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CHAPTER I 

INTRODUCTION 

The discovery that certain organic compounds may be 

employed in evaporation control practices on surface waters 

has attracted the attention of many conservationists, en-

gineers, and water works supervisors. The application of 

monomolecular films of hexadecanol and other long-chain 

alcohols has been shown to be an effective means of reducing 

evaporation losses on reservoirs. Since it has been observed 

that hexadecanol films cause fundamental changes in the 

physical and chemical characteristics at the water surface, 

a study of these effects on the biology of reservoirs should 

be considered. 

History of Monomolecular Films 

Eric Rideal (14) in 1925 discovered that monolayers of 

long-chain alcohols were effective suppressants of evaporation 

of water. Prior to this time, many compounds were studied in 

order to determine the chemical and physical characteristics 

of monomolecular films, Ange Pockles (12) in 1891 first re-

ported some of the characteristics of oil films upon the sur-

face tension of water. Lord Rayleigh (13) in 1899 concluded 

that a film of certain chemicals spread on water surfaces was 

only one molecule thick. These films were called monomolecular 
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layers or monolayers. Du Nouy (4), Rideal (14), and the 

Langmuirs (7) Indicated that monomolecular films of many 

chemical compounds could reduce evaporation from water 

surfaces in varying degrees. Irving Langmuir and Vincent 

Schaefer (8) substantiated Eric Rideal's pioneer finding 

that monolayers of long-chain alcohols were effective sup-

pressants of water evaporation. The first successful work 

by Langmuir (7) exploring hexadecanol films showed a 50 per 

cent reduction in evaporation rate. Langmuir (8) reported 

in 1943 that a monomolecular film of hexadecanol reduced 

the rate of escape of molecules of water by 10,000:1. The 

results of these early experiments were sufficient to en-

courage Mansfield (10) to apply the first hexadecanol mono-

molecular layer to a reservoir. He reported that his ex-

periments showed a 0-90 per cent saving of water on Australian 

reservoirs of two to twenty-two acres. 

The Bureau of Reclamation in 1952 became interested in 

considering the feasibility of applying monomolecular films 

to large reservoirs for water conservation. In 1955 a lab-

oratory and a field study were undertaken. After preliminary 

laboratory tests indicated that the method had promise/ the 

Bureau initiated studies concerning the physics, chemistry, 

and engineering aspects of the use of monomolecular layers 

for reservoir evaporation reduction. Garstaka (2) reported 

that the use of monomolecular films of hexadecanol on large 

reservoirs involved many important aspects in a wide range 



of scientific, engineering, and operational fields. Some of 

the problems included 1) the application and maintenance of 

the filmy 2) the influence of field conditions on the film 

and its performance; 3) the investigation of economic as-

pects; 4) the measurement of actual evaporation reduction; 

5) the effects on water quality; 6) the effects on lake 

biology; and 7) the clarification of various possible public 

health inplications. 

Lake Hefner, a municipal water supply reservoir of about 

2,500 surface acres and a part of the water supply for Oklahoma 

City, Oklahoma, was picked for the field tests in 1956 because 

of several unusual factors. Its size, geographic location, 

and meteorologic conditions existing there during the summer 

and early fall months contributed to its selection. Probably 

most significant was the fact that a detailed water budget, 

including evaporation losses, had been determined for this 

lake by several cooperating agencies (17). These studies 
% 

demonstrated the feasibility of conducting accurate evap-

oration experiments on the lake. It was deemed advisable 

by the Bureau to perform preliminary investigations on Kids 

Lake, an arm of Lake Hefner which had been separated from the 

main body of water and was hydrologically independent of Lake 

Hefner. In the report on Kids Lake, the committee of Col-

laborators (13) concluded that insofar as criteria of water 

quality, including taste, odor, color, toxicity, and other 

chemical parameters were concerned, no data were collected 



from the Kids Lake study that would preclude futher consid-

eration of Lake Hefner for large scale evaporation reduction 

investigations. In the summer of 1958, the Bureau of Re-

clamation began its Water-Loss Investigations on Lake Hefner. 

A Committee of Collaborators was established to study the 

many effects of a hexadecanol film used for the suppression of 

evaporation. These agencies included the City of Oklahoma 

City? Oklahoma State Department of Health; U. S. Department 

of Health, Education, and Welfare; Public Health Service; 

U. S. Department of Commerce Weather Bureau; U. S. Department 

of Interior Geological Survey; and the Bureau of Reclamation. 

The results of the Lake Hefner study were reported on May 12, 

1959, when the Committee of Collaborators stated: 

It has been demonstrated by the Bureau of Recla-
mation that techniques are available to cover the 2,500 
acre Lake Hefner with a fully compressed monolayer of 
hexadecanol, given favorable conditions. The Geological 
Survey obtained the data needed to evaluate the success 
of the film in suppressing evaporation. Techniques de-
veloped as a result of research in recent years were 
used to measure the actual evaporation and to compute 
the evaporation that would have occurred if no film had 
been applied. The Geological Survey's evaluation showed 
that during the period of treatment, July 7—October 1, 
1958, it was possible to achieve an overall reduction in 
evaporation of slightly more than 9 per cent, -although 
weather conditions were not favorable for maintaining 
the film. 

It has been demonstrated that the effectiveness 
of evaporation retardants is lessened at higher tem-
peratures and the 9 per cent reduction achieved is about 
one-fourth of the potential reduction with the kind of 
material used at Lake Hefner and at water temperatures 
experienced. The water savings by evaporation reduction 
at Lake Hefner were accomplished at a total cost for 
labor and hexadecanol approximately equal to the total 
value of the untreated water saved to Oklahoma City. 



It may be expected that under operational pro-
grams with improved procedures and materials, the 
cost of evaporation reduction would be considerably 
less than experienced in the Lake Hefner Trial (2). 

The information gained in the Lake Hefner field study 

during 1958 prompted the Bureau of Reclamation to hold new 

field trials in order to obtain more data concerning the 

efficiency of monomolecular films of hexadecanol on evap-

oration reduction. The Bureau set up field experiments at 

Sahuaro Lake, Arizona, during the summer of 1960 (6). The 

results indicated a 23 per cent reduction in evaporation. 

This was followed by another field study conducted at Lake 

Cachuma, California, where a 22 per cent reduction in evap-

oration was achieved (16). In 1964 the Bureau of Reclamation 

decided to reinstitute the Water-Loss Investigations on Lake 

Hefner and thus initiated a four year study. This inves-

tigation was designed to put into practice techniques learned 

from previous studies. Once again, a Committee of Collaborators 

was established to evaluate the physical, chemical and 

biological effects of evaporation control compounds on the 

reservoir. During 1964 and 1965, North Texas State University 

under contract to the Bureau of Reclamation conducted pre-

liminary investigations concerned with the chemical, physical, 

and biological characteristics of Lake Hefner prior to ap-

plication of hexadecanol. The actual application of hexa-

decanol to Lake Hefner was begun in the summer of 1966 and 

continued in the summer of 1967. 



