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PART 1 ENVIRONMENTAL STUDIES OF iCG?FiE_?i'{ﬁﬁtlE,'
: - A THERMALLY-ALTERED RESERVOIR '




In July 1492R, at bthe reguest of
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frntratl [llimnin

tag [Hiinais Nataral History %y 3

vagironmental effects of [iRS

receiving stream, Shoal Creek.

pravide diaqnns’ig Sa¥a far use ‘n %xa“*iﬁi”ﬁ ahelhor {affaon |

C!ﬂﬂx garﬂ éuv\rﬁnmontallj af(np{&"f in-torsy sf supporting <nellfish, Figh

wildiife, and recreational uses cunsistent with go0d managoment pragtices,  In

[
particular, the study was designed to oya¥ua;é Lhe effacts of now wastowater

Lreatment facilities on lake water quality; theseoinciuded 1) 1fn11i:nn 5f ash

pond effluents, (?) creation of a coal-pile run-off setiling pond, and {31
mixing of brin2 and regeneration wastes prior Lo release.  The snvironmental
program_included integrated investigalions conducted by an interdisciptinary
team of biologists and chemists in the areas of water q“ali;y, chemica)

constituents, phytoplankton, periphyton, znaplankton, hemthss, and fish

Resinlts of the first year invesLiqaiions,on Coffe’ . Lake and Shoal Céeek Were
oresented in a report entitled "Environmental Stuﬂiesrér Coffeen Lake" which was
submitted by the I11inois Natural History Survey in October 1979. A;se ond o
annual report encompassed dala collected from Coffeen Lake through July 1980 aﬁi
was submitled in October 1980, This final repout includes a three-year
biological analys1s of Coffeen Lake and results of a one-year 1nvvst1gatuou of
Shoal Creek its rece1v1nq stream, ;Durlng the second year of study, a l-year -
impingement. and entra1nm9nt proiject and a larval fish distribution study WEre:f
added to the sampl1ng program to assess the 1mpact of the cooling water intake
system on the Coffeen Lake fishery. ' Reports on these 1nvest1qat1ons are -
ing]uded herein, Data append1ces were included with the two prev1ous annua1
rebbrté. Only data wh1ch were not prev1ous]y subm1ttgd is.included in the
Append1x assoc1ated w1th thls f1na] report ' o
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surfacy area and a starage capacity of 2,772 5 157 mll

additional morpholoqgical information for foffven Lakn, {offeen Ldke is lacaled
un light-colored soils developad from Yoess.  The Hosmer-Stay<Woeir ol

associalion found there formed under farest vegelation and uceurs on nearly

Tevel to strongly slaping uplands (Fehrenbacher et al. 1967).

Loffeen Lake is a relatively deep impoundment inrchparian L& other [llinois ,
reservoirs,  The EPA (1978a, 19780) listed selected parameters for 353 111inois
!akes and reported that Coffeen had a qvpdte: mean depth (5.7 =) and adx i nygm '
Jean {1757 m) tunan 95 percent of the Yakes Labulated. The Take also nas a
felatively high volume development ratio {0.97) and an cxtensive shoreline

(77.1 km).

The coal-fired Coffeen Power Station complex is located adjacent to and obtains
most of its fuel (Mo. 6 Herr 'n) from Consolidated Hillsboro oal Companys' -
{undérgroUnd coal mine. The first of two units at the Coffeen Power Station
hegan operation in 1965. Unit’1 has a gene'at1ng capacity of” %50 MeW w1th an -
associated circulating water pump discharge of 146, 500 gpm. nit 2. which: began
plectr1c generation in 1972, provides 595 MeW and has a circulating water pump -
:d1scharqe of 253, 000 gpm. - These two uqlgéyﬁbased on-a 70 percent ‘load facLor,:

"havp a maximum heat rejection o 4,36 BTU hr'{/gpd establish an average 12° .
C rls in water temperature across sisors. The thermal effluent leavesr

{fhe generat1ng fac111ty via a 0.9- km- long discharge canal and enters Coffeen

<l.ake by flow1ng over ‘a hot dam. The d1scharge then fol]ows a clockw1se pattern,

ia]ong a 6 6- km coo]1ng 1oop Th1s prov1des 324 ha of cool1ng area (73 percent

s fof the ]ake‘surface) and produces a total ]ake 1oad1ng rate of 0.86 MeN

| 1’;:. ?




Table 1.1. Physical Characteristics of Coffeen Lake

~Surface area: - 446 ha
Mean depth: ' 5.7 m
Maximum depth: . 17,7 m
Shoreline length: ' 77,1 km '
Storage capacity: 272 x 107 m3
Watershed drainage: 4,45 x 103 na
Bottom slope index . .3206
Shoreline development index -10.6
Orainage area/lake capacity ratio .6
Annual loss in capacity: .05 percent
Volume development index .97




Gross electrical output of the Coffeen Generatingrﬂta&ion was quite variable
(Fig. 1.1 as is typicalrof most coal-fired units. [uring the manths of April,
May, November and December of 1979 and 1980, output was reduced because af
scheduled maintenance and repair work at the power plant. Since the onset of
this study, maximum summer and winter discharge temperatures, measured at the
end of ‘the mlang zone, were 43 and 26° C, respectively,

) o

Several modifications of wasteﬂatev trcatment facilities at the power station

were completed after this environmental study began. Included were isolation of

dsh disposal ponds from the lake basin'(compieted in August 1979), construction
ofra settling basin for coal pile run-off (completed in February 1979), and
cénstruction of an equalization tank for mixing of brine and demineralizer waste
products (Fig. 1.2). These facilities served to 1) ntevent ash pond effluents
from entering the lake, 2) prevent coal pile particulates from entering Lhe
lake, and -3) buffer brine and demineralizer wastes (a solution of brine,

sulfuric acid, and sodium hydroxide) from pH extremes prior Lo release into the
lake. ' i : '

Four major sampling stations were establ\shed to:represent. areas PxpOSed to
varlous thermal regimes and were sampled by al) 1nvest\gator Station 1 was
located in the thermal discharge arm, Station 2 was established near the
mldpolnt of the cooling loop, Station 3 was situated north of the intake bay as
a therma) transition. area, and Station.4 (which was pa:t1ally isolated from thp
rest of the lake by a ra]]road causeway) was regarded as the ambient-area.
Approximate distances from the thermal outfall to Stations i through 4,
respectively, were 0.8, 4.0, 6.9, and 8.4 Km. In add1t1on, ancillary stations
for certaih aspects of the study were 1ocated near the intake and discharge
étructures; at two other intermediate pdints”within the cooling loop, and at the
horth'end of the lake where McDavid Branch enters the lake basin (Figure'1.2)5

1.4
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SECTION 2 ;
THERMAL MAPPING OF COFFEEN LAKE
by: 7
: Sarah Liehr-Storck

ABSTRACT

Thermal mapping was conducted quarterly at {offeen Lake during the period from
September 1978 through Sepiember 1979, and semi-annually during the two
- following years. Little variation was found in surface temperatures measured
ACross transeets located at known distances from the discharge. The only major
exception occurred in March 1980 and February 1981 when the thermal plume stayed:

close to the. east bank north of the dam for a distance of 1.0 to 1, 57kildme£ers;
The d1scharge arm of the lake usually had different vert\cal _temperature ,
dlstr1but\ons than the rest of the lake, wlth a drst\nct change gccurring in the

o e s

vicinity of the dam The d\scharge arm of the’ Take tended to stay tﬁerma11y

B sl

'stratlfled at’ a depth of about two meters, with much warmer water in_the top~

1ayer. In the v1C)n1ty of the dam, greater mixing and larqer water volume

O C UV

caused a distinct decrease \n surface” water"temperature Water temperatures in.
Sttt §

the coollng loop did not vary greatly: between the dam and the intake canal cove..
A distinct decrease in temperature occurred at the railroad causeway, 1nd1cat|ng'
that water temperatures north of the railroad Causeway were not. affected Dy Lhe,i
i thermaT"ETEEharge to the same. extent as water temperatures south of the B
‘causeway - Vertical temperature distributions did not correspond to normal

s et ey

stratification patterns.. Thermal discharges preuented winter strat\flcat\on and

ice formation except for the area north of the railroad causeway. Both winter
temperatufes and summer hypolimnetic temperatures were higher than normal in-the
iower region of the lake, possibly allowing greater. bacter al act1v1ty and thus
greater rates of cycling of nutrients and other minera]s In the summer ne’r

the dam, rather than the normal situation “of - two jsothermal layers of water -
separated by a thermocline therelwere ‘three idothermal laye's separated by two’
' thermocllnes.' The top layer resmfted from warm water from the’ dlscharge arm
staylng on the surface Vather than mwxlnq. ' o
' 2 1




INTRODUCTION

Water temperature is an important parameter affecting lakes because {4
influences not only their physical characteristics, but alss their cnemical and-
biological characteristics. Because different olent and animal species have
different temperature tolerance limits and temperature oplima, ‘Lemperature can
affect ‘the biota d\rectly by limiting the distribution of species or hy
dete:m1n1nq the species composxt1on of communities, Temperature also affects
the rate of biologica) activities, and thus affects factors such as growth,
deCOmpOSitioh, oxygen consumption and evolution, and nutrient and other minera)
cytling that determine the biological characteristics of a lake. Also, because
of the relatlonshlp between water 4
distribution deterquefa

terperature and density, temperature

lrfulation fns,—and thus oxyqen !evels, in parts
of the 1ake h_‘h mé restrict anfinal: 3 fe and-alter bacterial activity,

: ,thorough understanding of te petaxu*e distribution is essential to
assess1nq the impact of thermal effluents on the nhcm\cal and bwo1oq1cal
character1st1cs of a lake. o

befeen Lake would be expected to have different temperature patterns than most
“lékes in this geographical area because it is a cooling lake which circulates
‘large quantities of water and receives a heated effluent. Temperature
'qistributions ware also affected by climatological events and by pawer p1aht
generation (Fig. T}I). The purpose of this study is to provide background
information on annual temperature batterns in Coffeen Lake so that the chemical
and b\oloqical data can be interpreted in the context of -their thermal
’pnv1'onment

N .




MATERIALS AND METHODS

IhqvthErmal plume was mnasured at quarterly ihtorva]s du;ihg the firﬁt year of
samp} ng, and at semi-annual 1ntervols during. the second and third /ears

‘ al profiles were measured at l-meter depth intervals along transects at
knoWn distarices from the thermal discharge, Two to five vertical profwlps were
measurei along each transect, depend1ng on the length of that transect.. Three
boats were used when possible to complete measurements over the entire lake in
as little time as possible. Temperatures were measured W\’h YSI Model 57
dlssolved oxygen and YSI Model 33 S-C-T meters,

Profiles of temperature and dissolved oxygen were measured twice per month at
1 -meter depth intervals from mid-lake locations at Stations i, 1.5, 2, 2.5, 3
and 47(Fig. 1.2). These measurements were taken with a YSI Mod91 57 dissolved
oxygen meter. - ' o

RESULTS AND DISCUSSION

Thermal mapping data collected during all three years of this study can be found
in Appendices to annual reports (Liehr 1979; Liehr-Storck -1980; Liehr-Storck
1981).: Temperature and dissolved oxygen profile data are also listed in
Appendices to these reports.

TEMPERATURE DIFFERENCES ACROSS TRANSECTS

In geﬁeral, very little variation in temperature occurred across transects
linking one side of the lake with the other. There were two 1ocat1ons in the
lake, however, where some d1fferences were observed.

In thejmain arm of the lake, temperatures were substantially higher along the
eastibénk on the dates of 4 March 1930 and 161?ebruary 1981, The difference in
surfdcé temperatureé between the east and west banks just'north of the:dam was
6.7fC1§h—4 March 1980 and 5.4°C.on 16 FebruéryilQBl. Temperatures remained

2.3




different for a distance of 1.0 to 1.5 kilometers., Winds were fairly streng on
both of these sampllng days at about 10 mph from the south and southwest,
~ However, strong winds from the south and southwest were also present on other .
days that thermal mapping measurements were taken, and these large temperature

~ “differences werd not observed.

A much less pronounced difference -in temperature acfess a lakewide transect
occurred just north of the railroéd:causeway. Temperatures were slightly higher
_in the middle of the transect on 20 November 1978 and 16 February 1981,
'S\ight)y higher temperatures were observed on the east side of the transect on

8 August 1979 and 22 August 1980. Openings (culverts) are located in the middle
and on the east-side of the railroad causeway, and ihese temperature variétions
may he the resuit of water movement through these cu1Verts Again, wind-data

: were 1nconc1u51ve as a causative agent, since this phenomenon was not always
observed under similar wind conditions. If water exchange was occurrlng throuqh
- the cu]verts, however, it was either at a very slow rate, or mixing was rapidly
occurring, as temperature differences were dlfflcultrto detect.

TEMPERATURE DIFFERENCES WITH DISTANCE FROM DISCHARGE

- Since temperatures were fairly uniform across transects, mean temperatures at 0,
'2, 5, 10 and 15 meter depth intervals were calculated to ohserve seasonal
'patterns of distribution of waste heat with depth and- distance from the
discharge. Temperature d1str1but10n in the summer season was notably dxfferent
" from therma] d1str1hut\on in the w1nter season.

Thermal mapplngs completed on 12 September 1978, 8 August 1979, and 22 August
1980 indicated that temperature distributions were ‘similar during the hottest
‘times of the year (Fig. 2.1). Thermal stratification (a-barrier to mixing as
“defined on,paQe 2.8) occurred at-a depth of about two meters in the area of the
lake betWeen,the'discharge and the dam. Stratification at nine to ten meters
“occurred at loeatiens in the lake that were at least ten meters deep. The
;‘temperature 1n the top’ two meters of the water column decreased gradually
:1through0ut the 1enqth of the dlscharge arm. A more dramatic decrease \n

' % 2.4
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1

temperature occurred at the dam (except on 22 August m80 when plant generation
'was reduced) followed by only sl1ght decreases in water temperature along the
remaln\ng length of the cooling loop. Temperaturos decreased more rapidly i
,the area of the lake beyond the intake cove, and then a rapid decllne occurred
~at the ra1lroad causeway _ Water temperatures at five and ten meter depths did
~not change much along the coaling 100p or heyond to the railroad causeway,

f‘ The w1nter thermal mapp\nqs also. showed similar temperature distributions
(F\g 2.2).- Data from 8 March 1979 were not included because the power plant
- was._not operatan on that -date. - Thermal stratification occurred at a deptn of
one to two meters in the area of the Yake between the discharge and the
sp1llway, with temperatures in the top two meters aqa1n decreasing gradually
with 1ncreas1nq distance from the discharge point.. At the spmllway,,however, a
very.rapid. ‘temperature drop occurred. During wwnter,fthe rest of the lake was
not stratified, and surface temperatures*decreesed only slightly within the
remainder of the cooling loop. Other temperature differences occurred at the
“intake cove and at the railroad ceuseway. Water temperature§ at five and ten
“meter depths increased in-the region of the lake between the splllwaj and the
“intake cove as a result of more even winter vertical distribution of heat -
'thruughout the water column in areas beyond the d\scharge arm

"water temperatures that were 2 to 3°C cooler were found at the railroad causeway
at all t1mes that meaaurements were taken beyond that structure except 22 August
i ]980 when the decrease was only about 1°cC. These data 1nd1cated that the ‘mixing
of water from the. north- an1 south 31des of the causeway was cons1derably slowed,
, and ‘that the portion of the Take on the north side of the causeway was ,
“noticeably less 1mpacted by thermal effluents from tne power plant than was the
7port10n ‘of ‘the lake on the south side.

,fHERMAL STRATIFIQATION~
fA phys1cal property of water is that its. den51ty increases with decreaS\nq

_emperatures (to a temperature of 4° C). Because of thws property, Jakes become
fstrattfled*:hen some ]ayers change temperature more vap1d1y than other layers.

"regtons, th1s phenomenon 1s’a common occurrence 1n most lakes i
. 2.6
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s du?ing the'summer and winter, A temperature dnop of 1°C per meter depth is
'1genera11y ‘considered to cause-a density gradient sufficient to act as a barrier
to. mixing, and will herein be used,as,the,definat;on of thermocline. ~ Since
"Coffeen Lake is subjected to temperature influences other than climatological.
';ones. f.e., it'receives a heated effluent this lake would not be expected to

' strat1fy in the same patterns as other lakes in the same geographical area that
" are subgected to only rlxmdtologxcal 1nfluences. SLT&LIf?CdLIOn patterns were
~studied by means of tempexature profiles measured twice per month. Dlssolved
Lg‘oxygen concentratlons were also studied to help determlne the stability of the
:ﬂ therma1 strat1f1cat1ons observed. '

o Stratlfxcatlon in the winter normally occurs when the water cools to helow 4° C.
h dater at 4°C has the greatest- density and therefore stays at the bottom wh)le
water above it cont1nues to cool until it freezes at 0°C.. Under the ice,

depleted since there is no exchange with the atmosphere. In Coffeen Lake, this
type of strat1f1catlon was observed only at Station 4, and no oxygen deplet.on
 was observed during periods of ice cover. Consistent stratification was ‘also
'observed in winter at Station 1 at a depth of one to three meters, where thermal
. effluents “from the power plant caused water at the surface to be con51derah1y

. 7"warmer than water at the bottom. In splte of this winter stratification

; pattern in the discharge arm, however, d1sso]ved oxygen levels were faltly

generally comp]ete]y mlxed with temperatures mostly in the range -of 6 to 14° o
" and oxygen levels in the range of 8 to 12 mg/]

' The normal process of summer strat1f1cat10n beglns in the spr1ng as the ice

if me]ts and the water warms. When the temperature reaches 4 C, the water column

l;_completely mixes (spr1ng turnover) ‘Warming continues and the cooler, more

'vdense water stays at the hottom while surface temperatures continue to rise. A

i"‘ermocl1ne develops, w1th water above (ep111mn1on) able to mix freely cau<1ng
*1t’to “he falrly unlform in temperature. The water below /hyp011mn10n) is not

£ e:to m1x w1th the upper Tayer, and thus recelves no new supplies of oxygen

ost eutroph1c lakes, oxygen becomes dep]eted

o biological: processes contwnue, although at a reduced rate, and oxygen can become'i

’ilunlform throughout the water column The-water column at the other statlons was*,

mp051t10n of organ)c materlal at the bottom of the lake consumes oxygen, and -




~-Variatioris of this typical summer thermal stratification pattern were observed
in Coffeen Lake. The water column at Station | was stratified throughout the
~summer at'a depth of one to three meters. Temperatures in the upper layer of

- water were often extremely high (once reaching 43°C in 1980), because this

- station was located close to the power plant discharge. While a thermocline
does not normally appear that close to the surface, it was likely caused by the
warm water discharged from the plant tending to stay at the surface,
Hypolimnetic dissolved oxygen concentrations were low (frequently below 3 mg/1)
but oxygen did not become depleted. Oxygen in the lower layer could have been
‘present as a result of unstable stratification or, more likely, replacement of
the water caused by the current from the discharge.

Station 2 was stratified from May through September in 1979. HNo stable
stratification developed in that region during 1980. At Station 2.5 there was
no continuous stratification for extended periods, although thermoclines did
appear on occasions in‘the summer., Stratification did not occur at a consistent
depth, but occurred anywhere from three to eleven meters.' Oxygen depletion '
occurred at Stations 2 and 2.5 from June to September in 1979 and from May to
August -in 1980, indicating that stratification, though unstable, was sufflrlent
to prevent consistent mixing of the entire water column.

(Statioh l.gtxlocated near the dam, was adjacent to the discharge arm and was
also the deepest part of the lake. Cdntinuous stratification was observed in
this region from May through October of both 1979 and 1980. At the beginning of
the. summer, for example in 1980 on June 3, the typical seasonal vertical
temperature distribution developed (Fig. 2.3), although hypolimnetic
temperatures were higher than normal because spring circulation had occurred at
a temperature much higher than 4°C. At the depth where the temperature began to
decrease rapidly, dissolved oxygen 1eve]s also began to decline rapidly. As the
sUﬁMéF—brogressed however, “two thermocllnes developed One thermocline at a
,depth of one to three meters, resulted from heated water from the discharge arm
5 ;stay1ng on the surface rather than mixing. The other occurred at a depth of
v'*i;~seveh to eleven meters (Fig. 2.3). Oxygen was fairly uniform or increased ,
‘*-slightly with depth in the upper layer and became depleted in the lowest layer.

2.9
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Between the two thermocllnes oxygen rapldly degrpased in concentration wvth

'; were’ fairly un1form (Fig. 2. 3) These three layers of the lake, which were -

'«'entwre summer, - Since the middie layer was at least partia]ly in the euphot1c :
5 zone, oxygen was generated by algal photosynthe51s thus compensating for ‘oxygen -
B consumed by organic decomposition and’preventing oxygen depletion. - Oxygen: in
B that layer might also have been present -as a result of occasional m1x1ng w1th

i,the upper layer if 1nstab1]1ty occurred from 1nterruptxons in power plant -
_generatvon.

