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ABSTRACT

Lyman lakes in Northfield, Minnesocta have a combined
volume of 30,600 cubic meters and are fed sequentially by

& stream which drains agricultural land and has a minimum

O

ischarge of .25 cubic meters per second. Temperature,
PH, and concentrations of phytoplankton in the water
increase steadily moving downstream through the lakes.
Because concentrations of nitrogen are very high relative
to concentrations of phosphorus, it would at first appear
that phosphorus is the limiting factor which controls the
growth of phytoplankton in the lake. However, because the
average residence time cof water in the lake is only 36
hours and the doubling time ¢f the most prolific
populations of phytoplankton is rougly 2 cays, it is the
rate of flushing by spring creek which limits the growth
of algae in the lakes, keeping the concentratiocns of
chlorophyl a crders of magninitude lower than what

rhosphorus concentrations would otherwise predict.
INTRODUCTION

Lyman lakes, situated on the campus of Carleton
College in Northfield, Minnescta, are formed by two
consecutive dams in Spring creek. Draining an area of

~roughly |four|square miles of agricultural and residential
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land, the creek meanders through glacial till and over
calcareocus bedrock of the Prairie du Chien group. Because
of the large amounts of sediments which have settled into
the lakes within the past 20 years as well as the annual
spring bloom of attatched algae which leaves the lake
filled with unattractive, decaying organic matter, there
has been a growing interest in the geology and ecology of
this system which in turn has led to a project funded by
the college to study the problem. The purpose of this
paper is to discuss the ecclogy of the lakes, in
particular to determine how nutrients and other factcrs
influence the concentrations and distribution of
phytoplankton.

METHODS

Data for the project was collected on two occasions;
may 15, after a number of days of intermittent rainfall
which éid not change the discharge of the creek
appreciably, and may 18, after 2 days of clear weather.
Six water samples were taken at various points along
spring creek and in Lyman lakes in the hopes that they
might show trends in the data, in particular the
distribution of chlorophyll a, as an index to
concentration of phyteplankten. Samples which were not
used immediately were stored in nalgene bcottles in a
freezer. Velocity of the creek was measured 100 meters

constant along the length of the stream. For each sample,
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ammonia, phosphorous, and Chlorophyll a were measured;
ammonia with an AN-10 CHEMetrics ammonié nitrogen test
kit, phosphorus with a PC-10 phosphate test kit and
chlorophyll & spectrophotometrically using a Bausch and
Laumb Spectronic 20 according to the method described by
Taras et al (1971). 1In all cases, the test kits yieldead
readings less than .lppm, the lower threshold for the
kits. For that reason and also because the kit used for
ammonia was outdated by three years, ammonia was also
measured by the nessler method using a Bausch and Laumb
spectronic 20 according to the procedure described by
Taras et al (1971) PH was measured for each sample in the
second group using an electronic pH meter, and temperature
was measured at each station and at various depths in the

lakes.

Data provided by Schilling Envirconmental Consultants
(Schilling, 1984) was much more extensive and therefore
more useful than was the data collected exclusively for
this paper. Schilling analysed samples which were taken
on seven occasions during the summer of 1984 at three
stations in Lyman lakes; one in upper Lyman and two in
lower Lyman. Schilling provided data for pH, temperature
and veolume of the lakes as well as concentrations of
chlorophyll a, ammonia, inorganic nitrogen and phosphorous

{tables I-VI)
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The literature (Chiaudani and Vighi, 1974, Schindler,
1674, Jones and Bachmann, 1976, Dillon and Rigler, 1974)
suggests that phosphorus, and less often, nitrogen, is
usually the factor which limits the growth of
phytoplankton in lakes. To investigeate this possibility,
the concentrations of total phosphorus were plotted
against the concentration of chlorophyll a for each lake

and a regression line fitted to the data.
RESULTS

Concentrations of ammonia and phosphorus were to low
to detect using either the CHEMetric test kits or fcr
ammonia, the nessler method. For the nessler methed, a
Bausch ancd Laumb Spectronic 20 was used to measure change
in color c¢f the samples when nessler sclution was added.
Unfortunately, because the nessler solution itself has a
glight tint eand the concentrations ¢f ammonia were o low
in the samples, the optical density of the sample varied
substantially with & small change in the concentration of
nessler solution regardless of the ccncentration of
eammonia. As & result, the ficgures for emmonia and

phosphate concentrations are ambiguous.