Effects of Hexadecanol on the 
Microbial Population 

Very little information is available in the literature 

on the effects of monomolecular films of hexadecanol on the 

microbial population of a reservoir. However, Ludzack and 

Ettinger (9) reported that exploratory work on emulsified 

hexadecanol, using the BOD test and organisms obtained from 

sewage and streams, resulted in the oxidation of 30-60 per 

cent of the emulsified material in five days. They concluded 

that this was definite evidence that microorganisms could 

metabolize hexadecanol, but such action would not consume 

an oriented monolayer such as had been proposed for evap-

oration* However, they did not make any statements as to 

what organisms might be responsible for the reduction of the 

compound. The Committee of Collaborators (3) reported that 

Pseudomonas increased from three to sixty organisms per mil-

liliter while Alcaligenes increased from seven to thirty 

organisms per milliliter during the period of application of 

hexadecanol to Kids Lake. The Committee stated that the 

increase in Kids Lake was not significant insofar as water 

quality was concerned, but they did indicate that treatment 

with hexadecanol might result in a more favorable environment 

for these bacteria. They added that insofar as the lake 

biology was concerned, an increase in bacteria would be ad-

vantageous since it would improve the lake fertility. However, 

an excessive increase in biological activity might produce 

tindesirable tastes and odors. 
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Reporting on the biological effects of hexadecanol on 

Lake Hefner in 1958, Silvey (15) observed that the destruction 

of hexadecanol by bacteria was more of an economic problem 

than a public health consideration. He found that after the 

application of hexadecanol to the reservoir, bacteria of the 

genera Aerobacter, Pseudomonas, Alcaliqenes, Flavobacterium, 

a n d Bacillus showed increased populations. Hinckley (5) 

tested in laboratory studies the ability of bacteria of the 

genera Alcaliqenes and Pseudomonas to degrade hexadecanol. 

Her results indicated that hexadecanol stimulated increases 

in the population of those organisms tested, but her ex-

periments were inconclusive due to the lack of a quanitative 

analytical technique for measuring hexadecanol. Chang (2), 

investigating the effects of bactericidal compounds upon the 

biodegradation of hexadecanol, concluded that hexadecanol 

films promoted growth of Sarcina, Pseudomonas, and Flavobactecirarg 

He found that this growth was accompanied by destruction of 

the film and interference with its repair. In contrast to 

this opinion, Meinke (11) reported that there Was no ap-

preciable difference in the total bacterial counts of the 

surface water from the control pond and the test pond which 

was treated with a 1:1 mixture of hexadecanol and octadecanol. 

However, he found that bottom water from the film-treated 

pond gave total bacterial counts that were measurably higher 

than for the bottom water on the control pond. 
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Purpose of This Investigation 

It seemed desirable to investigate more fully the 

effects of hexadecanol on the microbial population of a 

reservoir. During 1964 and 1965, prior to the application 

of hexadecanol to the reservoir, Allison (1) investigated 

the microbiotic cycles which occured in Lake Hefner, Oklahoma 

City, Oklahoma. The application of hexadecanol in 1966 and 

1967 to Lake Hefner by the Bureau of Reclamation presented 

the opportunity to evaluate the effects of hexadecanol on 

the microbial population of this reservoir* It was the pur-

pose of this investigation to determine the effects of hex-

adecanol on the microbiota of Lake Hefner, to ascertain which 

organisms were stimulated by hexadecanol both in the lab-

oratory and the reservoir, and to investigate the degradation 

of hexadecanol by microorganisms selected from Lake Hefner. 
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CHAPTER II 

MATERIALS AND METHODS 

Investigation of the effects of hexadecanol on the mi-

crobial population of a reservoir was conducted in two phases. 

Phase one was the study of the effects of hexadecanol on Lake 

Hefner, Oklahoma City, Oklahoma. This study was conducted 

from June, 1966, through December 1967. Phase two dealt with 

laboratory studies of the degradation of hexadecanol by micro-

organisms from Lake Hefner* 

Laboratory Experiments 

Laboratory experiments were designed to ascertain whether 

or not hexadecanol stimulated the growth of microorganisms, 

if hexadecanol were degraded by microorganisms, and, if it 

were degraded, which Lake Hefner organisms were responsible. 

Twenty-four 250 milliliter flasks, each containing fifty 

milliliters of Lake Hefner water, obtained before application 

of hexadecanol, were sterilized by autoclaving. Known con-

centrations of sterile hexadecanol were placed aseptically 

into each flask. Test flasks were inoculated with one milli-

liter of raw Lake Hefner water obtained prior to the application 

of hexadecanol to the reservoir. Control flasks of an equal 

number were prepared which contained no hexadecanol but were 

inoculated with one milliliter of raw lake water. Test and 

11 
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control flasks were incubated for twenty days at 25 C in an 

environmental chamber. One "half of the test vessels and one 

half of the control flasks were illuminated with 760 foot-

candles of light to determine whether or not light had any 

effect. The remaining vessels were kept in total darkness. 

During the incubation period, total and differential plate 

counts were made to monitor the population dynamics* At the 

end of the twenty-day incubation period, final plate counts 

were made on both the test and the control cultures to de-

termine the extent of the growth stimulation of microorganisms 

by hexadecanol. The numbers of microorganisms were determined 

by plate count techniques utilizing Plate Count Agar, which 

has been shown to grow a wide variety of microorganisms as-

sociated with water (4). One-milliliter samples of water 

from both the test and the control flasks were serially di-

luted, and 0.25 milliliters of each dilution was plated by 

spread techniques on the growth medium. Three plates were 

made at each dilution. These were then incubated at 25°C for 

forty-eight hours. At the end of this period,. total counts 

were made. Incubation was continued up to seventy-two hours, 

and another count was made at the end of this period to de-

termine the population of microorganisms in both test and 

control flasks. Plates were then stored for two weeks and 

the actlnomycete population observed. Identification of all 

organisms was made on the basis of colony characteristics, 

gram stain reactions, and growth on differential media. 



13 

Laboratory studies designed to determine the percentage 

of degradation of hexadecanol by Lake Hefner microorganisms 

as a function of time were conducted in a similar manner. 