- increasing depth but did- not become dep]eted whereas temperatures in th15 10”97;!-

o partitloned by the thermoclines possibly did not mix with each other during the' 
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SECTION 3

HATER QUALITY OF COFFEEN irk

- by
Sarah Liehr-Storck

ABSTRACT

',‘{Watéf'quality was studied in Joffeen Lake from August 1978 through December
'iFtQSO.rrTota! dissolved solids and sulfate concentrations decreased during the -
rtspring flood of 1979, and then gradually increased to the end of 1980. The

- “total amount of dissolved solids and sulfate in the lake also increased frdm,
“June 1979 to December 1980, Periodic flushing of water from tne lake was
; 'apparently necessary to-maintain constant sulfate levels, Alkalinity increased
'Efrpm:1979 to 1980, providing additional beneficial buffering capacity against pH
changes. Turbidity was highest at the north end of the lake after periods of
héavy precipitation. The railroad causeway with two small culverts through it
served as a barrier, preventing much of the turbidity entering fram Lhe
- watershed at the upper end of the lake from reaching the lower part of the lake
"Total phosphorus levels werD generally highest in the upper end of the lake ,
Inorganlc nitrogen conantrattons increased dramat1cally at all stations in late
o 1979 and 1980. The greatest increases of inorganic nitrogen occurred at
fristat1ons nearest the power ‘plant discharge, and riormal seasonal nitrogen cycles
“é VWefé disrupted. Chloroohy11 a concentrations were consistently highest at the
'ff:north end of the lake above the railroad causeway and lowest in the discharge =
© arm. The conclusion that the north end of the lake suppovted greater standing
‘icrops of algae was conSIStent with observations of h\gher pH value and greater
t?f:saturatlon of dissolved oxygen there, Dlrect rect impact of power plan nts on
- lake water pH was apparently minimal., Low concentrations of dissolved oxygen
Lwere observed for extended periods in deeper areas of the lake during summer

'tmqnths. Oxygen was depleted for most of the summer throughout extensive areas
~of the lake indicating eutrophic conditions. In winter, complete mixing of ‘most
::;gfjthe;lake beyond the discharge arm preVented oxygen depletion from occurrihg}
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IRTRODUCT [ON

The water quallty iqvestagat1on was undertaken with the purpase of eva1uat1ng

'7:;1nvestlgatvon 1n»luded (1) monitoring water quality parameters in the Yake and
,zdetermlnlng the cause of changes, and (2) determining how temperature ,
:,dtstrlbut1on resulting from the discharge of a thermal effluent affected water
:quua11ty The investigation included studies of circulation patterns in the
17'1ake cl1m3£ologital events, and chemical inputs to the lake. These data were

l—‘on,the ]ake, and to determine how the temperature distribution affected mineral

cycling and eutrophication. Water quality parameters that affected the hiota
are discussed with particular reference to affects on algal populations,

3.2

'Water qual1ty in Coffeen Lake after the installation of new wastewater treatment G
Tac1]1t1es at the power plant and with more normal precipitation patterns. Tner',»

';',used to- assess the relative impacts of climatological events and plant operat!0n1  R




MATERIALS AND METHODS
SAMPL ING SCHEDULE

Nater sampxcs were coilected monfhiy at Stations 1, 2, 3, and 4 at the top, 7

‘m1ddle, and hottom of ne water column and at Station 5, the slag pond outflow,

: Lhe c0dl pxle runoff, the coal pile runoff <ettlan pond autflow, the east arm
1nf10wing stream, and tke west arm \nf10a1ng stream {see Fig. 1.2). Sampling'at
the slag pond was - dlscontlnued after it was abandoned in August 1979, The

"stétion at the coal pi\é’runoff was changed to the settiing pond outflow in the
niddle of thé first year when se&fiing pond operation began. After operation
began, direct runoff from the co¢i pile no-longer ran into the lake. Streams
flowing into the east and'west arés of the lake were both intermittent, and tﬂéy
could only bé sampled in the spring. '

‘The following parameters were mea5uved at monthly intervals from August 1978
through December 1979:. turbldlty, total alkalxn1ty, free carbon dioxide, EDTA
hardness, total phosphorus, soluble orthophosphate, amnonia, nitrate, nxtrité,
total iron, soluble iron, ferrous iron, su]fate. sulfite, total sulfide, :
dissolved hydfogen sulfide, un-ionized hydrogen sulfide, chloride, and filugride.
At quarterly intervals water samples‘were also analyzed for organic nitrogen,
total organic carbon, particulate organic cafbon, dissolved organic carbon, and
chemical oxygen demand,  After DeCember 1979, flnoride; sulfite, iron forms,:
chemical oxygen demand, and particulate and soluble organic carboa were B
eliminated from the parameter iiéf. Sulfide forms were measured oh!y when 7{'
diygen was depleted in the hypotimnion. - Chlorophyll a, pheophytin a, and tota)
and particUIaté organic'carbon were measured monthly from duplicate intenrated
samp]es of the euphotic zone at the four major lake stations and at the 1nt3xe
of thL power plant,

Profiles of temperature, dissolved oxygen, and total dissolved s0lids were

neasured twice monthly at 1-m depth intervals at the four major stations and at
Stations 1. 5 .and 2.5 (F\q 1.2). At the,éqme time, pif was measured at the
urface, mlddl , and bottom of the water column at those stations.

3.3




The'tﬁfee depths' sampled at the major lake <tations, the surface, vxddte, anid

"'.battom of the water column, were selected so that physsce—xhva1L31 meaﬂurawln*s,

at thy bottom cpu!d be compared with measuremenps at the surface uﬁd atoane oo
other depth within the water coluﬂn Station 1.5 was added to include a station
o at the dam, and Stat\on 2.5 was added to include a sampling site located withén
| ~the: coolxng Ioop and prior to the intake, The ‘other additional «tatzons were’

1ncluded to monitor other dlscnarges to the lake,

FIELD AND ANALYTICAL METHODS

datcrréamples were cd!?eCted with a plastic Kemmerer bottle. Samples analyzed
for ‘soluble iron were filtered 1mmed?ately and fixed with hydrochioric acid. f
Ferrous iron samples were. fixed immediately with hydrochloric acid. - Samples .
analyzed for sqlfide forMs were fixed immediately with 0.2N zinc acetate, and
analyzed within 24 hours.. Sulfite and pH were measured in the field or in the.
‘aborétory immediately after collection. Température and:dissolvnd:oxygen WeR
measured in the field with a YSI Mode} 57 dissolved oxygen meter. Conductivity
was measured in the field with a YS1 Model 33 S-C-T meter, and the results were
corrected for temperature and used to calculate total d1>aolved solids, Methods
used- to analyze water qua]ity parameters in the laboratory are listed in Table-
3.1.

STATISTICAL METHODS

The statistical analysis used for water quality parameters wds a three- way
analysis of variance with two- -way interactions. Main effects were statlons,
montﬁs, and years. S1ngle degree of freedom contrasts were made fnv the
stafipn effects, Station 1 was compared to Station 2 to. test for d;fferences
between the two stations: most affected by power plant discharges. Station 3
(sduth of the railroad causeway) was-compared to Station 4 (north of the 7
railroad caUSeway) to test for dlfferences between the upper end.of the lake and
the area separated from it by the railroad causeway. Stat1ons 1 and: 2 were
co]lectively rompared to Stations 3 -and 4 to determ1ne if water qua!wny
'parameters were dxfferent in the lower (heated) portion of the Jake than in pge
upper portion " The analysis of variance was performed'using SASV(StatisticaT*'
Ana]ys1s System) GLM (Genera\ Linear. Model) procedure (Berr et al. 1976) onied
;;IB >360/75 computer at- the Un1versity of Ill1noxs, Urbana Chdmndlgn o
' : 3. 4




“Table 3.1 Mothods used Lo analyze chemical parameters.

S~ g et . e 2 8 e

~ Parameter o Method

 :Turb1d\ty

| Honftek Model 21 nephelometer
;,;Ioﬁal alkalinity i 'étandard Methodsrléth ed., titrated to pH 4.60
:ifféé carbon dioxide Ca‘culated by method of Harvey (1900) and Park (19§9)
'ibtal phosphoru§ ,' 7' Stannous chlorxde method ’ -
‘:'fSolunle orthophosphate Spannous chloride method (Autoana\yiér)
'itDTA hardness EDTA colorimetric method
'%Ammon|a nlt‘,rogehr 7 :Mbdified phenate method (Autoanafyzer)
iﬁ}trate nitrogen i “Cadmium reductibnrmethod (Autoanéf}zerjv
"Niirite nitrogen c Diazotization méthbd (Autoanalyzer)
Srulfate o ﬁ)rbidimetric method
' Chloride ' i : 'Argentometr1c method 7
:fﬁIUOride | - Electrode method on Orton Mode 1 601 meter
“Iron- (totat, so]ub]e, and ‘Phenanthrollne method
ferrous) K oo

,Sulfide (total and dissolved Methylene blue visual color match§n§ method
e and un-ionized T : S i
hydrogen suifide)

,Orqanlc nitrogen " Tdtéi Kjeldahl mothod (Autoanalyzér) 7
Organlc carbon (tota], D1rect 1n3ectxon method on Ocnanography [nternat1onal
particulate, and g Carbon System -
dissolved) 7 : ’ i
"i1Chemical oxygenrdéﬁand Hach Reactor Digestion COD method (Jirka and Cartef;}975)

"“1thlofophyll_g, phébphytin a ~ Standard Methods -




RESULTS AKD DISCUSSION

Data from the final collection period of July 1980 through December 1980 -are
contained in Appendices 3.1-3.4&. Previously collected data are Visted in
Appendi¢é$'3.1-3.4 of the first annual report (Lichr 1979) and Appendices.
3.1-3.370f the second -annual report (Liehr-Storck 1980). o

DISSOLVED -SOL1DS

' Coffeeﬁ Lékp had 4 much qgreater conrentratxon of total dissolved solids (TOS)
than did five other ]akes in this geoqraphical-area. The mean concentration of
TDS in Coffeen Lake on 17 June 1980 was 853 mg/1 as NaCl, while five othér'lakes
in the area sampled on 18 June 1980 (Liehr-Storck 1980) had EOncentratiohs in
the range from 138 to 321 mg/1 as NaCl (Table 3.2). Lake Sangchris, another
coo]ing,iake in central Illinois, had a mean T0S concentration of 319 mg/1 as
NaCl (Table 3.2) (Brigham 1981), o : '

Little variation in TDS occurred émong stations at most times of the yedr during
this study In the sprtng, however, concpntratlons at Statlon 4, in the upper
end of the 1ake, dropped considerably relative to the other stations,

correspondlng to increased rainfall and runof - «creating higher lake e]e?atlon
(Fig. 3.1). The larqnst drop in DS at Station 4 occurred in the spring-of 1979
when the ‘most dramatic increase -in 1ake e]evatlon occurred. - The concentration
at Statlon 4 also decreased re]at1v¢ to the other stations 1n—August ]97§iduring
a perlod of heavy rains. E L

. The overall concpntratron of T0S varxed conslderably during this study, with 2
éfQE;aIELQS decrease ‘occurring in. the spring of 1979 followed by a progressive -
m)lncrease  Since the volume of the Jake also varled however, the total amount
of dlssolved solids-in the lake may be a more-meaningful parameter for =~

: determlnxng whether. dlssolved solids actually increased or decreased. Using a
Jake eleyatlon-volume relatlonshlp (Fig. 3.2; Sargent and Lundy) the amount of

solids was calculated and plotted against time (Fig. 3.3). A ]érgé

dlssolvif
'“f was observed in the spring of 1979 when water stored in the reservoir
was flushed over the splllway as larqe amounts of rain and- 'unoff water entered
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surface aféé in Coffeen Lake. (Source: Sargent and Lundy -
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the;lake From latc swnmcr of 1979 ant i1 the end o{ the study, little
additional water was flushed from the lake, and & fairly constant increase in
total dissolved solids was observed. ‘his:increase can be-attriboted to wﬂ@ltﬁ :
from precxpltation and runoff as wel‘ as from dem;neralxznr wastes and coal p)ler‘
runoff pond effluents

Even though fota\'dissolved solids concentrations'chanqed during the study'
‘perxod the relative composition of the anion components changed on]y slightly
during that time (Fig, 3. 4y, except-at Station 4 during the spring- flood of
1979, and, to a lesser extent during the spring flood of 1980. Instead of Lhe
carbonate-b1carbon¢te anions expected to be dominant in-.bodies of water in.
temperate regions (Hutchinson 1957), sulfate was the dominant anion, Sulfate
concentrations were much higher in Coffeen Lake than in five lakes of the -
surround1ng area or in Lake Sangchris (Table 3.2).- Both the high roncentratlon
of sulfate and the extreme domlnance of the sulfate anion suggest that Coffeen

Lake conta1ned sulfate concentrat1ons that are cons1derably greater than normal.
The increase in sulfate concentratxon over time is illustrated by data collected
and'provided by the power plant since 1966 (Fig. 3.5). The most rapid inccease
occurred during the period from 1975-1976, with a decrease following in 1977,

Sulfate levels in the lake generally corresponded to sulfaie levels in the -asn
ponds (Fig. 3.5). -These ponds were taken.out of use in 1978, and apparently
sulfate levels in the lake ‘have dropped substant1al1y as a result. -

Sulfate concentrations were found to be sighificanfiy different among stations
(Stacion 3 vs. 4 and Stations 1 + 2vs. 3+ 4y, mohths, and stationSuby months
interaction (Table-3.3). These differences were mostly caused by the ]arge
decrease in sulfate concentrations at Station 4 dur1ng the sprinqs of 1979 and
1980 (Tab1es 3.4 and 3.5). At other times of the year there was little :
d1fference among stat1ons (Fig., 3. 6) Significantly lower sulfate levela :
occurred 1n 1979 than in 1980 (Table 3.6) as a result of from the spr1ng flood
of 1979 A substanttal drop in the lakewide su]fate means occurre ~in the-
' spr1ng of - 1979 from 596 mg/l in January 1979 to 310 mg/1 in May ]979 After
‘that time, however, ‘sulfate concentrat10n< increased steadily (Fig. 3.6) unti
"y reached 512 mg/] in December 1980 This increase was accompan1ed by an
0 rall de':ease ln lake elevatlon (rxg 3.1). Therefore,,to determine if ‘the
) o 3.1 i ‘
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quantity of sulfate in the lake had increased or decreased, the elevation-volume
relationship (Fig. 3;2);@33 sg9ain used. There was a substantial decline in the
sulfate content of théfiake in the spring of 1979 when a cohsidefable amount of
water stored in the regervoir was flushed over the spillway. From that time
~until the end of the study, ihe amount of sulfate in Coffeen Lake increased
fairly steadily. When the study ended in December 1980, the sulfate content of
the lake had not increased to the amount present at the beg1nn1ng of the study,
50 the amount lost by flush1ng in the spring of 1979 had not yet been replaced
(Fig. 3.7). This pattern of decreasing sulfate with a subsequent increase was
very similar to the pattern observed for total dissolved solids. ~The percent of
sulfate in the cohposition of anions did not change dramatically throughout the
study, except at Statidn_4 in the spring as already discussed, Prior to the
spring of 1979, sulfate comprised about 84% of the anion tbntEnt by weight.
From June 1979 through the remainder of the study, sulfate ‘was about 80% by
weight, with little varlatlon '

Sulfate concentrations:were significantly lower (P 59.02)'fn the hypolimnion
when dissolved oxygeh'cdncentrations were low. Sulfate is‘reduced to suifide
under low oxygen conditions, but-hydrogén sulfide was not detécted. A1l sulfide
produced was apparentiy'precipitated as iron sulfide. Laék'of'stratification in
winter probably prevented sulfide from being formed at that time.

Alkalinity levels were lower in Coffeen Lake than in most of the five lakes in
the same geographical area and lower than in Lake Sangchris (Table 3.2).
Statistical differences were similar to differences for sulfate concentrations
(Table 3.3). Al) stations had about the same alkalinity levels, with the
exception of Station'drduring the spring of 1979 and 1980; Alkalinity was
probably more dj]uted at Station 4 than the other stations'as a result of spring
rains and runoff.,a]ihqugh alkalinity levels decreased at.all stations at that
time, Overall,rhoweVek,'alkalinity increased in Coffeen Lake during this study.
The mean alka]inityr{n'1979 was 65.5 mg/1 as CaC03, and the mean in 1980 was
82.6 mg/1 as CaCO3 (Table 3.6). These levels were an improvement since
1975-76 whén'data;éollected at the power plant indicaied that alkalinity levels
o pluhged dramatically'td'abnormall/ low levels (Fig. 3.8). The higher alkalinity
' s a des1rable character1st1¢ because it provides greater bufferlng capacity
: P ' 3.21 :
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f ﬁaga\nst pH changes. and ig often accompan\ed by mure des1rab1n species of 1Igae
_'V(K\ng 1970) :

'ifThe;two other major components of total dissolved solids in Coffeen Lake were
lihardﬁéssg(calcium and maQnesium) and chloride. Hardness levels were lower Lhan
~in the five lakes in the same area but higher than Jevels in Lake Sangchris,
‘fwhlle chlorlde levels were lower than levels at Lake Sangchris but higher than
~in the other five lakes (Table 3.2). The data for these parameters were

- observed in patterns similar to the patterns of sulfate and alkalinity (Table

“reach levels as high as those observed at the beginning of this study.
- Decreased concentrations of botn parameters were observed at Station 4 during
;{ the sprihgs with the biggest decline occurring in the spring of 1979. ~As with

"1t1mes of ‘the year.
'f TURBIDITY

';Statistical differences in turbidity (Table 3.3) were caused. to a large extent
by extremely high levels (mean 143.6 NTU) at‘%tation 4 in the spring of 1979.

“‘months (Tab]e 3.5), and" a]sorresu]ted in significantly higher turbidity levels
i in 1979 than in 1980 (Table 3.6). 1The high turbidity'boerSponded to heavy'

~ precipitation and high lake levels at that time. “Increased turbidity levels
»71 were alse;obsefved at Station 4 in August 1979 (mean 14.0 NTU) and during the
5[7spﬁing of 1980 (mean 20;0 NTU), which were also aésocieted with heavy '
:{ pretfpitation and rapid ‘increases in Take elevation (Fig. 3.1). ~Turbidity at

b, located at the upper end of the reservoir. Dur1ng the spring of =1979 the mean
turb1d1ty at the three down-lake stations was only 15.6 NTU. Apparently i
- movement of water through the railroad causeway that separates Station: 4 from

*,settle before the water mlxed with other parts of the lake. High turbidity

©3.3). Hardness was not significantly different between years, but chloride was ;
-.-significantly higher in 1980 than in 1979 (Table 3.6), although chloride did not:

f'the other two TDS parameters, there was llttle varwatlon among statlons at other

“. This occurrence resulted in higher. levels at Station 4 (Tahle 3.4) in the spring

. the-other: down=1ake stations dld not 1ncrease to the same extent as at Station 4

jjithe other statlons ‘was slowed enough to-allow much of the part1culate ‘matter tor;

'ﬂleve1s were genera]jy assoc1qﬁed w1th“hjgh levels of total phosphorus and totalr}




f{[fpuospnouus :

f?fThe form of “phosphorus’ used by plants as a AULTient 15 so\ub\e Dl{hbph0>ﬁhﬁts,
ﬁ’fBecause thls form is rapidly cycled and converted to other forms, it is not a
good - indfcator of available phospharus inthe system. Total phospho:us is

- considered 1o be a more raliable est\matL of available phosphorus (Pomersy.

*f;1960)

A Varge ingrease in tota) phasphorus at al) stations in August 1979 could net ba.
-explained, ~ Therefore, to exclude possibly erroneous data, the data from that

. month were not ‘used in the statistical analysis (Table 3.3}. Phosphorus was not
-significantly different in 1979 and 1980, with annual means of 0.05) mg P/1 and -

~0.054 mg P/, respect1ve]y (Table 3.6). Station differences (Stat1on 3 vs. 4
- and Statlons 1+ 2 vs. 3.+ 4) were mostly-accounted for by higher levels at

Station 4 (Table 3.4). Increase in phosphorus at Station 4 generally

; accompan1ed turb1d1ty increases, and the highest levels were found in the sprlngli

(Tab]e 3.5), with maximum concentrat1ons of .277 mg P/1 in April 1979 and 0.173

oing P/1 in Apr\l 1980. From the spring of 1979 until the following spr]ng,, 7
',,phosph01us levels at all stations were 51m11ar with Stations-3 and 4 qenera!)y .

'havwng slightly higher levels than Stat1ons 1 and 2. In 1980, however,
o phosphorus levels remained higher at Statlon 4 throughout the summer.

Phosphorus,]evels were similar at the three stations in the lower end of the

~:lake, -and gradually rose ‘throughout the summer. ~Phosphorus Tevels then

decreased at all four stations in the fall.

NITROGEN

The nitrogen content of ‘water is composed of organic and inorganic forms. - The
inorganic forms found in natural water are ammonia, nitrate, and nitrite,

' although nitrite 53 usua]]y found in only Sma]l amount’s.

. The typ]ca] seasonal pattern for unstrat1fled lakes is a summer maximum of
:'ammon1a (Hutch1nson 1957). Statlons 1, 3, and 4 were nat typ1cally stratified,

,iﬁ_and Statlon 2, although it was- fherma]ly strat1f1ed in the summer, dld not: haveii
f?'stgntfvcantly d1fferent ammonla concentrat\ons at the surface and bottom durmng %
: ~3.25 '




- the months that stretificatioh occurred. The ammonia cycte obsarved du:mn: 1979
;fwas basrca\ly the typical pattern with ammonia concentrations 1nCreasxng through
f{the summer and.the max imum occu'r1ng at al stations in Auqu . The only
- appavent deviation from this pattern was Lhe increase at Stalior 4 in the

ri;spr)ng, which can probab]y be explained-by the rapid inflow of runoff water at
_that time. During 1980, however, the typical ammonia pattern was not observed:
Ammoriia levels began torrise:at all stations in late 1979 with the smallest

' ;increase'occurring at Stetion 4. .Levels continued to rise until March, with
“Stations 1 and 2 having the highest concentrations (1.017 and 1.107 hg N/T,

respectiVely), and Station 4.the lowest (0.417 mg N/1). The maximum ammonia

‘concentration of 1.150 mg N/1 was observed in May 1980 at Station 1, located in

':the'discharge arm. - In June, ammonia levels dropped at all stations, with-

- concentrations subsequently lncreasung at Station | but continuing to derrease

““at the other statlons (Fig. 3.9). The exttemely high concentrations (2.780 mg -
'=N/l) observed at Station 1 in December 1980 .were appaxent]y affected by -
~operations at - the power plant. Slgn1f1cant dlfferences of ammonia concentration
“among stat1ons for all station contrasts (Table 3.3) are explained by the
gradlent around the 1ake, w1th h\ghest levels found at Station 1 and lowest

7 levels at Station 4 (Tab]e 3.4). Monthly means were highest in-the spring

:jimonths and in December (Tab]e 3.5), contrary to the normal ‘cycle -in which
~maximum levels occur in late summer. Ammonia concentrations were sxgnlflcant‘y'

f:]ower at all stations durlng 1979-than during 1980 (Téb]e 3.6). Dev1at1on from

- the typ1ca1 annual pattern of ammonia cychng plus the rapid increase in arnmoma

concentrations in 1980, which were s1gmf1cant1y ‘higher at the samphng stat\ons

= nearest the power plant discharge 1nd1cated that -ammonia 1eve]§ were-affected by
 the power p)ant ' '

"'The'typica1 seasonal pattern-for nitrate is a maximum in winter and spring when’
 the. rate. of nltrlflcatlon, i.e., the oxidation of reduced n1trogen compounds, is
i’most rapid, and minimum in July and August when the rate of nitrate reduction is
~ the greatest (Hutch1nson 1957). Again, the pattern observed in Coffeen Lake in

41979 approximated: the expected pattern (F1g 3.10). Nitrate concentrations

:ﬁllncreased at all stations beginning in the fall of 1978, and reached a maximum
’r;,in March of 0 .808 mg N/l Concentratlons started to decrease in Apr11. and the
" | ' 326' : ~
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Cminimumowas observed in Yite gummer . This

: Hdwever};concantratianﬁ throughoul The supier 3
~the other stations. Nitrate Tevels tnen ¢

,,\ncvease though the azn&vr 35 eapes ted, nowsver,
?'han it had heen the DIP.'HJ;;.,,U'! “dnd 1 oackes V
,Concentrattans fluctuated for the remainder of
- Was observed during the summer and nitrate Yoy
,Signifjcant differences in nitrate cancentralinng,
~mostly be exp!éined hy consistently lower levals

oLh.r three stations, which were located claser 1o

nitrate levels substantially different from sach pthes }
$ignificant difference between years was again explaines By o

311y hrgher

-concentrations during 1980 than during 1979 {Table 3.6 ;.

