














wastewater treatment effluent. High phosphate detergents cause much of the
problem. At any rate, in sewage treatment plants there are no facilities for
removing phosphorus or nitrogen other than what is normally taken up
during the metabolism of the organic matter. Microorganisms have to have a
certain ratio of carbon, nitrogen, and phosphorus for growth, so they
incorporate a small amount into the new cells. However, there is no special
facility for phosphorus removal. Such facilities were never designed to remove
phosphorus, nobody cared about phosphorus when they were first designed.
They were designed to remove organic matter, not phosphorus, so now
treated sewage has become one of our major sources of nutrient pollution.

In sewage treatment plants there are ways that biological processes can
remove a certain amount of phosphorus. The question is “How much can it
remove?’’ This too, has been a matter of considerable controversy.: “"How
much can | expect to remove in my waste treatment process?’’ is a question
that has been asked many times. Before getting into what is right and what is
wrong, there is another characteristic of sewage treatment plants that really
led to the present work. A sewage treatment plant has a biological process
that is followed by a final sedimentation basin. The effluent water flows out
of the settling basin into the stream. With respect to soluble phosphorus level,
there is a high concentration of phosphorus that enters the biological process
coming in. The concentration decreases considerably in the aeration tank
during organic stabilization, but then frequently in the latter part of the
aeration unit and nearly always in the settling basin, the phosphorus is
released back into solution and the concentration is right back to the initial
level. There is a certain amount of biological removal of phosphorus achieved,
but this is lost before the effluent leaves the plant. The sludge it is
incorporated into is not taken out of the system in time to do any good. This
research was conducted to obtain knowledge which could be used to increase
the phosphorus removal efficiency in the activated sludge process. It is known
that 100 percent removal of phosphorus cannot be attained in this system, or
anything close to it. Removal of that magnitude requires chemical usage.
However, if the removal is increased from zero to 40 or 50 percent for
example, then quite a bit has been accomplished. If chemicals are then used
for phosphate removal it will not be necessary to use as much, so the
economic situation has been improved considerably.

The basic approach was to study the factors that determine how much
phosphorus will be removed in the activated sludge process and then study
the factors that cause phosphorus to be released back into solution before the
siudge is removed from the system. The goal being that maybe sewage
treatment plant operation could be revised in such a way that phosphorus
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desorption would be minimized. There would still be a certain amount of
phosphorus going out in the effluent, but considerably less than if desorption
was not controlled.

There are many unresolved controversies in the phosphorus metabolism field.
It seems that every time somebody does something different a new
controversy is created rather than one being cleared up. One of the first
controversies was ‘’Can activated sludge organisms store phosphorus?” It has
peen argued that there can only be as much phosphorus removal as would
logically correspond to the carbon uptake achieved. On the other hand, there
are several activated sludge plants, like the one in San Antonio, where 90
percent phosphorus removal is being accomplished. This removal is with a
typical activated sludge system, no chemicals are added, and there are no
significant modifications. Obviously there is excess phosphorus removal, the
question is why? There are controversies with respect to phosphorus release.
What causes it? s it a chemical process or is it a biological process? If itisa
biological process what causes the biological release, leakage from viable cells
or cell lysis? This research was designed to resolve some of the controversies.

Initially it was necessary to define how much phosphorus uptake could be
expected with the experimental systems. By the carbon limitation theory
mentioned previously, the removal of one pound of phosphorus for each 100
pounds of BOD removed was anticipated. In other words, the ratio between
COD removal and phosphorus removal was expected to be at least 100:1.
However, from several studies it was found that the ratios were considerably
less than that. For example, a typical ratio was 36:1. There were several
studies where there was excess phosphorus uptake. The question was “Why?'
To point out a possible reason, one system that had a high
food-to-miciyorganism ratio might be noted. That particular system actually
incorporated a lot more phosphorus per cell than any of the other systems
including the ones that had obvious luxury uptake. This agrees with the
conclusion that a few other researchers have reached, If the activated sludge is
to take up excess phosphorus the organisms have to be maintained in a
rapidly growing state,

.Uptake was not really the research objective, phosphorus release was. It is
interesting to note what happened to the soluble phosphorus in the
e.xperimental units with time. It was found that phosphorus uptake occurred
snm.ultaneously with COD uptake but the phosphate uptake, was more rapid
during the early stage, indicating that the organisms were taking up more
phosphorus than they needed. After the food source was depleted the
phosphorus gradually leaked back to solution. This same result occurs in the
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activated sludge system. When the microorganisms run out of food,
phosphorus goes back into solution regardless of other environmental
conditions. The amount released back into solution is a direct function of the
amount of phosphorus the cell absorbed initially.

Following aeration, it is necessary to separate the activated sludge from the
liquid before the effluent can be released to the receiving stream. This is
accomplished by sedimentation. During sedimentation the organisms are in a
situation where the oxygen runs out. What happens when the oxygen is gone?
Instead of a slow release of phosphorus such as occurs during extended
aeration, a much more rapid release of phosphorus occurs as soon as the
oxygen level drops to zero, or shortly thereafter. The amount of anoxic
phosphate release is directly proportional to the amount removed during the
uptake of substrate. Just as with phosphorus uptake, some investigators have
concluded that the release of phosphorus under anoxic conditions is not a
biological process at all; they say it is a chemical process that is controlled by
pH. The present work shows, however, that there is no relationship between
pH and phosphorus release under anoxic conditions. On the other hand, the
results did correlate very well with oxygen depletion, indicating that it was a
biological process. The conclusion with respect to pH was convincingly
demonstrated. In fact, in one experiment less phosphorus release was
achieved with a drop in pH than with a parallel experiment where pH was not
permitted to drop. It has also been reported by researchers that phosphorus
release is controlled by oxidation reduction potential instead of by the
absence of oxygen. Contrary to that conclusion, experimental results
obtained in this work show that the change in oxidation reduction potential
always occurs after release rather than before. Again, the release occurred
after the oxygen was depleted, further indicating that phosphorus release is a
biological phenomenon.

Having become convinced that phosphate release was a biological
phenomenon the question became, “How can sewage treatment plant
operation be changed to keep from losing too much once removed
phosphorus back into solution?”” The results showed that the amount of
phosphorus released from the activated sludge per unit solids was relatively
constant. That is to say, from 10 pounds of sludge the same amount of
phosphorus is usually released. There is very good correlation in that respect.
Again, this indicates the biological nature of release, that it is tied in very
strongly with the amount of biological solids. From the same experiments an
attempt was made to correlate release with solids destruction, however, the
correlation was not consistent. The data were compared to those of another
investigator and it was found that his phosphorus release per unit solids
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destroyed was a lot higher, although there was one point in this work that fit
his plot. Despite the variation, it is obvious that release increases as biological
solids are destroyed. The question of how much food should be left over at
the end of aeration when it is followed by sedimentation where the oxygen
drops to zero was also investigated. The results showed that the higher the
food concentration the less the amount of phosphorus released during anoxia.

