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CHAPTER I
INTRODUCTION

Because approximately nine million acre-feet of water
are lost ennually by evaporation in Texas alone, water con-
servation has become of greater interest in the Southwest.
Studies during the last fifty years have shown that a mone
molecular film of certain long chain polar materials are
abia to reduce evaporation from water surfaces. Langmuirl
(5) in 1917 reported the phenomenon of film forming com-
pounds. The first attempt to use a monofilm as an evapo~
ration control measure occurred in 192} sand wes not
successful (). The first successful attempt by Langmuir
(6) with hexadecancl forming the film gave a 50 per cent re-
duction in the rate of evaporation of ether. In 1943 (7)
the rate of escape of molecules from a water surface was re-
duced 10,000:1 by a monomolecular film of hexadecanol. éutu

door studies were made in 1953 in Australia by Mansfield (9).
In his report to the First International Conference aa\ﬁéé@r»
 #¢1? Evaporation in April, 1956, his results showed 0-90 per
cent saving of water by the use of hexadecanol on Australian

reservoirs of 2-22 escres (13).



It has been shown in fileld tests in the southwestern
United States by the Bureau of Reclsmation under the diw
rection of J. K. G. Silvey in cooperation with the city of
Oklahoma City, Oklahoma (11) that evaporation is reduced by
8 ‘monomolecular film of hexadecsnol {cetyl alaohol) on tha
~ surface of a water reservoir. |
- "~ One of the major problems involved in such a maasuru 13
}ltha maintenance. of the film on the water for long parioés ar
' time. It was reported at the Southwest Research Iﬁatituta
‘with Beadle as chairmen that at a rate of 2.2 pounds par"
_iera, an evaporation reduction of 45 per cent snd a film
1ife of thirty days would result (1l). Timblin et &la, in
:}195? flS} reported that hexadecanol flakes sprinkled on ‘ 
'cvaparatien pans at the rate of 60 pounds per acre were ar~
_faﬂﬁive rar more then lj weeks wtth a maximum efriaisnﬁy @r
6l per cent. However, the Monthly Progress Report of tha

rggauthwest Cooperative Committee on Reservoir Evnporation  ‘
‘kﬂautrcl, August, 1956 (10), states that in expsrimentaeimn
'fﬁwith ten samples of hexadecanol, five of the samples laat
;:thair efficlency entirely after periods rangling fram 5~13
Vfénys;
v'“” in aging phenomenon may be one factor to consider iﬂ
5maintainiag a monomolecular film. Sebba and Briscoe (13)
explained this phenomenon in that in an uncompressed razm;
* the single molecules, because they are in active motion ﬁﬁ&

- free to assoelate, graduslly do so in palrs; this forms



double molecules having a hydrophilic alcohol group at each
end and these molecules, like dihydroxy-alcohols, lie and
remain flat upon the surface of water and enhance the per-
meability of the film to water. In addition to the aging
procezs it was evident in the Bureau of Reclamation studies
'that much of the hexadecanol 1s lost by the wind's casting
1t ashore.

There 1s also reasson to believe that s portion of the
f1lm disappesrs as & result of biologic activity. Ludzack
and Bttinger (8), in 1957, showed thet there was a strong
indication that hexadecanol was used by orgenisms con-
teined in river water thast had been seeded to produce & the-
oretical 36 per cent biologlcal oxygen demand. They also
showed by using serated carboys with suspensions of solid
hexadecanol inoculated with 2 per cent sewsge and then meas-
uring the amount of carbon diciida produced, that 77 per
cent of the hexadecanol was accountable as resulting from
oxidation. However, they did not make any statements as to
what orgenisms might be responsible for the reduction of
the compound,

Pseudomonas species have been found to utilize such

substances as cutting oil (1), phenolic wastes (3) and
methane (2). This small gram negative rod is also found in

the film 1life of lakes and reservoirs., Alcaligenes, of the

seme gram staining reaction and morphology, is also known

to inhebit the surfaces of such bodles of water. These



organisms, because of their ability to reproduce In a wide
variety of orgeanic compounds end the nature of their habi-
tat, are likely organisms to consider in finding an organism
which might degradate hexsdecanol,

It seemed deslirable to investigate the role of bacteris
in disappearsnce of hexadecanocl films on reservoirs. ?ha’
purpose of this thesis 1=z to detarﬁine the effect of hexade-

canol on the populations of Pseudomonas and Alcaligenes spe-

cles in reservoirs and determine their ablility to utilize

this compound as & carbon source.
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CHAPTER II
METHODS