Data for chlorophyll a is mcre useful; apart from
two figures which are clearly out of order, the data shows
a steady increase in concentrations of chlorophyll a in
the water column as the water flows downstream and through

the lakes, a fact which is not surprising cecnsidering that
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the water is first exposed to the open sun only 100 meters
above upper Lyman lake. The only cother anomaly is a high
figure cf 21.6 ppb of chlorophyll a for the sample taken
from the west side of Mai-fete island in lower Lyman lake,
in comparison with 17.9 ppb below lower Lyman.

Considering that the water doubtless does not ficw evenly
through the entire lake, it is possible that the high
concentrations of phytoplankton mark places where the

water tends to stagnate.

Cne other significant feature of the data for
chlorophylil a is that the concentrations of chlorophyll a
reported for the second round of sampling are
substantially locwer than those reported for the first
round. Although there may be a true difference in
concentraticns from the first week to the next, it is also
possible that because the two sets of samples were not
treated exactly the same way before extraction of the
pigment, the figures represent that difference in
procedure; the first set of samples may have released
more chlorophyll because the cells were thoroughly
destroyed when they were frozen, in addition to being
mecerated manually, as were the fresh cells of the second

set.

If the two samples represent a true drop in
concentrations of chlorophyll a from one week to the next,
the difference may be explained by & drop in the rate of

photosynthesis coupled with a flushing of the
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phytoplenkton by the creek. Considering the bright days
and lack of precipitation between the dates of the two

samples, this seems unlikely.

Measurements of pH were consistently high; all of
the six samples measured yielded a pH of 8.0-8.1. This is
in contrast to the data for the summer of 1984, where the

pH consistently dropped from the upper lake to the lower.

Measurements of temperature indicate a smooth
gradient starting at 12 degrees celsius in egpring creek
rising to 16 degrees between the two lakes and then to 19
degrees at the dem below lower Lyman lake, with no
substantial stratificeation vertically; the lakes are for
the most part less than a meter deep. This data agrees
with that of Schilling; although Schilling did not
measure temperature vertically, in all cases except one
the temperature was higher in lower Lyman than it was in

upper Lyman lake.

Measurements of nutrients in 1964 by Schilling yield
numbers which do not contradict those taken personally;
concentrations of phosphates are on the order of .Cl ppm,
those of ammonia .l ppm, and inorganic nitrogen 10 ppm and
the ratios of nitrogen tc phosphorus are on the orders of

tens to hundreds.

DISCUSEICN
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The high pH levels in the stream and lake are almost
undoubtedly a result of the stream cutting through
calcearecus sediments of the Prairie du Chien group above
the lakes. The subsequent drop in pH from cone lake to the
next which consistently shows up in the data provided by
Schilling is probably a result of the assimilation of CO02
by photcsynthetic plants; CO2 dissociates in water to
form carbonic acid, so the assimilation of C02 due to
photosynthesis tends tc raise the pH (Goldman and Horne,
1883). A corresponding rise in the ccncentration of 02 in
the lakes due to photosynthesis is also reflected in the
data provided by Schilling. This rise in both pHE and
concentrations ¢of 02 suggest that time, rather than
nutrients are the factor limiting the growth of
phytoplankton in the upper lake; the potential for growth
is not realized immediately and so growth in the
pepulation of phytoplankton continues in the lower lake
with & corresponding rise in pH and (02 concentraticns in
the water. The data for temperature lends credence to
this theory; because the temperature steadily increases
cdownstream through the lakes, it appears that the
temperature is increacing with the amcunt of time the
water spends in the lakes, rather then being in

equilibrium with ambient air temperature.

The literature (Reynclds, 1976) suggests that the
relative concentratione of nutrients has a substantial

effect on the ecosystem of a lake. 1In particular, the
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absolute cencentrations of phosphorus and nitrogen as well
as their relative concentrations often determine the

density of photosynthetic material in a lake.