Aeration rate is also a fundamental operational parameter and it was
investigated to determine how rapidly activated sludge should be aerated to
keep from getting release during the period of anoxic conditions that is likely
to follow. We found that there was a relationship between aeration rate and
subsequent phosphate release. At the higher aeration rates there is less
subsequent release under anoxic conditions. With respect to aeration rate, it
should be noted that if a low aeration rate is maintained in the biological
unit, very little phosphorus will be incorporated into the cell during substrate
stabilization and, while release may be low, the actual soluble phosphorus
concentration will be high.

Further experiments were designed to study the effects of chemical addition
on activated sludge phosphorus release. The purpose was multiple. It was
hoped to learn something about the mechanism of biological release and to
determine the feasibility of chemical control. A correlation of the
experimental results shows that if chemical addition puts any stress on the
microbial system, i.e., interferes with their metabolism in any way, soluble
phosphorus will be released. The amount released will vary directly with the
magnitude of the stress. In terms of chemical control, it was found that the
addition of magnesium sulfate to a 2 percent concentration would cause a 50
percent reduction in phosphate release. The addition of other chemicals was
.tried to see what effect they would have on the activated sludge system, and
it was found that activated alumina absorbs phosphorus very readily. The
mechanism of removal is obviously absorption whereby the alumina just
soaks up the phosphorus and the activated alumina causes no stress on the
bacterial system. It does not cause any difficulty for them from a biological
standpoint and so, therefore, they do not react to it by releasing phosphorus.
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THE EFFECT OF DETERGENTS ON THE
OXYGENATION OF WATER

As a society we are more and more demanding the type of materials
containing surface active agents. Not only is the population growing, but as a
society we are using more and more types of compounds that have surface
active agents in them. If we go back a few years we find that the use of
synthetic detergents began in the late 1930’s. This is when mass production
really got underway, and since then detergents have replaced natural soaps.
The number of these materials also has increased. It was in the 1940’s and
early 50’s that quite a few people took a look at trickling filters and activated
sludge units in domestic waste treatment plants and found that if you had no
detergents, no surface active agents at all, in your activated sludge units and
in your trickling filters, the rate of oxygen uptake would be just about
doubled. In other words, half the amount of area would get in the same
amount of oxygen if no surface active agents were present, or half the
amount of oxygen coming in would transfer the same amount of oxygen.
This fact has really been around for a long time, but nobody did anything
about it. Nobody really got excited, particularly the public.

Surface active agents and detergents have excited the public a couple of
times, the most notable one being the foam problem of the early 60’s when
the non-biodegradable type of surfactant was being used. It was common for
a newspaper reporter to go down to the Chicago canal and take a picture of
eight inches of foam. The point being that surfactants went right through
treatment plants and foam built up. The public got stirred up thinking we
were all going to be turning on our water spigots and have foam coming out —
this kind of thing generated public interest. [t was a glamorous problem to be
working on because the public was so interested in it at the time.

In our study, we took a look at the several different classes of surface active
agents that are commonly used in detergent formulations to see if there was a
difference in the resistance that these different classes of compounds offered
to gas absorption. |f there is, this offers a real possibility of being able to
increase the efficiency of secondary treatment simply by tailoring the
structure of the molecule. This was essentially the study. We wanted to do a
fundamental study, to take the pure surfactants, put these in a pure system,
and measure a resistance at the interface. It was realized that the absolute
number that we would come up with probably would not be correlated
exactly, say to trickling filters and activated sludge units, but we wanted to
find out if indeed there was a significant difference in the amount of the
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resistance offered by these different molecules at the interface.

Our equipment was essentially a quiescent cell type of absorption apparatus
in which we took a cell and put it in a certain quantity of water in which
there was no convection, added a pure gas, and then measured the uptake by
a manometer. There was a blank cell put on the system to compensate for
temperature fluctuations. This is commonly known as a temperature
compensated differential manometric absorption apparatus. What it really
does is absorb gas under a condition that you can calculate mathematically.
The partial differential equations can be derived to explain this equipment.
We built the equipment, wrote the model, and compared the data to see if the
pure gas does really absorb gas at the predicted rate. The next part was to put
these pure surfactants in water. Because they are by nature surfactants, they
collect at the gas-liquid interface. We could measure, using pure surfactants, -
the “concentration that we had at the interface by measuring the surface
tension. Gibbs’ absorption isotherm then allows the surface tension to be
related to the concentration of the various surfactants at this interface. The |
absorption experiments were repeated and the different resistances offered by :
the different surfactants were calculated.

One of the things that we wanted to study was the position of the so-called @
hydrophilic group on the surfactant. A surfactant can be modeled as having a{
head and a tail; the head likes water and the tail does not. The problem is that §
in the manufacture the tail might be placed on the end or in the middle;
fact, the surfactants that are being manufactured today have a distribution of §
this hydrophilic end along the hydrocarbon chain. It may be rather easy tof§
change this. Nobody has ever had an incentive to change the manufacture to
make sure that there is a high percentage of one or the other, but it was feltg
that this probably would make a difference in the resistance that thg
particular surfactant offers at the interface. None of the common ones, suchf
as sodium lauryl sulfate where the sulfate was distributed along theg
hydrocarbon chain, could be obtained. Two very weak surfactants werg ‘
selected. These were octanols, one in which the hydroxyl group was on thd
end, and one in which the hydroxyl group was in the middle. Hopefully then]
this would be representative of the more common surfactants. We did nof
really want to get into the synthesis of our surfactants, we wanted to be abl§
to buy all the surfactants. In making our experiments we were able
determine the concentration of the surfactants at the gas-liquid interface an
were able then to measure the resistance they offered. The normal octang
offered much less resistance at any given concentration than did the octang
in which the hydrophilic group was placed in the middle of the hydrocarb
chain. This has real implications as far as the efficiency of oxygenation gog
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both in activated sludge and in trickling filters. The exact amount of
oxygenation increase by going to a surfactant that has the hydrophilic group
on the end of the chain cannot be specified, but certainly one can say that a;
a surface concentratioen of 2 x 1010 gm moles per square centimeter the
resistance is about three times as great as for the surfactant in which the
hydrophilic group is in the middle as opposed to the end.