Twenty-four flasks, each containing fifty milliliters of Lake 

Hefner water, obtained before application of hexadecanol, were 

sterilized by autoclaving. A known concentration of sterile 

hexadecanol was placed aseptically into each flask. Test 

flasks were inoculated with one milliliter of raw Lake Hefner 

water* Twenty-four flasks were incubated for twenty days at 
o 

25 C in an environmental chamber. Half of the test and the 

control flasks were illuminated with 760 foot-candles of 

light. Golden (3) reported that high intensity light at 

elevated temperatures would cause photo-oxidation of hexa-

decanol. The remaining half of the test and the control 

flasks were incubated in total darkness. The contents of 

four control flasks and four test flasks were analyzed at 

two day intervals over the experimental period. After bio-

logical activity, the remaining hexadecanol was determined 

by extraction techniques followed by quantitative analyses* 

Hexadecanol was extracted from the aqueous culture 

media by the use of nannograde hexane. Each test and control 

flask was extracted separately and then analysed independently 

to determine the concentration of hexadecanol present. The 

aqueous culture media containing hexadecanol and micro-

organisms was placed in a 100 milliliter separatory funnel. 

Twenty milliliters of hexane were added, after which the 
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funnel was shaken vigorously for exactly one minute. The 

aqueous portion and the hexane were separately decanted* The 

aqueous portion was again combined with ten milliliters of 

hexane and shaken vigorously for one minute. The hexane 

from both extractions was combined, brought up to thirty-

nine milliliters, and placed in screw-cap vials for analysis. 

Quantification of hexadecanol was accomplished by the 

use of a MicroTex model 1600 gas chromatograph equipped with 

a hydrogen flame detection unit. The instrument was used as 

an analytical tool in determining the amount of hexadecanol 

present in both test and control flasks. A two foot 5 per 

cent Apiezen L column coated on a base-washed Chromsorb G 

solid support was found to be efficient in the separation of 

long-chain alcohols (5). The chromatograph was operated at 

195°C with a nitrogen flow rate of 100 cubic centimeters per 

minute. The chromatograph was connected to a Minneapolis 

Honeywell recorder equipped with a Disc Chart Integration 

unit for quantification. With this instrument, after deter-

mination of extraction efficiencies, it was possible to 

measure the amounts of hexadecanol remaining in the test 

flasks after degradation by microorganisms. Control flasks, 

which contained no microorganisms f were also analysed to 

determine if any hexadecanol had been degraded due to 

physical or chemical phenomena. 
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Investigations on Lake Hefner 

Each of the five sampling stations (fig. 1) was des-

ignated by a number corresponding to the sampling stations 

of the Oklahoma City Water Department, the Bureau of Recla-

mation, and Allison's preliminary study (1). An instrument 

raft was used not only to mark the location of each sampling 

station but also to gather physical data* 

Station three was located in the deepest portion of the 

reservoir/ where the water was approximately twenty-five 

meters deep. Three samples were taken at this station at 

one meter, thirteen meters, and twenty-five meters by means 

of a kemmerer bottle. Samples from the other stations were 

taken below the water surface. These five stations were 

strategically located so as to give a representative sample 

of different areas of the reservoir and thereby permit 

evaluation of the effects of monomolecular films on the 

reservoir. Station one, two, three, and four were occasionally 

covered by a monomolecular film while station five rarely 

supported a film. 

During the summer months, samples were collected from 

each station once a week for bacterial, algal, phosphate, and 

nitrate analyses. Complete inorganic chemical analyses were 

performed once a month during the summer periods. During the 

remainder of the study samples were collected once a month at 

all stations and analyzed for phosphates, nitrates, algae, and 

bacteria. 
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LAKE HEFNER 

Boat Harbor 

Fig. 1--Map< of Lake Hefner Showing Sample Stations 
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Phosphates 

Phosphates were calculated and recorded both as ortho-

phosphates and as hydrolyzable phosphates. In this study 

two methods were employed for the determination of phosphates. 

The stannous chloride-ammonium molybdate technique (6) was 

initially used, but was replaced by the ascorbic acid method 

(2) due to the greater sensitivity of the latter. 

In the ascorbic acid method for the determination of 

phosphates, ammonium molybdate and potassium antimonyl tartrate 

reacted in an acid medium with dilute solutions of ortho-

phosphate to form a heteropoly phosphomolybdic acid which was 

reduced to the intensely colored molybdenum blue by ascorbic 

acid. The color intensity was proportional to the concen-

tration of orthophosphate in solution. The color intensity 

was measured photometrically on a Klett-Summerson colorimeter 

using a forty millimeter light path and a 640 millimicron 

filter. The readings were then compared to a standard phosphate 

curve, and the amount of orthophosphate determined. Total 

hydrolyzable phosphates were calculated in the'same manner 

after samples were treated with one milliliter of concentrated 

sulfuric acid, autoclaved for twenty minutes at 120°C, cooled, 

and neutralized with sodium hydroxide. In all phosphate de-

terminations, extreme care was taken to decontaminate glassware 

of residual phosphates. All glassware was washed thoroughly 

with concentrated sulfuric acid containing hydrofloric acid, 

rinsed, and stored in distilled water. 
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Nitrates 

The available nitrates were determined by use of the 

phenoldisulfonic acid method (6). Samples containing nitrates 

developed a yellow color, and its intensity was directly pro-

portional to the amount of nitrates in the sample. The in-

tensity of the yellow color was measured on a Klett-Summerson 

colorimeter, having a 420 millimicron filter and a forty milli-

meter light path. The readings obtained in this manner were 

compared to a standard nitrate curve, and the amount of 

nitrates in the original sample was determined. 

Complete Inorganic Chemical 
and Physical Analysis 

Samples of water were collected from each of the stations, 

and analyses were made to determine temperature, iron, color, 

carbon dioxide, dissolved oxygen, hardness, specific con-

ductivity, pH, carbonates, bicarbonates, sulphates, chlorides, 

and turbidity. Each of these tests were conducted according 

to techniques outlined in Standard Methods for the Examination 

of Water and Wastewater, Twelfth Edition (6)* ' 

Algae 

Algae counts were made weekly during the summer periods 

and once a month during the remainder of the study period. 

One liter samples of water were collected at each station for 

the determination of the algal population. This water was 

placed in a Sedgewick-Rafter funnel and concentrated to ten 

milliliters. One milliliter of preserved concentrate from 
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each station was placed in a Sedgewick-Rafter counting cell 

and studied under a microscope having a lOx ocular fitted 

with a Whipple micrometer. Ten fields were examined at 

random, and the algae were identified and recorded in Areal 

Standard Units (8). 

Bacteria, Actinomycetes, and Fungi 

Enumeration and identification of the bacteria, actin-

omycetes, and fungi found in the reservoir were accomplished 

by plate count techniques. Samples were taken from each 

station with a kemmerer sampler and placed in sterile 300 

milliliter bottles. Each sample from the five stations was 

plated in triplicate at two dilutions on Plate Count Agar. 

