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| “The marine ecologist needs to observe his .subjects in a controlled
environment. The open sea is too big; the laboratory beaker is too small".

(New Scientist - February, 1967)

INTRODUCTION
Since the late 1950's experimental ecosystems have been Wide]y

used in Europe and North America for a variety of specific purposes by

different scientists. Some were interested in doing experiments under’

‘natural conditions to study p]énkton ecology and impfove productivity

measurements (Thomas, 1958, '59, '60 and '61; Strickland, 1960; Goldman,

'1962;'McConné1], 1962; Antia et al.. 1963; Strickland égqgl. 1969,

Kemmerer, 1969); to study sedimentation processes (Charlton, 1975),and

to understand the phosphorus cycle (Lean et al., 1975). Others wanted

. ¢ther artificial ecosystems could or could not be used to
tesi the effects of toxféaﬁts ofidther l."sjt‘iﬂess'sub}s’c‘ances" on bodies of |
water and to see if the information provided could be extrapolated to
natural ecosystems (Gatelier et al., 1973; Metcalf et al., 1971, 1973;
Cepex Project, to be published).  In October,.1974, the Great Lakes Biolim-
nO?Ogy Laboratory initiated a series of studies on four Lake Column
Simulators (LCS). Three experiments have now been run in order to beceme
familiar with the Lake Co]dmn Simulators and to observe the effects of
dredged spoils on aquatic biota. .‘

The choice of studying dredged spoils, amohg the different sources
of lake pollution, has been done because of the little informétion actually
available on dredged spoils. The economically vital communication syStem

represented by the Great Lakes is threatened by excessive accumulation of
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‘sediments in some areas. In order to keep this waterway navigable,

bottom sed1ments from the main harbours have been dredged for several
decades. The actual annual vo]ume of dredged spo1]s (approx1mate1y 15
million cubic metres) is not expected to change during the coming years.
Regard1ng the d1sposa1, jt is recommended tb continue open ]ake'disbbsa]

of unpo]]uted dredged spoils because of the relatively high cost of confined
disposal (Raphael et al., 1974). Yet the effects of dredged spoils on

the fauna and flora living in the open lake waters are not well established
and there is no “criferia for determining the elegibility of dredged spoils
for open lake disposal. |

1 collected during

This report deals exclusively with the ATP data
the three experiments. It is written- to clarify the effectiveness of |
ATP as an environmental parameter in artificial ecosystems undergoing
natural and stress conditions and to indicate some limits and poss1b111t1es

of Lake Column Simulators for predictive env1rohmenta1 purposes.

L The team of G.L.B.L; who pérticipated on this project intends to
publish all the results in a more comprehensive report in the near future

v St Sz




DESCRIPTION

1. Lake Column Simulators

The four stainless steel Lake Column SimU]ators'uSed are 4.5 metres
high, 1 metre in diameter and contain approximafeTy 3500 litres. The
temperature is controlled at 22°C in the epilimnion and at 12°C in the
hypoTimnion (the thermocline is estab]ished between 2.25 énd 2.50 m using
a sdbmerSib]e'pumb which mixes the épinmnetic water). An automated
lighting system with a 15 hour light period simulates dawn, high light
and dusk (the maximum 1ight intensity is -about 2000 ergs‘cm'z,s']). A1l

-the specifications are detailed in an “operational -manual for lake column

simulators" issued by the manufacturer (Techwest, 1970).>

2. Experiments

» ﬁ“;?;  aber ?}%924?§Dd §€fmantéd'Oh~
Decewber 5; 5974;- Cb]umn 1 §§Q1d hdt‘bé Qged.because of téchnfca1 dif-
ficulties. Columns 2, 3 and 4 were filled with raw hypolimnetic Lake
Ontario water collected 1/2 mile offshore of the pumping station of the
Hamilton fiTtratidh plant. Only one treatment (A) wés applied (Table 1).

It consisted of an addition of inorganic nutrients (Ne. 10 Chu medium,

1942, Appendix 1) 3 times é week. Column 2 received 33.6 mg P/week,

~ Column 3 received 16.8 mg P/week and Column 4 received 8.4 mg P/week).