The other classes of surfactants that we wanted to study are also commonly
in use. The alkyl benzene sulfonates are certainly a very large volume
surfactant. The alkyl sulfates among the anionic surfactants, and the alkyl
amides (the non-ionics) are very high volume surfactants. So we used lauryl
benzene sodium sulfonate, sodium lauryl sulfonate, lauryl diethanol amide,
and lauryl diglycol amide; two non-ionics and two anionics. Cationic
surfactants are not used very much in detergent and cleaner formulations. We
were able to get these four different surfactants in a pure form in which the
hydrophilic group was on the end of the hydrocarbon chain. We were not
able to buy any of these surfactants with the hydrophilic group distributed
along the hydrocarbon chain. We would have had to make these ourselves.
Very interestingly, we found that there was a very wide difference between
these surfactants. What came out rather unexpectedly was that as the
molecular weight of the hydrophilic group increased, the resistance offered
by the surfactant decreased. The hydrophobic portion was the same in al
cases except one; a twelve chain carbon with 25 hydrogens, only the
hydrophilic group was different. The only one that had a different
hydrophobic chain was the one that had the benzene on it which is a
hydrophobic group. It can be seen that as the molecular weight increases
from the sulfonate to the sulfate to the diethanol amide to the diglycol
amide, in every case the resistance goes down. This was totally unexpected. If
the resistance had gone either way, we would have expected it to decrease
w.ith decreasing molecular weight. The really important point is that there is a
big difference between the resistance offered at any given surface
concentration between these four surfactants that are used in common
detergent formulations.

This, then, is really the conclusion of the work. Where do we want to go from

here and what do we do? The next logical step is to make a pilot unit and get

SOrpe results as to what effects occur in gas uptake rates in activated sludge

units. This cannot be done from our results. There is a great difference

betweer-m these molecules and the oxygenation rate, and the next step is to

::*;t a pilot unit, possibly some type of an activated sludge unit. At that point,
next step would be to approach the detergent manufacturers.
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ADSORPTION OF ORGANIC COMPOUNDS ONTO
SOLIDS FROM AQUEOUS SOLUTIONS

The area of interest here is the use of solids to remove pollutants and, of
course, this is not novel in the sense that solids are used for this purpose. The
use of charcoal is well known and the use of alumina in phosphate removal
has been reported in the literature. We have studied the removal of phenol
from agueous solutions on a variety of solids. The rationale for this study is
as follows. An aqueous solution containing a pollutant (phenol) is a three
component system consisting of a solute (phenol) and solvent (water) in
contact with a solid. The question comes up, ‘“What about the removal of the
pollutant by the solid?’’ In many instances the kinds of solids that have been
used are those which not only compete for the pollutant but also compete for
water. Thus, we recognize that not only is the interaction between the
pollutant and the solid important, but also the interaction between the water
and the solid. In many systems, for example herbicides, insecticides, and
phenol, you have a limited solute concentration; that is, you can ‘only dissolve
so much of the pollutant in water which means that there is a basic
incompatability in the system to start with. Then as this solution is put in
contact with a solid surface, how much of the pollutant and how much water
removed are relevant questions. If the solid has an attraction for water in
addition to the pollutant, water may be removed and block parts of the solid
which could be effective in removing the pollutant. This study has been
concerned with aqueous solutions of phenol adsorbed on a range of solid
surfaces.

A list of solids studied is shown in Table | arranged in order of decreasing
interaction with- water. Silica has a large affinity for water followed by
carbon, Nylon, polyethylene, and Teflon showing the least affinity for water.
JOne significant aspect of this study has been the use of polymers as solids on
which possible interaction can occur. A lot of work in surface chemistry has

been concerned with high surface area materials. Thus, activated charcoal has.

been used in water purification due in part to a high surface area.

The concept of surface area is important in adsorption from solution.
Polymers, although having surface areas three orders of magnitude lower than
charcoals (see Table 1), may still be effective in pollutant removal since
polymers do not have much interaction with water. The solids used in this
study were characterized in several ways. First, surface areas were measured
as shown in Table I. Contact angles (®) of liquids against the solids were
Measured, as listed in Table tl. The angle formed by a liquid droplet on a
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solid is called the contact angle (®) and as you change the liquid, the contact
angle also changes. If the liquid has a high surface tension it does not spread
readily on the solid and thus gives a high contact angle. Dr. Zisman! at the
Naval Research Lab has shown that if the cosine of the contact angle (®) is
plotted against the surface tension (y) of the liquid, a linear plot results.
Extrapolation to zero contact angle gives an intercept () which Dr. Zisman
associates with the energy of a solid surface. Values of 7y, are shown in the
last column of Table I1.

Another series of measurements were the angles of contact not for different
liquids, but for various concentrations of phenol solution against Alathon and
Microthene. Figure 1 shows that with pure water or Alathon (zero phenol
concentration) a high contact angle results, but as phenol concentration
increases, the angle of contact decreases. It was interesting that one can
differentiate between these two polyolefins using this method. Comparison of
Figure 1 for Alathon with Figure 2 for Microthene shows that the initial
contact angle of water was quite different. At increasing phenol
concentrations the difference between the contact angles on the two solids is

less.

A final method used to characterize the solids was infrared spectroscopy. The
results are summarized in Table Ill for Alathon and Microthene. Again, these
two polyolefins can be differentiated since a greater number of absorption
bands are characteristic of Microthene.

The importance of characterizing the solid surface cannot be minimized. This
has been a shortcoming in surface chemistry, and this is where some effort
has gone in this study; different ways of trying to describe a solid surface so
one can make some interpolation from the results of phenol on a limited
series of solids to other solids.

The results for the adsorption of phenol from agueous solution are now
presented having discussed the characterization of the solids used. The first
system shown in Figure 3 is a fairly classic one, that is, the adsorption of
phenol from aqueous solutions on Graphon, a carbon black. The weight of
phenol removed per unit weight of carbon is plotted as a function of phenol
concentration; the curve represents uptake of phenol by this carbon surface.
The uptake of phenol did not seem to be very temperature sensitive; these
experiments were run over a 20-degree temperature range giving the same
results. The results for the silica surface are shown in Figure 4 and we find
again some characteristic uptake, although a maximum may be observed at
No. 5. The polymers studied show more scatter in the adsorption data as
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shown l:n Figure 5 for Microthene. The technique used to measure henol
uptake is a gas chromatographic one, and values along the abcissa corr:s or::;
to v?ry small quantities of phenol. This system exhibits a well characte':ized
maximum 'and minimum followed by a rather sharp rise. At higher phenol
concentrations, phenol is simply being pushed right onto the solid surface
and ‘at low concentrations phenol is perferentially being taken out of'
solution. The results for Alathon shown in Figure 6 are similar to Microthene
The m.ost scatter was observed for Teflon since one is working at the limit of.
detection of the gas chromatograph. Nylon gave unexpected results which i

p.robably of some significance in adsorption studies. The first thing noted i‘s
Figure 7 is less scatter compared to other polymer surfaces. The linea:

Iela[IOIISIII belWeen tl'e amount I h no ake“ [o] ta“d Its COHCeIItIatIOH

The results of the adsorption studies are summarized in Table IV. Th

amount of phenol adsorbed by all solids is compared at a re'lativz
concentration of 0.1. The trend is clear. Nylon takes out the most phenol
down to Teflon which takes out the least on a weight basis However, as
comrnen.ted above, the comparison should be made on a surface.area basis ’not
on a weight basis. Since the surface areas were known, the amount of phenol
removed by the solids can be expressed on a unit area basis as done in the last
colEJmn of Table 1V. Some interesting reversals in the amounts of phenol
which are taken out are apparent. The removal of phenol by nylon is
anoma.lously high followed by interestingly enough the polyolefins, Alathon
and Microthene, then carbon and Teflon (although Tefion may be ;n invalid
case c.jue to the extreme scatter in the data) and finally by silica which had

the highest surface area. In other words, on a unit area basis silica takes out
the Ifeast amount of phenol. This is reasonable because water i's competing for

the sites on silica that phenol would otherwise be taking up. ?

In summar.y, this type of study suggests that polymers, although low surface
area materials, represent potentially useful solids for removing pollutants,
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SAMPLE CHARACTERISTICS AND SURFACE AREAS

Surface Area
(m2/g)

Supplier

Lot No.

Name

Type

223.

Cabot

Cab-0-Sil

Silica

87.

Cabot

Graphon

Carbon

1.5

FMC Corp.

CRD-9455

Aviamide-6

Nylon

0.35
0.10

Gulf

DuPont

810253

Microthene FN-510

Alathon Fluff

Polyethylene

25

DuPont

10295

Teflon-6

Teflon

TABLE Il

CONTACT ANGLES OF TEST LIQUIDS ON POLYMERS

Run No. Yelergs/
Liquid 1 2 3 4 Avg. cm?)
MICROTHENE FN-510 35.
Water 83° 87° 82°  80° 83°
Glycerol 67 89 74 82 78
Formamide 69 82 67 76 74
Ethylene Glycol 69 62 67 63 65
Aniline 49, 41 53 48 48
Bromobenzene 28 (9) 20 28 25
ALATHON 316
Water 89° 89° 88° 90° 89°
Glycerol 88 89 (78) 88 88
Formamide 80 80 86 20 84
Ethylene Glycol 72 72 72 77 73
Aniline 41 44 43 40 42
Bromobenzene 27 24 38 28 29
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TABLE 11

PROVISIONAL ASSIGNMENTS OF ABSORPTION BANDS OF POLYETHYLENE

MIR(X1) MIR(X10)
Wavenumber Microthene Alathon Microthene Alathon Assignment2
(em™) FN-510 FN-510
(No. 25-1) (No. 33-1)

e

3100 X

2960 %2 (CH) stretch

2920 xbP

2900 X X xP (CH ) stretch

2850 x X x@ xb (CH) stretch

1500 X

1450 X X xa xP (CH,) bend

1190 X

1100 X (CH 2) wag
710-20 X X X xP (CH) rock

apresvent also in pressed sample
bpresent also in melted sample

88

TABLE IV

COMPARISON OF ADSORPTION CAPACITY FOR PHENQL

AT A RELATIVE CONCENTRATION OF 0.1

Solid g phenol/g solid g phenol/m2 solid

Aviamide 6x 102 4x102

X
Graphon 3x 102 3x 104
Cab-O-Sil 7x 103 3x105
Alathon 8 x 104 8 x 103
Microthene 6 x 104 2x 103

< 10-
Teflon 5x 104 2x 104
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INVASION OF THE AQUATIC HABITAT
BY AMPHIBIOUS SPECIES OF POLYGONUM

This is the second and final yearly report on a study of aquatic smartweeds
(Palygonum) which can be aggressive invaders of shallow waters of lakes,
estuaries, and slow moving streams. A much more detailed account of the
findings of this project will be published as Bulletin 41 in the near future.

Since Polygonum seeds are a valuable food for waterfowl, they are often
purchased by hunting clubs and other owners of lakes for planting at the
water margin. The smartweeds grow in the shallow water where there is
usually little competition from shoreline grasses or weeds, and in summer and
fall they shed their seeds which float at the surface and are easily available for
feeding ducks and other water birds.

Polygonum species must not be planted indiscriminately, however, since some
species can become weed pests and spread into fields and gardens, while
others have amazing capabilities for spreading over the entire water surface in
a matter of months and taking over the lake. This study was conducted to
determine which species have these various capabilities and to rank them
accordingly.

Polygonum amphibium var. stipulaceum is an extremely aggressive invader of
lakes, and was of prime interest in this study. One of the most striking
features of these plants is the tendency toward a prostrate growth habit
accompanied by shortening of internodes. This is most extreme in the
land-form of the plant found growing on dry soil and sandy banks after the
water level recedes. In the author’s publication (Mitchell, 1968) it was shown
that prostrateness and internode length were correlated with drier habitats
and light colored substrates in a sample of 20 populations in the field. At that
time it was hypothesized that substrate-reflected light might play a role in
inducing the ‘‘sand dune response.’’

To test this hypothesis ten clones each of P. amphibium (amphibious variety),
P. amphibjium_(varietal intermediate), and P. amphibium (non-amphibious
variety) were tested along with clones of P. opelousanum in the following
manner: 20 ramets of each clone were divided equally between two
treatments. All shoots were placed into trays in a horizontal position with
their roots surrounded by moistened artificial soil (BR-8, American Can
Company). Half the shoots were placed over filter paper blackened with india
ink while the other half were above white filter paper. Trays were placed in
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48 hours with constant illumination (2000
perature (70°F). At the end of the period
measurements of shoot curvature were made. Each shoot was then rotated
such that it was horizontal once more and lights were cut off. After 48 hours
of darkness measurements were made again and compared.wnth those from
the illuminated treatment. Controls and duplicate experiments were run

simultaneously.

growth chamber facilities for
foot-candles) and constant tem

Results of these experiments may be expressed as follows:

1. The difference of 400 foot-candles reflected from a white
substrate and 7 foot-candles reflected from a black substrate
produced no significant differences in the curvature of shoots,
even though they were oriented horizontally.

2. The mean curvature of shoots under 2000 foot-candles
continuous illumination was:

Angle of curvature

P. amphibium (amphibious) .. ..ovuena g?iﬂ’
P. amphibium (intermediate) ... ........coveeeeeeeeees 4
P. amphibium (non-amphibious) . .......coereeiaaaaeen gggf’
P. OPElOUSANUM . v veeneen s e .