The study of the bacterisl degredstion of hexadecanol
was conducted in two phases, One was the sctual isolation,
counting, and identification of éer%ain bacterial speciss
from & lake treated with hexadecanol end from sn untreated
‘lake. The other phase was devising a lsborstory aahaé& ﬁé
note the increasse in populstion and the quantity of hexade-
canol utilized in tests with this compound ﬁs the only cape
bon source. '

Isolation studies were made from a small test lake
uaa@ed with hexsdecanol and & larger lake nearby serving as
& control. Both lskes hed approximetely equal temperatures
"#hﬁ‘ﬁhamiael content and recelved the same emount of raiﬁé

:fall (1), Samples were collected several days prior to the
 testing period, each week during, and seversl times attgr'
the testing perlod., Isolation snd colony counts were made
‘from sterile eger pleted with 1.0 ml, and 0.1 ml, of rew

- water from the reservoirs. Alcaligenes snd Pseudomonas were

th@ genera considered primarily slthough other organisms
were also noted. The orgenisms were 1solated on Bacto-Brain

Heart Infusion sgar from Difeco Lsboratories, Detroit, Michigan,



for confirmation. These were then identified by gram
staining and reactions in differential carbohydrate tube
media with Difeo Bscto-Purple Broth Base as the indicetor
and maintained as stock cultures for further tests.

In the laboratory, testing procedures were devised to
dstunaiﬁa‘i:gun increase in mumber of thess organisms in the
test or trm?tad lake wes due to the use of hexadecanol as a
nutrient source or to some other factor involved., A modified
F&ister»%ﬁpﬁ‘s #1nara1,solue1au (2) shown in Table I was
used as 2 basie medium, Organisms used in the tests were
Pseudomonas strains K 2, K 9, and LHE 3 and Alealigenes strains
K5, K10, IH 2, LH lj, LH S, and LH 6. The K streins were
isolated from the treated (test) reservoir and the LH strains

from the untrested (control) reservoir. The first series of
experiments were in test tube volumes, One per cent and

0.1 per cent by volume of hexadecanol were added to six-inch
tubes containing 10 ﬁlg‘er”minaraIHQSiuiiéa. A bacteri-
ologistt's loopful of eulture from Beacto-Brain Heart Infusion
agar szlants was added to the tests. Controls included non~
1ngeu1§%ad tubes conteining none of the compound tested and
those with the compound. The tubes were then incubated three
weeks at room tempersture and in duplicate at 37° €. Visual
turbidity determinstions and eultural identificetions were
ma&a to determine growth in this solution with hexadecanol as
the only eerbon source. Turbidity of the tests was compared

to the controls after a period of two weeks! incubation,



In the above tests a thick film of hexadecesnol formed
on the aurtaca of the media. Such a film by limitation of
oxygen diffusion into the solution probsbly decreased the
totsl po#;ihle growth., To lessen this possibility, the pro-
cedure waghrqvisad to use larger volumes of mineral solution
snd provide a larger surfasce area. This also made the con-
ditions more similer to film conditions in treated reservoirs,

although the tests were not an attempt to duplicate the

TABLE 1
FORMULA POR MODIFIED FRAZIER-RUPP'S MEDIMM
Compound Amount
Dipotassium phosphate (x%arcgb o o s s s s 0 s e 3.1gm.
Monopotessium phosphate (KHpPOR) . . « « « « & & 0.8gm,
Potessium chloride (KCLl) . . + ¢ + o o o« o = s o« O.2gm.
Doe~-ionized water . « ¢ ¢ ¢ ¢ ¢ ¢ ¢ s o o ¢ ¢ o » 1,000«%1.

Dissolved snd sterilized in the sutoclave.

actual conditions in & reservoir, The procedure was also
changed to eliminate the possibility of the cells carrying a
carbon source over from the stock media. The bacteria to be
tested were inoculated into Difco-Bacto Trypticase soy broth,
incubated at 37°C for 36 hours and then centrifuged. The su-
pernate was discarded and the cells were washed I times in
the mineral solution. The cells were then allowed to stand
;8«72 hours at room temperature in 3 ml. of minersl solution.
One loopful of this suspension was inoculated into 50ml, of
sterile mineral solution in easch 250 ml. Erlenmeyer flask.
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In sach flask 0.1 ml., by volume, hexadecanol was added,

giving 2 concentration of 2 parts per 1000, The controls
were as in the test tube method with the only difference
being chenge in volume, surfece ares, and concentration of
hexadecanol. Incubation period was three wesks.