Simultaneously  algae (Stephanodiscus binderanus, Ankistrodesmus falcatus,

and Scenedesmus,qugdri;agda) were innoculated.
The second experiment started on December 10, 1974 and terminated .
on April 10, 1975. The four columns were filled with raw hypolimnetic

Lake Ontario water collected 1/2 mile offshore of thé'pumping station of




Hamilton filtration plant. Three different treatments (A, 8 and C)

were consecutively app]ied (Table 1). Treatment A consisted of an
éddition of[aUtocTaved éénd (48.7 kg wet weight per column), an addition
of inorganic nutrients 3 times a week (No. 10 Chu medium, each column
received 16.8 mg P/week), scraping of the wall three times a week to

avoid periphytOn growth, algal inoculation (Ankistrodesmus falcatus,

Scenédesmus quadricauda and Chlorella pyrenoidosa) and fish addition

(Notropis atherinoides). Treatment B started on January 20, 1975. As

well as Treatment A, yeast extract was added to the four columns, 5 times
é'weékh(‘from,]5.7 g/week at the beginning it was gradually reduced ~
to .25 g/week 6n February 19, . and re—inéreased to 1.96 g/week on
February 21 until the end of the experiment).j Treatment C was abp]ied
from March 25 to April 10. As well as Treatments A and B, dredged spo1ls
collected op the bottom of Port Stanley harbour, 0ntar1o were added

5 times a week in column 3 (354 g/day) and column 4 (35.4 g/day),

columns 1 and 2 did not receive any dredged spoils.

Experihéni i_ ' EXperiment 1 - Wéxﬁéfﬁment 111
Treatment _ . Inorganic Nutrients |
A Inorganic Nutrients Sand - none-
Algae . : - Algae
Fish
o : ‘ | Inorganic Nutrient
' _ Treatment A + Sand
Treatment norie Yeast Extract Algae
B Fish
Yeast Extract
Treatitent none |- Treatment B + Treatment B +
C . , ‘ L Dredged Spoils | Dredged Spo11s

Table 1: Summary of experiments run in LCS.
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. The third experiment started on April 21, 1975 and terminated on
| | August 8th, 1975. The columns were filled with raw hypolimnetic Lake
Ontario water collected T/Z_miTe offéhore of the pumping station of the
Hamilton ff]tration plant. Only two treatments (B and C) were applied
- (Table 1). Treatment B censisted of an addition of autoclaved sand
(25 kg wet weight/éo]umn), an addition of inorganic nutrients 3 times
a week (No. 10 Chu medium, each column received 16.8 mg P.week), an
addition of yeast extract (1.96 g/week), scraping of the walls, algal

inoculation (AnkistrodeSmusffa1catus, Scenedesmus' quadricauda and Chlor-

ella vulgaris) and fish addition (Notropis atherinoides). Treatment C

was applied from June 11 to August 8, 1975. As well as Treatment'B,

dredged spoils co]]ected on the bottom of Port Stanley harbour, Ontario,

O - r;ﬁwere_vadded '3 twmes a week. -Column 1 received 33 g/day, Co'lumn 2 received
.33 g/day and Co]umn 3 rece1ved 3.3 g/day; Column 4 did not receive any
dredged spoils.

3. Samp]ihg
In the epilimnion, continuous samples were taken with a 2 metre
long tube. In the hypolimnion, compos1te samp]es were taken at approx1—

mately 30 cm from the inside wall with a need]e syringe through 4 different

samp11ng pores.
4. Data Pool

Temperature, light extinction and dissolved oxygen were measured
daily. Adenosine triphosphate (ATP), chlorophyll a, particulete organic
carbon and nitrogen were analyzed 2 to 3 times a week. Once a week, pH,

’ soluble reactive phosphorus, ammoma, nitrites and n1trates, s1hca and

_d]ka11n1ty were measured algal compos1t1on was determ1ned Metals (Co,
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Cr,‘Cu, Cd, extractable Fe, dissolved Fe, Mn, Hg, Ni, Zn) were analyzed
once a week during experiment III. Occasional méasurements of zooplankton
(ndmber and grazing activity), of bacterial hetergtrophs (number, type

and activity) and of éedimentation rate have also been performed. Biomag-
~nification of Cu, Cd, Pb, Zn, Se, As and Hg in algae, invertebrates and-

fish was examined.