After incubation at room temperature, total and differential 

counts were made utilizing techniques reported by Stiles (7). 
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CHAPTER III 

RESULTS 

The results of the experiment designed to determine if 

hexadecanol stimulated the growth of microorganisms are shown 

in Table I. Examination of the table shows that those flasks 

containing hexadecanol had an increase in the population of 
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microorganisms from 4 X 10 to 2.8 X 10 organisms per milli-

liter, The highest population of microorganisms in the control 

flasks containing no hexadecanol was 4 X 10^ organisms per 

milliliter. Organisms grown in the light with hexadecanol 
1 p 

reached a population of 7,9 X 10 * organisms per millilitert 

whereas those grown in the dark with hexadecanol had 2.8 X lO-1-̂  

organisms per milliliter as a maximum population. Light and 

dark controls had approximately the same order of magnitude 

of population. The Analysis of Variance from the above ex-

periment is shown in Table II. An F test comparing hexadecanol 

versus no hexadecanol gave a value of 128.75***', The effects 

of light versus dark on the stimulation of organisms by hexa-

decanol gave an F value of 0,5849, which is not significant. 

Student's t test (see Table III) gave a value of 7,22*** for 

light treatment versus light control and a value of 8,82*** 

for dark treatment versus dark control. 

Table IV represents the results of the experiment designed 

to determine the percentage of degradation of hexadecanol. 
21 
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TABLE II 

ANALYSIS OF VARIANCE OF TABLE I 
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Source df Sum of Squares Mean Squares F Test 

Dark vs Light 1 .6051 .6051 5849 

Hexadecanol vs 
No Hexadecanol 

1 133.2054 133.2054 128.7573 

Interactions 1 1.3204 1.3203 1.2762 

Error 44 45.5200 1*0345 

Total | 47 
1 

180.6510 m m * m m m m 

***Significant to the .001 per cent level. 

TABLE III 

STUDENT'S t VALUES FOR TABLE I 

Dark Treatment Light Treatment Dark Control 

Light Control 7.4827*** 7.2249*** 1. 3396 

Dark Control 8.8223*** 8.5645*** • m • 

Light Control 

• k . 

.2578 • * • <m 0 m m 
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TABLE IV 

THE PER CENT DEGRADATION OF HEXADECANOL* 

Plots Light + Cmpd.** 

+ Organisms*** 

Dark + Cmpd. 

+ Organisms 

Light + 

Cmpd. 

Dark + 

Cmpd. 

1 42% 38 1.0 4.0 

2 33 43 2.0 , 0.5 

3 38 46 0.1 1.0 

4 36 37 0.2 0.7 

5 26 40 0.4 0.1 

6 41 39 2.0 2.0 

7 31 41 3.0 0.4 

8 37 33 4.0 2.0 

9 30 38 0.5 0.1 

10 40 33 1.0 - 1.0 

11 29 37 1.0 0.5 

12 47 40 4.0 2.0% 

*After twenty days incubation. 
**0.4 per cent hexadecanol by weight. 
***Inoculum was Lake Hefner water with 4X10 org/ml. 
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The data represented are the results of extraction and 

quantification after twenty days of incubation. An average 

of 37 per cent of the hexadecanol was degraded during this 

period. A range of from 26 to 46 per cent was found in the 

test flasks, but degradation in the control flasks never 

exceeded 4 per cent. An Analysis of Variance performed on 

the degradation experiment is shown in Table V. The Analysis 

of Variance was run on the raw data before conversion to 

percentages. An F value of 1131.1*** was obtained for or-

ganisms versus no organisms. Since the F test value was only 

1.45/ there was no significant difference between light and 

dark in the percentage of degradation of hexadecanol by micro-

organisms. Student's _t test (see Table VI) gave a value of 

22.66*** for light treatment versus light control and a value 

of 24.63*** for dark treatment versus dark control. 

The results of experiments to determine the rate of de-

gradation of hexadecanol by microorganisms is shown in Figure 

2. During these experiments, it was found that there was no 

initial degradation for a period of five days. ' Following the 

lag period, a near linear degree of degradation amounting ap-

proximately to 2.5 per cent per day, was observed until the 

twentieth day when the experiment was terminated. Controls 

exhibited no appreciable degradation due to physical or chemical 

phenomena. 

Stimulation of the microbial population by hexadecanol is 

represented in Figure 3. The initial population of microorganisms 
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TABLE V 

ANALYSIS OF VARIANCE OF TABLE IV 

Source df Sum of Squares Mean Square F Test 

Dark vs Light 1 47936.4 47936.4 1.45 

Organisms vs 
No organisms 1 37491329.0 37491329.0 1131.10*** 

Interactions 1 83089.2 83039.2 2.51 

Error 44 1458474.2 33147.1 * • • • 

Total 47 39080332.0 • * * * 

***Signi£leant to the .001 per cent level, 

TABLE VI 

STUDENT'S t VALUES FOR TABLE IV . 

Dark Treatment Light Treatment Dark Control 

Light Control 24.6311*** 22.6620*** .2691 

Dark Control 24.9003*** 22.9304*** * • • 

Light Treatment 1.9698 * • • • * • * 

***Signifleant to the .001 per cent level. 
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in the test and the control flasks were the same. A lag 

period of approximately four days existed in the test flasks 

containing hexadecanol. A slightly longer lag period was 

observed in the contol flasks containing no hexadecanol. 

Logrithmic growth existed in the test flasks for up to six-

teen days, at which time a plateau was achieved. The controls 

reached a plateau of growth after fourteen days. Examination 

of Figure 3 shows that the stimulation of microorganisms by 

hexadecanol was in the order of magnitude of approximately 

2 
10 organisms per milliliter. 

The results of the differential counts indicated that 

certain groups of organisms were stimulated by the presence 

of hexadecanol. Table VII represents the results of an ex-

periment designed to determine which groups showed the most 

pronounced stimulation. Careful examination of the table 

indicates that Alcaliqenes showed the greatest increment 

of stimulation when test and control flasks are compared after 

twenty days of incubation. Alcaliqenes was followed by 

Pseudomonas, Brevlbacterium, Flavobacterlum, and the fungi 

in order of magnitude of stimulation. Alcaliqenes showed 

a 10^ order of magnitude increase when controls containing no 

hexadecanol were compared to test flasks containing hexadecanol, 

Bacillus, which was present in the inoculum/ did not show any 

significant increase due to the presence of hexadecanol. 