Later 1t wes decided to add smmonium chloride (Hﬂhgl) in
order that & lack of nitrogen might not make the experiment
limited in two factors. Concentration of sﬁhal was 2 perts
per million (2 p. p. ms) in the minersl solution. Colony

counts were made in additlion to visusl turbldity determi-

" nations and cultural identificetions to determine growth,

Along with these tests, others using the same procedure
were made with other sources of hexadecsncl, including a mixe
ture of 5 gm. hexasdecsnol, 5 cc. minerel oil, and 1 gm. of
glycerol monostesrate which hed been proposed for eatab-
lishing a moleculsr film, In this cese, & glass stirring rod
was dipped into the mixture and then Iinto the minersl solu-
tion,

In aré&r that the quantity of compound being used might
be detsrmineﬁ. sxtractions of hexsdecenol were maede from L-6
weeks' culture 1& whieh the compound had been previously

welghed, Inoeulﬁm in these tests wses 0.1 ml, cell suspen-
sion. Evaporating éiahaa were hested in & hot slr oven st
360° 7, end placed in a calcium chloride (CaCl2) dessicator
for at lesst 2 hours prior to weighing with &n analytical

balance. All glesswasre used, including seperatory funnels,

¢
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was cleaned with acetone, sulfuric acid, rinsed with dis-
tilled water and dried in a hot air oven. Extractions were
gade with A, C. S. gradé of Merck benzene, Eha,benseng was
‘.drivan off by aeating the evaporation aiahga on th@_}ﬁ#}#gm-
‘{pawatura of a hot plate, The dishes were allowed té udai;iu
fﬁa eal@ium ahlaride doasieatar and welghed periadiaally uny til
» $ 6@natunt welght was raaahad. , S ”’u
:L? _ Because some of the flasks of a certein strain eaated
:iﬁiﬁ not nh@u any decrease 1n weigbt in the reeavary, 8 aariau 
'-iwas run with CaC0, as the carbon source, This was to see if )
'}sﬁma ail or fat soluble in benzene was produced and raapana

' tibla for the excess weight instead of the hexadecanol,
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CHAPTER IIIX
RESULTS

The average number of colonles of the Pseudomonss and

Alcaligenes strainas lsolated from the reservolir treated

- with hexadecanocl and the untrested reservolr are shown in
Table 1I. The eounts indicste the number of organisnma
found in 1.0 ml. of raw water from the reservoirs studied on

the basls thst one organism glves rlise to one colony.

TABLE 1T

AVERAGE NUMBER OF COLOWIERS OF psmmxm AND
AILCALIGENES STRAINS ISOLZ RO
T HEXADECANOL TREATED wn
UNTREATED RESHERVOIRS

Organisms Hexadecanol Treated Untreated
[~ Pre- Festing | Post- | Pre-  |lesting
testing | Period testing testing|Feriod
Pariod Period Pariod
Peeudomonss 35 57 P2 3 -3 2=
Alcaligenes 57 28 2-6 2-5 246

The count of Pseudomonasg wss shown to ineresse approximstely

11 to 19 old during trestment with hexadecanol, while the

count in the untrested lake remsined constsnt during the
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testing period (Table II). 1In the treated lake l months af-
ter application of the compound ceased, the count had
returned to 2 to 6 per milliliter, which wss close to the

:aeunt nade prior to the treatment.

The Alcaligenes eaunhA
‘was shown to lncrease appraximataly L to 6 fold in the 7‘
tr%ated r@aarvair with no inareaaa in the untreated roaar-

voir. Like Pseudomonas, Alcsligenses raturnaa to its nanaal

level after trestment ceased.

Proteus vulgaris, Bscherichia coli, Bscillus pumilus,

and Sercina citrea were also identifled from these reser-

voirs, but no attempt to record their incldence was made.

In the laboratory test tube method described previously,
some strains were observed to grow with hexadecenol as the
only carbon source. These results, shown in Table III, were
obtained by comparing turbidity of the test to the uninocu-

lated controls.

TABLE III

GROWTH IN TEST TUBES WITH 10 ML. MINERAL SOLUTION
PLUS HEXADECANOL AS THE SOLE CARBON SOURCE

InuauiataéT@f"

"% Hexadecanol] .1% Hexadecsnol
Organism by Volume by Volume eral Solution
Controls
ﬁhugar “Wumfer| Number | Nuaber | Number ber
‘ o - 7 - L) - -
Pseudomones 2 2 1 5 0 g
Alcaligenes n 2 5 i 0 9
“IMRFITUIER growth TWY.Toowith no growth
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Incubation period for the tests shown in Table III was three
weeks, Oram staining from the test tubes in these tests,
followed by inoculation into differential carbohydrate media,
showed the organisms in the tubes to be the ssme as those in-
oculated into the tests. The tests show that not all the
organisms were able to grow under these experimental con-
ditions. |

The method was revised to increase the surface area and
total volume by using 250 ml, flasks and Ey adding & nitrogen
source (Table IV).