Megard (1972) discusses the relaticnships among
phosphorus and photosynthesis in lake Minnetonka and comes
to the conclusion that there is a strong correlation
between the two. Jones and Bachmann (1976) argue even
more persuasivly that there is a strong correlation
between the concentration of total phosphorus and
concentratione of chlorophyll a in lakes of various types
and from a broad geographic area. 1In their study, they
found a straight-line relationship between the two
variables, a phenomencn observed by Dillon and Rigler,
(1974). Crucial to this argument is the premise that
phosphorus is the limiting nutrient, the nutrient which is
in short supply for the phytoplankton. Chiaudani and
Vighi (19874) studied the question of nutrient limitations,
growing phytoplankton in cultures with various
concentrations of nitrogen and phosphorus. They learned
that the atomic ratios of nitrogen to phesphorus in algal
cells ranges from 10:1 to 20:1 which corresponds to a
ratio in weight from roughly 4.5:1 to ¢:1. The results of
their study indicated that phosphorus, rather than
nitrogen, will be the limiting nutrient if the nitrogen to
phosphorus ratio is less than 10:1. Forsberg (1980)
accepts that principle, but places the retio higher, at

17:1, although he does not offer data to defend that
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ratio. Schindler (1964) dramatically demonstrated this
principle in & lake in northwestern Ontario, where he
divided the lake with a plastic curteain into two basins,
adding nitrcgen and sucrose to both basins, and phosphorus
to only one. Schindler states that photosynthesis was not
affected in the basin receiving cnly nitrogen and sucrose,
whereas the basin receiving phosphorus as well rapidly
became highly eutrophic, demonstrating that the population
of phytoplankton in the lake was limited in growth by low

concentrations of phosphorus.

The data froem Schilling indicates that the nitrogen:
phosphorus ratios for Lyman lakes are always well above
16:1 and so it is impossible that nitrogen is limiting the
growth of phytoplankten in the lakes. A plot of
concentration of phosphorus against coﬁcentration of
chlorophyll &, provided by Dillon and Rigler (1974) shows
that for phytoplankton limited by phosphorus, there is a
straight line relationship between the two variables, with
a slope of abcut 1.5 and an r of .97 (fig. 1I). Plots of
the same variables for upper and lower Lyman lakes yield
regression equations with slopes of .02 and .05, and
values of .68 and .27, respectively; concentrations of
chlorophyll a in the lakes would have toc be orcderes of
megnitude higher for its growth to be limited by

phosphorus.
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Dillon (1975) discusses the importance of the rate of
flushing on the degree of eutrophication of Cameron lake,
Ontario. The upshot of his argument is that although the
annual flux of phosphorus into the lake is very high, on
the crder of grams per square meter per year, the lake is
not eutrophic because ¢f a high rate of flushing; 14 to
19 exchanges per year, which transiates intc an average
residence time for water in the lake of less than a month.
Reynolds (1976) points out that the lowest doubling time
for the most prolific populaticns of phyteplankton is
about 2 days, so that a population would on the average
double at most a dozen times in cameron lake befofe being

flushed out of the lake.

At a velocity of .33 m/sec, it takes just under an
hour and a half for water to travel the one mile length of
spring creek above Lyman lakes. With the total volume of
both lakes at 30,600 cubic meters and a base flow of
Spring creek of .25 m/sec, the maximum average residence
time of water in the spring creek/Lyman lakes system is 36
heurg, less than the doubling time for the most prolific
phytoplankton. The inescapable conclusion is that it is
residence time, not nutrients, which limits the growth of

phytoplankton in Lyman lakes.
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- ‘ TABLE I