5. ATP Analysis

The precedure 1is similar to that of Holm-Hansen and Booth‘(1966).
25 to 50 ml of water'were filtered on Reeve Angel glass fibre filters
(984H).1 The ATP was’extracted immediately after fi]tratibn by immersing
the fi]tér for 5 minutes in 5 ml of boiling Tris buffer (.OZ.M) or dis-
tilled water passed thfough a Mi11i-Q purification system,2 The ATP
content was measured on a Lab Line ATP Photometer which integrates the
light decay due to the reactidn of ATP on a Tuciferin-luciferase mixture
(DuPont). A standard curve using different ATP étandard solutions was’

used to convert counts per minute to mg.m'3.

A11 ATP measurements done
in the LCS were replicated 2 or 3 times. For each teplication, the range

of values seldom exceeded + 15 percent of the arithmetic mean.

1. A comparison between 3 types of glass fibre filters (GF/C; Reeve Angel

934AH and Reeve Angel 984 H) showed the superiority,regarding reprocuc-

tibility, of the last one as the coefficient of variation between 8
replicates was 19%, 23% and 8% respectively.

‘2. No significant difference was observed when aliquots of water were
extracted in Tris buffer or sterily filtered bi-distilled water as
the variation coefficient on 7 replicates was 9% and 6% respectively.
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" , ‘ - RESUvLTS

Before presenting the information gathered through ATP measurements,
itlis worth emphasizing that ATP.represénts the biomass of all living
organisms (bacteria,'phytop]ahkton, zooplankton) without considering their

physiological state, degree of activity, etc. This gross parameter gives

|
|
B
an image of all 1living matfer which exists due to a combination of specific
physical, chemica] and biological conditions. The advantages of ATP over
other bjomaSs parametérs are due to the fact that it corfesponds to living
| material only (ATP disappears'fmmediately after death) and its measurement
‘ 1§ faster, more sensitive and = more reproducib]é than other techniques
‘ used to measure biomass. Yet ATP-has not been widely used for lake studies
and its hethodo]ogy is ﬁot completely standardized.‘
) Table 2 summarizes all the ATP déta co11e¢ted since October, 1974.
‘ . The numbers ére the arithmetic mean of all of the ATP concentrations in

the four LCS, measured during each series of experiments.

Epilimnion Hypolimnion
Experiment Treatment | Col.1 = Col.2 Col.3 ~Col.4 | Col.1  Col.2 Col.3 Col.4
| used ~ 0-585 0.660 0.470 | V', 0.125 0.120 0.120
M A | 0.310 0.380 0.380 0.630 | 0.190 0.140 0.210 0.210

« ’ .

B 1.670 ° 1.590 0.980 1.840 | 0.810  0.530 0.360 0.780
| c control control 0.440 3.240 control control. 0.250  3.200
111 B 0.995  1.215 1.820 1.520 | 0.285  0.300 0.245 0.720
c 0.900  0.900 1.870 control | 1.075  0.920 0.830 control

Table 2: Arithmetic Mean of ATP concentrations (mg.mig) measured 1in
' the LCS under different experimental conditions.
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We observe in Table 2 that the epilimnetic ATP content was very
Tow (.30-.70 mg;m'3) during the first two‘exﬁériments when treatment A
was applied. It was higher (1.0-2.0 mg.m'3) when treatment B was applied
(Experiments II.and III)._ Under freatmént C the means varied inconsis-
tently. The ebi]imnetic ATP was fwuch higher ahd'showed larger variations

than the.hypo1imnetic ATP, exéept during treatment C.

A more detailed presentation'of ATP data collected during the three
experiments in the epilimnion of the four LCS is recorded graphically in
Figurés 1, 2, 3 and 4 where ATP concent?aﬁion is p]otted agaihst time 1in
days. The horizontal line corresponds to the mean ATP content during each

treatment.

Dufing the first experiment the ATP cohcentfatibn gradually decreased
with time in colums 2, 3 and 4 (column 1 was not used). Very crudely, the
‘graphs look very much 1ike typica]ltime—decay curves. Overall; ATP concen-
tration tended to decrease from about 1.40 mg.,m'3 on day 1 to 0.20 mg.m“3
at the end of the experiment (the Spearman rank correlation coefficients
were significant at the 1% level, Appendix 2). It is npteworthj that this

trend tended to be reversed three weeks after the beginning of the experiment

but only for a period of 15 to 20 days.

