystls necessary for maximum growth {critical

level) was, on s dry wsight basis h%'nitroggn and 0.12%
phosphorous; a ratio of about 33:1 (23). The minimm

N:P ratlo for laboratory cultures was about 60:1. These
ratios_not'only demonstrate the luxury uptake of the two
princlipal nutrients nitrogenland phosphorous but do sug-
geaf the potential of nutrieht accurmuletion within lake
systems by the settlement of algese to the lake bottom,
There is no information of this nature for blooms on the

Chain.

Mutrisnts

Inorganic nitrogen end phospherous were found te be the
critical factors in plankton productivity in Madison lakes

(15). Lackey speculated that nitrogen was the limiting

30



faector in regerd toe the amount of growth and phosphorous
acted largely as & governor upon the rate at which‘growth
oceurred {(17). Séwyer has concluded that any lake show-
ing concentrations in excsss of 0,01 mg/l of inorganic
phosphorous and 0.3 mg/1 of inorganic nitrogen at the

. time of spring turnover could bs expected to produce
algal blooms of such density as to cause a nuizsance (24).
These velues sre often referred to by other Investigators
end there does not appear to be any contradictory evidencs.
They sapproximete 0.027 and C.8 1bs-per sere=feot of phog=
phorous and nitrogen respectively. On the basgis of nu-=

trient studies on the Chain the lesst amount of phosphorous

-calculated a3 applied annuelly fo the lakes Merie and
Pistakees is 5.5 znd 5.3 1lbs per scre-foot respectively.
This is aboﬁt 200 times the minimuwm phosphorous requiréw
rent; minimum nitrogen requirementé ers oxceedsd about
18 times for ths two lekes, Lack of information regards
ing currents and nutrient uptske precludes an intelli=
gent appraisal for the loads on all lakes in the Chains
External sources of nutrients are made up largely from
(1) precipitatioﬁ {2) lend runoff (3) ground water and
() man-made conduits. Mackenthun stated that the nit-
rogen aﬁplied from a 30 inech reinfall per year would be
about 5.5 pounds per acre (16). Engelbrecht et gl esti-
?ated‘a meen total phosphorous contribution from land
drajnege on the Keskasskia River basin of 225 lbs/yeer/sq.mi.

(25). Sawyer reported total phosphorous from land drain-
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age of 255 1bs/year/sq.mi. and nitrogen ranging from
3800 to 5200 lbs/yser/sg.mi. (20). The nutrlent study
of the Chain suggested a phosphorous contributlon from
land drainage of 365 1lbs/year/sq.mi.
Ruttner stated that 1n contrast to nitrogen; phosphats
is held avidly to the soil and is not 80 easily leeched
cut by ralnwater as are nitrates (27). In general the

~ spplication of common fertilizarsrdoes,nof ceuse signi-
ficant fertilization of streans because-they sre supplied
during the growing season end tilled in the soill. Thers
ig =ome possibllity of nitrogen enrichment because nitrates
qaré not bound by the soil (26). Storm water et Madison
hes been found to carry sbout 0.56 mg/l total phosphorous
and O.Ll mg/1l inorgenic nitrogen (16). The snnual cone
tribution to Lake Chautaqua in Illinois from the wlld
duck popuiation was 12.8 pounds of total nitrogen and 5.6
pounds of total phosphorous per scre of water surfacs (28).

A stﬁdy by Sylvestér is summarized in Table 6 in which the

mean concentration of nutrients are listed (178). o
Table 6

Source . Totsl P(mg/l} Hitrates (mg/1)
Streams from forested aress C.07 0.13
Heturn flow drains ' '
Sub-surface irrigastion 022 2.69
Return flow dralins :
Surfece .irrigation : . 0:85 , 1.25
Multipls Use Rivsr 0.1 0.32
Urben Street Drain 0.15 Osl42
Urban Streams 0.12 1.36

Sewage 1s generally considsred the major source of laks



fertilization, not solely because of 1ts nutrisnt content,
but'also because the nutrients, phosphorous and nitrogen
ere in a resdily available form for 2lgael assimllstion

to wit: inorganic soluble form.