Parameter - Units

ROW Parameter Description Units
#1 STATION Lake Sample e
#2 DATE Date of Sample o Year-Month-Day
#3 TALKA Total Alkalinity mg /L%
#4 CHL-a Chlorophyll a mg /L#*
#5 COLOR Color (apparent) Platinum~-Cobalt Units
#6 NH3-N Ammonia Nitrogen ng/L
#7 NO3+NO2-N Nitrate + Nitrite Nitrogen ’ mg/L
##i8 TKN Total Kjeldahl Nitrogen . mg /L
.. #9 ORG-N Organic Nitrogen ng/L
#10 pH pH Standard Unit
#11 TPHOS Total Phosphorus ’ mg /L
#12 OPHOS Ortho Phosphorus mg/L
#13 SUS-SOLIDS Suspended Solids . : mg/L
#14 SPEC-COND Specific Conductivity umhos
#15 = TURB Turbidity Nephelometric Turbidity Unit
#16 FCOL Fecal Coliform ~ No./100 ml "
#17 FSTREP Fecal Streptococcus No./100 ml
#18 N:P (SOL) Inorganic Nitrogen to Ortho Phosphorus ratio -
#19 N:P (TOT) Total Nitrogen to Total Phosphorus ratio -
#20 SECCHI Secchi disc transparency 4 ‘ . . meters .
#21 TEMP C Temperature degrees Centigrade . R ~ °Cc
#22 DO Dissolved Oxygen ‘ SIS mg/L% -
#23 FC:FS Fecal Coliform to Fecal Streptococcus ratio" S = T

# milligrams per liter or parts per million - LT R ;;_fw -
&% micrograms per liter or parts per billion - -
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TABLE II
1 2 | 3 | 4 | s | s | 7
1 _|Station ULL-01 e, ST OO e,
2 |DATE o] 840625 : 840710 : 840726 : 640607 : 840829 : 640919
3 _|TALKA i 2080.00 : 140,00 : 272.00 : 290.00 : 296.00 : 260.00
4 |CHL=a . WA L] 11,00 : 7.10 - . 2.10 : . .30 : ... <1.0
S_|COLOR . 20.00 : $0.00 : 15,00 : 20.00 : 10.00 : 15.00
6 [NH3-N 0.17 : .. 0.31 : . 6.22 : . 0.34 : / 0.09 : 0.09
? |WO3eHO2-H  : 9.60 : . 3.90 :  6.80 : 9.90 : ... 8.90 : .. 8.70
8 TR 0.59 :  1.40: 0.64 : . 0.59 : 1.00: 0.37
$ |ORG-N . 0.42 :  1.09 : 0.42 : 0.25 : . 0.91 . .. 0.26
10 jpH 7.85 : 7.68 : 7.92 ;. .47 ;. 7.67 . . 7.60
19 |7PHOS 6.04 : . 0.19 : . 0.32 : . 0.05 : . 0.03 : . 0.03
12 |IOPHOS . ... 8.01 : . 0.02 : . .01 . €0.01:  <0.01:  <0.01
13 |sus-soLiDS  : | 12.00 : 57,00 : 16.00: 7.00 : . 4.00 - - 8,00
14 |SPEC-COND  : ! 680.00 : 290.00 : 570.00 : 500.00 : 540.00 : 580,00
IS JTURB ... .. 4.00 : 34.00 : 4.70.: .. 2.40 : . 1.50 :  18.00
i6 |FCOL o NIA . WA 54,00 : 160.00 : 54.00 :  92.00
82 |FSTREP ... WA c WA - 100 : | 540 : 50.00 : 73.00
18 juP(soL) - 997:1 2101 G- 1804:1 @ 204831 © 179831 : 1756: [
19 |ep(TOT) | © 260:1 2ei G 291 3501 1 33017 302
20 |seccwi : - 0.8% 0.4 : 0.75%  0,75%: 0.75%: . 0.70% .
21 |TEMP € . 19.00 : 22,5 : 20.00: | 6.00 ;1650 : ~ 14.50 |
22180 G 11.20 : 6.4 13.60 : 12.60 : 5.80 :  5.20 |
23 [FC:FS WA 1 WA 0.50 : .. 0,30 : 1.10° -1.30;
2 | e, e T o= ; ) .,.‘-:
25 | e ........................................................................... ..
26 |*Secchi disc_restingonbottom. .t Gl
27 |esSuspect value. S T R T
28 | . i e,
29 ..........................-...--................................................. ....................................
B0 | i
3§ ....................................................................................................................
B | e e PO
33 ....................................................................................................................
3% ...............................................................................................................
35 ........................................................................................................
36 ...................................................................
R R s S
e S

....................................................................................................................