During treatment A of experiment 11 only bne observation can be made
about the relation between ATP and time. 1In all four columns the ATP
followed the same pattern: after 35-40 days of experimentation the ATP

content was very low (0.20 mg.m’s).
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During treatment B .of experiment II ATP concentration increased 1in
all four columns. The Spearman rank correlation cpefficients were signif-
icant at-the 1% level (Appendix 2). To compare the ATP. mean before and
after yeast addition, a t-test was calculated. " It shows that the ATP :

increased significantly at the 1% level (Appendix 3 ).

In columns 1, 2 and 4, the ATP concentration went from 0.20 mg.m'3

on the 40th day (lst'déy of yeast addition) to over 3.50 mg.m'3 on the

100th day of experiment (60th day of,yeést additidn). As much as 40 to

50 days of yeast addition were necessary to increase the biomass to over .

2.0 mg.m'3./ While_increasing, the ATP concentration seems to follow a
Cycle. 'In column 1 and 2, a first‘increase followed by a decrease occurred

between the 40th and 80th days (1s£ and 40th days of yeast addition); in

¢ an%453if2§§§é?redQbe;Wéén the 60th and 80th days (20th to 40th days
Aof.yeast addition). On the 85th day (45 days after yeast addition started)

. a second and more important increase occurred and lasted 15 to 25 days

in columns 1, 2-and 4. In column 3, the ATP concentration was very dif-
ferent'frbm that of the other columns. ATP did not incréase sharply
on the 85th day and it varied with oscillation around é mean content of

0.90 mg.m"s.

During'tréatmentuc of experiment II the ATP concentration, in the
control columns (1 and 2) and in the cd]umns which received dredged spoils
(3 and 4), startéd to decrease. This corresponds to the 100th and 110th
day of experiment (60-70 days of yeast addition).
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During treatment B of experiment III the relation between ATP con- ‘

centrat1on and time was the same in columns 2 and 41 Tnere was an increase
of ATP 5 days after the exper1ment started and it was followed by a decrease
on the 40th day. After 50 days, a second and more important increase

- occurred in the control celumn (Np. 4). From the 70th to 90th day, there

-3 of ATP. Then the ATP concentration declined very

was more than 2.0 mg.m
sharply. It occurred 90 days after the yeast addition started. This pattern
of {ncreasing and decreasing wae very_simi]ar to that of eo]ﬁmns 1, 2 and

4 during experiment II.

‘During-treatment C of experiment III dredged spoils were added to
"column 1 (33 g/day), column 2 (.33 g/day) and column 3 (3.3 g/day). The
biomass distribution'in,column 1 and 2 remained fairly constantAaround é

Tow mean content of 0.80 mg.m -3 of ATP, whereas in column 3 the ATP

concentration var1ed with osc111at1on around a mean content of about 1. 80 ,

mghm'3.

DISCUSSION
The results presented fn Table 2 and in Figures 1 to 4 indicate
tthat'before ohe can explain the effect of dredged spbi]s, two questions'
regarding-the preliminary experiments have to be ansWered. One concerns
the possib]e'heterogeneity'of the four LCS. The second concerns the |
relative importance of time and of treatments (A and.B) on the ATP con-

centration and whether or not these are independent of.one‘another.

1The relation between ATP concentration and time in column 1 is very
different and this could be due to the fact that column 1 was f111ed
with a water one week older than that of co]umns 2 and 4.
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-1- Homogeneity of the four LCS

It has already Been seen that after additidn of yeast and dredged
spoils (i.e. since mid-Jdanuary, 1975), the biomass in column 3 did not
react as “that of - the other co1dmns. A t-test has been run to compare
the mean biomass of one column with another under identical environmental
conditions. The resu]ts‘presented in Table 3 show that the mean ATP
content is sfmi]ar fn columns 1, 2 and 4 but is significantly different
than the.mean ATP COncentratioh in co1umn 3. During experiment II the
epilimnetic ATP in column 3 is signifiéant]y lower than that of the
other columns and.during:experiment’III it is higher thén that of the

other columns.