Nitrite levels were alen higher 10 199 than in

:increasing from 049 mgq N/} io 1979 10 V00

HH X%
highest mean nitrite concentration was observed at Station }

Station 4 during both years., The waraer agnths, ggﬁg through o
months with the highest nitrite coacentrations [Tabie 1,531,

The total inorqganic nitrogen concentration was o 3**‘3r;n*‘; n:gﬁsr in

“{Tahle 3.3}, with a mean of 1.608 mg K/, than 1n 15979, with a . zan of 7 P74 oy o
‘fN/l (Tabie 3.6). The grpatest increase ook place during the perind from
xESevtembpr 1979 to Marcn 1980, with the mArumum nccurring in Maron 1930, ,auring1
“that perlod, the mean concentration of incrqawic nitrogen ncreased From 363 m
'N/l to 2.273 mg N/, 0ur1nq the last half of 1979 and ﬂur1nq 11; af 1938, '
levels of inorganic nitroqen were considerably fower at Station 4 than sb the
',other stat‘ons (Fig, 3.11)., -Station 1, located in the discharge Brﬁ, had the
}hlghest levels: for most of 1980 with s1qn1f\cantlj bigher levals Lthan SLaLionf?
(Table 3.3). The mean 1norgan1c nitrogen concentration in 1989 at Station 4 Was
1,126 mg N/ and at %Latlon 1" was -.046 mg NSV, z.e, there wes almost twice *he
7'concentrdtlon of inorganic nitrogen at Station 1 -as at Station 4 during 1980 :
”Both the wnCreased levels in-1980 and the dlstuxbed scasonal cycle of nitrogen
'fln the lake indicate that a significant ioadlng of nitrogen occurred, probably .
1'start1ng in la§9,1979ﬁ whlle the ratL of LyC]!ﬂg ﬂf n!trogen from oxgan\c foﬁns

= - 3.29 ‘
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'tﬂ !nsrgaﬂtr fﬂfﬁs and feomogne inn

é:(ui*rakcﬁ hecause 3fpznaré§§ e 4l .
,"éilrpl.ifér!th!} difff{r’&ﬂ(ﬁf}iﬂ N ragen Yevels Bt wees the T For e W,
4§stribﬁiion Gf ni'réqﬁn tave in ihe lake fnateated the pomer 5l wa
fﬁrqhabtf naving a Tajor Tpact an these paramelers, 31t i red i Ung

‘nitrogen inpul-is UNKRGAN,

ﬁ'?d“i""itfﬂgéﬂ fevels were fairly copsistent
rat

'sdQJQBQ he Lonc o6 LEE higheot in May

. .
i gy

cenLr
Vowest in August 1979 (mean 9.14

i the range batween 5.26-0.40 my S/1. Overall, the

v’)
o
et
e
oy
*,
[
e

qreaterc i
(0.40 mg /1) than in 1979 {0.27 mg W), LitUle difterence w35 obserdd aming
grganic nitragen levels at d§§feren 513t iang.,

,m.? RnYID§

Ratios of total nitrogen to gh SPNDrLS were gqenergily 1r ter tnan 17,
indicating phosphorus to be the limiting nutrient’ for algal q'nwth rathes Chan
:nitrogen {(DiVion and Rigler 1974), Station 4 cgnsistﬁni?g nad the lowest NP
ratios, which can be accounted for by both relatively low nitrogen and high
phosphorus levels. However, Lotal nitrogen may not be a5 good an indicator af
‘available nitragen as-total inorganic nitrogen. AL Stulinn 4 in 1979, when 7

,ihorganic nitrogen was considered rather than !ﬁts?rnitrgqen, NiP oratios were o
less than 12 for most of the year (Harrh s%fD! i WQ:ewbv-; In %980, &{? ratisé
were less Lhan'}z at Station 4 on]y,du:zngithe months of April, August, ang
September, which were the months wheen maximun phséphorus;?éveis accurred at
'Station,d. Ratios of less Lhan 12 were nevér observed at the other Lhrae
“Stations duriny 1980, but occurred occasionally (May, Seplember, and 30¥ﬁmber31
al these stations in 1979, The increased ﬁitrngon*ieve%v in Coffeen Lake appvs:
to havu taused the north end of the 1ake to chanqg from heiny n§xtoqpn Timited
“to belng phosphorus Timited.  However, the lower par; of the lake appeared to

'"havp been phosphorus lxmited ‘most of the time pven bufo:e nut»oqen levuas

increased
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during 3! manths sampled !Decenber 1979
19480, Stations 2 ang 3 generally had concentral vy

The greatest concentratisng a1 St2tion 4 wers s

while the greatest concenlealions ab Statvon ©oacrs
1

3023, The failure of particulate and total arganic Darunn

patlern sugyested Lhal organic Carbon wan noal 4 qomd medsy

Algat acL1V|Lj was reflected in the pi, dissalyed awygen,

of dissolved uxygen. A1l stations had higher pHoan the

the winter, -At Sta;tﬁu 4, there weré several Limes dgring
pH was "above 9.0, indicating vigorous photisyathestic activity fdutloninsen

957},  Low pH was found only in the deep watér at tharmaisy slratifie

stations. Stations 1.5 and Z were stratified during mgeh fotne s

low pH (IQSs,Lhan 1.5} occurred at Lhe bottom of these stations, Those ‘ow pH
values corresponded tarhigh cgncentnﬁ;inns af carbon diogade 1hgl :

by decomposition of organic matter and accumulated 1o the hypis brmndan dur ing

stratification. During the sumner of 1979, pH ?3)n§i #E?f ninser in

water-and lower in the deep water than in 1983, his uodurence Crild-he the

result of vigher alkalinity, and thus, greater buffaering Capacity, :ériggﬁ. :

Fluctuations- in pH did not appear unnatural, and dtrq:: jpact st power plan
frluents an. Yake water pH was apparently m1n;wa¥ ' .

Dissolved oxygen (D.0.) was depleted in the hypolimnion of the deep stratificd

stations during most of both summers (1979 and 1980, tnus res Siricling a large
part of the deep section of the Vake to most animal 1%{@ for a considerable
period of time. Surface D.0. levels were lower in Lhe Suwmers than in the

.winters, due to warmer lemperatures causing lower uxygen solubyility in the

sunmers. AL all times of the year D.0. concentrations were Lhe highest at
Station 4, reflecting cooler temperatures and greater algal activity. Dissolved
:',oxygeﬁ'became!fairly,ldw {1ess than 4 mg/)) in the summers at Station 1 when
,watéf“temperétures wérp very high. Hanv*r,VD 0. lﬂvélt were-always abuve or
near saturation at Statlon 1 -at the surface. High deuraL\Gn levels were 131&’*ﬁ
‘ ©3.32
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T Supersaturaty

causad by Lﬁp iar)u3ﬂnf4 if €h§'333§r gaing ayir

40 sLLurred atoq abty al the surfs

during the summers, s 3 result of photas ynthst i

and 4 were sapercatorated with D00 al the sur

Cummers Hﬁﬁﬁ Yovels {up 19 157 percent) oogureed severs)

-~ reflecting greater alaal sctivity corresponding Lo higher

p

chiorophyll 4 and higher pH. Aboul the same asount of
Cduring both summers at most of the stations. Station 3 wis the ooy area of the
Yake to have a lower mean percent saturation at tne surface during the symmac of

1987 than during the sumer af 1979, This pbservalbion supports the hypothesis

1’\

[ 'S5

that higher pH guring the summer of 1979 at Station 4 was probably due 1o e

“buffering capacity rather than greater algal activity

Although Station 4, located north of the railroad fggsgway, supported tne
greatest sian&iag crap of algae, greater rates of primary praﬂniti¥iij'0?lsﬂ
occurred at Station 1, located in the discharge arn {Coutant 193807, [fhis
phenomenon may indicate greater rate of nutrient regeneratiun at Station !, dug
Lo warmer temperalures and power plaot operatians.rrfhé A0int Ofrnqtfients
present effects the amount of biomass; however, the rate of regeneralion of
nutrients can-affecl the rate of primary productivity (Rigler 1974} 7

1',The physicaf,and chemical faclors responsible for iimi&ing alga) qrden are
“difficult to assess. Although higher water tempvfaiures and pover p!aﬁt
operation appeared to have afrerted alqal act‘thy, the iwpact of thesé’factors
is difficult to assess because Lhe station in this cooling lake that was least
affected byrthe,power plant, Station 4 was very different from the OLnPt
stations in oiher ways, making comparisons difficult. Light intensity was
Cgreatly reddéed at Station 4 sihce'the turbidity -at Lthe upper end of'therlake
was by far the greatest. Nutrients were also different at Station 4 since
phosphorus, nitrogen and carbon (alkalinity) concgﬁtrations at Station 4 all
varied from the other three statibns; In additidn}fébme of these paraméters
varied from 1979 to 1980, which may account for differences in algal activity
7rbetween the twn years. Alkallnlty was increased in 1980 over 1979, -Lhus
lerovtdwng a greater carbon source ‘as well as more: ad@quatuly buf fered water .
“Also at Statton 4 turbidity was much less in 1980 than in 1979, and LhP
: L 3.34 g




nutrient limlting factor shifted from nitrogen to phosphurus C Al of these
factors could have been important in determining the amount of algal activity
and in dpterw1n1ng the composut\on of the algal species. prescnt . However, the
clear grad1ent of chlorophyll a present from the d1 charqe -arin Lo the north end#”"
of the lake (F]g 3.12) strongly suggests a. d]rect 1mpacL Qf power plant
operatlons on algal activity.
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SECTION 4
CHEMlCAL CONQYEYLLHIS
J,by
SQSanne G, Noodrénd Tereéa Al Schu%lér

ABSTRACT

A_three-year study of the chemical constituents present in Coffeen Lake was
undertaken as part of a multi-disciplinary 3-year investigation to evaluate B
the env1ronmenta] effects of CIPS Coffeen Power Statlon on Coffeen Lake. Major
phanges in the disposal of coal combustion wastes and the discharge of waste-'
water at the pcwer plant were implemented between March 1678 and November 1979
for the purposé'of reducing the amdunt of pollutants entering the lake.  The -
maJor objective of this study was to determine how effective these changes were,
Water, sediments, sediment corcs, two species of macrophyes, and six species
~of fishes were analyzed for their cqntents,of chemical constituents.

The concentrations of chemical constituents that sometimes accumulate to unde=
sirable levels in aquatic ecosystems (Cd, Cr, Hg, Pb, and Se) were considered to
Vbé of paramount importénce. Pb concentrations were below the detection limit of
“the ana}ytica]*instrument for most of the samples. Of the four'ecosys*em com--
ponents:showing’measurab]e Pb concentratidns duxihg the. first yéar (pondweed and
three species of fish), only one fish species contained measurable amounts durxng

g'the second year. None of the ecosystem components contained measurable leve1<

of Pb during the f1nal year, a gratifying “finding ‘when 1mprovement in envwron~
menta] qua]xty is the aim. :

In the present study, the steady decrease in Cd concentrations in al) ncosystem
Components during the 3-year period- is indicative of improvement in environ-
‘mantal qualwty “ The -same conclusion can be drawn-for Cr and Hg. These ~decreas-
'1ng trends are ref]ect1ons of s1m11ar decreases in the surrounding m111eu

'7There has been ‘concern about the reported reproduct1ve fa1]ure in f1shes 1nhab1t~
; 1ng lakes that are subJect to- exposure to industrial wastes In. the present f;
E ;study,,the annual mean concentrat1ons of Se in six species of f1sh taken fran

f; 4.1




fiCoffeen Lake between 1978 and 198l rangeJ from less than the detection ]‘mst of
i?f:'r'the analytxcal instrument (0.29 pﬂn) to 1. 89 ppm. A1) of these levels are well
g}w1th1n the range of concentvat1ons (0 5- 7 0 ppm) zepo?ted for fishes from - :
?another lake where f1sh reproduction was normal. Thus, the reproductive :JLCGSS
~of fishes 1n Coffeen ‘Lake should not be affected by Se at the- “present. ' '

" The overall concluszon for this 3-year study ‘of the chemical constituents in
‘rCoffeon Lake might best be stated as: improvements in the disposal of,the,coaif
,icombustlon wastes and the discharge of the wastewater'genérated by the poWer E
“ plant have led to a significant 1mpr0vement 1n the envxronmenta] quallty of the
"~ lake's ecosystem.
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INTRGDUCT 10N

.~ The need for large quantities of water to ool steam in electric-generating .
 stations has resulted in construction of many lakes in recent yeﬂla When the

f;:generat1ng statlons associated with these lakes are fueled with coal, combust1od

~ wastes are a source of trace metal contamination to both the lakes and the

,f} surround1ng lands. - Coffeen Lake, which was built in 1963 to provade water for

:; Central 111inois Public Service Companf s-Coffeen Power Plant, is one such lake{
. ‘Because little outflow normally occurs, this lake retains almost all of the
~chemical constituents enterlng by means of both the thermal effluent from the

* power plant and the inflowing water from the lake's watershed. Loss of water

o from the lake via evéporatioh concentrates the chemical c@nstituents. Oressen
et al. (1977) and Griffin et al. (1978) demonstrated that many metals in slag
“and fly ash - waste products of burned coal.- have substantial solubilities when-
- leached by water Since these leachates entered Coffeen Lake from'1965 to '
1978, enhancement of the lake's chem1ca1 constituent content and- concan1tant
deter1orat1on of its water quality were dlst1nct poss1h111t1es

- Major:changes in the disposal of coal comestion,wastes'ahd the dischargé. of

" wastewater at the Coffeen Power Plant, which were made between March 1978 and

November 1979, greatly reduced the amount of pol]utants entering Coffeen Lake.
. Because of these changes, the overall qual1ty of the lake's water, sediments,

:;—and biota may have begun to improve. In particular, concentvat1ons of chemical "
'1constituents in sediments and biota may have begun-to decline. Thus, the,objecf;
'i'tives;of this study were twofold: (1) to detennihe concentrations of chtnicalr
'const1tuents in selected components: of the :lake's ‘ecosystem during the time d1s—'
“posal of combustion wastes and wastewater was 1mproved, and (2) to assess the =

recovery of the lake by mon1tor1ng changes in concentrations of chenical con-

= stituents dur1ng the: fo]]ow1ng two year The first objective was addressed

. between September and June 1979, the results of which were reported by Smith and

" Duda(1979). “'The second report analyzed and interpreted data collected from

:ﬁ July 1979 to June 1980, i.e., the first year of recovery of the lake followwng :7'

i?'m0d1f1cat1ons of the combustion waste disposal and the wastewater discharge 1nto”

" the lake (Anderson et al. 1980). The present report analyzes and interprets

" the data collected from July 1980 to December 1980, i.e., the second year of




, recoVéry of the laPe - This report 6150 lnterprets the results of the 3-year
“‘1nvestwgat1on of the }ake S ecosystem : ' e

—Samp]éé of water, sédiMent,vmacrophytes, and fisheé,were analyzed ;br silver

(Cr), “copper (Cu),'{ron (Fe), mercury (Hg), potassium (K), magnesium (Mg),
mangooése (Mn), sodiumr(Na), nickel (Ni), lead (Pb), selenium (Se), and zinc
{Zn).. Coal, slag, and'fly ash samples were analyzed for the above constituents

Nater was also ana]yzed fov cyan1de (LN ).
STUDY AREA

Thei@offeen Power Plant is a 945-MW generating staﬁfon located in southeastern

on 1ihe in 1972. Fuel burned at this facility is- pr1mar1]y Number -G. coal that
is obtained from a shaft mine (Conso] Hillshoro Myne) located adJacent to the
p]ant. Number 6 (Herrin) coal is fhermost extensiYe]y mined coa]rin I1Vinois
(Rdchret al. 1971). . The plant congomed 2.08 million tons of high sulfur (3.4
percent) Number 6 coal and 2.21 million tons of total coal in 1978 (Lin and
Dotter 1979). Coal burned in the Coffeen Plant is reduced to approx1mate1y 23

' percent of its original mass; about 70 percent of the residue is slag (bottom
ash) and the remainder is fly ash (Janet Kennedy, pers. comm.). ,The,f1y ash is
remoyed,from the smoke by electrostatic precipitétorsf From 1965 to 1978, the

" and-in close proximity to the eaéti(heated) arm of the lake. Leachates in the
returned sluice water entered the lake unabated near the thermal discharge.

: Sla§7is now dewatered in bins and'then transported by truck to a slag storage
3;,aréa (formerly the slag pond), and f]y ash is accumulated in a 5110 and then
o trucked several m11es to an approved 1andf1]1 site.. :

;Coffeen Lake is a- man made 1mpoundment with 420 ha of surface area and a water
f[7cd:ao1ty of 27.2 x: 107 m3. For a more detailed descrxptlon of the morpho—

o {"jﬂ 4.4

(AQ); orsenic (As), boron (B), barium (Ba), calcinm'(ﬁa), cadmium {Cd), chronium - o

plus aluminum (A1), ‘cobalt (Co), phosphorus (p), 5111con (5i), and titanium (Ti).r°'

>‘Montgdnéry County of central I]]inois. The first onit (350-MW) began generating -
electricity for commercial consumption in 1965, and the second unit (595-MW) went

slag-and fly ash were sluiced to ad,aréar1ocated,to,the east of the power plant ;éA

Bétéooé of changes beginning in March 1978 and completed in November 1979, the




~;1og1ca1 character]stlrs of the lake, the raadey is xeferred to Sect10n 1

,?of this document. - In accordance w)th the 1ntord1rr1pl1nary appvoacn to

1:conduct1ng 1nvest1gat10ns at the lake, four major sampling stations wers -
~estalished by mutual agreement with other researchers. Station 1 was located
';in,fhé,thermal discharge“ann, StétionVZ was established near the midpoint of the
Cooling loop, Station 3 was situated-north of the intake bay and is considered a

““transition zone, and Station 4 was located north of thc: railroad causeway- and ig

regarded as the ambient area (Fig. 1.2). In addition, ancillary stations were

“established between Stations 1 and 2 and Stations 2 and 3 for some aspects of

this study; these were designated Station 1.5 and Station 2.5, respéctive]y.

MATERIALS AND METHODS

Materials and methods for this study were modified follbwing the first year of -
~investigation. The four major stations remained the same thboughcut the 'study's

duration, but two ancillary statlons,yl 5 and 2.5 (éée Fig. 1.2), were added

~during the second and third years of study. Other minor changes included: (1);?

“reducing the-collection of water samples to once a month, (2) eliminating the - 7
- filtering of the water samples, (3) discontinuing the cyanide analysis fq110win9

‘the June 1980 water co]]éctioq, (4) adding three species of fish during the

third year of study, (5) obtaining a more thorough collection of mabrophytes

,during the second and third years of investigation, (6) collecting and analyzing
" sediment core samples in the third year, (7) collecting and ana]yzing coal,

7 s]ag, and fly ash samples from October 1980 through February 1981, (8) con-
duct1ng Na and K analyses by emission spectrophotometry, and (9) modlfywng the

~ sample preparation procedure in the third year.

SAMPLE COLLECTION -

:Tab1e'4;1 lists the total number of samples collected for the chemical : ,
"constituenté portion of this study from September 1978 through May 1981. Water-
'samples were collected daily during one week each in Septemt or and October 1978.
, Dup11cate unfiltered and filtered (0.45-micron) water samples were,co]]ected '
-:~&month1y from November 1978 through June 1979. QuadrubTicate unfi]tered water :{
;f¢samp1és were collected monthly from July 1979 through December 1980, All'Watef?

4.5 P




."Totai number of samples collected and ana) yzed for chemical
' const1tuents from September 1978 ‘hyﬂuqh July 1981,

1978-79

1979-80"

1950-81

Total by Type

N

Macroghyte

. Anerican Pondweed

{ Creeping Waterprimrose
Sediment

F1sh

Largem0uth Bass
: Gizzard Shad
* Black Bullhead
- Carp

Bluegil)
~ Channe) Catfish
Cores
Coal

Slag
fl! Ash:

_Yearly Totals

'VGrand¢Total,f

- 330 -

120

50

33 o

16

561

182
96

11
30
40

40
20

428

95

32

s

21
30

40
40

20
20
20
30
20
32
30

458

608 -

248

25
35
68

130 -
13
g
20
20
20

0
32
30

1,447

: 4-6 G




samples collected for chemical constituent analsnis were 250-m) surface samples

and were preserved with nitric acid (6.4 final ¢

woentration). Water saaples
quﬁxéyanidé (CN™) analysis were 2-1iter surface samples collected in duticdte
frén September 1978 through June 9?9 andg greserved,wath o U hiydrox e £
final concentration}. A1l samples for measurements of chemical constituents

were refrigerated until analyzed; samples for cyanide actermination were
analyzed within 24 hours after collection. '

Bottom sediment samples were collected in the {all of 1978 at the four major
stations (Fig. 1.2). During spring and fall of 1933, bottom sediment sampies
vere collected at the four maJo: and the two ancillary stations tfig. 1. 2Y. A
15.2-cm x 15.2-cm x 15.2-cm Ekman dredge with a chamber volume of 3540 cmdrwas
used to collect sediment from the lake bottom; the top 2 ¢m of mateérial were
retained for analysis. Shore line samples containing prxma;x]y sand were
disallowed during the final two years of the study.. All simples were frozen
until prepared for analysis., - '

The species and numbers of macrophyte samp}és collected per year are given in
Table 4.1. Creeping waterprimrose (Ju551aea |epens) wa» collected at Stations
1, 2, and 4 in September 1978, at all four major stations in Se: Lmnber 1979, and
at all four major and the two ancillary statlons in Septombeu 1980.. No
waterprimrose was found at- Station 3 during the 1978 collection period.

American pondweed (Potamoge ton nodosus ) was collected at only Station 3 in
Sebtember 1978, at Stations 2, 3, and 4 in September 1979, and at Stations 2, 3,
and 4 and the two ancillary stations in September .1980. This macrophyte vas

not found at Station 1 during any of the co]lectingrperiodé. The Samp]es:wcre
stored in:polyethylene hags underfrefrigeration until prepared for analysis.

Species of fish collected for this study -included:  gizzard shad (Dorosoma
cepedianum), a forage fish; black bullhead (Ictalurus melas), a low trophic.
Tevel omthbFe;'ahd largeéinouth bass (Microfterus salmoides), a high trophic-
level carnivore. ~In addition to the above species, the following fishes were
céllectedfduring the third year of the study: carp (Cyprinus carpid), a low

trophic level omnivore; bIUegi11 (Lepomis macrochirus), a carnivore; and channe].'

4.7




'catf1sh alrtaluyu; punafatu;,,,a luw trophic teyel ouriyvors

the f\shea werg. co}lected by electrof 7sh!ng Tabie 4.1 14
SPQCIGS and numbg* collected per year af the invezééqat:a&ﬁ

the date and point of ~collection are preseuted in JTable 4,7
stored frozen until prepared for analysis.