The results of the field study conducted on Lake Hefner 

have produced large masses of data. Only that data which 
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pertains to the illucidation of the effects of hexadecanol 

on the microbiota will be considered here. A typical example 

of the chemical and physical characteristics of Lake Hefner 

is shown in Table VIII. This was the type of data accum-

ulated during the summer periods in order to predict the 

ecological zones in the reservoir and to evaluate the effects 

of hexadecanol upon the chemical and physical characterists 

of the water. It is noted that there is no thermal strati-

fication indicated in Table VIII. However, thermal strati-

fication does exist on Lake Hefner from July through September, 

Except during times of thermal stratification, the reservoir 

is in continuous turnover, and the ecological zones are very 

similar. 

Figures 4, 5, 6, and 7 represent the results of phosphate 

and nitrate determinations on Lake Hefner. Allison (1) 

reported that the nitrate and phosphate cycles in Lake Hefner 

were an intergal part of the microblotic cycles that occured 

in the reservoir. If hexadecanol had an effect on the micro-

biota of the reservoir, it was possible that pethaps the 

nitrate and phosphate levels would be altered. Figure 4 

shows the vertical distribution of hydrolyzable phosphates in 

,the reservoir. To indicate the surface cycles, a composite was 

made of all the sampling stations (fig. 5, 6, 7). 

Large amounts of bacteriological data were obtained 

regarding the effects of hexadecanol on the microbiota of 

Lake Hefner. Figures 8, 9, and 10 represent the pertinent 
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TABLE VIII 

EXAMPLE OF PHYSICAL AND CHEMICAL DATA 
COLLECTED ON LAKE HEFNER 

Evaporation Control Study, 1967 

Station: Number three 
Date: June 26, 1967 
Time: 11:00 a.m. 

Sky: Clear 
Wind: 15 MPH 
Air Temperature: 27 C 

PARTS PER MILLION OR MG. PER LITER 

D
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H 
U 
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CO 

1 25.6 1000 8.5 18 130 0 7.1 284 155 190 150 
2 25.5 1000 8.5 18 130 0 7.0 284 155 189 150 
3 25.4 1000 8.5 17 131 0 6.9 284 155 187 150 
4 25.2 1000 8.4 17 132 0 6.8 284 155 189 150 
5 25.0 1000 8.4 16 132 0 6.6 285 155 188 150 
6 24.8 1000 8.4 16 133 0 6.4 285 155 188 150 
7 24.6 1000 8.3 14 133 0 6.2 285 155 188 : 150 
8 24.5 1000 8.3 13 134 0 6.0 285 156 188 150 
9 24.4 1000 8.3 12 135 0 5.8 285 156 188 150 
10 24.2 1000 8.2 12 135 0 5.6 285 156 188 150 
11 24.2 1000 8.2 11 136 0 5.4 286 156 188 150 
12 24.1 1000 8.2 11 136 0 5.2 286 157 188 150 
13 24.0 1000 8.1 10 137 0 . 5.0 286 '157 188 150 
14 24.0 1000 8.1 9 137 0 4.7 286 157 188 150 
15 24.0 1000 8.1 8 138 0 4.4 286 , 157 188 150 
16 23.9 1000 8.1 7 138 0 4.1 287 157 188 150 
17 23.8 1000 8.2 7 139 0 3.8 287 158 188 150 
18 23.8 1000 8.2 6 139 0 3.6 287 158 188 150 
19 23.6 1000 8.2 5 140 0 3.4 287 159 188 150 
20 23.6 1000 8.2 5 140 0 3.2 287 159 188 150 
21 23.6 1000 8.2 5 140 0 3.2 287 159 188 150 
22 23.6 1000 8.2 5 140 0 3*2 288 159 188 150 
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information obtained on the reservoir in regard to the pop-

ulations of microorganisms. Figure 8 shows the average 

number of organisms present in the reservoir throughout 

the study period. It is a surface composite of all the 

data accumulated from the five sampling stations. A graphic 

representation of the pounds of hexadecanol applied to the 

reservoir versus the microbial population is shown in Figures 

9 and 10. In order to evaluate the effects of hexadecanol 

on the population of microorganisms/ a comparison was made 

at stations number four and number five between the population 

of microorganisms present throughout the 1967 period of 

coverage. Since station number five is located behind the 

distribution system used to spread hexadecanol on the reservoir, 

it is free from coverage by the hexadecanol film and can be 

considered as a control when compared to the other sampling 

stations. Station number four is located directly in front 

of the distribution system and is in contact with the film 

of hexadecanol when coverage is on the reservoir. Tables IX 

and X give the percentages of some of the various groups making 

up the total population of microorganisms at the two sampling 

stations during the summer of 1967. These data make possible 

a comparison between the two stations and possibly can 

illustrate the effects of hexadecanol on the microbiota of 

the reservoir. 

In efforts to evaluate the effects of hexadecanol on the 

microbiota of Lake Hefner, the vertical distribution of 
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THE PER CENT OP THE TOTAL POPULATION OF DIFFERENT 
GROUPS OF ORGANISMS AT STATION FIVE 

DURING THE SUMMER OF 1967 
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0.3 

37.0 

3*0 

78.0 

3.7 

4.9 

1.2 

7.0 

11.5 

15.0 
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0 
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1.0 
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47.0 

/ 

10.0 

0 

1.8 

1.5 

5.0 

0 

20.0 

2.0 

0.6 

11.0 

0.6 

0 

7.2 

56.0 

1.2 

1.3 

8.0 

37.0 

23.0 

39.0 

7.0 

9.6 

25.0 

0.3 

56.8 

23.0 

41.2% 

•Start of hexadecanol application to the reservoir. 



TABLE X 

THE PER CENT OF THE TOTAL POPULATION OF DIFFERENT 
GROUPS OF ORGANISMS AT'STATION FOUR 

DURING THE SUMMER OF 1967 
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o> 
c 

m 
(0 
a 
o e o 

<D 
ta 
pm 

•H 
M 
a> 
-P 
o 
cd 
o > 
fa 
rH 
Pn 

M 
<D 
4J 
O 
0 
rQ 
•H > 
<1) 
tJ 
HI 

W a) 
a 
(i) 
tr| 
"H 
i—i 
(0 
o 

6-16 

6 - 2 2 

6-27 

7-12* 

7-22 

8 - 1 

8-9 

8-16 

8-23 

8 -30 

1.4% 

0 

1 7 . 0 

2 5 . 0 

10.6 

1.0 

5 . 6 

11.0 

3 . 1 

1 4 . 0 

10.0 

3 9 . 0 

0 

0 

2.1 

0 

0 

0 

1 . 4 

0 

0.8 

2 5 . 0 

4 . 0 

0 

1 0 . 0 

2.0 

1 0 . 7 

40 .0 

2.0 

1 3 . 0 

0.0 

0 . 3 

3 . 0 

0 

1 3 . 0 

3 1 . 0 

1 9 . 7 

4 3 . 0 

11.1 

5 . 0 

60.0 

18.0 

11.0 

0 

13 .5 

3 . 0 

6.8 

11.8 

2 7 . 0 

17.0% 

*Start of hexadecanol application to the reservoir. 
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of microorganisms was studied (fig. 11). Station number 

three was sampled vertically throughout the study to de-

termine the distribution of microorganisms. Meinke (2)/ 

reporting on the effects of hexadecanol on the microorganisms 

of small ponds, observed that there was an increase in the 

population of microorganisms on the bottoms of ponds treated 

with hexadecanol. 