3. In total darkness for 48 hours the responses of the same shoots
were evidenced by greater upward curvature, indicating that the
curvature is not primarily a photo-response, and that the upward
curvature of shoots is inhibited by light. The differences betweejn
curvatures in dark versus light treatments match the data at.)o.ve in
that amphibious plants are the most sensitive to the inhibitory
effect of light upon upward bending:

Dark treatment versus light

P. amphibium {amphibious) . . ... :—j;g

P. amphibium (intermediate) . ..... ..o .

P. amphibium (non-amphibious) .. ... . ggo

P. OPEIOUSANUM ...t vvveceess s s e e .

|
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Although much further study is needed before the physiological aspects of
this problem can be adequately explained, this study appears to indicate that
prostrateness is partly genetically controlled and partly a function of
inhibition of negative geotropism by light. This inhibition operates most
strongly on amphibious plants, with greater phenotypic plasticity, and does
not operate on strongly erect plants of the non-amphibious variety of the
same species. Substrate reflected light seems to have played little ar no role
under the light intensities used in this study.

The major phase of the work was a series of submergence experiments carried
out in temperature-programmed environmental chambers (Sherer, CEL 25
HL). An aquarium was placed in each growth chamber and filled with water.
In addition to the recording programmer, a dual probe thermograph recorded
air and water temperatures simultaneously within each chamber.

In an attempt to simulate natural conditions as nearly as possible, yet
maintain a controlled and repeatable scheme, a ““summer day’ program was
designed. This consisted, first, of a light regime based on a 15-hour-day, in
which the first and last hour of the period were furnished only by
incandescent lamps (simulation of dawn and twilight). In simulated full
daylight the incandescent and fluorescent banks produced 6000 foot-candles
at a distance of 12 inches from the bulbs. The temperature rose 10°F each
hour to reach 92°F at noon, where it remained constant until 4 pm. At this
time it began to decrease by 5-degree increments until midnight when it
stabilized at 55°F. This program is shown graphically in Figure 1.

The purpose of the experiments was to test Polygonum populations for their
amphibious responses to submergence under controlled conditions. An
experiment proceded as follows: twenty shoots per population were
separated into sets of two ramets per clone. Soil was removed from the roots,
and they were grown for six days under fluorescent lamps in the laboratory
on artificial soil.

A control consisted of twenty shoots transferred to the growth chamber in
pans where the substrate was kept water-saturated. An identical set of clones
was placed in the aguarium and covered with water such that the tips of the
plants were eight inches below the surface. After 30 days a complete set of
measurements was made on all ramets and leaves and stems were pickled for a
complete anatomical study.
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Survival of inundated shoots was unexpectedly high in the growth chambers
under the ‘“‘summer day’’ program. Even those shoots which never reached
the water surface remained green and living—in many cases after 30 days
under water. Shoot mortality was over 50 percent in only three of the 23
populations studied, and 17 populations showed no mortality at the end of
the experiment. Control populations often showed more than 100 percent

survival due to vegetative reproduction.

Over 5000 measurements were made on both vegetative responses and
internal anatomical responses to submergence in the 23 populations studied.
Responses which indicated adaptation to- the aquatic environment were
scored, and the cumulative scores of populations put into the form of a
histogram (Figure 2). In this “cumulative index of quantitative response”
(Mitchell, 1968) high scoring populations showed the maximum adaptation
to submergence, while low scoring ones exhibited few characteristics which
aided their survival in the aquatic habitat.

The practical aspect of this work has been to establish some general guidelines
for the planting of different species of Polygonum. Emergent Polygonum
species have a tolerance for stable water depths of around three feet. Since
they spread by rhizomes, they can eventually fill a body of water ‘which is
mostly shallower than three feet. They are ideally planted (if they do not
already occur naturally) on lake margins where the shallows are not extensive,
unless the desired effect is to produce large populations. Amphibious
Polygonum (P. amphibium var. stipulaceum and varietal intermediates) grows
primarily as a rooted plant, but can withstand depths of eight feet and still
produce floating leaves. Also, it frequently breaks away from the substrate
and forms large floating mats. In this way amphibious Polygonum can come
to dominate a large aquatic ecosystem in a rather short time.

For those persons interested in the use of Polygonum species in lakes, the
following recommendations may be made:

1. Polygonum punctatum Ell. Highly recommended as a shoreline
plant; seed production is prolific, and plants rarely form floating

mats, except for some southern populations.

2. P. hydropiperoides Michx. Highly recommended, but seed sources
should come from coastal plain races, not from stream bed and

ditch habitats where populations appear poorly preadapted to
withstanding fluctuations of water level. Also a prolific seed

producer.
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3.

10.

P. robustius Fern. A good plant, closely related to P, punctatum
Seeds are not readily available, however, and the plants are more
robust, producing fewer seeds per plant.

P. opelousanum Ridd. Highly recommended, close relative of P.

hyqrogigeroides. These plants seem to do best on the coastal
plain where they are prolific seeders.

P. hirsutum Walt. Recommended with reservation. This species
hzfs much vegetative growth with fewer seeds, and it is adapted to
climates where there is not a hard freeze in winter.

P. _setaceu.m Walt. Recommended with reservation. This coastal
plain spfemes shows little preadaptation to survival of water level
fluctuations under which plants might be periodically inundated.

P. densifiorum Meisn. Not recommended. This is a very large
rele.ative of P. punctatum which produces few seeds per unit of dr

weight. It is also a potential invader of deeper waters, bej ng fou n;
mos'f frequently in the water rather than on the bank. This
species scored highest on the amphibious scale (Figure 2) except

for P. amphibium itself.

P. amphibium var. emersum Michx. Not recommended. This
non-amphibious plant does not invade deep water situations:
howe_!ver, it has become a pest in agricultural areas where soil is’
continually moist. In rice fields 6f California it is called “Devil's
shoestring,"’

E.‘amghibium var. stipulaceum Colem. and intermediates between
this variety and the one previously listed are not recommended
for planting in lakes and reservoirs, due to their unusual
capabilities for spreading over the entire water surface. Horizontal
stems up to 15 feet long can be produced by a single plant, and
these can fragment to produce many new plants. Gr'owth
chamber stydies showed exceptional capabilities of some clones
to withstand inundation and to thrive once the shoots attain the
water surface,

_l?:. pensy Ivancium L. Not recommended due to the fact thatitisa
giant annual which can easily become a garden pest.
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11. P. persicaria L. This species and P. lapathifolium L. are European
plants which are now common weeds of our waterways and wet
pastures. They are good seed producers, but are known for their
aggressive invasion of any moist, disturbed site.