Comparisoh Degree bf - Significant Calculated Observations
o Freedom = Level at 5% T

’E i Bl E2 48 2.0 0.30 - s,
e . CEl ‘E3 - 45 2.0 3.08 B
treatnent B E]  E4 4 2.0 0.58 NS
E2 E3 45 2.0 3.05 S

E2 E4 44 2.0 0.91 NS
E3 E4 41 2.0 4.37 S
Exp. IIT E1 E2 20 '2.09 0.67 ' NS
| F1 E3 21 2.09 2.38 S
treatment B E1 E4 20 2.09 0.04 NS
E2 E3 25 2.06 1.75 NS
E2 E4 24 2.07 0.68 NS
E3 E4 25 2.06 2.53 S

Table 3: Test of reproductibility within colums
Not on]y the mean but the d1str1but1on of ATP (Fién 3) éigo‘{g ai%%éréﬁt f?dm
that of the other columns. It seems therefore ‘that column 3, for some unex-
plained reason, behaves d1fferent1y than the other 3 columns, at 1east since
the start of yeast addition in experiments II and III. It would be very

1nterest1ngvtq knqw_if, through analysis of other parameters, this

L Non Significant; 2 Significant




- 18 -

apparently aberrant behavior of column 3 is supported by measurements | : ’

other than that of ATP. If it is, until it is explained, column 3 should

be used very prudently, if at all.

The following comments will consider especially columns 1, 2 and

4 which constitute one homogeneous system.

;2- Relevance of nutrients enrichment and time

- The addition of 1norgahic‘nutrients seems inadequate to maintain
a subs%antia]-bidmass in the.c01Umns. Likely, the water is depleted in
essentia] nutr{ents‘but as the-enricﬁment of inorganic nutrients never
exceeded 50 days, it is not known-whether'this depletion is temporary or
‘definigive.‘ It is noteworthy that the difference in the loading rates of
Phosphorus during experiment I (33.6, 16.8 and 8.4 mg.P/week in columns

2, 3 and_4 respectively) does not appear on the total microbial biomass.

" This means that 8.4 as we1l as 33.6 mg.P/week affect similarly the biomass
and that inorganic nutrients ére not,prédomihant in the estab]isﬁment of.
OFganisms; The additiqn of inorganic nutrients and yeast extraét together
clearly provokes an increase of biomasé. The mean ATP content, after
enrichment, is approximately 4 times higher than the mean before yeést

_ addition. This increase does not fo]low a straight line but seems to .
follow a cycle of increases and decreases. The ATP content increases im-
mediately after enrichment and decreases around the 40th day of enrichmehtw
A second and moré important increase occurs on the 60th (experiment II)
and 80th (experiment I11) days. It is followed by a décreasé around the
80th (experiment II) and 90th‘(expériment'III) days. So a 50 day'period

of nutrient enrichment leads to the establishment of a large total microbial
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biomass but_it'does not prevent a decrease of population from time to
time;As this occurs either aftér 40 or 70-90 days of nutrient enrich-
men£ it seems that the cycle of increase and decrease in independent
of yeast and inorganic nutrient enrichméﬁt. Among the‘feaéib1e reasons
- for these Tow values, a témporary depletion of essential nutrients or

a "column effect" could be mentioned.

Although identical in all the columns at' the beginning of each

éxperiment, the initial ATP concentration varies from 1.40 mg,m~3vin

experiment I to 0.25 mg-.ﬂm’3 in experiment II and to 1.0 m_g.m'3 in exper-
‘imenf IIIl. This variation in £he 1nitia] microbial‘biomass content
reflects the inconsistency of the physiéa], chemical and biological
‘characteristics of the water used to fill the ¢olumns. During the fert
40 to 50 days the ATP aistfjbution is simi]ar within columns but very

~ different from one expériment'to another. This 40 to 50 day period could
Correspond to an adaptation period for the 1iving organisms to recover
from the “c01umn shock". It is only after 40 to 50 days that the biomass.
varies more consistent]y within. experiments no matter when the water used
to fill the columns was sampled in Lake Onfario._

~ The combination of the effects of time and nutrient enrichment

gives the following profile:

2ol
o)
X R0F
&
Lo -
N
=
PV S TN ? e t ! L}
0 - 20 4o 60 go - Ioo '

Time. ( Jays)
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This cycle of increase and decreaée remains to be explained. The

total microbial biomass composition is essential at this'point to see

the relative importance of phytop]ankton,_zoop]ankton and bacteria. In

the LCS, is there every 40 days a situation similar to that of lakes in

winter time although the ehvironmenta] conditions (temperature,.]ight,

nutrient concentrafioh, etc.) remain constant? Is it a LCSxefféct? In s
spite of these unc]arified boints, this obsérvation is very meaningful
and optimistic with regards to the potentials of artificial ecosystems.
If it is Verified by other data -analysis and if it is rép?qucib]e during
another Experiment}this means that the lake column simulators, eniiched =
with inorganic nutrients and yeasf, represent "healthy"artificial eco- |

~systems able to support a Targe total microbial biomass with a cycle of |

40 to 50 days. They represent, thus, suitable tools for testing the effect T

of toxicants.