A summary of seversl studles for which the annual contris«

bution psr capita of phosphorous and nitrogen have besn
determined is included in Tables 7 end 8,

Table 7 = Phosphorous

Concentration Source

Year Referonce
1943 15 : 1.2 ibs ‘Bewage, treated
197 29 0.6 = 1.5 lbs sewage, treatsd
1850 2 1.6 1bs detoergents and
' water softening
1955 25 1.9 1bs housshold deterzents
1957 16 2.8 = 3.7 lbs sewage, treatsd
1557 30 1,1 ~ 13,8 1bs sewage, treated
- 1957 25 1.75 = L.15 1bs sewsge, treated
-1960 32 1.1 1lbs sewags, treated
1962 31 3.1 1bs sewage, treated
1953 12 1.5 lbs sewazs, ireated
1664 %26 2.9 = 5,1 1lbs sewsgs, treated
v 174 0.3 = 3.9 1lbs sewags, treated

# gstimeted that 50% originated from detergents,

Table 8 - Nitrogen

Year Reference Concentration Source

1957 16 8.5 1lbs sewnge, troated
- 1960 32 Lol 1bs sewage, treatsd

1962 31 7.9 1lbs sewage, treated

e 174 6.1 = 15.2 1bs seuwage, treated

1963 12 . 6e3 1bs sewage; treatsd

From a review of the data in Tablesr7 end 8 the veluss de=
termined by the Lske County Health Department In their nu-
trisnt study of the Chsin appear tc bs in line with in-
dependent studies by others,

On the basisg of a meximum allowable lecad of 027 1lbs. of
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phosphorous per acre~foobt ths total phozphorous losd
(in the Chein) would be limited teo about 1392 ibsfper

ysar gquivalent to trested

g drainage avea of about I

of 0.8 1lbs of nitrogsen usy

p

ing & similar aneliys

B o G T s g oy g
8 indicsitaesg oo

243
a

imetely L1,500 lbs/per vear eculvaint

frow 6600 persons or dvainage {using Ssuyers

from G.2 sg.nmi. of

simplification of &

uptaks rabtes, low-ihy

-

it doas aema;st i

e —

in & progrem dasigned fop nutrient controd.

Thus far only external sources of nutrlents have hasn

{x
reviswed; prochably es Impovispes or neerly &o are

nutrients beund internslly within o iske systen.
concluded that from the tremendous &mount of deposited:

unstable nitrogencus metter oceurring in Madison lakes o

ths deposits would serve to furnish fertillizing minenals.

for the overlaying waters for sevsrsl yesrs to coms |
The component parts of the bottom deposits are dead planie
ton bodies and decay {rom rooted vegebtativn, - Fapscislly
in shallew lekes where there is no “hypolimnic trap™ &
rapid regenerstion and efficisnt circulation of regenerabed:
nutrisnts could be expscted. hbu‘f points cut that the

general relationship bebtween mean depth and protuctlivily

have besn studied snd en sxesllent correlation exizits o=



tween average lake depth and unit ares production of
plankten thus providing evidence of the efficient circula-
tion of nutrients in shellow bodies of water (17F).

The magnitﬁde of nutrient enrichment in the bottom muck

of the Chein has not been determined. The results of
studies of the Madison lakes for the chemical composition

of bottom muds are summarized in Table 9 (16).

Table Q
Lake ¥ N(me/g) * plmz/g)
Mendota 730 , 1.2
Monona 710 . - 1,07
Waubesa . 9,08 : 1.07
. Kegonsa -~ 9.06 1.21

® DI‘*S’ o ighto )

1f the nitrogen and phosphorous coﬁgent in the bottom
rmuck of the Chain is similer to that Tound within the
Msdison lskes, the reservoir of nutrient meterial is
substantial. Assuming 100% regeneration end 100% ﬁptake
delly for & growing season of & months, with no replenishe
ment of nutrient materizl to the Chain, it is estimated
thet sufficient nitrogen would be availsble to sustain

& bloom for 7 years and enough phosphorous for a period
of 30 yeers - all from bottom deposits - amssuming con-
ditions similar to that estsblished for the Madison
situation,.

The totel smount of nltrogen and phosphorous {(organic and

inorganic¢) lsaving s leke comparsd to thet entering should
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give valuable Informatlion with regard to the rats of
nutrient deposition and subsequent accumulation in the
bottom muds. There has been scme expressicn of boncern
regarding the dischargs of‘nutrient‘material (aewage)
from malfunctioning household systems on the shorelins

of the Chain. Assuming the 78 miles of shoreline, ine

"~

cluding water front cenals, are coﬁpleﬁely developed

with 60f lots and 3.5 persons per lot and further that’
1/3 of the syﬁﬁéégmg;e gﬁﬁ;E;;ely inoperative the annuai
phosphorous contribution would be about 2% of the totsl
phosphorous load appiied‘ta the Chain waters, Shorelins
dwellers at this time eppear to be an insignificent source
of nutrients, | |

Sewag

The objectives of conventional sewsge treatwent are ths

removal of biocchemical oxygen demend, suspended solids

end microorganisms. Achieving these objectives makes

the effluent totally accepiable for dlascharge tc surface
waters so far as health and most water reuse considers-
tions are concerned, Such trestment hoﬁever provides
neglible removal of algal nutrients. Conventicnal treste
ment wlll not prepare sewage adequetely for discharge to
waters physically suitable for algal growth.