Sediment cores were callected in June'}9r0 uwing a corer modeiled after . Wi das-
Ballchel Single Tube Core Sampler Model 2311 with 3.5-¢a- d:anetep,rj bl-em-lony
p}ast1c co]lectton tubes and 5 kg of counLerwc1gnts;iFig;Vd.l;."Ihe samples were
cotlected by méans of a winch and pulley syétem mounted on a portable boat crane
with a 6-foot hoom. Five samples per station were. collected along transects at.
Stations 1, 1.5, 2, 2.5, 3, and 4. The tubes were ‘labeled, corked, andrf:ozen'
until prepared for analysis. - 7

Cnal, slag, and fly ash samples were'collected from October 17, 1980 thnough
February 21, 1981, Coal samples were ‘taken from conveyor belts onterlng the
power p]ant, slag from Lhe dewatering bins; and fly ash fran the fly ash silo.
Collections were made by CIPS personne] from zero to three times per week

during the above-mentioned period. Samples were 1nd1v1dua]ly rtmed in sca]ed ;'
po]jethy1ene bags until prepared for ana]ys1s

SAMPLE PREPARATLON

The water samp]es required no add1t1ona1 preparat1on prior:to analys1s 7
Sed1ment samp]es were freed of excess water by decantation; the samples were

then placed in 150- or . 300-ml Vi “tis bott]es and freeze- dried. The freeze- dryer

used in sample preparatxon Was a V1rt1s Unitrap 10-100 with a Welch Duo- Sea] )
'Model ﬁ1402 vacuum pump. The sediment cores were split lengthwise and sect1onedi
into six 3 to-8-cm segments, represent1ng recent sedlment four 1ntevmed1ate
sedimentation depos1ts, and an-original sed1ment The seqments were then

‘freeze-dried as above. A mortar and pestle was used to gr1nd and- hanogenlze"%**“' b
“the sed1ment and sed1ment core -samples: suff1c1ent1y to pass a 100- -mesh ny]on

51eve For macrophytes, a thorough wash1ng ‘With tap water rewoved mud and other:
extraneous material. " The samp]es were rlnsed several times with de1onlzed
water and thoroughly dra1ned, the 1eaves and stems were separated we1ghed

4.8




© o Table 4.2, Collection date, collsctic
AT ohtained from Loffeen

:fﬁate Collected = Station | - Station &

0 1978-1979
-~ October 1978

" November 1978 4 LMB 5 Lug
: 5 SHAD 5 SHAD

March 1979 5 LMB. 2 BLKBH

1979-1980

 November 1979 10 LMB 10 LMB
: ) 10 SHAD 10 SHAD
| BLKBH - 2 BLKBH

- January 1980 3 BLKBH 3 BLKBH'

March 1980 | BLKBH
o 1980-1981 ’
7 May 1980

7f'iSeptember 1980

" November 1980 - 10 LMB~ 10 LMB
s o 10 SHAD 10 SHAD
5 CARP 1 BLKBH
5 BGILL 5 CARP -
5 CCAT 5 BGILL
o 5 CCAT

i e
Sratton 4.0

10
10

10
10
]

5
5
5

L8

SHAD -

SHAD
BLKBH

LMB- -

SHAD

BLKBH

LMB

SHAD .
BLKBH-
CARP -
BGILL:

CCAT -~

)
[# e

.

(S oSS IW o)

10

10

10
10

cSronOon

LM8
SHAD =~

BLEBH ~

LMB -
SHAD -

BLKBH =

B
SHAD.
BLKBH

BLKBH
SHAD.
LB~

CARP
BGILL
CCAT

_BGILL = Bluegill, CCAT = Channel Catfish

4.9

LMB-=Largemouti-Bass, SHAD = Gizzard Shad, BLKBA = Black Bullhead, CARP = Carp,
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“and -frecze-dried in'ﬁ!uminam 1) boaln .

Bawsi

- investigation ,‘*f'li:‘df and stem 55'5;'25115;3 Were plverioeg by piacing sanp

inuividua’%/ into n& yethylene bags and pouniing with 4

- man;pulat1nq by nand fring the third year ofithy

R S A E R

in ﬁglysty:ene:bo{ties with several plastyo bedds ami by
oo B000-11 mixer/mill.  Fish were thawed, measured {iv

i "E!q ]

£ shjhed AEE
: (mu;gle tissua; was removed from eacﬁ,fisu specimen, cut inio cubes, gfrCﬁ% e
: p)aéLic weighing boats, and then freeze-dried. ~ The sample homogenization '
procedure duplicated that of the macrophytes. All freeze-dried sanples were
ftofed in polyethylene bottles at room temperature antil aliguols wers needed
~ tor-digestion,

Coai, s]dg‘ and flf'ash samples were air- dried, )1red by type, and then
sorted by means of a riffle to obtain ICUHEJPntd*!VP subsamples Tor analysis,
Four subsamples of each type were prepared to repreggnt the four one-month
periods (October 17, 1980-November 15, 1980; November 16, AQHO-Gecanbér 15,
1980; December: 16, 1980-Janudr}715,'1981;'and January 16, 1981-Tebruary 21,
1981) of this subproject., These four subsamples of each type wérc Ground LQ
meet the specifications for analysis of the IT1inois State Geological Survé}.

SAMPLE DIGESTION

All. samples were dxgested and ana]yzed in dupl1cate throughout the study. ~The .
water samples required d1gest1on only. for.mercury (Hu) ana]ysls. Potasslum
persu]fate (K2Sp0g) solution was added to the samples to free any Hg that
wasiadsorbed on particulate matter in the water (L1-Awady et al;'1976). After -

one. hour, the samples were analyzed for Hg as described below. - The
determ1nat1on of tota] CN" in water samples from September 1978 through June
1980 was" performed according to the U.S. EPA standard method (Kopp and McKee
©-1979). The cyanide was re1eased in the form of hydrogen cyanide (HCN) from the -
i'~A-—~—~~uater by reflux=distillation in the_presence . of sulfuric acid and_copper ;;,Wm;;r
~chloride (F1g '4.2). The cyanide as the cyanide ion was then absorbed in a -
scrubber conta1n1ng sodlum hydrox1de Cyanide standards were treated in the
same manner. : ' ' ' F
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L Figure 4.2. D1agram ‘of distillation apparatus used for recovering cyanide i
o from water samp]es

‘ “ “‘ ‘ ‘ ‘ H ‘ . . . R ; KRR




Cihe 591{ﬂw sedirerts and

Coas ;i. Ef&! d';airsiﬁ i")?ﬂf; & gl
'}'§erf§ -Elmer (1576}, A 43 tute 40
- {H2504) acids was added to 5-g saw

tubes to extrvact only zhe'gat.bﬂ} dJ;ﬂF&Qi 1)

“metals of the sedirent ftself The sgﬂpéﬁs W
Brunswich. rolary shaker and then cent trify

~ Ten-m] aViquots of the supernatants were diluted 10 2 kntwn v
~stored inopolyethylene botties unlil analysrs.

ixtraction of Hg from the sediments and seciment core samples was accomplished
using a modification of the method described by Jacohs and Yeeney {1979,  Aqua
regia (HC]:HNO3, 1:1 by vol.) was added Lé Z-q samples in 250-
Erlenmeyer flasks. The samples wereihoiied vigorously for one minute,

r\.r

ml wide-mouth

After the samples had cooled, atiquqig of 5' potassium permanganate (¥Mn0,}
and K25208 solutions were added to ?ﬁe flasks, which were then §luseé in 5
959¢ water bath for 30 minutes. Dufjng this digestion period small qéantiiies,:
of crystalline KMnO, were added to the samples to maintain an oxidizing
environment. The samples. were cooled, centrifuged, diluted to a known volume
(100 m])g and analyzed within a few'hoursras described below.

To énalyZe macrophyte and fish samples fof chemical constiiuents with Lhe,;
exception of Hg, a total digestion was required. A 5:1 mixture of nitric acid
(HNO3) and perchloric acid (HC\Oq) was added to 1-g samples which had. been -
~ preweighed into 150-ml round- bottom distillation flasks. The flasks were
heated on a Kontes Rotary:Kjeldahl Distillation Apparatus until the HNO3 had
deqomposéd (disappearance of reddish-brown fumes) and dense. white HC104 fumes
appeared. After cooling, the samples were diluted to an appropriate volume (25
or;SO m]). This final volume was 28%, 12%, and 5% with respectrto HC]Oa tpn— .
centration in the first, second, and third years, respectively, of the investi-
gation. - The macrophyte digests were centrifuged to remove inso]uble:silicates.;
”In1t1a11y 1nso1ub]e materials in the f1sh d1geats dwsso1ved with L1me, making
”rcentr1fugat1on unnecessary




Uigestions of macrophyte and fish samnioy for g
35§03 modification of the method of Anderssn

HQS‘:}@. 51H03. and a & el a S(ﬂu“,f“; wore ard
Friéﬂ%eyer flasks in an ize bath,  After th

h?ntsi the flasks were reﬁr cod from the e n

of ihe reaction. usually 15 minytes at reom ten

>£S293 solution were added to the flasis which were then §iaced in g 5500
water bath for about an £-hour é*qagfzer P,er;w To maintain an oxidizing
environment but prevent manganese dioxide formaticn, small amounts of :
c"ysialline K3664 were added (o the flashk conlents throughout the digestion
period.  This périod Was ‘assumed to be complete when the purple rs}0r of ¥Mn,
remained constant for 30 minutes. The samples were cooled, transferred
completely to 100-m} volumetric {!asis, and refrigerated until ana’v»:d 'ho o
following day

Coal, slag, and fly ash samples were digested: accordrng Lo procedures Gatiineﬁ
in Appendlx Cof a xepcxt by Ruch et al. (19?9;

ANALYTICAL ANALYSES

The water samples. sedimeni and sediment core extracts, and macrophyte and fish

digests were analyzed for Ag, As, B, Ba, Ca, Cd, Cr, Cu, Fe, Mg, Mn, Ni, Pb, Se,

and Zn by direct-reading emission spectrophotometry with an inductively-coupled
argon radio-fbequency plasma torch-source unit (ICAP). - The instrument used was
a Jarrell-Ash Model 975 Piasma AtomComp (Fig..4.3). The macrophyte and flsﬁ
d1gests were d1iuted 1:5, 1:2, and 0 during the first,. SLCOHd. and third years,
respectively, in order to bring the: HC104 concentratlon to an analyzable lﬂve]
of about 5%. -Analysis accuracy was checked by means of matrix- matched
standards which were run approximately every six samples.

Sod1um and potass1um in al] samples during the first year of the study were de-
term1ned by auom1c emission spectrophotometry on an Instrumentation Laboratory
Mode] 253 Atomic Absorption-Atomic: Emission Spetrophotometer as descr1bed in:

the - Atom1c Absorpt1on Procedure Manua] (Instrumentation Laboratory, Inc. 1972).
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Samples were diluted when necessary antil they

wWicre W s LEID T angd

of ‘the instrument. For the second and third gars of the invantig

K were analyzed by JCAP as stated above.

Hercury concentrations were determined by coldsvapor atomtc atsnrphion

spectrophotaesetry (Fig. 6,4). For macrophyte and fish digesta, a 10-m] a!%aiﬁz
of the digested samplr was transferred to Lherfeaction vassel and é fow drops
of hydroxylamihe hydrochloride (NHZGH!HCI) were added Lo remove any

reméining iMn04.  Stannous chloride was added Lo reduce the Hg to-1i5 vapor
foﬁﬁ (Hg“), and the vapor was swept-onto an activated silver wool plug where =
the Hg was trapped as an amalgam (Long et al. 1973}. Tollowing a 2-ninute :
collection period, the silver wool plug was héated to de-amalgamate the Hg, and
the vapor was swept through the absorption cell of a Fisher Mercury Analyzer.

A Varian Model 485 Digital Integragbr was used Lo measure peak areas which,
when compared to the peak areas of Hg standards, corresponded to Hg concentra-

tions. Water samples were treated similarly with the except® = that the addition

of NH,OH-HC1 was unnecessary.

Cyanide concentrations in the water samples were determined by analyzing the
scrubber solutions (aftef the reflux-distillation) colorimetrically using a
Spectronic 100 Spectrophotometer. An aliquot of chloramine-T solution at a
pH?S was added to conveft,the CN™ to cyvanogen chloride (CNC1). The color
(varfous shades of purple) was formed by addihg pyridiné§barbituricra;id

reagent; readings were taken at 578 nm within 15 minutes. The concentration

of CN~ in the. samples was'calculatéd by comparfng the sample readings with
_those of standard CN” solutions treated in an-identical manner. The potassium

cyanide standard solution was standardized by titration with a primary silveﬁ; ,

nitrate solution.

Coé], slag, and fly ash samples were analyzed for the aforementioned elements -
pids,a1uminum (A1), cobalt (Co), molybdenum (Mo), phosphorus (P),,ahd vanadium
(V)irrMethods of analysis included neutron activation analysis, neutron .
actiyafion analysis with radiochemical separation for Hg;,optica1 énission
spgctrochemica]janalysis,(both direct-reading and photographic), atomic

416
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absorptlon anal/s1s {both flame and ‘graphite furnace and J- ray f?un:eccenge*.

A descript1on of each instrument, normal operating cpnultlﬁnf, and cest -
reference materials are contained in Appendix € of a reporl by Ruch et a%
(1979). :

DATA ANALYSIS

During,étatistjcaT'treatment of the chemical constituent data from the-firsi
- year of the projeéct, all concentration values']ess than the detection limit of
the ana]yt1ca] 1nstrument were disregarded (Smith and Duda 1979). This, in
effect ‘biased the appropr1ate means in an upward direction, sometimes to-
'unrea]1st1c levels, - During the second year of the investigation, values that
were 1ess than the detectlon limit were considered to be “0" “(Anderson et'al
‘f‘980) Though more realistic than the former approach, thlS pwoduced a b\as in
the downward direction.  The present approach. has been to set all values less
than the detection 11m1L equal- to one-half of the detection limit. Where the
maJor1ty of the va]ues for a partlcular e]eﬂent \such as Pbor Se) in a partwc-
u]ar set of samples (such as g1zzard shad) are ‘less than the detection limit of
the instrument for that element, he sample mean would be reported as 1ess than
- the- detect1on Timit. In such cases, the half-detection limit approach has no
relevanoe However, it becomes important for statlstlcal considerations in
those cases where below- detection-1imit values are reported for a few of the
total number of sample values for. a part1cu1ar element (such as Na in the case
of macrophytes or Hg in the case- of F1sh or macrophytes)

The th1rd -year data have been ca]cu]ated and stat1st1ca11y ana]yzet using the
- half- detect10n limit- approach In add1t1on, the-data for the first and second

- years have been reca]cu]ated and re-analyzed Stat1st1ca]1y using - the ha]’-,,,

detect1on limit approach These:. resu]ts for the individual years are presented
in tabular form in the Append1x of th1s report (Tab1es 4, A-4; V) g

'A check ‘of the f1rst~year Led1ment extraction method indicated- that undu]y ‘harsh
- cond1t1ons preva1led which tended. to destroy the 1ntegr1ty of ‘the sediment
: '1tse1f rather than: mere]y desorb the cations From the sed1menb par'1(1e

: S
D o et R



'V'Surfaoes Fresh aliquots of first fear sediments were subgncted to the Su
i:f',:"'r'digeshon reglmen used for sediments from the following two years. The ”
:-if.resulting data were calculated and statistxcally analjzed as part of Lho f}zst-r' :
‘:;'year data and are therefore lnc.uded in the Appendix, as referrod to above

= (Tab!e 4.4).

r—,All stat1st1cal analyses and compar1sons af ‘data for the three years have been
;[ carried out using standard ana1y51$ of variance packageb available- on the
e anver51ty of Ilinois Cyber 175 computer.

RESULTS
SEDIMENTS

VVMajor'trenis in the concentra*ions of séveral chemical coost1tuent$ in Coffeen
= Lake sed1mun* occurred over the course of the 3- year study.. Both Ca and Mg
exhibited s1gn1f1cant 1ncreases in annual mean concentration durlng the 3-year
g period,. and: Hg showed a significant decrease (Table 4.3, Fig. 4.5). Similar
“trends for these three elements were evident at the station level (Table 4.4).

= Comparison of annual mean concentrations at 1nd1v1dua} stations indicated

¢ significant increases for Ca and Mg at most stations and non-significant ;
—?'1ncreases at the remaining stations. In the case of Hg, three of the six

: stations showed significant decreases during the 3-year period; the other three
‘ ai;also,showed decreases, though not significant. The annual mean concentration of -
“one additiona],elemént, Cd,[decreased;significant]y’at Statjons 1 and 2 between
- the first and second years of the stddy (Table 4.4), but rema1ned relatwve]y

B constant at the other statwons durlng the same period.

" There were significant changes in the station distribution of some'of the -
chemical constituents in the )ake sediment from year . to year, but none of the
fconst1tuents ‘showed progressive increases or decreases in concentration from

- Station 1 to Station 4 (Appendix Tables 4.A-4.C). Dur1ng the first year of the
?fstudy, the concentrat1ons of both Cd. and Cu: were s1gn1f1cant]y greater at
*Statlons 1 and: 2 than at Stations 3 and 4. The differences in succeeding years -
were much less ‘mar ked, -For al1 three years of the study, the concentrationsrof v*};

L 4.19




Tap)e 4.3.

Arnual mean concentratxons (mgf?q dquy ﬁvi;h?‘ af cnemical

Sample guantities ares

“constituents in bottom sediment collected at Coffeen Lake fram
© September 1978- through December 19805,
- in parentheses :

1978-79

-1979-80"

1980-81

e

~307 0T tean £
Ag 7.58 b b
As <0.80 <0.76 <0.78
B 5.82 8.83 -1.04 7.68 2.8
Ba 1.32 1.63 - 1.00 1.32 4.6
Ca 1686. 2398, 3224, 2678, 2.1
¢ 1.98 121 1.35 .36 1.2
or 0.56 0.22 <0.16
Ca 8.38 2.0 608 472 1.4
Fe 121, 07, lée;ffval 232 1.5
HgC 134. 74,3 ’§Sqésj; f, 72.1 23.6
K 160. 161. 121, 143, 4.1
g 337, 488, A1, 525. 10.2
“Mn 106. 405, s, 330. 4.9
“Na 175 207, 242, 25 .
N 1.73 2,05 1,94 1.96 0.2
Pb <2.78 - <0.90 <0.70
Se <0.67 <0.68 €0.60
n 23.7 21.5 24.5 23.1 0.1

420

aValues that are underscored 1ndicate sugnvflcant differences (P<0.05)
between years. - e
bat the time of analysis the instrument was not funct\onlng optwmally fo:
‘measurement of this element. o
CConcentrat1ons are in ug/kg dry - welght
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Annual mean concentrations (mg/kg fresh or- dry wmght) of chemwcal
constituents in samples collected at Coffeen Lake from: September
1978 through December 1980 (continued)
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Figure 4.5.

Annual. mean concenttAtions (mg/kg fresh or dry weight)...(continued)
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aBe]ow'the detect1on 11m1t of the analyt1ca1 1nstrument

by, 2, and 3 represent 1978-79, 1979-80, and 1980- 81, respectxve]y
CCon ntrations are in ug/kg fresh or dry weight..

f1cient quantltles of samples for analys1s

re 4"'» )

Annual mean concentrat1ons (mg/kg fresh or dry weight).. (continﬁéd




Table 4.4, Annual mean concentrations (mg/kq dry weight) of chemical ,
: - constituents in bottom sediment collected at four major and two
ancillary stations at Coffeen Lake from September 1978 through:

December 1980, ' ' :

Y9I T979780 7 oY F3

Ag - 8.82 | b b |

A w0 076 <078

B 593 7.6 3.87 s 6.4
Ba L0 a0 1.03 1.29 3.5
ca 228 2,9 3,369, 2,997 11.0
[ I 2.28 1,22 - 30.277 o0 14,6
coro 0.44 0.2 <06

o 058 <045 <012 |

Fe 8.93 428 780 sig RN
ﬂgc R 17 S R I 439 e a3
K- 0. 79.0 490 70,0 1.3
Mg 28, 543, C s g 24
i - 88, s, zbs. : 220. 1.5
N s, 7. 143. 2. o
Moo 17 s 0.05 0.9 3.8
o <28 L <0.90 - <0.70

Se <0.67 <068 : <O.60 e |

m o 20 w7 523 103 36
: | o R ' V(continued)ii
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. Table 4.4,

Annual mean cohéentrations {mg/kg dry weight) of
chemical constituents in-bottom sediment collected at

four major and two ancillary stations at Coffeen Lake -
from SeptemberkJ9781through December 1980. (continued).

Station 1.5

T979-80"

1980-8T Mean -

s

- —Ag ‘I'V
As

_'Ba

- Ca |
~.Cd |

: iCrﬂ
. Cu
i;Fe 5
“HgC |

Mg

1'Mn

? Na |
N

'y
Se

In

b
<0.76
12.6

1.48

1,994.

1.0l

<0.22 -

3.75
659.
61.1
179,
411,
523.
o 240.

<0.90

<0.68

b
<0.78
9.46 11.0

o072 a0

3,261 2,628,

206 158

' <o.1§

©1.45 2.59 -

72.8 366.
577 7 e
50 164.
693. - 552.
Sss.jé 540,
3. 2,

2.54 - 2.63.

<0.70
<0.60

~4
(%)

L

~N
E-Y
oa)

;

~nN
L

©0.05

0.2

2.6

294 266

{(continued)




Table 4.4. Annual mean concentrations (mg/kq dry weight) of chemical
constituents in bottom sediment collected at four major and twe
ancillary stations at Coffeen Lake from September 1978 through
December 1980. (continued)

4.27

Station 2
1978-79 1979-80 1980-81 Mean Fd
Ag .1 b
<0.76 <0.78
11.0 8.53 3.98 0.7
1.49 0.58 1.03 6.1
1,927. 2,776. 2,153, 4.0
1.71 1.84 2.18 4.1
<0.22 <0.16
4.74 24.6 17.7 2.7
676. 531. 569. 0.4
56.9 59.2 69.4 14.1
174.. 169, 171. 0.03
384. 606. 447, 6.8
456. 516. 424, 1.8
" 209. 299, 234, 0.5
3.45 3.24 3.38 0:1
©<0.90 <0.70
<0.68 <0.60
36.0 39.1 42.4 1.3
o (continued)



Table 4.4.  Annual mean concentrations (mg/kg dry-weight) of
.. chemical constituents in bottom sediment collected at
four major and two ancillary stations at Coffeen Lake
from September 1978 through December 1980. {continued)

.. Station 2.5 o
1979-80 — 7980-31 ] Mean Fa

Ag b b

As. 076 <0.78
B 9.98 8.03 9.01 1.8
Ba 109 0.62 0.85 3.2
tgf"' 2,083, 2,923. 2,488. :,~ 1.1
o | 179 2.93 2.36 1.
o 0.22° . <0.16 S

| W 4.02',1j' 9.85 6.9 0.7
Fe 222. 366 294. 0.9
HgC 68.0° - 50.0 58.0 1.2
G 162. 139, 151, 3.1
Mg 522. . 725. 626,

~N
Yol
~

B

e 762.

[0}
o

|
l.

... 438. 600.

THa 236. T xg. 224,

w O
o O

Con 2.55 414 3.34
b <0.90 - <0.70 o
e 0.68

47.3 3.3

(continued)

1

. 4.28




December 1980. “(continued)

© Table 4.4. Annual mean concentrations (mg/kg dry weight) of chemical -
T constituents in bottom sediment collected at four major and two
ancillary stations at Coffeen Lake from September 1978 through

Station 3

4.29

. T8 T TITIED TI80-AT Wean pl
Ag- 3.83 b b
As 0.95  <0.76 <0.78
B 3.0 . 5.72 6.88 5.8 "3;1
Ba .20 1.07 0.3
2,978, 2,365. 9.1
0.84 1.13 1.2
.16 |
0.37 0.74 0.5
108, n. 0.5
50.1 © 63.3 s
124, 125, ;é;SL -
no. 649. 05
131, 201. 8.5
257, 198. ; '3,61
1.06 RYRE
<0.?oz' | iy
€0.60 :
2.4 15.3 0.9
(cqntinued)




""57 Tab1e 4.4. Annual mean concentrations (mg/kq dry wWeight) of chemical

December 1980 “(continued)

constituents in bottom sediment collected at four major and two -
ancillary stations at Coffeen Lake from September 1978 through -

S ____Station 4
S 97875 Y9560 T960-8T Wgan &
Vinggi 6.64 - b b
CAs 0.80  .<0.76 <0.78
B 9.00 618 545 6.35 3.8
Ba 1.68 3.3 e 2. 3.0
~ca 1,775, 3,404, 4,085, 3,400, 13.7
o <0.80 ~£0.08 <0.10 '
o 0.57  <0.22 <0.16
St w038 <046 0.14
iii'Fe 4.4  39.5 20.8 'f;ii 132.9 0.5
CHge . - 92.3 600 922 4.3
K 280. 233, 942 183 44.5
. g = o365, 44a. 3903, 409, 0.8
"fiiﬂn, ; 45.7 126, 423 776 10.0
N 289 .7 7256.: Cas. 2z, 2.2
N 0.97 0.33 <0.28 . 0.36 78.0
o @78 0.9 0.70
s .67 <068 <0.60 |
;‘:,fon | 5.8 ,i 0, 25* 0.14 14 574.