-3- Effect of Dredged Spoi]s‘

The d%scussion*is 1imited to column 1,42 and 4 during~eXpekiment
b, |

The comparison between the mean epilimnetic ATP content before and
 after dredged spoils addition, shows no noticeable difference. The ATP _".

, cohcentratfon goes from 0.995 to 0.900 mg.m'3'in column 1 and from 1.215

to 0.900 mg.m'3 in coluimn 2. Thus the <dredged spoils do not modify the

™

1 The reason for not considering column 3'has been given oq‘pqge_17.
The second experiment is not really interesting because it 1is too
short in terms of time and too excessive in terms of loading rates.




biomass within each column. However, the observation of Figs. 1 and 2
shows that after dredged spoils addition, the ATP dietribution tends to

stabilize. So dredged spoils regulate the variation of ATP with time.

The comparison between the mean epilimnetic ATP content in the
control column (column 4) and that of the columns which receited dredged -
spoils, shows that the biomass is significant]yjlower}ih the polluted
co]umné than in the control co1umn. It is possible that the effect of
dredged spoils is indirect as a large biomass deve]oped in the contro1

column.. They limit the deve]opment of a large a]ga] biomass in reducing

‘the 11ght (shad1ng effect) In the presence of dredged~spo1ls the avail-

-ability of essentia] nutrients may also be reduced due to adsorption and

b1o]og1ca1 uptake. It is noteworthy that after 50 days of dredged spoils

f ; the bTOMQSS Was the /same:, in.the contro] and in the polluted

co]umns This means that a 50 day old biomass tends to decrease whether or
not in the presence of dredged spo11s and the poss1b1e existence of a

cyc]e 1ndependent treatment reappears.

It has already been observed (Table 2) that under natural environmental
Conditions, the epilimnetic ATP is always higher than the hypo]imnetic

ATP and the ratio between hypolimnetic and epilimnetic ATP is comprised

_ between 0.20 and 0.60. In the presence of dredged spoils, the dtfferenCe
is not as accentuated. A t- test shows (Table 4) that after dredged spoils

add1t1on, the difference between ep111mnet1c and hypolimnetic ATP is

not significant at the 1% level (except in column 3).
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T-test to compare epilimnetic and hypo]imnetié ATP means (Exp.

Comparison - Degree of Significant - Calculated .
: Freedom Level at 1% t
Before CE1/H 15 2.95 3.48
. Dredged E2/H2 23 2.81 -3.62
Spoils E3/H3 24 2.81 .5.79
, E4/H4 23 2.81 2.54
. Dredged E2/H2 25 2.79 0.12
- Spoils E3/H3 25. 2.79 4.08
E4/H4 25 2.79 1.53
Table 4: I11).

The trend of the vertical distribution of ATP towafds homogeneity is not

“exclusively due to dredged spoils addition as it also appears in the column

which received no addition

In order to elucidate this question, the third

experiment has been d1v1ded 1nto 4 periods of approx1mate1y three weeks each.

The mean epilimnetic and hypo11mnet1c ATP contents dur1ng these 4 periods, have ‘|’,
been calculated (Table 5). '

Epilimnetic ATP

Hypolimnetic ATP

Hypolimnetic ATP

Experiment III.

Lake Column Simulators during 4 periods of

Column - Days of
Number Experiment (mg.m- (mg.m-3) Epilimnetic ATP
11 1-35 (¢ 1) 0.995 0.285 0.29
38-66 (¢ 3) 0.885 1.020 1.15
70-91 (¢ 4) 0.880 1.165 1.32
2 1221 (6 1) 1.475 0.220 0.15
24-49 (¢ 2) 0.915 0.410 0.45
52-80 (¢ 3) 0.910 1.185 1.30
84-105(¢ 4) 0.835 0.640 0.77
4 1-21 ( 41) 1.235 0.250 0.20
24-49 ( ¢2) 0.735 0.440 0.60
52-73 ( ¢3) 1.865 0.670 0.36
80-105( ¢4) 1.955 1.745 0.89
Table 5: Mean ATP content in

1 There is no phase 2 in co]
the experiments by two wee

spoils addition.

mn 1 because t
s and shortene

1ca1 di
1e period

frig bet

1t1es de]ayed
ore dred ge
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. ' The graphs of the vertical distribution of ATP during the first
pha_se“(¢1)1 and during the last phase (q>4)2 of the experiment are drawn

on Figure 5.