The average population of fungi, Flavobacterium, Brevi-

bacterlum, and Alcaliqenes present during the two summer 

treatment periods on the reservoir is represented in Figures 

12 and 13. In 1966 the Bureau of Reclamation instigated the 

application of hexadecanol on July 6. Immediately after the 

application of hexadecanol, there was a rapid increase in 

bacteria of the genera Alcaliqenes. Rapidly following the 

pulse of Alcaliqenes was a rise in the percentage of Flavo-

bacterium. This was followed by a succession of Brevibacterium 

during the latter part of July. The most spectacular popu-

lation pulse was shown by the fungi which began increasing in 

predominance around the middle of July, By the' 7th of August 

they accounted for over 95 per cent of the total microorganisms 

present in the reservoir. Throughout this period there was 

a continual application of hexadecanol to the reservoir. 

Figure 12 represents the same information for the summer of 

1967. It can be seen that the same organisms showed pulses of 

population during this period of application as in the summer 

of 1966. It should be noted that there is a slight difference 



44 

S 
o . . 
Eh a 

C M o 
CQ S EH 
I I s 
! I t 
< 

Eh £h EH 
O O O 
< <z 

hi ̂  
< <£ < 
EH Eh EH 
o o o 
EH EH EH 

1A 
iH 

m 

w 
Eh 
pu, 
w 
ol 

O 
ra 

EH 
\A CO 
i—i £D 

O 
<*J 

o 
m 

U\ i-3 

1A 

cS 

£•* 

0 

O 
oj 
PQ 

<H 
O 

c 
o 
*H 
_p 

fit 
•H 
u 
43 
m 

cd 
0 

• H 
43 
Jh 
0 > 
1 
I 
r~| 
H 

to 
•H 
PM 

o e-
c\ vD 

O 
H 

H a i l H T I I W H'dJ SWSIHVDHO 



45 

s s| p p 
*H •H U u CO 
<D 0) <D 
+3 43 C 
O O 0) cd cd hC 
,Q •H 

•H O »rH <—i w > > cd 
G cd 0 o 
p i i u i—i 
{=-. Ph CQ C 

( 

1ACO 
r~i {3 

C sD 
H3 G^ 
<U iH 

S-t 
0 E 
E 
P CO 1 

o 1 
C\J r-I 

* 

w 
•H pL, 

MOIJI viimoj do INSD naa 



46 

E B 
P P 
•H •H 
SH U w 
CD 0 Q) 
4-5 -p C 
O O 0 
cd ctl w 
ro ,jG 

•H O 
bO t-> 05 
C Ctf <D o 
P H 5M r-t 
Ph fx* PQ 

L 

EH 
IAC0 H t> vD 
cb sO 
fc> O 

r-4 
U 
0 P. 
E 
P 
CO o 1 

0̂  s 

13
 

• 

w 
*H 

O o 
o 
CO 

o 
o 

o O 
t\i 

M01 Jj¥rIllclOcI dlO iM30 HSd 



47 

in the order of succession in 1967, and the fungi never 

reached as high a population as they did in the summer of 

1966 (fig. 12, 13). 

For reasons of clarity, the algae have been divided into 

three groups, Chlorophyta, Cyanophyta, and Chrysophyta. The 

Pyrrophyta, when encountered, were reported under the Chry-

sophyta* In preliminary investigations conducted on Lake 

Hefner by Allison (1), the algal cycles were described and 

predominant organisms identified (fig. 14). During the 1966 

and 1967 study, the algal population did not reach the same 

magnitudes in terms of Aerial Standard Units as it did in the 

preliminary study (fig. 15). 
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CHAPTER IV 

DISCUSSION 

It is essential to understand the complete biological 

implications of hexadecanol in order to evaluate its effects 

on the microbial populations of Lake Hefner. The presence 

of a monomolecular film changes certain chemical and physical 

properties of a reservoir which in turn, directly or indirectly, 

affect certain members of the biota. 

It has been shown in both laboratory and field studies 

that the presence of a monomolecular film of hexadecanol in-

creased the temperature of the water covered by the film 

(4, 10, 11, 13). The increase was restricted to the first few 

centimeters of the surface and varied from three to four de-

grees fahrenheit. An increase in temperature combined with a 

reduction of gas diffusion rates could have physiological 

effects upon the members of the biota which associate with 

the air-water interface (8, 9). 

Another physical change brought about by monomolecular 

films was a reduction in the surface tension (11, 14, 17). 

Fair and Richart (7) reported that, when the surface tension 

of water was reduced, the wetting properties of water in-

creased, and the lifting force, which some members of the biota 

used for support, would be decreased. Hayes (11) reported that 
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water striders drowned due to the reduced surface tension 

and that the emergence of insects, such as mosquitoes, may-

flies, and midges, was hindered by the physical presence of 

a monomolecular film of hexadecanol. 

Although the purpose of this study was not the evaluation 

of temperature, diffusion rates, or surface tension phenomena 

caused by hexadecanol on the biota of reservoirs, certain ob-

servations made during the study supported the idea that 

these physical and chemical changes in the reservoir did af-

fect to a small degree the biota of the reservoir that as-

sociated with the air-water interface. Indirectly, these 

physical and chemical changes possibly could have had an effect 

on the microorganisms in the reservoir. Those organisms having 

narrow ranges of tolerance might have been adversely affected 

by the presence of a film of hexadecanol. Directly related to 

the effect of hexadecanol on microorganisms is its toxicity. 

Hexadecanol has been found to be nontoxic to fish, frogs, 

migratory water fowl, aquatic insects, aquatic plants, and 

man at levels used in evaporation control studies (2, 5, 6, 

11, 12, 15, 16, 17). Its toxicity to microorganisms is not 

known, but since it is a commonly occuring intermediate in 

the metabolic pathways of many organisms, it is probably non-

toxic. 