'FﬂiaVa]ues that are underscored indicate significant dlfferences (P<0.05)
- between years.
-bat the time of analys1s the lnstrument was not funct1on1ng -optimally
‘ for measurement of this element. :
CConcentratlons are in ug/kg dry wexght
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both Fe and Zn were relatively low at Station 1 and high a. Station 2, compared
to the concentrations at most of the other stations,

CORES

Sediment cores were collected and analyzed for concentrations of chemieal
constituents only during the third year of the investigatior, Cores were
ecollected at five points along a transect across the 1lake at each of the four
‘major and the two ancillary stations. Statistical analysis of the elemental
concentration data indicates that the concentrations of eertqin elements
differed significant]y;between stations (Table 4.5);‘ The concentrations of B,
Cd, and Hg in the cores decreased steedily and significantly from Station 1 to.
Station 4. In contrast, the concentrations of As, Cr, and Cu were higher in
cores from Station 2 than from other stations.

A’comparison of concentrations of chemical constitituents in the five cores
obtained along a transect at a given station (one near each bank; one in the
center of the lake, and two at intermediate points) indicates a fair degree of
homogeneity in concentrations at points along each transect (Table 4}6).

. Although some of the differences in concentrations between points are
statisticaily significant, there appear to be obvious trends for on?y three
elements. The Fe concentrations in the cores decreased markedly and the Ba
concentrations decreased moderately at the center of the lake (at each station);
conversely, the'Mg concentrations increased at the same locatipn. :

The cores were separated into six segments to represent recent sediment, four
intermediave deposits, and original sediment. A comparison of the

. concentrations of chemical constituents in the six segments averaged across the
five cores aloﬁg each transect (at a given station) indicates a fair degree of
'Hhhomogeneity in concentrations of ahout half of the eiements in the segments of
.cores collected at each station (Table 4.7). Excebtions are B8, Cd, Cu, Hg, Ni,
and In, whose concentratlons tended to decrease as the depth of the segment in
the- core increased “and Fe, the concentration of which tended to 1ncrease with

"" ‘1ncreas1ng depth into the core.
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Tible 4,5.

Mean concemratvons {ma/kg dry welght) of chenice) constituents in cores
- collected at tour major and two ancil]ary stations at Coffeen lake in June
';H 1990 (1980 811

Station

v s R 3 4 ean  n o F3
:";Ag G <377 <377 <317 - <317 <313 68
s 573 623 10,1 696 504 410 6.3¢ 168 2.5
B 48 2.6 239 190 2.0 194 247 168 7.8
©Ba 390 38 327 49.7 47.7 343 390 166 1.8
© o Cta 5%, 514 562, 520. 538. 465, 527. 168 1.5
! ‘;Cd ! f 7.60 594 7.48 373 4.0 1.7 513 168 _g;zj
o 9.5 5.2 14.2 17.9 15,9 1.2 13.7 168 3.4
f;tu . 6.36 30.6 48.5 18.5 26{7 2.27 22.2° 168 _g;gii
Fe 1,186 1,432 2,133 1,060, 1,639, 1,505 1,627 168 1.9
,'ng: ;76;3‘ 44.8 . 50.2  46.2  38.2 31.5 48.0 163 7.7
?1 w220 g 26.0 25.2  21.9 23.5 168 5.0
‘Mg sa0. sz, s 43, 4. 38, 53. 168 1.4
'an'ii,sle,i 2,264, 1757, 2,13. 1,488 1,050.  1,684. 168 6.9
N 998 139 129 1.0 105 1.3 129 168 2.3
106134 166 136 145 972 13.0. 168 2.7
.21 .2 @21 <. .21 <. 168
: Hi;w‘ @32 <23 < 2 @3 @ 2 168
e, iigé._‘ 167. 974 0a 0.3 1120 168 1.7

statlons.
be:

Concentratlons are. ln uq/kg dry welqht

aVa]ues that" are underscored indicate svgnifvcant dwfferencps (P<0. 05) between

G - O B T A T B i Il O T s BB s
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- MACR«Q#HV’TES

,There was a significant downward trend in annual mean concentrations of the

’ maiority of the chemical constituents present in the Teaves and stems of: both,

-;creepxng waterprimrose ‘and. Amerxcan pondweed dur1ng ‘the 3-year study period ,
(Tables 4.8 and 4.9, Fig. 4 5). The except1ons‘were B, K, and Na. }f,,béséd,
on insufficient numbers of specimens collected, data from the first year-of
the*éhoject are disregarded, both B and Na show significant decreases in
conééntfation in bbth species, and X a significantidecrease in pondweed,"
duringﬂthe'remaining two yéars. The only anomalous trend appears to be for K
in waterprimrose. : ' L

Smitﬁfahd Duda?(1979) and Anderson et al. (1980) observed for the first and-
secohd'yéars of thewinveétigation, respectively,'that the plant stems uSua]]y'
conta1n h\gher concentrat1ons of elements than the ‘leaves (Tables 4.8 and 4 9)
Appendlx ‘Tables 4.D and 4. E) ln contrast, data for the third year of the
1nvest1gat1on show a falrly equa] distribution of concentrations of five
elements between stems and 1eaves for both spec1es,,the majority of the
remaining elements occurred in higher roncentratiohs in the leaves of both
—spec1es (Tables 4.8 and 4. 9, Appendix Table 4.F). - This disparity of dis-
trmbutwons could reflect yearly technical d]fferences in the procedure used
for. separat1on of leaves and stems. Regardless of these "discrepancies,” the
present authors have e]ected to consider average va]ues (representing the. total
plant) for the preparat1on of Fig. 4.5 L

StatIStlcal comparison of concentrat1ons of chem1cal constituents in plants'
col]ected at different statlons during the second and third years of the studj
1nd1cated that the location (station) of the plants had little bear1ng,onrmost
lof the elemental concentrat1ons (Appendix Tables 4. G 4.d3). (There Wéré”tob'few
,spec1mens collected during the first year to warrant statistical compar1snn } A
: few exceptlons were noted for waterprimrose during the second year of the ‘study
W] nd1x Table 4.G). Both stems and leaves of plants collected at Station 3
ned significantly h1gher K and ZIn concentratwons than those collected at
tations. Stems: of p]ants collected at Statwons 1 and 2 had h1ghex Ca and
entratlons, respect1vely, than those co11ected at other: stat1ons No,

.39




Tablo 4.8, Aanual man onamntrat jons /%) fresh wolght) of chemlcal constituants In cranping
uater;sr Imrose m!loctad ‘at Cofteen Lake from Septomber {978 thfouy\ npmmbar 1984,
Sanp la quantnlos ‘asra In parenthosas,

1976-79 " 1979-80 1980-81 Moon - fa

Stems  Loaves oStems Leaves Stems  Loaves Stems - Leavas Stems Leaves
(3) () anoun @0 @n ' '
" @5 @5 b b b b
As <5 <ls b b 1426 <0:966
- B 3200 383 S 494 36,0 - 9.86 14.2 25.5 '2;.0 RN Y S
-t 50.7 238 LT Y T 0.6 1,58 43.8 1.6
Ca 19,037 7,460.  6,036. 3,346. 1,920, 2,730, 4,940, 3,385 15,3 4.0
cd 431 1.59 o 0z 0.10  0.11 0.62  0.29° 57,8 115.
“er T3 443 0.1 0. 0,28 0.2 0.81 -ro.'}g B 2.7 260.
Cu 202 117 TR 1.67  2.49 426395 55,8 8.2
Fo 3,843 1,405, : 204, 4. 135, 179, 510, 295, 33,1 43.9
WS 238 3. 44l 9.9 1.0 10.7 8.7 484 50,0 19.8
K ‘|,947. L. '5,72']8.' 3,368 9,202. 6,972. 7,153, s,neé.' 5.0 6.2
W 1,365 1,085, 7 |. H3.1,081 305 355, 682, :57;.1, S 10.1 63
s 02 134136 8.1 (05, 141, 7;34,."' % sa
Na 123 si0. 2,416, 'q;oos. 755, 438, 1,359, 639 9.5 8.3
NE 5,37 2,07 »7'77,0,-790: 0.88 0.23  0.32 0.94 . 0,68 7.0 1.9
Pb <3 <3 .29 7.<o.29“ 0.1 <0,11 |
Se - 2.82 <0,82  <07.25 W25 - <0.17 <0.17
zn “2 St - 1?7'—1'4.76' 20.8 NIRRT |2.é IR T 6.9

aValues fhaf are undorscored lnd!cafo significant ditterencos (P<0.05) batdoon yoars.

bAt the time of analysls fha lnsfrumanf was not functlonlng oonaIly tor ‘measuromant of thls
a lamant, - ; :
%onmnfraflons ara in tl_;/kg fresh wolght.
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,An'nual man onontrat lons (my/xg tresh weightl.of chemical wnstityants = In: Amor lcan
pondweod ool lected at:Cofisan Lake tron Sopft.rsbs" 1978 through .ﬁJpTOfbber sQSO.
Sampla quantities g In ‘parenthosaos,

Tabia'!@;

1978-79 1973-80 1980-81 - __ wean® g
Stems. - Leaves _ Stems.  loaves Stems  Leaves ' Stems  Leaves _Stems - loaves
AN () 9 9y {15) (s) - '

R <. e ¢ 5

A <5 ells ¢ e 108 <0.97 o

B 46,5 54,2 6.7 18.0 9.75 1.6 - 35.9 14 3.6 0.4
Ba - 59.6 53,2 20.7 éz.s 153 18,4 7.4 20,0 1.4 0.5
Ca 2,100. 22,400, 12,954, 8,995,  9,464. 10, 222, 10,829, 9,742, o 0.4
cd 8.22 8,86 0.88" " 0.51 0.3 0. ssf 0.52  0.43 - 10.6 1e3
cro 5. 91 6.04 D01 <D 0,27 - 0.24 0,20 0,19 8.8 3.7
Cu 33 2 410 70377456 5,10 7.45 5.9  7.49 0.002
Fo 3,320, 2,95 07. N0 432, 59007 ses. 403, 43.0
Mgl 83.0  88.6 60.5  74.4 9.91 - 9,02 29.7  34.6 10.5
K 890 725 5,150, 4.47671. 1,985, 1,385, 3,223, 2,547, 2041,
W 2,110, 1,780. 1,028, 894, 441, 459. - - 670, 629, 7 10.2
" “,'7'5'179.‘ 452, 119, - -48.5 ‘ 67.9 88.4 - - B7.9 2.7 s 3.9
CNa 260 200, 1,818, 1,246 173 75,00 8. s 550 13.0
Nl - .ii?,sz’ 8.12 1235 1,07 - 0.78 'b‘.ééﬁa L 106 5.s 0.004
Pb B.46 9,28 ©0.29 05297 <01t @11 :

So 158 186 «.o,zs,,,,”co.zs a7 <017

i  ;40'.6 51.9 23,7 55.4 5.7 .77 128 25.6 - 18,5 - 9.5

"Maan and E value ware calculated tor. years |979-80 a'\d I980-81 only. Insufflclon? numbers of
samples were collected dur ing 1978-79 to warrant staflsﬂcal compar Ison, ; )
bValues that are undersoored indicate significant dlfferenms (P<0.05) batween /fmrs.'

Cat ﬂ\e tima of analysls the lns?rmnen? was not funcf loninj op?lmally for masuremn? of this
elemenf. .

dConqan?raHons In wy/k3 frash vo,lgh?-A




wo.of pondweed collected at other statlons

- Mean lengths and weights for the fishes co]lected durlng the individual years are.

- -any of the years was generally: non significant: Howaver a comparlson of sizes

fstatlstically 51gn1*icant dlfferences in olemental concentrations were noted

- for waterpr*mrose collected at d1ffLrent stations éu:xng the th]:d year of the
study. : :

- There were also a few exceptzons for pondweed collectod during both the second
-and the th1rd years (Appendix Tab]es 4,1 and 4.3).. It should be stressed that
N0 pondweed was found at Station 1 during any of the three years. COmpared to
specimens collected at other stat1ons, specimens col]ected at Stat1on 2 contained
higher Cd concentrat1ons in both stems and leaves dur1ng both years, h1gher Se
concentratlons 1n the leaves during the second year, higher Cu, Mn, - Ni, and In
concentrat1ons‘tn,both stems and leaves during the third year, and h1gher,Ca
,concentratiOné in the leaves during the third year. Leaves of pondwééd'col]ected
at Station 3 during the second year contained h1gher In concentrat1ons than those

- FISH

Three species of fish were co]lected during the f1rst two years of the 1nvest1~
gat1on (Table 4. 2) An add1t10nal three species were collected during the third
year. . No black bullheads were found at Station 1 durwng the first- or third- -year
collecting per1ods, and only one each at Statwons 2 and 3 during the third year.

~ presented in Appendix Tables 4 K=4.M, Stat15t1ca1 comparxsons of f1sh sizes at
 the four statlons indicated that variation in size at the dlfferent stat1ons in

dur1ng the ent1re 3-year perlod showed s1gn1f1cant increases in both: welght and
=)1ength of glzzard shad and black bullheads between the first and second years
.of co]lectlon and lesser 1ncreases for ]argemouth bass during this perlod

- (Tab]e 4; 10) ' '

fCompar1sons of annual mean’ concentratwons of chemical constituents in q1zzard
'shad, black bu]]heads, and largemouth bass in Coffeen Lake over the 3-year

fper1od are pre§ented in Tables 4 11 4.13.  Similar compar1sons for 1nd1v1dua1
,statlons in.the lake: are shown’ 1n Tab]es 4.14-4; 16 A significant overa]]
5trend was"otedffor only one e]ement K. There was a s1gn1f1cant 1ncrease in
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z,rableﬁb.ll;

Annua] mean concentrations- (mq/kg fresh tlSSUL) of chemical

constituents in muscle tissue of gizzard shad collected at

Coffeen Lake from September 1978 throuqh December 1980, Sampin
quantitles are in parenthpses .
1978.79  1979-80 1980-81 “Hean Fo.
(33 (4) - (40) : -
Q3.7 <1.60 ¢3.07
» <0.49 <0.56 <0.63
1.50 0.56 0.93 0.97 27.2
0.42 0,31 0.39 0.37 3.0
1,298. 1,235. 1,43. 1,324, 2.3
0.29 033 0.09 0.23 12.8
0.56 <0.12 0.51 0.37 26.7
0.66 0.58 0.53 0.58 1.2
16.7 10.0 1.2 124 1.8
54.1 28.8 37.5 .7 36
1,174. 4,005, 16,923 | 7;7§3. 485,
223. as. 29 247. . 40.8
7 3.96 290 303 3.25 4.8
615. 735. 553, 635. 8.5
0.13 0.14 <0.12. .
0.24 <07 <0.28
0.54 1.59 .54 1.27 2.2
152 146 5.90 9.47 430

e aValueF that are underscored 1nd1cate s1gn1f1cant d1fferences (P<0 05)
©  between years. : N
‘rbConcentratlons are 1n ug/kg fresh we1ght




“Table 4.12, Aanual mean concentrations (mg/kg fresh tissue) of chemlcal

, : constjtuents in muscle tissue of black bullhead collected 2
Coffean Lake from September 1978 through December 1980, sample
quant\tiﬂs are in parentheses, , o

21978-79  © 1979-80 1980-8) Yean : Fa -

(16) (200 Q1) ST
Ag <13.7 ©<1.60 <3.07
As | .49 €0.56 <0.63
B .80 1.20 20 1.65 3.6
B 0.63 0.27 0.44 0.40 3.5
Ca o 267, 8. 24, 0.4
@ 0.07 <0.08  <0.09 :
o 103 034 036 057 194
Cu . 0.73 '7 0.70° o9 060 16
Fe | 0.2 g.48 600 ga3 1
b s 826 504 4.2
K o 99a. 2,757 14,354 5,069, 345
Mg . : 207. ' 164.'77' 235, 196. 6.5
‘:ﬁn ; 0.50 1.00 061 0.74 2.8
N a3 s68. 700  el6, 4.8
N 0.16  <0.14 <014 | :
P 0.54 0.40  <0.28 7' 0.37 27
s 0.36  0.38 029 fo.35 o
flni o 736 1.0 6.6 | 8.65 g_g[

7{°Va]ues that are- underscored 1nd1cate s1qn1f1cant ‘differences (P<O 05)

- “between years.

\ 'EbConcentrat1ons are in ug/kg fresh welght, m1551nq value = sample:
~11quant1t1es 1nsuffic1ent for analy51$ .

o 4.45




~Table 4,13.- Annual mean concentrations (mg/kg fresh tissue) of chemical S
- , constituents in muscle tissue of largemouth bass collected at o

Coffeen Lake from September 1978 through December 1980, Sample : '
quantities ‘are fn parentheses. , : . ,

1
1978-79 1979-80 1980-81 Mean Fa -
(50) (40) (40) . 1
Ag BRIk <1.60 <3.07 o
As | <0.49 <0.56 <0.63 : ' "'
B 1.61 4.63 055 2.2] 7.0 l

Ba 0.13 0.01 0.05 0.07 2.0 ;

- Ca 260. 141. 324, 243, 17.6 l :
- Cd 0.17 <0.04 <0.09 0.08 5.4 o
or 0.49 <0.12 0.60 0.39 7.2 E l
Cu 0.75 0.13 0.32 0.42 5.1 .
e 2.13 3.19 2.36 2.53 2.6 St
Hgb 5.0 31.9 23.1 3.5 5.8 1
K 1,125, 4,368. 17,239, 7,081, 1,659 T
Mg 267. 240. 293, 267, 28.3 '
™ 0.30 0.75 0.57 0.52 2.2 : . )
~Na 523, n7. 438. 464. - 20.8 .
N 0.23 <0.13 <0.12 , - '
pb 0.77 07 <0.27 0.37 N5 L
se 1.89 1.84 1.38 1.72 3.8 | '
Zn 6.18 8.50 5.47 6.68 19.0 : l
",,'AValues that are underscored indicate significanf'differences (P<0.05)
: “ between years. . : : : N
bconcentratripns are in ug/kg fresh yeight.; '
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K concentration in all three species during the 3-year period; this overall
-increase was-a reflection of the ihcrease at egch of the individual stations.

fConswderang the spec1es of fish 1nd1v1dua]ly, there are several .elemental con-
ﬂcentrat1on trends. In g)zzard shad (Tables 4. 11 and 4. ]d), there were signifi-
.:cant decreases in the overall concentratlons of- B, Fe, and Hg between the first
“and second years of the study. The decrea¢e in B concentratxon was evident at
‘each of the four stations, the ]evel of Fe was decreased on]y at- Stations 1-
~and 2, and that of Hg at Stations 1, 3, and 4. In addition, although not
fsevere enough to affect thelr overall 1eve1s during this same pev1od, the con-
’centratlons of Cd, Cr, and Cu in gizzard shad decreased at Station 2, Stations
-3 and 4, and Stat1ons lgand 2, respectively. In contrast, during this same.
'périod'(betwéen the first and secorid years), the concentration of Se in gizzard
shad increased at all four stations, significantly at Stations 1 and 2 and -
non-significantly at the other two. The single overall concentration trend -
}(decrease) ﬁbteq in gizzard shad between the sécond and third years occurred in
“the case of Cd; the location contributing most notably to the overall concen-
ztration decrease was Station 1. Théfe weie significant chénges'in the station
~distributions of some of the chemical codstituents in gizzard shad from year’
to year (Appendix:Tab1e$ 4.N-4.P). The elements sho&ing progressive decreases
»in concentration from Stationfl to Station 4 were primarily those referred to
"above. '

, Concenﬁratidn trends in the case of .black bullheads (Tab]eé 4.12 and 4.15)
are somewhat diffiéu]t to assess, since these fish were not available dt
‘Station 1 (the heated station) during the first and third years.  Only Cr showed
Jafsignificaht,decreaserin overallvconcenffation between the first and second
years, and this dgérease was evident at each of the three stations (2, 3,
and 4). Hg'registéred a significant overall concentration increase between
the second and third years, and this increase was primarily a reflection of =
‘the increases at Stations 2 and 3. Though not sufficient to affect the overall
, édncehtratiOES of'these'elemehts Ba, Ca, and Na increased in concentration at
.‘Stat1ons 2 and 3 durlng the three years. “The differénces‘ih elemental roncén#~
‘tratlons between stat1ons for individual years are presented in Append1x Tables
S. i - :
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'ln'iangemouth'bass”(Tab]es 4.13 and 4. lG)thhe ovérall cnncentration of Hg
'decreased s1gn1f1cantly dur1ng the three years, a ref}ect1on of the decveased

o levels at Stations 1 and 2 during these years. There were significant de-
°¢"creases in the overa]l 1evels of Fu, Na, and Pb between the first and second

years; Statlons 3. and 4 were the pr1mary 1ocat1ons of the. decxeased concen-

'dfi,’tratIOns of the three elements, The overall concentrat\on of Se decreased

—519n1f1cantly between the second and third years; ‘this was probaoly a reflec-
t1on of the decreased ]evels at Stations 3. and 4 between these years. Se was
one of the few elements in 1argemouth bass' that showed a progressive decrease
in concentrat1on frqm Statlon 1 toistatlonl4 (Appendix Tables 4.7-4.V).

The main compar1sons to be made for carp, b]uegllls, and channe] catfxsh
since they were collected on]y durlng the -third year of the study, are
between stat1on comparISons of e]emental concentrations (Tab1es 4 17-4, 19)
- There was no significant d1fference between stat1ons for most of -the
- elements.- Of the few except1ons, K-and Se genera]]y decreased in concen-
ttat1on progre551ve1y from Station 1 to Statlon 45 this trend occurred
.for'all three species. There was no apparent trend for Hg: concentratlon in

any of the spec1es, although the d1fferences between stations in the case
of carp and bluegllls were fairly 1arge -




© Table 4.17.