On the left side of Figure 5, representing the control column (No. 4)
the effect of time alone is shown on the verticé] profile of ATP. During
‘the last period a real increase in ATP occurs, because under natural
conditions; the LCS enriched in inorganic nutrients and yéast, provide
an adequate environment for algae to develop and even bloom. The large
production of algae in thersurfacéllayer is likely followed by a'mové down
due to lack of space in the euphotic zone. Although not having the best
conditions to be highly productive, the é]gae could sti11.survive and even -
réprodUCe in thé hypolimnion. As a result of this increase of ATP along
| . | ’ ithe"whofle.‘-col_umn,'the vertical ATP profile approaches homogeneity
(Hypolimnetic over epilimnetic ATP is equal to 0.90).

On the‘midd]e part of Figure 5, we see the vertical distributioh
of ATP inh column 2 which received 0.3 g/day of dredged spoils. During
the first period, the profile and mean of ATP contéﬁt are very similar to
that-of the control co]umn; there is an intermediary amOuht of ATP in
~ the epilimnion and a low amount.in the hypolimnion and the hypolimnetic

over epilimnetfc ATP ratio is very Tow (0.15). During the last period, the

1. Phase 1 corresponds to a system wh1ch is 3 weeks old and which estab11shes
. itself without external env1ronmenta] stress.

2. Phase 4 corresponds to a system which is a]most 3 months old and which
(ggr column 1 and 2) underwent three to six weeks of dredged spoils
adaition.




| Depth in Metres
Y

Column No.4 | Column No.2 o Column No. 1
(Control) S - (3 g d~! Dredged Spoils) ; (33 g q-' Dredged Spoils)
ATP mg m~3 o o ATPmgm?® | ~ ATP mg m™®
0 5 10 15 20 0 5 10 15 20 0 5 10 °© 15 2.0
0 - L s 0 L 1 1 L 0 ' ' ' .
1 o, e, 11 oK o, 11 0,50,

4y

Fig.5

..1]2_

v . : _ . 4V

Vertical Dlstrlbutron of the Mean ATP Content Durmg Experlment IlI Before (¢1) and After (<D4) '

Dredged Sporls ‘Addition




- 25 -

vertical profile of ATP is as homogeneous as that of the control column
(the hypo1imnetic over epilimnetic ATP ratio is equa]-tb 0.80); the only
noticeable difference being the presence of.a much smaller microbial

biomass in the whole column. .

On the right side of Figure 5, we see the vertical distribution of
ATP in column 1 which received 33 g/day of dredged spoils. During the
first period, the ATP vertical profile and the ATP content are similar to

that of columns 2 and 4. The'hypolimnetic over epilimnetic ratfo is

~equal to .30. During the last period, there is for the first time, a

larger amount of ATP in the hypolimnion than in the epilimnion. The hypo-

Tlimnetic over epilimnetic ATP ratio is equé] to 1.30. The epilimnetic

cdnteht does not change but ATP inckeases significantly from the first;

"to the fourth period in the hypolimnion.

We conclude that 0.3 or 33 g/day of dredged spoi1svaddition circum-
vents the nutrient enrichment‘in inhibiting the expected increase in
total micrdbial,biomass. If they do‘not change the biomass in the epi-
limnion, fhey significantly provoke an increase of biomass in the_hypo-
1imnion. This eoffect is particularly evident with the largest amount»of‘
dredged spof1svadditibn (33 g/day). Tﬁe reason for this high hypo]fmnetic

ATP content, in the absence of a high epilimnetic content, is-]ike1y due

to a physical vertical transport of 1iving organisms attached on the

particles of dredged spoils.

In the LCS undergoing natural conditions, the epilimnetic ATP

concentration is a good- indicator of the trophic state: for example,

3

when it is smaller than 1.0 mg.m™~, the waters are considered oligotrophic
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and when it is larger than 3.0 mg.m'3, they are considered eutrophic.
When dredged spoiIs are added, the epilimnetic ATP along does not provide
enough iﬁformatioh as its content tends to stabilize. Most variations
occur 1in the bbftom layer. Wheﬁ the ratio between hypolimnétic and epi-
' 1imnetic ATP is superior to 1, the LCS could be coﬁsidered po]1Uted‘by
dredged époi]s.