To analyze the results of this investigation, it will 

be necessary to discuss each portion of the study separately 

and comparatively. In this manner an attempt can be made 
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to evaluate the effects of hexadecanol on the microbiota of 

Lake Hefner. 

Effects on Physicochemistry 

The application of a monomolecular film of hexadecanol 

during the summers of 1966 and 1967 to Lake Hefner had no 

deleterious effect on chemical water quality. Table VIII, 

which is representative of data collected throughout the study, 

shows no significant change in the concentrations or con-

stituents of the inorganic contents of Lake Hefner. The 

total inorganic analyses are comparable with those reported 

by Allison (1) in his preliminary study on Lake Hefner in 1964 

and 1965. The temperature changes caused by a hexadecanol film 

were small and insignificant from a water quality viewpoint. 

Prom the data obtained, it appears that the physical and 

chemical alterations caused by hexadecanol films had no effect 

on the microorganisms in the reservoir. 

The phosphate and nitrate concentrations in a reservoir 

can be correlated to the microbiotic cycles which occur in a 

reservoir, according to Allison (1). The indirect effects of 

hexadecanol on the microbiota were monitored by studying the 

phosphate and nitrate cycles in Lake Hefner. Had hexadecanol 

had a stimulatory effect on the microorganisms in a reservoir, 

possibly a decrease in the nitrate and orthophosphate con-

centrations would have been observed. However, examination 

of Figures 4, 5, 6, and 7 shows no such correlation. In fact. 
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comparison of the data obtained in this study with the data 

obtained by Allison (1) in 1964 and 1965 indicates that the 

reservoir was very similar in regard to concentration and 

vertical distribution of nitrates. Apparently the application 

of a monomolecular film of hexadecanol had no effect on the 

phosphate and nitrate cycles in Lake Hefner. 

Effects on Algae 

During the study period, plankton counts were made from 

the surface, middle, and bottom at station three and from sur-

face samples at other stations. Figure 14 represents the pop-

ulations that existed for two years prior to the time that 

hexadecanol was added to Lake Hefner. Examination of Figure 14 

shows that the greatest peaks of growth were during the summer 

months, as is expected in Southwestern reservoirs due to tem-

perature and the availability of nutrients. Comparison of 

Figure 15, which represents the Algal population during 1966 

and 1967, to Figure 14 illustrates that a quite' different 

seasonal population cycle existed. In 1966 and 1967, the 

usual blooms of algae did not occur in the summer months. 

Since hexadecanol was present on the reservoir during that 

time, it may be suspected that hexadecanol could be responsible 

for the failure of the summer blooms to occur. Considering 

that films of hexadecanol retard the exchange of gases, and 

that light penetration is affected, it is possible that the 

decrease in algal populations could be indirectly caused by a 

hexadecanol film. Unfortunately, the evaluation of the effects 
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of hexadecanol on the algal population of Lake Hefner was com-

plicated by the fact that Oklahoma City introduced algalcides 

in the summers of 1966 and 1967 in greater concentrations than 

applied in previous years. Copper sulfate, copper citrate, 

and calcium hypochlorite were added to the reservoir in large 

concentrations. It is probable that the decrease in algal 

populations during the summers of 1966 and 1967 is a reflection 

of this treatment, Silvey (15), reporting on the 1958 study 

on Lake Hefner, found no stimulation or depression of the agal 

population. It could be possible that a continual coverage of 

a reservoir might result in alterations of certain conditions 

which might adversely affect the algae. 

Effects on Bacteria 

The chemical formula for hexadecanol (ci5H34°) suggests 

that perhaps hexadecanol would be readily degradable by the 

microorganisms in Lake Hefner. Long-chain alcohols are inter-

mediates in several oxidative processes common in bacteria and 

fungi. If hexadecanol is considered as a source of organic 

nutrition, it seems possible that its addition to a reservoir 

could have a stimulating effect on microorganisms.- It was 

observed that much of the hexadecanol applied to Lake Hefner 

formed numerous strings and sank beneath the surface. Also, 

hexadecanol that was piled up by wind action was sucked into 

the reservoir by undertow currents . Thus, it became available 

for biological activity. 
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Laboratory experiments designed to determine if hex-

adecanol stimulated an increase in the microbial population 

found in Lake Hefner were conducted at North Texas State 

University. The results of these studies showed statistically 

that hexadecanol did stimulate the growth of certain micro-

organisms, Ah F value of 128.75***, comparing the population 

of organisms in flasks containing hexadecanol versus flasks 

with no hexadecanol, indicated that the presence of hexa-

decanol significantly increased the population of micro-

organisms in the test flasks. (See Tables I and II.) There 

existed approximately a thousand fold increase in the pop-

ulation of microorganisms in the test flasks. Student's 

t_ test also showed three levels of significance when comparing 

dark treatments to dark controls and light treatments to light 

controls. (See Table III.) The results of the study on 

the effects of light and dark upon the stimulation of organisms 

by hexadecanol showed that no statistical differences in 

population existed due to exposure to light. An P value 

of 0.5849 is not significant; therefore, light probably does 

not enhance the degradative process which renders hexa-

decanol more succeptable to biodegradation. (See Table III.) 

Apparently, only at very high temperatures does photo-

oxidation of hexadecanol occur (8). 

The results of laboratory experiments indicate that 

organisms found in Lake Hefner were capable of degrading 

hexadecanol over an extended peroid of time. (See Table IV.) 
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Only an average of 37 per cent of the available hexadecanol 

had been degraded after twenty days. An F test value of 

1131.1***/ comparing test flasks with organisms with controls 

with no organisms, leaves no doubt that organisms are able 

to degrade hexadecanol (fig. 2, Tables V and VI). The 

results indicated that the degradation of hexadecanol by 

microorganisms probably did not interfere with the residual 

life of a monomolecular film on the reservoir. In this 

study no degradation of hexadecanol was experienced for a 

period of five days (fig. 2). Since wind action usually 

pushed the film on the reservoir at a velocity of a few miles 

per hour, there was little contact time between the hexadecanol 

film and microorganisms found in the water (16). Only when 

the film was compressed and formed ribbons did it sink and 

become available for biodegradation. 

The results of the differential counts made in lab-

oratory studies indicated that certain groups of organisms 

were stimulated by the presence of hexadecanol. By knowing 

the population of various members of the microbi'ota contained 

in the inoculum, it was possible to determine the increment 

of stimulation due to the presence of hexadecanol. This 

was accomplished by comparing the initial population of test 

and control flasks at subsequent intervals after inoculation. 

Thus, the dynamics of stimulation of various groups within 

the population could be monitored. Careful examination of 

Table VII indicated that Alcaligenes showed the greatest 
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increment of stimulation, while Pseudomonas, Brevibacterium, 

Flavobacterium, and the fungi followed in order of magnitude. 