Reference

Mitchell, Richard S. (1968) ‘‘Variation in the Polygonum amphibium
Complex and Its Taxonomic Significance’’; University of California
Publications in Botany; 45:1-65.
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FIGURE 2

INDEX OF RESPONSE CHART

ECONOMIC DISPOSAL OF WASTE SLUDGES
FROM WATER TREATMENT PLANTS
Project A-030-VA
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ECONOMIC DISPOSAL OF WASTE SLUDGES
FROM WATER TREATMENT PLANTS

Initial studies were aimed at characterization and conditioning procedures
pertaining to alum sludges. Particular attention was given to conditioning
sludges by use of synthetic organic polyelectrolytes. Such polyelectrolytes
have been successfully used as aggregating agents in water and waste
treatment and for sewage sludge conditioning. In this investigation
polyelectrolyte conditioning of water plant sludges was shown to increase
their dewaterability greatly.

The principal material investigated was alum sludge collected from the
coagulation basin at the Blacksburg-Christiansburg-Virginia Polytechnic
Institute and State University Water Authority Water Plant. One-liter studge
samples were conditioned with various anionic, cationic, and nonionic
polyelectrolytes. The dewaterability of each sample was determined by the
Buchner funnel specific resistance test. The variables affecting polyelectrolyte
conditioning such as pH, agitation, solids content, and time of addition of
coagulant aid were investigated. The final phase of the polyelectrolyte
conditioning investigation included bench scale sand bed studies comparing
the dewaterability of conditioned and unconditioned alum sludges.

The mechanisms involved in polyelectrolyte conditioning were postulated
with the aid of zeta potential determinations. The bridging theory described
by LaMer and co-workers satisfactorily described the mechanisms involved. in
brief, the bridging theory postulates that solid particles are held together by
polymer bridges which form a loose floc structure that permits rapid
dewatering.

Acidification of alum siudge {2 to 3 percent solids by weight) reduced the
volume of solids over 50 percent in less than one hour. Polyelectrolyte
conditioning of the acidified samples was shown to increase the rate of solids
volume reduction many-fold and reduce the volume of solids even more than
acidification alone. The polyelectrolyte conditioned studge dewatered readily.
The supernatant contained over 1500 ppm aluminum which could be
substituted for commercial alum.

Freeze and thaw studies on alum studge (2 to 3 percent solids by weight)

reduced the volume of solids over 80 percent to a tota! solids concentration
of 18 percent. The supernatant was of excellent quality for recycle. Upon
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thawing the solids dewatered readily and dried to a consistancy like
that of sand. The dried sludge could be handled easily.

All three of the methods investigated offer considerable promise for water
plant sludge disposal. The results could definitely have an important influence
on the design, cost, and operation of water treatment plants. In particular it is
shown that polyelectrolyte conditioning and disposal of alum sludges may
normally be accomplished for approximately $5.00 per million gallons of
water treated.

Tests were also performed on samples taken from a water treatment plant
waste lagoon. The purpose of testing was to determine lagoon effectiveness in
producing an effluent of acceptable quality and to appraise design parameters
and operational and economical aspects for lagoon disposal of water
treatment plant wastes. Testing consisted of standard residue and BOD tests
on filter washwater and lagoon effluent, and drainability tests conducted on
samples of settled sludge.

It was found that the lagoon produced a stable effluent of good quality,
relatively low in solids, and having a five-day BOD of less than 5 mg/l.
Dewatering of hydroxide sludge was deemed the most difficult phase of
lagoon disposal. However, sludge which had been frozen was readily drained.
It was also determined that lagoons should not be used for permanent storage
and that shallow lagoons would best permit natural freezing of sludge.
Lagoon effluents are normally suitable in quality for recirculation to raw
water intakes.

Research is now being continued on the conditioning of iron sludges by use
of various polyelectrolytes. The sludge used in the initial study was obtained
from the Carvens Cove water treatment plant of the city of Roanoke. The
effect of such variables as polymer dose, pH, mixing time, and solids
concentration on the overall dewatering process is currently being evaluated.

Future work will be aimed at extending the work conducted on alum and
ferric sludges to include studies on the conditioning of the sludges generated
in lime-soda softening processes. In addition, further work aimed at
elucidating the mechanism responsible for the evident improvement in sludge
drainability associated with polyelectrolyte conditioning will be conducted.
The feasibility of lime and ferric ion recovery will also be explored.
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A PRE-IMPOUNDMENT ECOLOGICAL STUDY
OF THE BENTHIC FAUNA AND WATER QUALITY
IN THE NORTH ANNA RIVER

The information gathered thus far on existing water quality conditions within
the pre-impoundment basin shows a distinct contrast of characteristics above
and below the entrance of Contrary Creek. Below the entrance, the river has
not yet fully recovered from the polluting effects of the extensive mining
operations. Moreover, there is a constant drainage of substances (acid, heavy
metals, and silt) from the slag piles along the banks of the creek. The acid
waste has depleted much of the vegetation in the creek bottom of Contrary
Creek which allows extensive erosion during normal rainfall periods. On the
upstream side of this entrance, the water quality of the river is very good,
except for an occasional high coliform count. However, even in this area of
the pre-impoundment basin, the river suffers a natural deterioration due to
the lack of extensive riffle areas.

Most of the pre-impoundment basin frequently exhibits a high coliform count
of bacteria which would prohibit primary contact recreation. The high
bacterial population appears to be maintained by drainage from livestock
areas along the river. Precipitation in the pre-impoundment basin is always
reflected in increased coliform densities, especially in the downstream vicinity
of known livestock areas.

The results of the study thus far support the observation that VEPCO is
building their impoundment on the most suitable piedmont river because,
ecologically speaking, the water quality is such that other potential uses have
been eliminated. The presence of the impoundment will in all probability
enhance the future water quality of the North Anna River Basin. There are
potential biologically oriented water problems which may manifest
themselves (i.e., bacteriological, siltation from Contrary Creek, etc.), but
these are not insurmountable.

General Procedure

Sediment samples will be collected by a heavy walled metal cylinder with a
known collecting volume. The samples will then be subjected to a standard
sieve fractionation analysis (Cummins, 1962) on a Ro-Tap Shaker. In addition
to standard analysis for coliforms, tests will also be performed on the samples
for fecal streptococci by using BAGG broth.
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ELECTROCHEMICAL ACTIVATION AND REGENERATION
OF CARBON SURFACES FOR TERTIARY WATER TREATMENT

Objectives
The objectives of this project are:

(a) To develop an electrochemical procedure for activating carbon
surfaces for use in waste water renovation.

(b) To study in detail the processes responsible for the activation
observed in (a).

(c) To investigate the feasibility of electrochemically oxidizing
pollutants absorbed on activated carbon surfaces.

Summary

A thorough literature review has been completed. Objective (a), the
development of an activation procedure, is substantially completed.
Equipment and procedures have been perfected for activating carbon surfaces
and quantitative methods have been worked out for measuring the resulting
enhancement of the absorbtive capacity of the carbon surfaces. Using these
procedures, a number of different types of carbon have been successfully
activated and increases of several orders of magnitude have been observed in
their absorptive capacities following treatment.