A plan hes been developed for collecting 2ll sewage in the
drainage area of the Chain within Lake County and discharg-
ing the trested effluent in the Fox River below the Chain {33).
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The estimated cost for a 1980 designed population is
$7:450,000, This is the basic sost and does not include
lateral sewers or annusl operating cost. Excluding lat-
eral sewer cost but including bond retirement, anhual |
operating cost and sinking fund the cost over & 30 year
pé;i;agis esiimated to be @23,55090005

It has besn demonstrated that phosphorous; in all forms,
can be removed from sewage by chemical coagulafion (3L)e
The method has been known for at lesst 20 yesrs but ther
capitel cost, choemical cost, volums of sludge and lack
of proof that such treatment will be effeétu&l has begen
8 deterrent in constructing units on 2 plant scale, The
treatment is about 90% effiecisnt as epplied to the per
capita contribution on the Chein in Lake Ccunty. A 90%
raeaduction of phosphorous betwsen s sewage plent effluent
and a lsks, in one inétance, did not prevent nulsancs
algal blooms in the lake (17G). Effectiveness of phos-
phorous removal up to 80% hss besn demonstrated, at lebe
oratory scele, employing the aetivated'sludge procesas {20).
4 futurlstie weste water treatment process using this mem
thod for removing ﬁhosphorous has besn diagremmatically
developed. |
Sewage effluent was diverted from a lake in one instence
by using sprey irrigation techniques at &n appligation
rate of 85,000 to 170,000 gpd/acre; the rate killsd off

vegetetion and trees. A more ressconable rats for normal
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'vagetatiop growth would bs ebout 10,090 gpd/acre {17G).
The treated effluent was chlorineted prior to spraying.
Weste stabllization ponds are capable of reducing aspplied
phosphorous and nitrogen about 90% - 95%. At thé normal
design leading for such ponds in Illinols the solubls
inorgsnic phosphorous (PO¢) loading, assuming raw sewsage,

is estimated to be 480 1lbs psr year per acre-foot. of

pond (35). In spits of the high nutrient loading; shallow

depths, high temperature and adequate mineralization the

predominant alges in waste stabilizatlon ponds in Illinois

are of the grsen ﬁype such 83 Chlorells, Qocystis end

Ankistrodesmus. Since the flow to the ponds is vrincipally
raw sewage, it would seem conditiens would be created
ideaslly for blus=green algal blooms.

CONTROL.

The use of algicides is usually conszidered a "temporery
méasura“ 1n-spite of the faet that over 2 million pounds
of copper sulfats {(CuS0g.5Hg0) was uséd on Leke Monona
over a8 perlod of at least 26 years, Algicidés ere used
ennuaelly on lakes serving as public water supplies to ths
extent that-its cost has become a routine budgetary item.
Copper sulfate wasy first used in Europs in 1890 and in-

troduced to this country in 1904 (36). Its use was sterte

‘ed on the Madison lakes in 1918 (15). Among the more

common algae that have required control by ths chemical

~ere Aphanizomenon, Microcystis end Anabzena {19),




N

From experience in Wisconsin, dosages of the algiclde are
based on the alkelinity of the water as follows (37):

(a) Alkslinity less than L0 ng/l requires
, C.S lbs per scrs-foot

(b} Alkalinity grester then 40 mg/l requires
5.l 1bs per surfsce-acrs

For conditions a3 stated in (b} ths mean c¢oncentration of
CuS0e¢ is 1 mg/l on the assumption that the sffective depth
range is 2 feet; for condition (&) the mean concentration
is 0.3 mg/l. The copper icn is readily pfedipitated as
Cu(OH)y or as basic coppef‘carbonate Cug (CHy )CO5 in al-

kalins waters {19). For this ressen its toxicity de-

. creases répidly as the pH of waters exceod T.D.

Extenaive field end leboratory studies have shown fish '
not kiiled gt concentrations required for algsl control
and that flshing and fish yields heve not deteriorated

in lakes treated over a long period of time. After 26
jears of treetment on Leks Mbnéna copper accumulaﬁicns in
bottom muds were considérably less In concentration than
amounts determined to have adverse affect on the bottom
dwelling organisms (375« 7 7

The a2bility to know when to treat and how to cbtaln uni-
form distributicon of the algicide is essentlial for proper
control, Monie has had succeés in correlating treatment
applications with certaln temperatures and suggest that
blooms are cyelic becsuse of stimulated asctivity at these

critical temperatures (38). The cost of CuS(g.5Hg0 is
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estimated to be $386.00 per ton (39). Cost per acre for
chemicale ahd distribution, using e liquid spray with
boat, is about $2.00 (37). DeCosta found the use of .
helicopters to te more effective snd economicsl than the
pée of boats {}j0}. An 850 acre reserveir was treated in

I}, hours where 2 boats end L men would have taken 2 days.
Heliccpter cost was $140.00 per hour flight time, Mecken=
thun estimated that 300-350 1bs per—wese of the elglcide
can be distributed per hour with a liéuid spray (37);

This amount to a coverage of 60 acres per haﬁra~

Fitzgerald et al lnvestigated sbout 300 different chemicals
to determine their toxicity to blus-=green alges as.compare&
withrthat oflcapper sulfate. The most promising chemical
tested was 2; 3 dichloreﬁapthoquinone. It was specifliec
for blus-gresn alpese and was found nonntoxie to Tish,
snails and high aquatiec plants in eﬁceﬂs of -saturations
Later studies, including field test on & highly fertile?