TABLE TII

1 2 | 3 | 4 | s | & | 2

i {Stationiil-01 e, ST ST e, SN
2 |DATE ] 840625 : 840710 : 840726 @ 840807 : 840829 : 640919
3_|TALKA 270 : 250,00 :@ 237.00 @ 240.00 : 270.00 : 260.00
¢ |CHL-a i 60 : 13,00 : 29.00 : 15.00 : 26.00 : 26.00
5 |cOLOR  : 35.00 : 30.00 :@ 25,00 35.00: 20.00: 20.00
6 |WH3-H 0.09 : . 0.2 :  0.06 : 0.50 : 0.04 : . 0.29
7 _|WO3+NOZ-N ;. 6.50 : .. 4.90 :  4.90 : 7.60 :  6.80 : | 6.20
8 |TKN i 1.10 : . .16 :  G.90 : 0.86 : .10 : 1.00
9 ORG-H 101 0.89 : . 0.84 : 0.36 :  1.06 : .71
10 e 8.04 : ... .93 299 . 7.86 : 6.2z : 8.13
18 |TPHOS ... 0.2 : .. 0.05 :  0.36: 0.03 :  0.04: 0.07
12 [OPHOS  © <0.01 : <0.01 @ <0.01 : <0.01 : <0.01 : <0.01
13 |SUS-SOLIDS :  28.00 : 11.00 : 15.00 : ~3.00 : 7.00: 13.00
14 |SPEC-COMD _ : | 650.00 : 470.00 : 830.00 : 380,00 : 490.00 : 520.00
IS JTURB ... 9.50 : .. 6.00 i  5.40 :  3.40 : 3.80 : 38.00
16 |FCOL i NIA & WA ] 13,00 :  92.00 : 92,00 : 24,00
17 |[FSTREP ... WA RIA 5. 0.00 : 30,00 : 70.00: 3.00
18 |W:P(sOL)  : . 1316:1 ¢ 1022:10 @928 : 1620:1 : 1326:1 : 129831
19 \WP(TOT) & 631 . 12001 1581 28231 ¢ 192:1 ot 1031
20 |SECCHI G 0.80 : . 0.85 : 0.80 :  1.10: 1.15: 0.95
21 [TEMP € 21,00 : 20,50 : 23.50 : 24,00 : 23.00: 16.30
22100 i 13.60 : 7.50 1 17.10 :  11.90 : 10.90 : 12.60
23 |FCFS i WA Do WAL 13.00 0 3.10 :  1.30.: 8.00
24 | e RIS AT
25
2§ ...................................................................................................................
2? ........................................................................................... e seesecrvrmnnn ‘“"’..
26 ...................................................................................................................
29 ...................................................................................................................
3@ ...................................................................................................................
B0 | e e
32 ...................................................................................................................
33 ...................................................................................................................
3§ ...................................................................................................................
35 ..................................................................................................................
3@ ...................................................................................................................
3? ..................................................................................................................
38

...................................................................................................................