Objective (b), a study of the mechanism of activation, has been partially
completed. X-ray diffraction studies of treated and untreated carbon samples
show that there is a sharpening of the distribution of lattice spacing following
treatment. 1t has also been found that while a non-aqueous hydrocarbon film
on the carbon surface is usually essential for successful activation, activation
with no film was successful with one type of carbon.

Experimental Results

Surface areas of carbon samples were increased by anodically electrolyzing in
20 percent by weight hydrochloric acid. Currents ranging from 0.05 amperes
to 0.35 amperes and temperatures between 20 and 30°C were employed and
changes in polarization curves were used as a measure of the relative change in
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surface area of the carbon samples. Relative increases in surface area of 450
percent or greater were considered significant.

The technique of voltammetry at continuously changing potential was
employed for the anodic polarization measurements. This procedure entailed
the use of a potentiostat programmed with a time-potential ramp function of
one volt per minute (0.167 volts per second) and an X-Y recorder to record
the polarization curves.

The tests were conducted on the following four types of carbon:
(1)  Union Carbide Carbon, Catalog N. 52306
(2) “Graphitar” Grade 18 Carbon
(3) “Graphitar” Grade 39 Carbon
(4) “Graphitar” Grade 2690 Carbon

The carbon from Union Carbide was fairly porous while the “Graphitar’”’ type
carbons were considerably less porous and were designed for mechanical uses.

Prior to any polarization measurement or anodic electrolysis, each sample was
pre-treated in one of the following ways: (1) sample was saturated with
n-dodecane, (2) sample was saturated with carbon tetrachloride, (3) sample
was covered with paraffin, or (4) sample was not pre-treated.

The results of this investigation have led to the following conclusions. The
surface area of ““Graphitar’”’ type carbons, Grade 18 and Grade 2690,
saturated with n-dodecane, was significantly increased due to the electrolytic
treatments. Likewise, the surface area of the porous carbon from Union
Carbide, pre-treated with paraffin, was significantly increased as a result of
the electrolytic treatment. Finally, the surface area of the “Graphitar” Grade
2690 carbon, with no pre-treatment, was significantly increased due to the
electrolytic treatment.

Investigationn of the feasibility of electrochemically oxidizing pollutants
absorbed on activated carbon remains to be accomplished. The radioactive
counting equipment for use in meeting this objective has recently been
installed and tested but no further progress has been made.
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BIOLCGICAL AND CHEMICAL STUDY
OF VIRGINIA'S ESTUARIES

Virginia's estuaries are dynamic systems characterized by high levels of
instability. The reaches near Chesapeake Bay are the most stable since they
are least affected by variations in freshwater inflow from the tidal river. The
middle reach encompasses the gradient zone in which the water may be
completely fresh during extremely high discharge periods and approach
170/00 or 50 percent seawater during drought conditions. The location of the
transition zone between fresh and salt water also shifts with discharge levels

and may vary as much as 20 miles upstream and downstream from the
‘‘average’’ point within a season.

The salinity structure in the James estuary is relatively compressed

longitudinally, whereas the structure in the Rappahannock is extended.
During low flow summer months the 150/00 isohaline may be as much as 20
miles upstream from the 20%/00 isohaline in the latter system. Differences
were also noted in the vertical structure of these systems both within and

between seasons and years. This appeared to be influenced by Bay salinities,
temperature, and freshwater discharge volume levels.

Dissolved oxygen levels in Virginia's three major estuarine systems did not
approach sub-minimal values during the study period. An oxygen sag zone
was noted in the vicinity of Mile 30 in the York River, a source of kraft
process pulp and paper mill effluent. Low values were also recorded in the
James River for one month where the location of the transition zone moved

upstream into the oxygen sag zone produced by the industrial complex at
Hopewell.

Virginia's estuarine waters are slightly alkaline with no significant differences
in pH either within or between systems. The atkalinity values, however, differ
both within and between estuaries with all three systems increasing in
buffering capacity from the transition zone to the mouth, a relationship
directly proportional to salinity. The James estusry had the highest buffering
capacity, the York was .intermediate, and the Rappahannock was the lowest.

Nitrogen and phosphorus nutrient levels and chemical states of the nutrients
varied widely within systems within months and years and between systems.
Total nitrogen levels generally reflected the upstream loadings with the James
estuary usually showing the heaviest enrichment. A relationship between
freshwater discharge levels and total nitrogen could be established for the
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James estuary; however, this relationship did not hold for the relatively
unenriched York or the moderately enriched Rappahannock. Also, in the
James estuary the relatively high levels of the oxidized forms of nitrogen in
the oligohaline reach were indicative of the source. During 1968 the
particulate organic nitrogen levels did not indicate that the available nitrogen
was being utilized by aquatic plants within the estuary, whereas in 1969 the
organic levels increased as the inorganic levels decreased. Nitrogen levels and
forms in the York and Rappahannock estuaries varied within stations
between years and no definite correlations could be established. Nitrogen
levels in the range capable of. contributing to the development of algal
populations sufficient to produce aquatic nuisance conditions and
environmental degradation were not recorded in Virginia’s estuaries during

the study period.

Total phosphorus values in the James estuary were generally higher than
those observed in the York and Rappahannock. Reactive phosphorus levels in
the James and York showed a definite shift with seasons. Values were usually
highest in the oligohaline areas during the winter and spring and in the lower
reaches during the summer and fall. The ratio of particulate unreactive
phosphorus to the other forms was usually higher in the York and
Rappahannock than in the James.

All systems, but especially the James, consistently contained the lowest
phosphorus levels in the middle reach. This may be the result of the action of
temporary turbidity produced by wind action, settling after winds subside,
and “coprecipitating’’ organic material containing high phosphorus levels.

Estuarine sediments contain on the order of 103 higher nutrient levels than
the overlying water column. James estuarine sediments contained the highest
nitrogen concentrations in the upper reach and the concentration decreased
towards the mouth; no pattern could be established for the York; the
Rappahannock was similar to the James except for an increase near a possible
source at Mile 13. The sediment phosphorus levels were similar to those
described for sediment nitrogen except that the Rappahannock values were
more uniform from mouth to transition zone.