Mean concentrations (mg/kg fresh: tissue) of chemical constituents

in carp collected at various stationo at Coffeen Lake in 1980-8).:

Station 1

Station 2 -

sl Statfon 3 Station 4  Mean o F3
Ag <3.07 3.07 <306 307 T
s €0.63 - 083 <0.63 <0.63 20
B 1.42 2.18 2.33 1.59 1.88 20 0.2
Ba 0.13 0.16 0.18 0.12 05 20 1.6
Ca 52. 513. 548, - 26a. %3. 20 1.8
o 0.14 0.15 013 <0.09 0.12 20 2.0
cr 0.55 0.45 0.73 . 0.47 0.55 20 2.7
Cu 0.51 0.43 - 0.40 0.3 043 20 0.6
| Fe 10.7 156 11.8 859 N 20 1.0
:i L Hgd a8 27.8 47,5 '{;120. 59.2 20 10.2 |
LK 16,260, 14,912 1430, 13,400, 14,729. 20 4.0
Mg 259. 249. - 282 261, 253. 20 1.0
:7i' Mn 0.56 0.68 0.85 0.64 0;58 20 1.3
N 53 590. . 59). 577 573 20 0.2
LN <0.12 02 <02 <092 B
. Pb <0.27 0.27 . <0.27  <0.27 0
Se 1.89 146 072 0.63 a7 as
o In 6.83 7.95 . 7.39 R, 7.48 20 0.2

e “aValues that are underscored indicate s1gn1f1cant differences (Eﬁ0.0S)
between stations. , : :
,bConcentratlons are in ug/kq fresh ‘weight.

A




'Tabﬂé:ﬁ{IB. Mean concentratlons (mg/kq fresh tissue) of chemical COHS\!&UP&LS 
el ~in bluegill cc]lected at various stations at Coffeen LdYG in .7
1980-81. . ,

~Statfon 1 Station 2 Statfon 3 Station 4  Mean n  F3

S Ag <307 <307 <3.04 <3.07 20
As 0,63 0.63  <0.63 <0.63 20

Ba 010 0.12  0.06 0.6 0. 20 1.3
o <0.09 0.09 <0.09 0.0 : 20

Fer - 3.78 342 496 390 4.0 20 0.4
Hgb 35,0 743 102 72.9 2.1 20 - 2.0

Mg 2. 286. 24, 238 261. 20 5.3

N <02 <0a2 0 <0.12 019 20
e <0.27 0.27 <027 ‘<0 27 20

Oy
—‘“‘ K N \

S

Se 138 1.37 1.42 062 119 20
gZﬁj;f;;' 8.22 9.83 9.49 867 9.05 20

,"iaValues that are underscored indicate s1gn1f1cant d\fferenceq (P<0.05)
.. _between-stations.
R Concentrat1ons are in. ug/kg fresh weight.

B 572 5.37 5.12 5.24° 53 20 0.5
Ca 922, 956, 880. 1,062 9%, 20 0.2
o047 0.50 0.35 0.34 0.42 20 1.5
Cu - 0.24 032 0.10 013 0.0 20 3.9
K;}p:15,277. v15,884.'; "13,097. 12,827 14171, 20 4.4

M 1.06 1.14 0.75  0.93 0.97 20 = 0.4
CNa 73 7720 782, 792, m. 00 03

_,
e




Table 4.19.

Mean conéentrations (mq/kg fresh Lxssue) of chemical constituents
in channel catfish collected at varwous stations at Coffeen Lake

in 1980-81.

Station 1 Statfon 2  Station 3 -Station 4  Hean n.o fa
g <a.07 307 ¢3.06  <3.07 20
A <063 <0.63 0.6 <0.63 20
B 6.3 . 4.76 4.67 51420 95
Ba’ 0.21 0.05 0.16 S 010 043 20 1.8
Ca  160. 136. 282. 163, s, 20 1.3
Cd 012 €0.09. 0.10 <0.09 20 ::}
Cr 0.69  0.44 0.59 0.57 0.58 20 2.2
u 0.50 RTINS Y) 0.37 0.42 20 0.6
Fe. 1 5.08 6.63 101 4.9 6.67 20 0.8
Hgb 14,7 3020 35,4 25.4- 26.9 20 0.5
K 18,770. 16,145, 15,850. 16,891. 16,194, 20 2.8
Mg 276. 232. 221. . 235. 20 7.0
M 0.49 0.52. i 0.51 0.3 0.47 20 0.9
Na 658 | 631. | 610, 802, 675, éd, 5§j_
Moo 004 <012 S04 <02 012 20 0.4
b <0.27 021 <021 <0.27 2 ,f}
S 0.92 0.8 0.70 0.59 0.80 20 2.5
0.2 7.3 7.40° 7.39 8.08 20 3.7

aVa]ues that  are underscored qnd1cate s1gn1f1cant differences (gﬂQ.OS):

‘between stations.
bConcentratmns are. in ug/kg fresh weight.




DISCUSSION

efTwo?of the questfons addressed in the second- -year report (Anderson et al, 19&5)
“are appllcable to the final report. “First, did the concentvatlons of any of -

,:the chem1ca1 constltuents in the lake's ecosystem increase or decrease durlng
jthe 3 year period?’ Second; are any of the const1tuents present-in sufficiently
fh1gh concentration to be environmentally damag1ng, to contaminate f1sh or to
pose a human health problen?

fWithrregqrd to the first qnestion, the changes in'concentrationrof chemical
: fconstituents oyer the 3- year periodhare dep1cted in ng 4.5. The levels of
_ the constituents in the various types of samples ana]yzed (sediments, two
1spec1es of p]ants, and six species of f]Sh) were quite variable. Five elements
"(Cd Cr,. Cu Hg, and N1) showed moderate to strong decrea51ng concentrat1on :
'ﬂtrends in most components of the lake's ecosystem during the 3-year period.
;Three of -these elements, Cd, Cr, and Hg, are" recognlzed environmental contami-
“nants (they appear on the U.S. Env1ronmental Protect1on Agency's 115t of
priority. pollutants; Callahan et al. 1979); therefore, any reduction in their -
%concentrat1ons points toward effective o1ean'op procedures. On.the other hand,
“the concentration of one element, K, 1ncreased in-all samples except sediment
-during the same period. Pb concentrat1ons were below the detection 11m1t of .
fthe ‘analytical instrument for most of the samp]es, the detection 11m1t varies
¥w1th the - type of sample being ana]yzed

;Equally'important in answering the firstiquestion is the trend in concentrations
of chemical const1tuents from Station 1 to Station 4. Since the discharge frbm
;Lthe slag and fly ash ponds was allowed to drain into the lake near Station 1.
;durvng the period which ended with the comp]et1on of the first year of this study,
“it seemed likely that ‘components of the ]ake s ecosystem at this station wou]d
>ficonta1n higher concentrations of some, if not all, chemical constituents than

fiecosystem components e)sewhere 1n the lake “Only a few const1tuents showed , con- -
: }icentrat1on trends and these trends were. qu1te variable in magn1tude Dur1ng
rr;the f1rst year, Cd and Cu concentrat1ons in sediment and ngzard shad decreased
‘rzfrom the’ cooling Toop to the amb1ent area The fact ‘that the same trend occurred
f1n,shad as 1n sedlment is not surpr151ng, since this f1sh is a forage f1sh




~ the third year: B, Cd, and Hg in Jediment cores; Se in targemouth bass, olue~

B gl]ls, and channel catfish; and K in carp, bluegills, and channel cath h.

"Nhy some of these trends showed up éslate as the third year is puzzling, since
the conditions to enhance lake erosystem quality were implemented almost two

; years earljer However, in the case of sediment cores, the }ayers (referred to :v
as segments in the present report) of sediment were laid down dur1ng the whole
period of evolution of the lake. Nevertheless, the greatest increases in con-
eentfation‘of the three constituents in question occurred in the upper one or
"i two segments, representing recent deposits. When one considers that the 1akei
~ is a relatively deep impoundment and therefore sediments may not be subject to
- wind and wave action to the extent found in a sha]lokerrlake. it is possible
‘that these’ubper segments Fepresent more ~than just the most recent‘year,or:twb.

Several other factors contributed to the lack of sufficient trend ev1dence
between the first and second,years,and between Statyons 1 and 4. Too few macro-
phyte samples were cd]]ected during the first year,fa critical year in the
"before-after” evaluation of the waste djsposa] improvements, for valid statis-;
tical comparison with samples collected during subsequentryears; rNo Americanr ‘
pondweed was fdund at Station 1 durihg any of theryears, and no b]eck bullheads :
during the first and third years, makingiit{impqssib]e to determine what effeet U
this station might have had on the chemical constituent concentratiods of these '
'fwo*ecosystem components, ‘Based on the findings:oerayes'et al. (1977) and =
Mudroch and Capobianco (1979), we might expect to have found that the concentra-
7 tion trends between stations evident in the sed1ments during. the first year were
:‘reflected in the macrophytes. :

Considerihg the generaT'decreasing concentration trends in the various com-

. bonents of the lake's ecoSystem'over the 3-year period, an adjunct,te the
'r;firétiquest{on'is Where did these elements go? The outflow from the lake is:
norma]ly not very large and probably would not account:for the apparent. decrease
“in elementa] concentrations. However, the flood conditions that were preva]ent
f1n the spr1ng of 1979 (see Sect1on 3) resulted in dilution of the elenents dis- -
7solved in. the lake water Subsequent discharge of the excess volume of water
ver’ the sp1llway in effect dep]eted the lake~ of ‘a s1gn1f1cant quant1ty of its

4.59
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3 Chemical cOnstituents’ In turn, the uptake of these chemica) constxtuents by
,;;other components of the ‘lake’ s ecosystem was reduced

© There are at least two other factors that may have contributed to the decreasing

trends. Thus far, no yearly measorements have been condUcted on the standing
{rcrbpfOf macrophytes in the lake. 'while the elemental concentrations in these
' p]ants have decreased from year to year, it is possible that the total biomass.
;f of the plants may have increased during the same period. Distribution of a
“constant Quantity of elements within the increased biomass would result in an -
~apparent decrease in concentration of the elements.

. Another alternative might involve the number of fishes taken by fishermen. Al-
though the lake is closed to public fishing; a large number of “trespassing”
'fishermen avail themselves of the opportunity in any given season. ~If large
- quantities of fish are taken from the lake, and if there'is a-reduction in the
‘quantities of chemica] constituents being added to the lake's ecosystem (by
~virtue of the recent modifications of discharge disposal at the power p]ént)
'1rthere would be a gradual reduction in elemental concentrat1ons in the fishes,
i'espec1a11y as new crops of fishes appear

~The answer ‘to the second question can be approached by cons1der1ng the concentra-
tions of chemical constituents that sometimes accumulate to undesirable levels
': in aquatic ecosystems; these include Cd, Cr, Hg, Pb, and—Se As mentioned above,
1be concentratlons were below the detection Timit of the analytical instrument for
most of the samples. . Of the four ecosystem components showing measurable Pb con-
'chntratlons during the first year (pondweed, gizzard shad, black bu]]heads, and
]argemouth bass), only the bullheads contained measurable concentratlons during
the second year (Fig. 4.5).. None of the ecosystem components contained measur-
'ah‘e'Jevels of Pb during the final year of the investigation, a gratifying
“ finding when improvement in environmental quality is the aim.-

l;fAtchiSOn et al. (1977) and Murphy et al. (1978) have pointed out that fishes in
fiecosystems contam1nated with h1gh 1evels of Cd and Zn take up substantially :
?fhlgher quant1t1es of these elements then do fishes in uncontaminated ecosystems.
f?They conclude that the relat1ve ]eve]s of these e]ements in fishes corre]ate

4.60




sediment phases of the eccsystom. In the oresent s

Cd concentrations in all ecosystem camonents duringe the e Ty il

to the extent of being below the detecticsy fimie

drawn for Cr, although the decreases did not anproach 1b
ability.

occurred in the surrounding milieu.

The remaining two elements of envirommental concers. are Hp and Se

Fig: 4.5, Hg concentrations decreased in all ecos YELET GEROLent s

bullheads during the 3-year period. These trends, alany with thos

presented numerically in Table 4.20. Several inwvesti,ators
Speyer 1980) had indicated that Se may supr-ess the
be protective against toxic effects of Hy in fishes.
that in Coffeen Lake Se may suppress the binacosmilation of Hy ip
not in largemouth bass.

The data

There has been concern about the reproductive failure of

contaminated with Se. In lakes not subject to exposure (o

mercial wastes, the concentration of Se in {
(Pakkala et al. 1972, May and McKinney 1981).

usually normal.

portion of a cooling lake for a coal-fired power plant in “orth Carolina
Se atlevels ranging from 10 to 50 ppm. Reproductiom in these fishes was

reduced.

ppm. These fish reproduced normally.

These decreasing trends dre reflections of simiiar -ie rosses

stoaccoumulation of Hy

Fish reproducticn in such

Cunbie and Van Hom (1978) reporved that fishes from the main

Conversely, these investigators found that the Se corcentrations
fishes from a remote (uncontaminated) portion of the lake ranged fram 0.5
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Since both Coffeen Lake (the subject of the present study) and Lake Sangchris
(located approximately 45 miles north of Coffeen Lake) are cooling lakes for ceal-
fired power plants, there is concern that the fishes in both of these lakes may

contain high levels of Se and may thus pose a humn health problen.
in Table 4.20, the annual mean concentrations of Se in six species

from Coffeen Lake between 1978 and 1981 ranged from less than the
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Samples were taken from July 1974 through

i iaffeen o aka,

conling lake for 4 coal-fired elocteical power gensrating siatisn, g

t e

5ki§acter§ze the phyloplanktan and pariphyton in the Yake and determine

fepacts of tne power plant gn Lhose goosysten companents,  Power pl
ﬂperaiznns Aere a major influence in the f3llowing diffarences

Tanetin

composition and ahundance at ﬁi&&ian%”SAEQPﬁﬁz fragellates cooyrend

f:equentlf in \he d\scharqﬁ area and. frnq;;p*y of srcurrences incriaaged
gradually at locations further away‘"

o Lne drsoharge Lo omaxinus foequans e

occurrence  at the anhient stalion {% ien A1 peanate diatoms, iypical ot o
periphyton, occurred more frequently in Lhn d1schiar 30 area {Stating Yioane beas

frequently at the asbient area (Station 4};

oy atgal digiiions bag

sigﬁificantly lower densities in the dvfrha%ao Arsa {5t atinn

tian in the

ambient area {Station 4}, phy Gpianxian Wer e signifizantly more

sliverse in the
d&scharge area than in the arhient area x%tatson %}; thioraphyll a ' )
roncenLraL:ans wWEre s‘gnzfvcanilj ?Jwrx in Loe gischargs 3sws than at 31} Ugﬁki
stations saﬂpleﬂ': st of thesc ooﬁvr glant effects were rd1aLVﬁ L the intaks
of ‘water frOm a depth of approximately llm #here populations ¢ f'a£¥ grﬁaps of
algae were more sparse, thus the abundance ﬁf all phytopldskters in the
dlscharge area were a}se reduced, The overall abundance ﬁ‘ pr/g;pianxign and
Lh)orophy}l 4 concentrations aere within the ranges of abund fance in Lake
Shelbyville and Lake Sangchris, two gther central’ 1 tneis Yakes. ?hy{ép}ankiﬁn
priimary production rates in the healed area were not significantly different
from: those Qalues'at other locations in tho’%ake.,'th periphylon in t the
dischdrge area of Coffeen Lake was stressed such that reduced growlh rates and
diversity of the: ‘periphyton were observed 1n rplatxnn to those at the intake :

area. Recovery of: the periphyton was gradual at statzons located szhxn the

lass slides was more than six times as. qreat as in Lhn discharge area’

ng loop from Lhe pount of: discharge to the 1ntarv ared where mean abundance o




- wagte haat and carrvnt were nsz the. sﬁlﬂ sources af ﬂ"f‘ “/i““f ¢

Cdise hdrg? arna anparent)y Sone otn#r qr@w? Vimiting
préﬁent xn Lhat area of the lake. ’




[NTRODUCTION

"anestigations of aquatic environments have heen underlaeen in many ;3%35"19‘;
determineg the effects of a particular stress on the hiota wilthin such waters,
'Many trophic levels are present in most aguitic ecosystems and there §s
5considerab)e complexity and interaction between groups of organisms in such

studying only one group of organisms may give a biased viewpoint of the 7
condition of that body of water. For that reason, it is quite important to
étudy groups of organisms from different trophic levels to make an assessment uf
“ . an aquatic ecosystem. One important group is the algae; as primary producers,-
rrthey produce much of the organic material consumed by the “"higher” Lbophic"

. levels. Algae, including phytoplankton {“suspended" algae) and periphyton

producers of oxygen in aquatic environments, but they also aid in deterMining
~the trophic state of a body of water. Based on those concepts, investigétidns
of the phytoplankton and periphyton communities of Coffeen Lake were undertaken.
to satisfy the following ohjectives: (1) to determine differences batween
v'phytoplankton specieé*d&ﬁposition and abundance in different arcas of Coffeen :
'Léke, (2) to. evaluate pe%iphyton colonization of glass slides in the intake and
'diSchakge areas of the lake, (3) to estimate primary production rates in heated-
~ and ambient areas of Coffeen Lake, (4) to use data on phytoplankton, pefiphyton;x
'and primary production to characterize Coffeen lLake in relation to other :
: [1linois lakes, and (5) to determine the effects of power plant operatlon on the-
phytop]ankton, perlphyton, and primary production in Coffeen Lake, '
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systems. The effects of stress situations on the bicta arc often so subtls Lnallk,}

(attached algae), are not only useful as water quality indicators and as primary Cole




HA¥ERIAL“ AND METHODS

_ PHYTOPLANKTON

: ,TfipIicat9 pﬁjfohlankton SdmplAS'wE!e collected :grth y from 28 July ‘97?
~through 15 September 1980 at four lake stations (i.e,, Stations 1, 2 3, and 4,
flrrrespectively) (F1gu» 1.2). A phjLOD1ankt0n sample consisted of a-one-liter
;—sample of depth integrated water taken from the surface to the botiom of the
. euphotic zone. One-liter samples: were also taken near the lake bottom with a
VZlg'Kumnerer wate: sampler at the four maJor lake stations during the same time
“period and atré'depth of 6m at the power plant intake from September 1979
"rihrough September 1980. The samples were preserved at the time of cglléction
. with 10 ml of acidified Lugol's solution. The samp]es were returnedito the
if'”laboratory where they were a]]owéd,to settle forrépproximately 7 days.  The
'water was removed from each sample-using a suctioh,hose and a "ji" shéped tube so
:,'ghat the final volume of water and organisms Was 50 ml. Three subsamples from
. each of two replicate sampies from each station wekéjplaced in thréé,— )
" Palmer-Maloney nannoplankton cells and four visible fie elds from eac h'ce1l were
:?f;examined at 400x. All non-diatom algae were identifed to the lowest possible
~taxon and dlatoms were recorded-as centric, pennate, or Melosira Spp. ,,w1th the
72 fexcept1on of Rh1zoso]en1a spp. and-Skeletonema potamosrwhich were identified to
"51'ﬁspecies when possible. Permanent;diatom slides were prepared for spacific
f,'f identifications by cleaning a subSémple of a given sample slurry according to
~“modified methods of Van der Werff (1953) and mounting the diatoms in Hyrax.
~“Diatom valves were counted and identified at 1,000x or 1,250x in randon
: irtransects and the densities of diatoms in the ortg1nal samples were. computed by
:iﬁcomb1n1ng re]at1ve abundance est1mates from diatom slides with centric, pennate,
"?iiand Melosira spp. counts from the Palmer-Maloney chambers Non-diatom densities
iﬂln the original samples were computed using the approprlate mu1t1pl1catlon
j factors. Phytoplankton were reported in algal un1ts per liter; an a]gal unit
r7was defined as’ follows. ' o




ALGAL FORM % “oCELLS PER UNIT
UnicelTuTar  -each ceTV or d7atom Trustule ,
Colonial =4 cells excepl bluegreen algae -
g : “with cells less than two microns
' i diamétersin 80 cell units
Filamentous ~-100 micron lengths

Takbnomicfkeys used for alga!:identifications included Hustedtr{193ol,,&nitht
{1950), Prescott (1962), Patrick and Reimer (1966), Tiffany and 8ritton (1971},
and Patrick and Reimer (1975). ' : ' .

PRIMARY PRODUCTION

Primary production meésdrements were made at- Stations 1, 2, and from Lhe 1ntaxe
area (F\gure 1.2) bimonthly from September 1978 thvough January 1981 and at '
Station 4. bimonthly from March 1979 through January 1981 using oxygen -
methodoloqy Integrated water samples collected from the euphotic zone were
placed in light (clear) and dark (opaque) bottles and Lhe d)ssolvud oxygen
concentratlons were determined using a YSI oxygen -‘meter (September 1978) and
Winkler methods (November 1978 through January 1981) accordlng to Standard
Methods (APHA et al. 1976). The light and dark bottles were saspended in the
water at the surface, 1-meter, and 24neterrdgpth$f After 3 to 5 houfi'of :
incubation, the oxygen concentratioﬁéfwere'determined again., The rates of net
production were-determined using methods described by APHA et al. (1976). The
euphotic zone depth and an pvranonetéw chart of so]ar radiation: durihéreach day
used for pr1mary productivity were used to ca]cu]ate the net euphot1c zone
pr1mary productivity in Oz/mz/day and in Og/g ‘Kcal“of solar radiation.

P,ERVIPHYT(V),N

‘Periphytbh was collected quarterly on glass s]ides'suspéﬁdﬂd fér 28 days in';

float1ng per1phyton samplers at a d°pth of ‘approximately 0.025 m. Quarterly: ,

co]lect1ons were: made from August 1978 through February 1981, Triplicate sl1des,,f;

: were co]lected at each of two: sampl1ng stations located near the Discharge and
Intake areas of. Coffepn Lane on ail eleven sampling dates and at Statlon ] and

: am area on: the 1ast six samp11ng dates At the tlme of collection, each5
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: slide Was preserved intact=in bottles contaxnxng 2 mi of arxﬂ\fxed Lugol's .
s solutlon and 63 ml of water, Scrapings from duplicate slides were stirred in a
Waring blender and dl\uted to a known volume (e.q., 50 ml) x&e:alqae in tt
: samples were thed 1dentlfied and counted by the same proredures 0a111ned fer
.f' phytoplankton samples except that the appropriate multxpl\rataon factors WefL

used” to glve densities in a\gal units per 10 cm2

' ANCILLARY MEASUREMENTS

Anci\iary measurements including temperature 'oh, sa]inity, dissolved oxygen,

light penetratiOn light intensity, and conduct1v1ty were taken at the surface

at the time of samp11ng for phytoplankton collections and primary productavaty
o measurements and twice during exposure of periphyton s)ides.