This study indicated that perhaps the same organisms would 

show stimulation in the reservoir and that these organisms 

were responsible for the degradation of hexadecanol in the 

laboratory and probably in the reservoir. 

The results of data collected during 1966 and 1967 on 

Lake Hefner were less dramatic. During the two year period 

of study^ approximately one hundred and forty/ thousand 

pounds of hexadecanol were applied to Lake Hefner. Consider-

ing the size and total volume of Lake Hefner/ it was calculated 

that the concentration of hexadecanol in the reservoir was 

less than 0.5 parts per million. The very low water solubility 

of hexadecanol rendered even less available throughout the 

reservoir. Therefore, it was not difficult to expect that 

the stimulatory effects of hexadecanol would be much less 

than those experienced in the laboratory/ where the con-

centration was much greater and where the ecological 

balance was artificially simulated. If a comparison is made 

between the monthly population of microorganisms in Lake 

Hefner during 1966 and 1967/ with the population in 1964 and 

1965 during which no hexadecanol was added to the reservoir, 

no significant differences can be noted (fig. 8). Generally, 

the total populations are of the same order of magnitude and 

no stimulatory effects could be observed. If only the summer 

periods of application of hexadecanol are considered/ it is 
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possible to show a slight increase in total population cor-

responding to the amounts of hexadecanol added to the reservoir 

(fig. 9, 10). This increase is very slight and does not even 

approximate the laboratory results in regard to magnitude of 

stimulation. 

A comparison between two sampling stations, one of which 

is free of hexadecanol throughout the study period and one 

which is always in contact with the film of hexadecanol when 

coverage is on the reservoir/ shows no pronounced differences 

in the populations. Although the same groups of organisms 

were present as in the laboratory tests, no correlation can 

be made between the field and laboratory studies (fig. 9, 10 

and Table VII). Figure 11, which represents the vertical 

distribution of organisms during the coverage period of 1967, 

shows no difference in the top, middle, and bottom population 

of organisms in regard to total numbers. 

Only when a composite is made of all bacteriological data 

from each station are there any indications that a relationship 

exists between the addition of hexadecanol and the stimulation 

or increase in the population of certain groups of organisms 

(fig. 12, 13). A slight correlation can be made between the 

laboratory studies (see Table VII) and the organisms shown 

to be stimulated in the reservoir. The response in the reservoir 

is not as pronounced as in the laboratory. It is not possible 

to conclude that the increases in population shown in Figures 

12 and 13 are entirely due to hexadecanol, since other conditions. 
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such as seasonal temperature effects, influx of water into 

the reservoir, and treatment of the reservoir with chemicals 

by the Oklahoma City Water Department, may have had an 

effect. 

Hexadecanol, which is used to retard evaporation on 

reservoirs, is capable of stimulating an increase in population 

of Alcaliqenes, Brevibacterium, Flavobacterium, Pseudomonas, 

and fungi found in Lake Hefner, These organisms are capable 

of slowly degrading hexadecanol. This degradation does not 

appear to interfere with the maintenance or efficiency of a 

monomolecular film. Apparently, the addition of hexadecanol 

in concentrations used in the field study on Lake Hefner in 

1966 and 1967 caused very little change in the microbiotic 

cycles that occurred. Prolonged application might cause certain 

members of the microbiota to become predominant and thus cause 

an imbalance of the ecosystem. 
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CHAPTER V 

SUMMARY AND CONCLUSION 

1. Laboratory studies were conducted to determine 

if hexadecanol stimulated an increase in the population of 

microorganisms. The results of this study showed that hexa-

decanol caused an increase in the population density of micro-
O 

organisms in the order of magnitude of 10 per milliliter. 

2. Gas chromatographic analytical procedures were de-

veloped which indicated that microorganisms isolated from 

Lake Hefner were capable of degrading hexadecanol. The 

degradation proceeded at a rate of 2.5 per cent per day after 

an initial lag of approximately five days. 

3. Differential counts were made to determine which 

organisms found in Lake Hefner were stimulated by hexadecanol 

in the laboratory. Pseudomonas, Flavobacterium, Alcaliqenes, 

Brevibacterium, and the fungi were the groups of organisms 

showing the greatest increment of stimulation when test flasks 

containing hexadecanol were compared to controls having no 

hexadecanol. 

4* Field studies were conducted in 1966 and 1967 during 

the Bureau of Reclamation's Water-Loss Investigation on Lake 

Hefner. Physical, chemical, and bacteriological data were 

obtained in efforts to evaluate the effects of hexadecanol on 
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the chemical and biological water quality of the reservoir. 

The application of hexadecanol during the summers of 1966 

and 1967 apparently had no effect on the chemical quality 

of Lake Hefner water when data were compared to data obtained 

before application of hexadecanol to the reservoir. 

5. Field investigations showed a much less pronounced 

effect of hexadecanol on the microbial population of Lake 

Hefner than was shown laboratory studies. Data obtained in 

laboratory studies showed no direct correlation to studies 

conducted on the reservoir in regards to the biodegradation 

of hexadecanol. Only limited correlation was shown between 

the application of hexadecanol to the reservoir and the 

microbial population of the reservoir. A slight rise in the 

population of microorganisms was observed following periods 

of application of hexadecanol to the reservoir. Flavobacterium, 

Alcaliqenes, Brevibacterlum, and the fungi were shown to be 

the predominant groups present following periods of application 

of hexadecanol to the reservoir. 

6. The algal population of Lake Hefner did not exhibit 

the usual pulse of population in the summer periods* The 

diminution of population has been attributed to treatment of 

the reservoir with various types of algalcides, rather than any 

effect brought about by the application of hexadecanol to the 

reservoir. 

7. The seasonal microbiotic cycles were not affected 

by the application of hexadecanol to the reservoir. A 
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comparison of the data obtained in this study with preliminary 

data from Lake Hefner indicated that the application of hexa-

decanol to the reservoir did not alter the microbiotic cycles. 

8. At concentrations used in the 1966 and 1967 Evaporation 

Reduction Investigation on Lake Hefner, hexadecanol had no 

significant effect on the microbiota of the reservoir. The 

lack of correlation between laboratory and field studies can 

probably be attributed to the tremendous dilution factor in 

Lake Hefner and to the insolubility of hexadecanol in water 

which hinders its availability for bioactivity. 

9. Certain organisms isolated from Lake Hefner were 

stimulated by hexadecanol and were capable of its biodegration. 

Continual application of hexadecanol to a reservoir in high 

concentrations could possibly result in an increase in a 

selected population of microorganisms in the reservoir. 
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