1 [ 2 T 3 | 4 | s | & | 1
§ |Stationtti-02 o : .............. : ................ e : ...............
2 [DATE 840625 : 640710 : 840726 : 640607 : 640629 : 840919
3 |TALKA 270,00 : 260.00 : 241.00 : 240.00 : 270,00 : 260.00 )
4 |CHL-a  :  56.00 : 14,00 : <ies : i?.00 : 27.00 : 9.80 | £
$ |COLOR  : 25,00 : 30.00: 20.00: 35.00: | 15.00 : 20.00 |
G _NH3-N 0.08 : . g.1% - G.11 : . 0.07 : . 0.04 : . 0.03
7 |NO3+NO2-H . 6.90 : . .20 : 3.00 : . ?.00 . 6.50 : . 6.20
8 |TKN 0.94 : 1.30 : 0.7% : .. 0.86 : . 1.30 . . 0.73
9 |ORG-H 0.86 : 1.19 : 0.60 : 0.79 : ...1.26 : 0.70
10 oM 8.05 : . 8.09 : . 8.02 : . 2.87 . . 8.20 : . 8.04
18 JTPROS i . 0.10 : . 0.09 :. 0.31 : . 0.04 : .. 0.04 : 0.05
i2 |OPHOS .  €0.01 : <0.01 : <0.01 : <0.01 - .01 : <0.01
i3 |Sus-soLiDS - | 17.00 : 8.00 :. 16.00 : 10,00 : 7.00 :  12.00
14 |SPEC-COMD  : | 590.00 : S00.00 : 530.00 : 390.00 : 460.00 : $30.00
85 JTURB L 6.00 : . 5.80 : 3.70 - . 4.40 : 3.40 - 26.00 } - -
16 |FCOL M/A WA WA 35,00 :  92.00 : 24.00 o
12 |FSTREP . @ . NIA N/A 1 N/A TD 0 20.00 1 20,00 : 29,00
18 [WP(SOL) - : 1396:1 . 1462:1 @ 622:1 :  f4f4:1 - 130841 1246:1
19 [WP(TOT)  : 7l o 94t - t2:1  : 196:1  : 19%st - 13958 | _
20 |Seccl 0.90 . . 0.85 : 1.05 : 1.20 : ~1.10 : - ‘1.30 } -~ - —
21 |TeMP € 22.00 : 20.50 : 23.50 : 24.00:. 22,50 :  15.50 -
22100 i 10.60 : 7.80 @ 14.50 : 12,30 : 12.10 : 11,70 |~ -
23 ;FR":".'?? .................... WA WA G WA 1.5 4.80 0,80
2 | e e, T
25 ??.3??193:.‘??..#9‘.95: .................................................................... S BTl —
2 | e i, e e, =
2 |, =
2 | e e, _
29 .....................................................................................................................
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b fStationtli-02 ot ioiool i
2 |DATE .0 640625 | 040710 : 840726 : 040807 : 640029 : 640919
3 |TALKA i 270.00 : 260,00 : 241.00 : 240.00 : 270,00 : 260.00
4 |eiza 056,00 1400 e 17.00 1 27,00  9.80
S JcoLoR  © 25,00 : 30,00 20.00 35.00 15.00 0 2000
6 luM3-N .. 0,08 1 0,11 : 0.11:  0.07:  0.04: 0.03
7 |no3enozH i 6.90 1 [ 7.20 0 3,00  7.00:  6.50: 6:20
8 ITKN e 0.94 1 1,30 0,71 :  0.86: 1.30: 0.73
9 Jore-N ... 0.5 | 1.9 : 0.60: 079 126 0.70
10 JpH e 6,05 | 6.09: 8.02: 7.67:  8:20: 8.04
10JTPHOS D 0.10 1 0,09 : 0.31: 004  0.04: 0.05
12 |OPHOS 1 <0.01 . <0.01 : <0.01 i <0.01 : <0.01 : <0.01
13 |SUS-SOLIDS 17,00 :  8.00 : 16.00 % 10.00 %  7.00: 12.00
14 |SPEC-COND  :  590.00 : 500.00 : 530.00 : 390.00 i 460.00 : 530.00.
1S |TURS ... 6,00 0  5.80 0 3.70 . 440  3:40 7 26,00
16 JFCOL . _..i.... WA P WA WA 35.00 0 92:00 % 24,00
17 |FSTREP ... WA P WA WA 20,00 0 2000 ; 29.00
18 |WP(SOL) 13961 1462u1 : B2zl i 1414 G 13061 124831
19 |WP(TOT) 1 ret o odn Mzl 1981 1 M98 13%:1
20 |SECCHI . ... 0,90  0.85 . 1.05:  1.200 1.0 1,30
21 |TEMP € 0 22,00 : 20,50 : 23,50 : 24.00 0 22.50 : 15.80.
2200, ... 10,60 | 7.50 0 14.50 : 12:307% 12,10 % 11.70
23 [FCFS ... WAL WA WA G178 4800 0.80
OO OO OO FOUUUOOO APPSR R
25 fi‘?.‘é??ﬁ?i..‘.‘ﬁ‘.%iﬁt .................................................................................... e
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TABLE V