STATISTICAL PROCEDURES

Data for phytoplankton total and major group densities; phytoplankton primery
productivity, periphyton major group and total densities, water temperature and
nutrients were statistically analyzed using a two -way analysis of variance (by
statlon and month) followed by a Duncan's mu]tlple range test accordlng to the
General Linear Model procedure of Barr et al.-(1976) availablie on the
Statistical AnalySIS System at the Unlvers1ty of Illxno1s, Urbana Champa1gn

Data for chlorophyl) a stat1st1ca1 analyses wert the same as those data
presented in Section 3, Part 1, hereln and data.for total 1norgan1c nltrogen, |
'soluble orthophosphate, and total phosphorus were obtained from Section 3, Part

I, hereyn Data from the ‘top and middle sampling locations were averaged fqr
“the various nutrients since it was Felt that those two:levels would better:
represent the nutrxents available to the phytoplankton that were act1vely
photosynthes1zwng than, for example, only surface nutrlents A]so, only
nutrlent data from months 1n which phytop]ankton were sampled (i. e. dur1ng the
5 per.od from Ju]y 1978 through September ]980) were analyzed statxstwcally Al
. tests for s1gn1f1cance dlscussed in. the results and dlscuss1on Sert1on were: made
Tat the 0.05 1evel :




RESULTS AND DISCUSSION
POWER PLANT RELATED PARAMETERS
Temnerature

S\nce the addltlon of waste heat on a cool1ng lake is one of the major effects
of- power p]ant operat1on temperatures at different stations in the lake were of
‘ particular tmportance to this study. For the phytoplankton and pertphyton

water temperatures in the euphotic: zone (zone of act1ve photosynthe51s) were of
greatest interest. Temperature data taken at. the surface and mid- ~depth in
conjunction with the water chemistry data (Sertlon 3, herein). at Stations. 1,2,
3, and 4 were. averaged for each month from July 1978 through September 1980 and
analyzed using a general linear mode]s procedure followed by a Duncan s multiple
range test to detect d1fferences between statlons and between months

water temperatures in Coffeen Lake ‘were 51gn1f1cant]y greater at Statlon 1
(heated) than-all other stations, . s1gn1f1cant1y lower at Station 4 (ambient)
than all other stations and not s1qn1f1cant1y d1fferent between Stat1ons 2-and 3
(Table 5.1).

- Table 5,1

Mean water temperatures (°C) of surface and m1d-depth ,
locations for four stations sampled monthly in Coffeen:Lake
from August 1978 through September 1980. Means underscored
by the same 11ne are not 51gn1f1cant]y d1fferent

o Stations i
1 o 2 o 3 - 4

1908 01901 7.1

5.7




 PHYTOPLANKTON

j"'[),a{t'a for ph}toplankton densities, species, and diversities for collections *rom
July 1978 through June 1980 are contained inrtoutanti(lqﬂ01, Data for '

o densutles, number of - occurvenvﬂs of taxa, dlvor51t1e , and vedundanr\es for

phytop]ankton collected from July through Septembez 1980 are contained in Tables
%iAS 1, A5. 2 AS 3, and A5.4, respectively, in the appendix of this report.

Dominant taxa

1wo hundrod and twenty Six taxa were identified from phytoplankton collectlons-
made in the euphotic zone at four stations and from the intake area at a depth
of six meters (Tahle A5.1). Of those taxa, more than 60 orcurred 10 or more
tlmes at one or more stations (Table 5.2). The fiagellated o:gan1sms tended to
be less common in the Discharge area (i.e., Stat\on 1) and-increased.in
frequency'at stations around the lake to Station 4 (ambient);' Apparently, f{i
effects reldated to operat1on of the power plant were responswh}o for }owev '
frequenc,es of occurrence of most f]aqellates This-lower frequency could have
been a result of entrainment” and destruction of the cells or-a result of intake
of water with lower concentrations or less d1vers1ty of flagellates. The fact
that many pennate diatoms seemed to,occur more frequently at- Station-1 and
general]y,decreaéed in frequency of occurrence at stations around the lake
Station 4 may be a result of add1t1ons of diatoms from the per\phyton grow1ng
along the concrete lined discharge cana] No trends for the frequency of
occurrence of hlueqreen algae were apparent, a]thouqh slightly greater frequency
of occurrence was expected in the area of heated effluent, due to additions from
coves wh1ch had continually high temperatures during-late summer, h]uegreen
a]ga] taxa were similarly abundant in all parts of the lake (Table 5.2). No
trends were apparent for non-flagellated members of:the Chlorophyta. '

Abundance :

:'Dur1ng the study per1od from July 1978 through September 1980 the mean

"f dens1t1es of phytop]ankton were significantly greater at Statlon 4 than at a]\*

other stat1ons and s1gn1f1eantly greater at Statlon 3 than at ‘the 1ntake area
. ' : 5.8 '




. Table-5.2: "Algal taxa that sccurred 10
v Coffeen Lake during
“September 1980, Flagelistes are ,
possible occurrencas was 54 at Stationg

“ At the intake,

rAXn o o R R B S Y ¥ 1T

7ﬂChlor0phyLa
. Green coccoids B o Ay

. , 50 49 45 2
S Green colanies ) , A 2 402 12 14 47
coocdFad o Chlamydomonads , : 4% A8 51 80 22
cooreRsa i Cartervads ; S o K3 24 37 .32 157
. F% Chlorogonium spp. Ehr, o SR 4 12 2o 3
4i-. Golenkinia radiata Chodat == : 24-°24 0 26 2% 1V
- >chroederia seligera (Schroder) temm., 001 a4 5o
Coelastrum microporum Nageli =~ o 13-4 12 10 2o
Treubaria setigerum {Archer) 6. M.Smith - 420 6 7 5.7
Tetraedron minimum (A. Braun) Hansgirg 7.3 7405 A
Monoraphidium arcuatum (Korshikov) Hlndik 800 B 4"
M. contortum (Thuret Tn Breb) kom.-lLegn. 54 -84 52 82 24
Monoraphidium minutum (Nageli) Kom.-Legr. 100210 Boieg 57
scenedesmus bijuga {Turpin) Lagerh, 18 20 17 11 9. -
scenedesmus dimorphus (Turpin) Kutz. 15 7200 200 .23 b
scenedesmus quadricauda (Turpin) De Brebisson 49 44 43 35 23 =
Scenedesmus trainorii v. traindrii Shubert 10 =00 117 3
- Cosmarium spp. Corda s B 9.-372 10 .06 10
--Euglenophyta -
- F. Trachelomonas spp. 167218 18 ,‘24 8
~F  Tuglena spp. Ehr. - B -6 14 .22 4 -
~ ~Chrysophyta I , , i s o
SFcf, Chrysochromullna spp. Larkcy S 20 30 334y 19
,,Bdc111a|10phyta i . ' e
B Centrw;,d1ahoms ‘- i i S
Melosira varians Agardh pt o 1.9 5 4 5
CycTotella atomus Hust. T e 14 =12 1% 28 5.
CycTotelTa glomerata Bachmann - - - 2024 23 27 10
- CycTotella meneghiniana Kutz. - %035 3529 1
CycTotelTa pseudostelligera Hust. . - 1622127 1016 4
Lyclotella steliigera Grun, - = 28 22 19 223 9.
= Stephanodiscus sp. 1 e e 247220 22025 S
- Stephanodiscus . hantzschi i Grun RS 34 732 031 30 0 -
Ske]etonema potamos (Webor) Has]e ta BN T B P A 2 hoo-




fab§e;5.2{ u,ga; Laxa that nec
o - ,,_Luffﬁen {Art ;

pos;xhlp 74rufvavan “was 54 ﬂ
at the intake. ?:fn*lﬁuﬂ4*

, - , s : S
CTAXA , R : B ”?"""T "“*T fﬁ?ﬁﬁi?,

"Pennate diatoms

~Ny o

Synedra rumpens Kutz, S , LS S b
Achnanthes delicatula (Kutz.) Grun, A9 1 2 5
Achnanthes exijqua Grun. - - S S 9 g 3 i
Achnanthes minutissima (Kulz.) Cleve. 300 320 28 24 3
NavicuTla spp. Bory o 30?29 25 a8 9
Navicula capitata Ehr. : S 3 5 4 0
Navicula capitata v. hungarlca (Grun,) Ross 214 13 13 8 4
Navicula protracta Grun, : 16 - 7= 18 % 5
NavicuTa symmetrica Pat. , 142 9 2 2
iplone s sp. 1 S } 336 22 9 9
Gomphonema cf. Q“Q_statum (kut; ) Rabh, = -~ 7 6 1 2 }
Nitzschia spp. — S 370033 0350029 1
Nitzschia sp. 4 : 3 ', O A0 3800 37 3 )]
Nitzschia sp.: ' S 1216 g 8 0
Nitzschia acxcularns W. Smlth . : N IE R T 9 '8 B
Nitzschia filiformis (W. Smith) Hust : =10 2 10 3 4
Nitzschia:Tgnorata Krasske oo 1 8 3 0 2
Nitzschia palea (Kutz.) W. Snrth oo 3800 3% 38 32 B
. Nitzschia rostellata Hust, R S 34 3% 33 74 9
. SurirelTla angustata Kutz. SR ' =12 6 5 -3 -2
Cyanophyta , : ' : , oo
B]upgrean coccoid colonies S co 12 29
Bluegreen coccoids o 9. 9 10 8- 4
Unidentified bluegreen f1laments E Sl6- b6 18 023 A
. Aphanocapsa delicatissma-West & Wost 46 - SG0 47 A3 2D
~GlToeothace spp. -Nagel] : oo 2 e 230024 P9 8
Merismopedia glauca (Ehr.) Nage11 ISR ) ] 73 0 2
Meri mopedia tenuissima Lemm. = = 47- 44 4z 37 o 2
“opirulina-spp., Turpin- ... g : 2. 4 4 14 - 2
Oscillatoria geminata Menegh; SoTE 10+ 11 10 10 - ]
Oscillatoria-Timnetica Lemm. ' - 487 47 43 A5 19
cf. Raphldopsxs curvata Fr1tsch & °1rh R ho 21 0
Cryptophyta 7 , s , Lo - , S -
F Cryptomnnads 2 AT T T 35 A4 52 83 -0 23

Foocf. Rhodomonas SPp - Karstenrl . 4550 50 5327
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intake area were 1ol significantly aiffereat from cach ofher [fable 547

T hle 503

,'Grnupmnns af mean ph/top anrtqn ﬁpns&txvx \3§q3f Gniks m%f‘}’

cat five-sampling staticns in Coffeen Lake based on collections

- feoms July 1978 through Seplember 1989 means underscored by the
same line are not significantly dxffenpn! Sample sizes (n) and
means (Y) are. given. : o

. o ~Stations .

4 3 T intake Z ]
n 54 8465454
X 19,370 12,980 - B,940° 10,319 8,020

Anoter d\fferenre between pnytnplankton densxt\ﬂ . espvcxa!ly hetween Sta’ton 1
(heated) and Station 4 1amh1pnt) was the dramat‘f fluctuations in densities at,;
;the amhient’ location in comparison to the unifornm densities of phytopiankton
found in the discharge area {Station 1) (quuv 5.1). In Lake Sanqchris o
:another central Illinois powor plant cooling \akp, grgate' fluctuations ina gal
abundance also accurred at the rontro! station than at the station 10cated i
‘the discharge area according to Coutant (19/93) This-trend of more un!forn '
rcoanntratlons of algae in the discharqge area. than in the control area 15
probably related to the subsurface intake which wou1d minimize the effecL of' =
7 surface water "blooms". Essentxally, the water passing throuqh the powpr p\ant,
}' 3 :would ‘be from deeper waters where active algal production would be reduced and
A0 populatlons would be qenera!ly Tlower than at Lhe surface.

gChlorophyll a, another measure of phytop]ankton standlng crop, was a\so greatest

- '; ;; at- Statlon 4 (223 mg- m‘3) where concentratwons were sugn1f1cantly qrpater
I o than aH other statwns As neted for phytoplankton densities, Station 3 a1so

: fhad 51gnf1cant1y greater concentra*tons of chlorophyl. a Lhan Statlons 1 and 2 f'
. ﬁand the intake area. Concentrat1ons of ch]orophyl] a at Station wene ' ,
ﬁsignv>1cantly Tower- than concentratlons at- al othe~ samplmnq 1ocat1ons (Tablo i
25 4) - Samples at the xntake were taken at-a depth of &n but the actual depth at
;wh1chlwater71s taken 1nto the power p]ant was found Lo be 11m The fact Lhat :
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SGroupings.of mean ¢
Cat five sampling st
collections from Nece:
~stabions underscored by
cdifferent.  Sanple sizes

.,_%_,,‘4.__.,._ - _g i e e
- 24 .74
3 277 13.5

population levels at the 6m depth were considerably lower than those at Statigns -
"3 and 4 (Tables 5.3 and 5.4} SUppOrts the theary that the pnytaplankion -

abundance -was, probably even less at the Tiovdepth,. ’has,:%ignificaét§yf}ﬁwer'
cdensities of ph/top;anktnn and lower. “Oncﬂﬂifjftﬂﬂﬁ of ,héa:gphysi a'at .t}tsan
1 could be exp‘alned by:the \ntdke and dxsfhayvn f water with sparse

phytoplankten populations.

iBased'bn a]qal abundance, Station 4 was Lwn Lo three Limes ag nrqdd?tive 25 d?%

- other stations in Coffeen Lake except Station 3 (T 1blﬁs 5.3 and 5,43, ' The'i 7
greater stand1nq crop of phytoplankton at Stat ion 4 was nastrl1kely.re}ated té
the greater concentrations of,thSphorus,nva11able,there {Tanle 5.5),

Nutrients

'Mean nutrient concentrat1ons us1ng ‘the %urfaco and m\d dnnth locatwnns were

: compared between stations and month using a Lwo way analysis of. variance ;
~(general 1inear models procedure). *The mean concentration of 1norgan1c n1trogtn
"was significantly greater at Station | than at Station 4, total phosphorus was

> Y . W oo g R e R e e e e T e L A T R

: not s1gn1f1cant]y different between statlons, and soluble orthophosphate was :
'fsvgn1f1cantly greater at Station 4 than at Stations 1, 2, and 3 (Table~5 5) CASC
igwas p01nt9d out in Section 3 (herpln) apparently the power plant septxc tanks
f;and the sewaqe treatment p]ant 1nfaow were potential sources of morgamc1

c;hltroqen.: S1nce a svgn1f1cant]y graater standlnq crop of" phytop]ankton
' : 5. 13 : e




S Hatrient ' P L F e 3 e

ot i s o i e <

inorganic nit

soluble artng-
phosphate
;Qta\ phosphate

developed at Station 4 according to densities

TERLAt aan during ot

nhospharus WAaS ‘ﬂjlzd'ﬁd as ?np imibing nuirient fﬁf e

'Qf the Studj period. qhqﬂphﬁfls Sﬁﬁmﬁd 1351"zq ﬁ{‘;ug$ Fithouygh ;s*g,;aé

concentrat inns were gqreater at Station 1, the graat slgal Biomass oy

at Station 4 where orthophosphale concentrations wers G“h1“x&ﬂ'!? greatee than o
: ¥ iy = ¥ + -

“Lthose found at all other stations. During -2 1973 survey, the H,5 Enyirspmont il

Protection Agency {1975a) found that Coffeen Lake was phasphorus Thsited in May -

and August but nitrogen limited in October,

-Comparison to other Iilinois'\akes'

‘The mean concehtratioh of phyLop]ankion in Coffeen lLake {!?,?00 a?ﬁa! anits
Cem1=1) was sliéhtly lower Lhan the mean concentration in Lake Shelbyville
’(lS,GOQ,algal'units ml-1), an unheated central Hlinois feservuir; and-in
= Lake Sdngchrisf(ZO,IOO algal units -ml'l),:anothcr,lllinoié caooling lake,
based én data presented for those two lakes by Coutant (1970a) 3!:ghtly
. different analysis and sampling methods plus-the 1ower nutrient laad\nq of
,;Coffeen lLake (soe Env1ronmental Protectlon Agency; . 1975a, 975b,rand 1925;)
'!;would seem -to explain_the qenera]]y lower concontxat1ons ot phytnp ankton:
?Qobservpd in Coffeen Lake. ' '
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Bacrlariophyta (125}, Tryntoshyts (19%), and ©yanuphyts

AT VARG,

those same divisions nad relative abundances of 719 i TR

respactively, in Lake She%éyv%?%e and 149¢, 29%, 14%, aégl}:i, respectively, o

. Lake Sangchris, two gthgrl{éntrai 1Hinois lakes, based oo data prasented by
“Coutant {1979a). The Chlorophyta and Cryplophyts had greater baportance ia tne -
phytoplanklon in Coffeen Lake and the diatoms had §E§Séf'i§§3r%dn§e in that lake
“while the Cyanophyta had similar abundance in Coffeen L%ié inConparison to Lake
- Shelbyville and Lake S§n§thris. These four algal divisisns accounted for
approximately 85%, 86%, and 94% of the total phytoplankton in Coffeen take, Lake

Shelbyville, and Lake Sangchris, respectively.

“Vertical differences

_Student's t tests were used to determine differences betweon eupholic zone and
~.near bottom phytoplank;on'dehsities (Table 5.7). - As Wasiexpe;ted, most stations .

5.16




PV

wevy sufficiently well mixed on o

v,»

’Eﬁ_)ﬂifiﬁﬂﬂ' !ffﬂf{‘l‘ 9% D ngiu, S AT gt

ﬁ%wevﬁr, Jue ta it Jreqlec gyars

fﬁf11£3¥ dxffﬁrvntvﬂ than alber statians %%ﬁg%z i Gyreeater

Station 2 allowed more Dime for zlgae cetfling syl s

inqested by rooplankton or §quaJu1 ﬁf 4
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power plant discharge would hﬁ#ﬁliﬂﬂiéiﬂd{@ﬂ to mixd
relatively shatlow depth at Station 4 {approdimatety
samples were actually taken almost ta the bot
there were often some vialsn in the zones sam pled for yertical
Lhat Sld£§ﬂn.

Diversity

The diVﬂrsiLy of phytoplankton at Stations 1,7, and 3 and I ab Jnafxnu% 2,3, 5
q were not S\gnlf\cantly different from one another based on a twﬁ-ﬂdy anaiysis
of varianrp by station and month and a Duncan's awltiple range test é,ablc 5.4},
'Stat1on 4 had a significantly lower mean¢d1verswty,(3.12) than Station | §3.34)
:accofdind'to the Ouncan's test. The fact that Station l'had grﬁéter’diversitjl
~than Station 4 was expected due to the fact Lthat the watpv sampled from Stat!Qn

1 Came ur1mdr11y from water taken in at Lhe 1ntako area-a sho;L Lumn hofore
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e moan Jiversity values computad far Lake Shelbyville {2,291 40

ichris {3.59) were similar Lo the overall amean for Coffeon Lake {3,743 aased
a0 data of Coutant {1979a) from four stations in Lake Shethyville and three
stations in Lake Sangchris from June 1976 through August 1977, The raoges of

“diversities for Lake Shelbyville and Lake Sangehris o aere from V.05 to 4,47 snd

from-2.69 to 4.27, raspectively. Iy foffeen Lake, the range of mean diversitioge

fér the lake was fram 1.89 to 4,77

An summary, there were several differences in phytaplankton c0mpaaigian and

abiindance between stations in Coffeen Lake that were apparently related Lo power

é[anl'operation. Flagellated phytoplankters occurred Yeast frequently in the

area of heated discharge (Station,]) and increased in frequency of occurrence at

successive stations around the lake to the ambient'area (Statinn 4). The
éﬁphdtic zone phytoplankton densities and chlorophyll 3_c0ncentra£ions wWare
1sighiffcantly gréatef at Stationidr(ambient) and gradually decreqéﬂd in
Vchcessive order around the cooling loop toward Siation ) (heated)i Diversity
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generally more common tn the discharge ares

e X

less frequentiy At successive staliang around tne
“This troand may have been due 1o the addition 2f 41
- periphyton growing alonq the concrete discharge «

there were other trends which were not related to power plast speration.  Thare
bl ¥ ¥ #

Was considerable vevtical mixing of h/uﬁp?in: oAt mast o ations eerept
Station 2 which was Lhe deepest station sampled. Mean phylop! an;%@u—dwniizfai,

S8

* ik !

cand chlorophv!l a concentrations in Loffeen Lake gérs simiiar ta thosé from Lake
'Shclbyvslie and Lake Sangch:ts* the slightly Lower 3igal densities 1n foffeen
Lake could be explained by different methods of analysis and ry the loswer
'nutrlentr}oadlng of Lhaz lake. The d‘atﬂﬂﬁ had lower r»xat;;e abundance .in
,Coffeen Lake than in Lake ° he\byv11ir and Lake Sangchris; qreen alqag and the
lCryptophyta'nad greater relative abundance in Coffeen Lake than in the other iwo
“1akes. ’ ‘ '

:Priﬁaryvbroductivity

Data for net primary produé;ivity (mg Oz-m‘z-day'l) collected from - 7
“September 1978 through May 1980 aré contained in Coutant (1980aj. Data for aet
 primary’pfoductiy§Ly callected from July 1980 through January 1981 are contained
“in Table A5.5 in the appendix of -this report:

”¥ANé£ipri@ary producfivity (ing Oplgkcal‘l of solar radiation) was greatest
: n 4 (O 91 mgOz gKcal-1) and-Tower at the intake area (0.73
2:(0.68 mgOg,;chal 1) and’ mmn 1 (0.59
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stations according to the analysis of variance and 5
(Tanle 5.9). E

Genecally speaking, st iotake Lomperaturss of 15°C or

wimary product ion has basn aobserved, but gt intake o
. »

there has heen inhibition of primary productivity in certaln varsiving wiaters

1

according to Warriner and Brehmer {1966) and Mypan and Siy

VI89) . ther
researchers have indicated that any combination of intaie Lemperatars ang !

that did not exceed 25°C wure stimulatory to primary productivity (Miller s1 ).
| y { ¥ i '

1976).  They alsa indicated that inhibitien of primary prodactivily was abuarveg

ol ¥

at discharge temperatures greater than 34°C regardless of

bient temperatures,
Other researchers have;fbund that primary produc{ivi;yfngﬁ_hgen inhibited
regardless of intakeitemperatures,with t's of 10to 30‘?7{6aft2 and Aeiss
1974). ' ' '

Moran (in press) found that primary production by photoplankton was inhibited in
the discharge area of Léke’Sangchris, a cooling lake, dﬁring,periods when water
temperatures in the discharge area were in excess of 30‘C and that the primary
productivity was,sighificant]y greater in the discharge'afeé than in the intake
area duringiperiods Qhén water temperatures were beloﬁ 3D“Cfiﬁ the discharge
area. Though other,rééearchers have found heat—relatédidifferences in
productivity, nb,sigqificant differences were found in,thiS'sLudy, probably due
to infrequent sampling and few replicates or due to the real similarity between
stations, L S

‘ ' 5.20




PER1PHYTON

1y

ﬁbia”!or periphyton densities, %nnf’*”, At divars itaes far oolloctsrng ¢

July 1978 through June 1940 are containes 1o fegtant i Oata far

den;xtius, species, dlyers?iieg, and fedﬁﬁdaﬁq\ﬁg £ Prentiony §rqérﬁg§sz

1980 through January 198! are contained in Tables 507, ARRS and ARLY,

respectively, in the appendi< of this repor:.
Composition

One hundred ‘and eighty three !3Aarwnrr identifigd fram peri qh,+,n Lq';ﬂctﬁ“ {fynr
qlass slides after quarterly 28-day exposure perinna at Four stations in unffv~ukﬁ
take (Table A5.2).  Stations included ths Intake. Discharge . and Dam areas and
Station 1 (Fig, 1.2}, ' '

Abundance

Periphyton accumulations on glass stides at four stations were significantly
different between locations (Table 5;!0)[: Mean densities {algal units-19

i Taﬁle 5.13

Mean periphyton densities (alga) unlfs . :O cm“‘) on glass slides
- exposed for 28 days quarterly from September 1978 through February
~. 19814t four .locations in Coffeen Lake. Means UﬂhetSCOItd with the
same line are not significantly dxfferent : '

Statlonrj

Oischarge S T ham T T Intake T
X 945,000 1,785, 000 3,783,000 6,432,000

: cm'2) were srqnlflcantly greater at the Intake area than all other stations,
e 51gn1ficantly qreater at the Dam area than at Station 1 and the Dtscharge area,
- 72; and not 31qn1f1cant1y dlfferent betwepn Stat1on 1. sand Lhe D1scharge area. Asl
) can be seen in Fig. 5.2, inhibition of growth did not occuriat Lhe Dlschdrge -
'area on]y in the warmpr monthq when temperatures were near 40 C The \nhlb]tjon',
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'7, qffperiphypic algal growth in the Discharge area was apparent during all
’i}éémblihg periods throughout the study; since temperalure-induced inhibition cf
'~{;pekiﬁhytic growth generaliy occurs only at tesperatures over 30°C, other factors’

' —mdStrhave,been responsible for the reduced growth rates of periphyton in-the - E
- Discharge area. -fpparently, factors related to the power plant effluent were
7 eré§p0nsibl§ for the reduced growth of periphyton in the Discharge area, It

b should,aléd be noted that the inhibitory effect on the periphyton was still
apparent at Station 1 and that growth of periphyton at the Dam area was still
siqnificantly less than at the Intake areca. There was a gradual recovery of
- frperlphytlc growth" at succ9551ve stations from the discharge around the c0\l1ng
loop to the intake. Current was a physical factor wnich was different at the
,intake and discharge areas and might have affected the colonization rates of

B beriphyton. Current was constantiy greater at the discharge area than at the
intake area and cecreased as it progressed around the cooling loop to the
intake. It is not Tikely that current alone was responsible for the observed
‘trends because periphytic grouth rates are usually posftive]y correlated with
current velocity; thus one would expect greater accumulations in the dischafge’
area.