27 escre lake, demonstfafed the chemicsalts effectiveneés

in controclling excaésive growths of blue-green algas (42).
The troatment had no cﬁservable hermful effects on green
aiéae, higher aquatic plénts, fish or zooplankton. The
dosage range used was 30 = 55 ppb.

Seversl other compounds have been demonstrated as effective

glgiclde, They include:

activated silver {(f) anti biotics
quatenary smmonium {(g) organic zinc
quinonss '

roaln amines
urea derivatives
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As far aes is known none of these, with the exception of
qﬁiﬁones, have been used on lakes and.reservoirs beceauss
of cost considerations or other limitations.

Saffermen et al undertook sn investigstion that eventu?
glly lead to the isolstion of blue=-green virus (43).

This was the first definite evidence that viruses may

infect and destroy fresh-water algae. The biological

Blgicide increased in concentration during treatment,
CURRENTS

The pattern of currsnt flow through the leks chain hes

‘not been established, For the purposs of investigating

galternatives for improving circulation in the lake waters

it weuld be desirable toc defins the predominant direct=
ian,fréquency and quantity of flow from Grsss lLeke during
the period May to Gectober. Dye test on 2 limited scale
indicated fléw from Gi#ass Lake to Lake Marie (12). Temp=
erature measurements during one day showed waters of the
Lake Marls "Chain™ to be about 5°F and Fox Lake to be |
gbout 3°F higher than the waters of Grass or Nippersink
Lakes (13;. This suggested flow from Grass Lake to

Lake Marie slso, ¥Wind dirsction was not noted during

measurements but the predominent wind direction during

the werm months is from ths southwsst, Becauss of the

shellowness of Grass Lake wind direction is considered

to be a major infinence on it's flow petterns,

1



CONCLUSION
It has besn reported by the Illinecis Department cof Conservaticn
that in 1915, 40OC boats existed in the Fox Lake waters.
Fifty years later Leke County officials have estimeted that
33000 bosts sre harbored on the Chain. They have furthey
notsd that an estimated 2 miliion gallons of gas is used
gnnually by beoaters on the lskes. This auggesﬁgactivity.
The Northeastern Mstropolitan Plenning Commission reportedly
stated, "there is no srea in the six counties with greater
potential for meeting the varied recreation needs of the
matropolitan ares than {he Chain of Lakes",
That the Stete of Illinois has a prime economic interest in
the ares there should be no doubt. It would ssem thet this
intefest might be so valued as to be desirous of pressrvation
thus reculring & program of high prilority dssigned to provide
B waterlquality'consistent with ths needs of the aportsman,
swimmer, boater éf sightseér as well as the indlvidual de-
pending upon active use of the wsters for his livelihcod.
In consgideration of the proficient ultlilization of such minﬁta
quantities of nutrients by blue-green algse any attempt to
reduce nufrients, undsr existing conditions, with ths expect-
ation of reducing nuisance blooms is nqﬁ practical;.nor does
it seem reasonable to suggest to the pedple iﬁ Lake or MchHenry
counties that tha eliﬁination of sewage effluents to the Chain -
wlll solve the ﬁroblem. There should be no restraini however

in giving considered judgment to the prospects of sliminating

L2



phosphorous from séwage effluents. Since tha problem-caussative
agenf is a blusegreen algae,'capable of niﬁrogen Tixstion,
1ittle could be gained by eliminating nitrate nutrients,

The use of elgicides may be considered expensive but the &x-
~pense for suggesued elternatives, assuming equal effectlveness,
is even more steggering. There are é@harent dangers in the
use of chemicals for confrolling environmentel econditions,
However, with prudence and proper monitoring, algsl prdblems
have beeﬁ successfully suppressed without adversely affscting
innocuous orgenismg sxisting in an already unbelenced environe
ment e |

After at 1éa§t 30 yoars of complaints and meny Investigations
it 1s time, it Hou;ﬁ seon, to develop a prﬁgram which would
provide relief to the users ¢f ths leke waters while under-
taking, concurrently, some speclalized studies what'wauld
provide (1} insigﬁt toward selective algel control procedur-

es and (2) techniques for rendering existing and potentia1

nutrlents 1ncapabla as’algal atimuli.
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