CONCLUSIONS
It was not easy to descriBe the biological situation and to try to
understand‘the metabolism of unknown artificial écoéystems using ATP,
a fairly new aquatic bioméss parameter. Nevertheless, our work has
shown that ATP cbn;titutes a senéitive environmental parameter in Lake

. Column Simu]atbrs undergoing both natura]land stress conditions.

" We had difficulties in establishing and maintaining in the open
water, a population representative of the food chain organisms found in

lakes under natural summer conditions (1 to 2 mg.m’?

of AfP). As expected,
jnitially, a large beriphyton'grqwth‘took place which'iﬁ now limited by i
scréping.' The .problem of ckeéting and maintainiﬁg a reasonably large
biomass was somewhat reso]Ved by inorganic nutrfents and yeast extract
addition, o |

It appears thatlthe biomass followed a cycle of increases and

decreases with approximately a 40 day period but more assays are needed

to support this hypothesis.

.When conditions in the Lake Column Simulators simulate. natural
oligotrophic lake conditions (1.0 mg.m'3 of ATP), the ATP vertical dis--

tribution is heterogeneous because the epilimnetic biomass is much larger
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~than the hypolimnetic biomass. When dredged spoils are added the total
microbia] biomass remains constant in the'epilimnion (there is a possi-
bi]ify that dredged spo%]s inhibft'alga] growth by shading effect) but
increases in the hypolimnion inversing the naturdl vertical disfribution’ |
of organisms. The Lake Column Simulators could be.considered polluted
by dredged spoils, when the hypo]imnetic oVer epilimnetic ATP ratio is

greater than 1.

. Column 3 does not seem to react as.the other three columns and its

reliability for comparative studies is questionable.

Genera]]y, the Lake Column Simulators represent a-good opportunity
to study lake equilibria and lake problems because they represent simple
and controllable énvfronments. When the metabo]iSm.of the Lake Column |
Simu]atofs is better underﬁfood and controlled, information can be obtained

which may a]]bw a prediction of the situation within rea1 Take systems;

-

RECOMMENDATIONS
The mOst~striking point 6f this report is represented by the
possible existence of a cycle of the biomass living in the Lake Column
| Simulators. As there are still unceftainties on this cycle we ought
to re-observe it by repeating an experiment of approximate]y 150 days
With inorganic nutrients and yeast extract additibn (confer treatments

A and B) before embarking into toxicology experiments.

As long as the reliability of column 3 remains questionable, it
is as hazardous to use it. With only three devices (one of which has
to be a blank) no comparative work can be validly made. So we ought to

understand the particular behaviour of column 3 and find a way to normalize it.
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For futuire toxicology experiments, we ought to let the biomass
recover from the "column shock" and adapt itself -in thé‘coTUmns enriched
in organic nutrients and yeast; for a certain period uhti]fthe biomass

is identical and sufficiently large in all devices (approximately 60

days).  The duration of toxicant addition should last at least 50 days

(to see the effect on the cycle) and should not exceed 60 days (as'we
do not know what happens in a,120-day old system). |

~
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APPENDIX

Exact Composition Stock added to LCS
Ca(NO3), 0.0040% 126.0 g/1
Ky HPO4’_ ‘0.0010% 31.5
MgSO4.7H20 0.0025% 78.75
Na2C03 0.0020% 63.0
Na,Si0, 0.0025% - 78.75
FeC]3 0.00008% 2.52
1. No. 10 CHU Medium
1E . 2E 3E 4E
Experiment I not
Experiment II |
treatment A - 2.36 --.580 - .253 + .236
treatment B "+ .680 + .555 +.202 | +.786
treatment C control control -1.000 : -..800
Experiment III
treatment B - .533 - .181 - .123 +.320
treatment C - 125 - .024 S+ .37 control

‘2. Spearman rank correlation coefficients
(underlined are the coefficients significant

at the 1% level).
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Degree of Significant Calculated

Freedom Tevel at 1% - T
Col. 1 36 2.57 © 5.69
Col. 2 35 2.57 5.70
Col. 3 33 2.57 5.17
Col. 4 32 2.57 4.16

Effect of Yeast addition (t-test to

~ compare epilimnetic ATP means before

and after yeast extract addition).
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