,fhe mean density of periphyton in the Kankakee River was 6,400,000 algal units

‘10 cm‘z'using the same sampling apparatus and exposure periods based on
‘data co]iectéd'in May, August, and November of 1977, 1978, and 1979 by Coutant -
{1978, 1979b, and 1980b). A mean periphyton density for Coffeeri Lake based on.
"~all data collected from May,dAugust, and ‘November samplings in 1978, 1979, and -
71980;was 4,400,000 algal units - 10 cm-2. The lower densities in Coffeen '
Lake would‘be expected due to the generally nutrient rickh environment of most
: rivers (Williams 1964), such as the Kankakee River, plus the positive influence
~_of greater current in the river which would enhance nutrient mixing. Even so,
the intake area, which had the greatest periphyton growth in Coffeen Lake, had
 ;mpan perlphyton densities of 6,400,000 algal units + 10 cm-2,
: appro<1mately the same as: that found on the Kankakee River substrates. The
.onerall lower production of periphyton in Coffeen Lake can be attrlbuted to the'
:reduced growth in the d1scharge area which was apparent]y a result of some
rowth 11m1t1ng or inhibiting factor :in that area of the lake.
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%y:,Méjor groups

Three diVisions of algae were responsible for thé éajnri{y ot periphytiﬁ ERREY

' grow?h on glass slides in this study.. Those grcups wereg the (hloraphyla,

7 Bacillar\ophyta. and Cyanophyta {Table 5, 1]) T AS was pointed out for totai

" densities of periphyton, the mean densities of Lhnsp nagor qroups of alr1o were
always lower at the Discharge -area and 1rc:ea9ed as one procevded dround Lhe
cooling loop toward Station: 1, the Dam area, and the Intake area.  The

~ periphyton densities were always significant]y greater at the Intake area than
at the‘Discharge area (Table 5. 11)” Anong each major division periphyton '

, denslcles at Stat)on 1 were not Ay n\flcantly different from those aen;xtlps at.
the D1schatge area,

Table 5.1

‘Mean-densities (algal units + 10 cm=2) (¥) of the. Chlorophy;a
Bacillariophyta, and Cyanophyta in per1phyton collacted after quarLPrIy '
28-day exposure periods at four stations :in-Coffeen Lake -from September
1978 through February 1981.  Means underscored by the same line are not
significantly different. : B

RN 7 » : Stations. o
Divisions Ofscharge™ 1 ~ Oam T TTIntake
Chlorophytq , : , , ,

X 572,000 517,000 - 869,000 1,427,000
Bacillariophyta - : . ' T SR
R 180,000 © . 659,000 - 2,220,000 4,268, 000.
Cyanophyta L ' . c ) B :

X S 175,000 . . 258,000 & 682,000 667,000

Diversities

" Periphyton diversities computed according to the equations of Shannon (1948)
 were sigﬁifgéantly'different between sampling locations; the Liveésity of tie
".,perlphytIC algae on glass slides at the Intake area was S\qniflcantly guoate
'than the dlver 1t1es -at: the Dam and at the Olscnarge area (Tab!e 5 1?)
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fable 5.12

Mean diversities (¥) for periphyton collected from glass slidey
after quarterly 28-day exposure periods at four stations in
i Coffeen Lake from August 1978 through February 1981, Means
g underscored with the same line are not significantly different,

' - ~Stations ; ,
- Tntake T © Dam Discharge
5 X 320 30 2.61 2.42

~The gradual density increases noted for major divisions of algae as one L
"@rogreséed around the cooling loop toward the intake were not apparent for
diversity values, The méan diversities increased from.the discharge area. (2.42)
to the dam area (2.61) to Station 1 (2.01) to théilntake area (3.20). It is
"Fikely that the factors responsible for the reduced greith at the Discharge area
also were responsible for the reduced diversity of algae at that location.

“In sumnary, there were several differences in periphyton composition and', ,
'abUndAnce between stations in Coffeen Lake that may have been related to power
plant operation, ?eriphytoh.accumulations*on glass slides were significantly .
lower in the discharge area than in the intake area. Since waste heat and
current were ruled out as the sole causes of the lower periphyton growth rates,
growth'inhibitino or, 1imiting factors present in the discharge area seem \ikelx‘
as a cause for tha observed lower growth Diversity of periphyton was also ,
51gn1f1cant1y lower in. the dlscharge area than in the intake area presumably due
to the same- factors which C&Used the lower perlphytlc algal growth in the '

'd1schar3e area.
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© SECTION 6
ZOOPLANKTON OF COFFEEN LAKE

- by |

Stephen W. Waite

ABSTRACT

aAn lnvestxgatlon of zooplankton dynam1cs at Coffeen Lake was conducted from
July 1978 to November 1980 as part of an- 1nterdlscup1nnary effort to document
changes in water .quality in the cooling lake and receiving stream. General
1nformat1on was obtained regardlnq dynamics of zooplankton communities and indi?,
vidual species and of trends in standang crop biomass. The'overal1 structure off
‘zooplankton commun1t1es 1n Coffeen Lake closely resemb]eo those reported for ;
‘both Lake Sangchrls, -a- coollng lake and” Lake She]byv111e That the number or
rlchness of species was lower w1th1n the cooling loop compared to cooler'waterS'
at Stations 3 and 4 may be the consequence of power plant perturbations; '
including heat, entrainment and increased water velocities. However, morpho-
loglcal character1st1cs of the lake basxn at Station 4 (e. g, the railroad cause-
way) probab]y promoted 11ttora1 comnunities that contawned taxa not found
,elsewhere in the lake, There was 11tt1e evrdence that the therma] grad1ent :
restrlcts or enhances the dvstr1but1on of taxa to any certain reg1on of -the “;
'1ake Lake morphology and year var1at1ons probab]y were the pr1nc1pal factors
‘governlnéﬂsoatval dlsi;;out1on of speeles Stations w1th h1oh water tempera-
qtures during the’ warmest months sustalned unexpectedly hxgh diversities of B
species, but probab]y a majority of those forms resided below the thermal plume.
',Rotlfers were less tolerant of high temperatures near the discharge than were

’cladocerans and copepods The organ1c fraction of plankton mass 1ncreased with:

dlstance from the d1scharge and reflected the settling characterstlcs of fly
1ash <slag part1cu1ates ~The zooplankton: of Coffeen Lake were found to be produc—
rt1ve and viable desplte atyplcal temperature regimes, entrainment mortal1ty, and
'Tunusual water chemlstry - Short- term progects 1nvestxgated poss1b1e reasons for .
~,the pauctty and lnfrequent occurrence of Leptodora kindtii and Bosmina in.

'3Coffeen Lake and’ assessed the usefulness of two. methods for determlnlnq 200~
v'plankton entralnment ' :
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INTRODUCTION

Animal oohstituents'of the limnoplankton that inhabit electrical power plant
Vcool1ng lakes are subject to a wide variety of unnatura) conditions. -Frequent
concerns of env1ronmenta1 studies of these systems have centered on: ,(l)rprob-
lems - resulttnq from additions of chlorine and other biocides to prevent foulwng,
7(2) ‘effects of internal mechanical forces within the plant, such as turbulence,
preséure and- vacuum; and, (3) excess heat contéineo in discharge coolianWaters.
These and other concerns,’1nclud1ng ash- pond effluents, coal-pile runoff, and
brine wastes, have led to a recent environmental study at Coffeen-Lake. This
study was charged with documenting a chanqe in water quality concommitant w1th
lmprovement in water treatment procedures The overa]] purpose of the Coffeen
tent with contemporary lake manaoement practices and to assess the deqree of
‘recovery resulting from the commencement of riew waste-water treatment facili-.
ties. ' :

'The scope of the first-year zoop1ahktoo work was oriented toward asseésinq the
status of zooplankton communities 1n light= of the 1mprovement in the lake's :
“water quality. Spec1f1ca11y, 1nformat10n was. _obtained regarding numbers, com-
position and distribution of species; species diversity; absolute and relative

- abundance of major groups; and standing crop biomass. - Although these categokiesﬁ
were continued through Year 2 for comparatlve purposes, additional efforts were

v directed toward severa1 more specific eco1001ca1 and methodoloqlcal questlons
which were deve}oped as’ subprojects for this report. :

METHODS AND MATERIALS

From Ju]y 1978 through June 1980, Coffeen Lake zoop]ankton commun1t1es were
samp]ed monthly from six-permanent locat1ons (qu 1.2), four of which were .
1ntermutua1 with other progect subgroups, i.e., fish, benthos, algae Two 1, 7
amp]!ng stat1ons were established within close proximity-of the p!ant one was -
1ocated adJacent to the intake screens and the other immediately downstremn of
1'the dlscharge canal 0cca51onally, samp]es were procured from a- 6 m stratum at ;
1ithe lntake statlon (Stat1on X) ' S
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}jA!l monthly zoopiankton collectfons in Coffeen La&e ron51sted of triplicate
7,samp1es of: the water column from lake bot tom to surface at each station,
;roamp]es were collected with a subme:sible f1}ter -pump apparatus (we1te and ,
0 Grady 1980) that filtered 88 1iters of lake water per minute. It was lowered --
'g and raised ‘such that al] water strata were sampled equally. The total volume
- flltered per sample was a function of t1me allotted for ‘pumping; in Coffeen

- Lake, - 4 pumping duration of 2 minutes was adequate and thus the,total vo lume -
1:flltered at each sampling location was approxtmate]y 0.5 m3 An ethanol-

~formalin solution was used in the field to kll] and preserve the organ1sms
: 1nmed1ate]y after collectwon '

: Analytical procedures began by diluting the concentfated field samples  to .100-
' 200 ml, depending on organism density and amounts of debris and slag particles.
Fo]low1ng sample homogenation, three 1-ml subsamples were withdrawn and placed'
in gridded Sedgewick-Rafter cells for 1dent1f'fatton and counts. Ident1f1cat10nj

= keys and other published literature used in these analyses 1nc1uded ,Ahlstrom

< (1940; 1943) Brooks (1957, ,1ﬂ59,,s(hengalath (1977), Edmondson (1959), Goulden s
(1968) Grothe and Grothe (1977), Pennak (1978), Smirnov (1974), Wilson (}959),
,‘wllson “and Yeatman (1090) qngﬁyeetmeq (1959). ' ' '

' Filtering, drying, and ashing procedures described by APHA et al. (1976) here
used to compute standing stocks of zooplankton biomass. The residues were
'reported in m1111grams (mg) dry and ash-free weight per cubic meter (m3) of

o Iake water

{ Methods partlcular to the ancillary studles will be br*efly descrloed w1th1n
', those subsectwons of thTS report.

© RESULTS AND DISCUSSION-

~ COMPOSITION, DISTRIBUTION AND DIVERSITY OF SPECIES

= Sbecies COmpesitionl

’“i The month]y structure of zoop]ankton communltxes in Coffeen Lake dur1ng thls 2-71
7:‘year study closely resembled those of both Lake Sangchr1s, a cool1ng 1ake, and =
Lo : 6.3 '




Lake Shelbyville, a flood control reservoir (both lakes are within 80 km of
‘Coffeen Lake), in 1976 (Waite 1979a) (Table 6.1). The predominant taxa in
Coffeen Lake 1nc1uded 32 rotlfers, 25 cladocerans, and 11 copepods. Although.
the totals varied s]rghtly from Year 1 to Year 2, they were well within the
fexpected range of year-to-year var1ab11\ty In comparison to Year 1, Year 2 had
fewer _total spec1es at each station for al} but five monthly collections (Tab]e
'6.2), Except for September of Year 2, the overall lake means for each month’
wereigreater in Year 1. Furthermore, there was a significant difference in the
overall lake means of the two consecutive 1- -year. periods (Student's t-test, 0.01
level)

Lakewide comparisons of the number of zoop!ankton taxa in Coffeen Lake showed:
that.in virtually all collectlng per\ods in Year -1, the numbers present at ail'
statlons in the coollng loop (discharge, Statwons 1 and 2, dnd intake) were
remarkab]y similar (Table 6.2). While there were few trends showing gradual -
increases or decllnes in species numbers .in the direction of coollnq water flow
‘the mean numbers of species at the. coolwng 1oop statlons, collectively, were
'v1rtua1]y always less than the mean number of spec1es at Stations 3 and 4 for

any-particular month. During Year 2 the fewest number of taxa for all stations ,l

occurred in November and, with few exceptvons the greatest number of taxa each:

‘>month was at Station 4, whych was similar to the pattern reported for Year 1,

Contrary to obseryationS“fn Year{l, however, the species' numbers were highly

voEféb]e throughout ‘the cooling loop in Year 2. The lower oVerall number of .

' spec1es 1n the coo]vng lToop (discharge, Stations 1 and 2, and intake) compared :
to those at Stat1ons 3: and,4 may. be the consequence of of heat, entrainment-

/rrelated mortality, and water velo '

associated primarily with the former. On the other hand ‘the - rrJatlyely shallow

watefs riorth of the'railroad causeWay (Station 4 and v1c1nity)rappeared to :

promote the deve}opment of littoral taxa, many of which were not-observed in the

_ .coollng loop. These observations:were not unexsected due to the unusual
morpho]ogy of the lake basin. '

Of the rotiferan taxa reported for Years 1 and -2, more than 50% belonqed to the
i ~lor1cate family Brach10n1dae Domwnant constltuents from other fam111es in-m

‘V}the genera Synchaeta, Polyarthra. and Asplanchna. An unusually large

6.4
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Table 6.1.

Summary of numbers of zooplankton taxa collected in Coffeen Lake in

 Total

1978-1979 and 1979-1980, Lake Sangchris in 1976, and Lake Shelby-
ville in 1976. Data from the latter two lakes was derived from
Waite (1979a).. ' .
5 “Number/Take i
: Coffeen Lake - Lake Sangchris - lake Shelbyville
Taxa .- Year 1  Year 2 L . -
Rotifera 27 28 2 B 30
Cladocera - 22 20 ‘ 29 o 20
Copepoda -1 9 9 ' IR VA
60 57 65 | 62
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fractlon of the Year 2 rotwfer fauna consﬁsted of unknown tjpes, pr\marsly
un1dentifiab1e males and ‘mmature ]rfe hmsuory staqe"

The;eiadeeeranffauna,of La”e'Coffeen in Year 2 was represented by 20 species and.
six- families. ‘However, .+ t of these taxa, particulariy the chydorids,. occurred
infkeQUehfly Daphnia parvula, Dfaphanosoma Teuchtenbergianum, Ceriodaphnia'?

7 quadraqgula, and Cnxgoru< sphaericus were the domlnant forms in both study
) years. The pauc1ty of Leptodora during Years 1 and 2 of this study, also. NG’ °d
in: the Lake Sangchris study,: suggested that certain conditions (biological .

and/or phys1cochem3cal) associated with cool1ng lakes may have prevented the -
» occurreﬂce of this otherWISe common taxon.

The domlnant copepods of Coffeen Lake in both Years 1 and 2 1nc}uded the cala-
n01d D1aptomus siciloides, and to a lesser extent two cyciopoids, Mesocyclops

edax- and: Cyc]cps verna11s C. blcuspldatus thomas1, 3 coldwater species, is’ a

J:typlcal w1nter form-in several I]l1n0\s reservoirs (including Lake Sangchr1s)

~ but was rarely co]lected in Coffeen Lake. Parasitic cyclopoids on fish, such as
T]A; rgas*lus have not been collected in the1r free-1living planktonlc form. The
"th]rd order of - copepods, Harpacthcrda,Ltyp1ca]1y inhabit- - the substrate, and
cgnsequently on]y severa] individuals were collected in the plankton.

Prev1ous ana]yaes of zooplankton populations in Lake Sanqchr1s (1975 1978)
revea]ed an annual "damp1ng" of the number of spec1es present in the cooling
lopp,(Ngjte@lQ]Qa). In general, the numbers of speCIPS in temperate lakes
exhibit cyelic'leses unless natural succession and periodicity are mod1f1ed by
vsynerg1st1c effects of varlour blologucal and physvcochemxca] parameters The
annual fIULtuat1ons of spec1es numbers in the coo]1ng 1oop at Coffeen Lake more
nearly’ resemb]ed the typwcal situation- Nh1ch was exh1b1ted by populatvons in:
,unheated lake Shelbyv11]e ‘a pulse in spr1ng and/or summer followad by a
gradua] decrease to a late- winter:low. In light of the L ake Sanqchrws data,

~ this was an unllkely result because the thermal load. (in megawat;s per: acre) at
;Coffeen Lake was much greater than that of Lake Sangchris. If the dambing o
effect on zooplankton spec1es is 1ndeed a function of waste heat loads - as .
Cimplied: for Sangchrls data, then a similar damping should have been observed for -
fzooplankton popu]at1ons 1n Coffeen-Lake. Unless the latter is q,very unusuali
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lgyétem it 1s postulated that other conditions, in’ add ‘tion to or combined w1th'
3heat loads, are: 1mportant iﬂ regu‘attng zoopiankton biology in CUolinq }akes

rlrémppial Distribution of Specles

'Rotiféro. “One rotifer, ﬁOIyérthra vulgaris, occurred in nearly all coilectionS,

durinofbo:h,scudy years. “This. spectes and Synchaeta stylata were the dominant

hnnuaT forms -in Year 2. Although the brachionids were well represented the
,’occurrence of inle\dual spec1es was clearly: season -related.. In both years,

-Brachionus ang_]aris inhabited all lake areas from May through October while B
'caugggug and’ B. patulus occurred for a shortened duration in late summer. '
ﬂiﬂav1ng a preference for coo]er water, B. urceolaris was common from February
through Apr11 in both years while Tpiphanes sp. was collected at- all stations
prlmarlly in January of Year 2. July, September February, and May samples con-
tained the soft-bodied Asglanchn in Year 2, but in Year 1 this specxes occurred
contlncaily from March to October,

i ;Cladocera A typ1ca1 constituent of the scmmer fauna of most lakes in this
‘reglon Diaphanosoma leuchtenbergianum occurred from May through December at

'most samplvng stations in Coffeen Lake durnng both study vears. -That taxon, inf

: 'add1f1on to Daphnla parJula, Cer1odaphn1a guadrangula, ‘and Chydorus sphaer1cus -
" were . the four most persistent cladocerans in the lake dur1ng the study. '
~Bosminia longirostris was limited in both years to the mid- to late-spring

‘,perlod (see ancillary study on - Bosm1na) Three taxa, Uiaphanosoma brachyurum, -

»Leydlgia quadrangularrs, dnd Camptocercus rectlrostr1s, were observed: only in
w1nter '

: fCopegod - Other than naup1|1 and ropepod1ds, the: calano1d copepod D1agtomu :
- giciloides was not anly the most comnon copepod but was also the most per51stent
jzooplankter, it occurred-in every samp]e 0Of the cyclopoid fauna, Cyclops :
ve\nal1s occurred 1n at least one station throughouL the study period. Mesocy-
5ilgg§ edax was also-a dom1nant cyclopord species. . All rema1n1ng taxa were spor-

A I R G OR S A I BN & T A B & e

.adlc 1n occurrence and the harpact1c01ds were prevalent only from mid=-summer to
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Spatial Distribution of Species

"Spaiﬁai,diétribution was studied to determine i any Laxa were tonsésisn:?g
iimited'to'or excluded from any particular region{s} of the lake. RLiative}y
few taxa were restricted to one ‘station or even one qpneral region. Swdarv '
7crzsta111na,_a ]TLtOId] c%adoceran, was faund only in the December collecti on

at the dlscharge statton n Year 1; it was probably swept through the. plant'
from the 1ntake wherﬂ it was present in extzaardlnarwlj high densxt1es On arti-
ficial substrate samplers vn November of Year | (Buc}lpt 1979}, In Year 2 it
was collected in December at Station 4 and in - some cooling loop stations in May
-and June 1980. The brachionid rotifers, Colurella sp. and Brachiodgg var{abilis:
were collected only at Stations 1 and 3, respoctiVOly, in Year 1; neithef,we%e

7co]jectéd in Year-2. In Year l:no specwes were found exclusively at Station 2
VQr the intake canal. In Year 2 two cladocevans, Moina micrura and Leydmgla
,ggadrangularis, wére,co}]ected,only at Station 2, and lwo rotlfers) Fuclanis ‘and
Trichotria were collected in the intake regions exclusively. Station 4,'th¢h
iwaSjnof a direct part of the cooling loop, favored the exclusive deveIOpment,bf
several littoral species, including three copepod species, Leydigia acanthocer-

coides; Brachionus rubens, and Daphnia'schod]qgi. Species occurring only at
Stations 3 and 4 combined were Alona costata, Notholca sp. and- Camptocercus '
‘rectirostris. - Daphnia 1ongfremis was the only taxon limited to the first half
of the cooling lpop (discharge, stations 1 and 2) dufing Year 1; it did not
occur in Year 2. Taxa collected only from cooling loop sta{ions included. =
“Brachionus bidentata (statiéns 1 and 2), ﬂx&iligéksp; (discharge, Station,2);
' fMonostyla bulla (intake, discharge' Station 2), Alona costata and A. :guttaté'
~(stations 1 and 2). The" occurrence of the cyclopoid Cyclops verna11s was '
“restricted to the intake and stations 3 and 4.

 3There appears to ‘be Jittle conc]uswve evvdence that the thermal qradxent consws-f
ffggz];'restrlcts ‘or enhances the productlon o‘ specific taxa within auy certa1n‘
Freg1on of .the lake. ' “Rather, it is more likely that 1ake morphologwra] featuyes :
Z(Hgéﬁlfbélagié véksus shallow, 11ttora] regions) and natural year-to-year. varia-
f;tlons in populatlon occurrence are the principal . factors govern1ng spat1a1 dws-

_g9r1but1on of spec1es
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