{ | 2 | 3 1 4« | s | e | =
1_|Mean: (LLL-0T +LLL-02) . e
2_[DATE i 840625 : 840710 : 840729 : 840807 : 840829 : 840919
3_|TALKA i 270,00 : 255.00 : 239,00 : 240,00 : 270.00 : 260.00 |
4 |CHL-a 58,00 : 13,00 : f4ee : 16,00 i 27.00 : 16,00 |
S |cOLOR : 30,00 : 30,00 : 22.00: 35.00: 17.00 : 20,00
6 _|NH3-N 0.08 : 0.16 :  0.08 : 0.28 : 0,04 :  0.16
?_|NO3+NO2-H 6.70 : 6.05 :  3.70: 7.30 i 6.55 : 6,20
@ ITKW i 1,02  1.20 i 0.80 : 0.86 :  1.20 i  0.86
9 [ORG-H i 0.93: 1,64 : 0,72: 0,57 : 116 :  0.70
100 8.04 : 8.01 : 8.00: ~ 7.87 : 8.21 : 8,08
18 |TPHOS G 0.11 : 0.07 : 0.33:  0.03: 0,04 :  0.06
12 JOPHOS © <0.01 : <0.01 @ <0,01 @ <0.01 @ <0.01 :@ <0.01
13 |sUs-sOLIDS : 22,00 i 9,00 i 15.00 : 6.00 : 7.00 : 12,00 | _
14 |SPEC-COND @ 620,00 : 485.00 : 680.00 : 385.00 : 475.00 : 525.00
st 7.70 5.90 i  4.50.  3.90 i 3.60 :  32.00
16 |FCOLs i N/A P WA 13,00 : 57.00 : 92.00 : 24.00
17 |FSTREP e N/A WA 0.00 : 24.00 : 37.00 :  9.00
18 |N:P(SOL)  © 1357:1 © 124231 757 G 1517:0 : 13ien1 1272 | =
19 |WP(TOT)  © 70: 1071 131 i 239:1 G 1931 ofet | T
20 [SECCHI 0.70 : 0.65 : 0.90: 1.10: .10 : 1.0 =
21 |TEMP C 16,70 :  20.50 : 23,50 : 24,00 : 22,70 : 16,00
22 |pg i 12,10 : 7.50 :  15.80 : 12,10 : 11,80 :_ 12.10 |- = =
23 |FCFS N/A o WA 13,00 : 2.40 : 2,50 i 2.70|
B L TR = =
25 |elogarithmic mean. . ]
26 “‘5“3930“’0‘“3 .... -
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Percent Change: ULL - 01 vs Mean (LLL-01 ¢LLL=-02) &
DATE ........840625 : 840726 : 0840726 : 840807 : 640829 : 040919
TALKA .0 MEG 1 POS i WEG i MEG : NEG : MNEG .
Cit-a i 0 ... .POS G POS_ I POS : POS i POS
COLOR & POS i NEG i POS : POS i POS POS
NH3-H G NEG i MEG NEG @ MEG i NEG i POS
NO3eMO2-N  : NEG i POS NEG : NEG : MEG : NEG
LLC POS : NEG i POS : POS i POS i POS
ORG-N o POS - MEG @ | oS : . POS : POS POS
pH i POS i POS i POS i POS i POS  :  POS
TPHOS i POS : MNEG . POS .0 i POS i POS
oPHOS o WEG  : MEG . 9 .0 :i..0 o0
SUs-soLios  : POS : NEG @ | MEG : MEG . POS : POS
SPEC-COND  : NEG i POS POS : NEG © NEG i MNEG
TURB POS .. MEG @ NEG : POS : POS : POS
FCOL i 0 .0 NEG : NEG i POS i NEG
FSTREP © 0 0. i MEG : NEG : NEG : MEG
WP(SOL) POS : POS i - NEG : MEG G NEG : MNEG
WP(TOT)  © MEG : POS i MEG : MEG' : NEG  : - NEG
SECCHI i 0 i .POS i 0 0. i 0 . i .0
TEMP € i POS : MEG & i POS_: POS G POS : POS .
0O i POS : 0 i PGS NEG : POS : POS
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