Calculations based upon the organic matter content as indicated by the loss

on ignition and nutrient levels indicate a direct relationship between organic

matter content and nitrogen content rations at all stations in the three
systems. This correlation did not exist for phosphorus.
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EFFECTS OF RESERVOIR OPERATING POLICY
ON RECREATION BENEFITS

In recent years the attention given recreation in multiple purpose water
resource development has increased dramatically. However, because of their
very nature, the benefits and losses accruing to such projects from recreation,
or the lack of it, have been extremely difficult to quantify. One of the factors
that affects recreation benefits is the fluctuation in the water level of the
impoundment. It is taken as a general rule of thumb that drawdown decreases
the recreational attractiveness of such impoundments, but none of the
guidelines and discussions of benefit evaluation suggest an appropriate
technique for determining the marginal changes in benefits associated with
water level fluctuations in reservoirs. A number of very good models have
been developed recently in an attempt to optimize, in terms of economics,
the operation of multiple purpose reservoirs. However, the results obtained
from each model are no better than the individual benefit-loss functions
included for the various purposes. The functions are notably deficient in the
case of recreation. This research was undertaken with the goal of making
available to the water resources planner an improved tool for including a
realistic recreation benefit-loss function in the development of a model to
determine optimum reservoir operating policy.

The literature in the areas of benefit-cost analysis as it applies to reservoirs,
the optimization of reservoir operation policies, the economics of recreation
as a purpose in water resources projects, and the evaluation of the benefits
accruing from recreation at such projects has been thoroughly searched. The
general plan of action has been formulated and is presently being
implemented. The effect of reservoir drawdown on recreation benefits is
being studied with the aid of statistical analyses of pertinent data gathered
from many sources and relating to as many different reservoirs as possible.

In the collection and analysis of data, primary attention is being given to
reservoirs whose water levels change appreciably during the recreation season.
Data from reservoirs that were not drawn down are also being collected in
order to maintain a control, so that relevant conclusions can be drawn.
Largely through the cooperation of the U.S. Army Corps of Engineers,
Norfolk District, a great deal of data has been obtained and transferred to
computer cards for ease of storage and retrieval. Computer techniques for the
analysis of this data have been developed and at present, about forty
reservoirs are being studied. Although results at this time are inconclusive, it
appears that the best approach is to center attention on a relatively small
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contemplated for the second year of the two year project period.
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THE EFFECTS OF HEATED WASTE WATERS
UPON MICROBIAL COMMUNITIES

N\

Diatom Studies

Research was initiated towards the study of the effects of thermal stress (i.e. |
increased temperature) on diatom populations. The major approach involved \,

the development of effective staining techniques to clearly demonstrate \
physiological alterations induced by exposure to such stress. A laboratory .
assay was established and utilized to pre-screen and categorize various tissue '

component stains prior to their testing on natural populations collected in the
field. Pure in vitro cultures of two relatively common diatom species
{Navicula pelliculosa and N. seminulum) were examined repeatedly at
different standardized age intervals—three to four, and seven to eight weeks
post-innoculation. All stains tested were evaluated on diatoms after exposure
to thermal stress in the form of high, short term temperature increases and
lower, more prolonged temperature increases. Emphasis was directed towards
known major cellular constituents in the carbohydrate and lipid groups as
measured, after staining, under both the light and ultra-violet microscopes.

Three general contrast stains (Lugol’s 1Kl, Sudan 1V, Methylene Blue) and
two fluorescent types (Acriflaving HCI, 3.4 Benzpyrene) were evaluated in
the laboratory assay with varying degrees of success. One of the fluorescent
stains tested, 3.4 Benzpyrene, has proven to be the most successful when used
to measure the lipids of diatoms in the presence and absence of thermal
stress. Collections of mixed natural diatom populations have been repeatedly
made in the winter and spring of this year {on diatometers in the New River)
and returned to the laboratory for testing and further development of the
staining technique. As of this date, limited success may be reported in
reference to the application of the 3.4 Benzpyrene stain to such mixed
natural populations collected in the field.

Further research will be carried out involving the improvement of the 3.4
Benzpyrene staining technique as applied to mixed, natural diatom
populations. Such research will encompass the determination of the optimum
collection time of diatom populations required to minimize the laboratory
holding time. {Such a holding period is presently required for effective
staining.) Also, initial trials designed to study the feasibility of using 3.4
Benzpyrene stain on unstressed and stressed diatom suspensions, as measured
on electronic photofluorometric instrumentation, are planned as soon as the
equipment is available.
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Attempts are being made to locate and develop a biological model consisting
of an algal-chytridiaceous fungi relationship suited to controlled laboratory
studies. The studies will measure the general effects of thermal stress on such
a relationship as well as on the fungi alone, and will be conducted over
standardized time periods.

Protozoan Studies

Protozoan studies have been divided into three categories:

a. Tests were conducted to determine the effects of a sudden heat shock on
natural protozoan communities collected from bodies of water around
Blacksburg, Virginia. These tests were run at 3b, 40, 45, and 50 degrees C,
and these temperatures were maintained for one of the following: 8; 16, 32,
or 64 minutes. Each community was sampled to determine the number of
species present before exposure and on the day the shock was applied as well
as the first, second, fourth, eighth, and sixteenth days after the heat shock.

b. Time until death curves were constructed with various individual species
of protozoans recording both maximum survival temperature and median
survival temperature after the heat application. The important parameters of
this experiment were a quick heating rate, a constant observation of the
protozoans while being heated, and sufficient repetition of the experiment to
evaluate individual variations. A schematic of the apparatus used for this
particular series of tests is given in Figure 1. A literature search indicated that
this is probably the first time that such an apparatus has been used anywhere
for studies of this kind.

A brief description of the apparatus follows: The cell is a microscope slide
constructed of two rectangles of 1/8-inch thick Plexiglas brand acrylic plastic,
cemented face to face with a solvent. The upper section has a 3/4-inch
diameter hole bored through it, which is the test chamber, and is bounded by
the bottom sheet. A “heater” of 0.005-in. diameter insulated nichrome wire
and three thermocouples (0.005-in. diameter insulated nichrome—0.0035-in,
diameter insulated constantan) are located inside the test chamber and
fastened with epoxy cement. Temperatures are read from a calibration chart
for the thermocouples and EMF’s are measured on a Honeywell
potentiometer.

When a test is performed, the chamber is filled with a protozoan culture,
covered with a coverglass, and observed through the 40x or 100x objective or
a regular research microscope. An example of the data from this work is
presented in Graph 1.
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species) of the entire community and population density of each species was
recorded.

Some results of this work are shown in Graphs 2, 3, and 4. The results
summarized in Graph 2 indicate that there was no significant reduction in
diversity between control and experimental communities. However, another
method of evaluating the data, presented in Graphs 3 and 4, shows that there
may be subtle differences in the colonization rate and ultimate maximum
population density between the control and experimental communities.

A considerable amount of data has been gathered on the protozoan studies. It
is our intent to spend the remaining portion of this year evaluating the data

already collected and preparing it for publication.
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GRAPH 1

TIME-TEMPE
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RELATIVE DENSITY-TIME RELATIONSHIP FOR ASPIDISIA LYNCEUS
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RELATIVE DENSITY-TIME RELATIONSHIP FOR CYCLIDIUM SP.
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