TABLE IV

GROWTH IN FLASKS OF 50 ML. MINERAL SOLUTION
WITH HEXADECANOL IN TESTS

.2% Hexadecanol Wineral Solutlion
Description by Volume Controls
Number with]|Number with|Rumber with|Number witnh
Growth no Growth Growth no Growth

Tnoculated
with 6 0 L 2
Alcallgenes
Inoculated
with 8 0 0 8
Pseudomonsas
Non~inoculeted
Controls L 6 0 9

After the change in procedure, growth was observed in all
flasks containing hexadecanol (Table IV). Since 4 of the
first tests performed with Alcaligenes showed turbidity in

the mineral solution controls, the source of distilled
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de~ionized water was changed, The inoculated minersl soe
Iuntion controls showed ne‘grewth in the remainder of the
teste,

Plate counts made st the time of irnoculation and sfter
incubstion are shown in Teble V. These counts show an 8,000

fold incresse of Pssudomonss and a 3,000 fold increase of

Alceligenes during the incubatien period.

TABLE V
PLATE COUNTE FROM TEST PLASKS CONTAINING HEXADECANWOL

Organism Count et Inoculation Count after 3
Weeka'® Incubation
Pseudomonas sp. 3,000 per ml. 25,000,000 per ml.
Alcaligenes sp. 3,000 per ml. 10,000,000 per ml.

Some uninoculated controls from the tests shown in Tae
ble IV which contained hexsdecancl from & certain chemiecal
company showed turbidity. Gram steining from these flssks
showed a small gram negative rod to be present, After ine

vestigation, an Alcsligenes species was found to be existing

in pure culture in the gompound ss it came from the chemical
supply company.

Pseudomonas specles were fougd %o be able to metabolize
in 8 mixture of hexadecancl, @;neral 0il and glycerol mone
ostearate in the mineral solution. A&l1l strains of this

organism tested were found to reproduce in every sasmple of
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hexadecanol used. These samples came from several sources.
Most of them were bacteris free upon arrival.
Table VI shows the results obtasined when attempts were

made to determine the quentity of hexadecanol being utilized

by Pseudomonas and Alcaligenes species.



TEST, AND AMOUNT RECOVERED BY BENZENE

TABLE VI
AMOUNT OF INOCULUM, WEIGHT OF HEXADECANOL USED IN

Elm&gﬂﬁﬁ AFPTER IRCUBATION

Rumber of | incu~ | Weignt Welght
Description Orgenisms | bation | Hexadec~ | Hexadecanol
Inoculated | Period | anol Used | Recovered
Alcallgenes ‘ oop | .
Ttrains LH 2| suspension | 6 wks. 79 mge 10.6 mg.
LH 2| 5,500,000 | wks. | 10.0 mg. 3.9 mg.
Lg 2 1.599,90{3 L} wks., 9.7 mg. 21l.1 mg.
18 2 i h‘ wks. 1‘{9;1 g . mgch. N e
K 10 & l‘. MOBe 9.8 NE . 505 ME
Pseudomonas ~Y Tooprul |
Ztveins LH 3| suspension| & wks.| 13.9 =g. 7«3 mg.
LH 3 BQQ;QGG }4. wks. 759 M. 8.0 mEg.
LH 3| 2,000,000 | L4 wks.| 21.0 mg. 21.3 mg.
Tompound ' '
Control 1 e o v o o | 6 wks.| 13.5 mg. Ge7 MmBa
Flasks
2 « &« & ® = “. WhS e 20.9 Mg zﬁ‘l& mE .
3 e » s ® = h wks. 6.9 j:7- 48 1’&05 M«
1{, » . e & % 2} Wik . 159:5 ot métl NE e

#insble

to determine
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The only test {lasks that gave great decrease in weight
on reeev¢r§ were the last Alcaligenes K 10 test snd the first

Pseudomonas LH test, These showed an approximate 50 per cent
reduction., Out of the four Alcaligenes LH 2 tests, thres

- showed & marked 1ncrease in weight. The weight of recovery

of the controls fluctuated from sn increase to a decrease in
weight with two of them remulning fairly constant. Since the
first three LH 2 tests showed such a large weight in exe
traction, this icst was run again parallel with one containing
CaCO; to see if some fat soluble in benzene was produced.
However, littla‘if any growth wes detected in the 6&093 flask

and upon extraction no fat soluble compound was recovered,



CHAPTER IV
DISCUSSION

g#endemanas organisms are generally classified as path-
cgenn. &Xaﬁliganas, although genaralxy nan~pnthngani¢; may

booama e secondary inveder in meny infections. The increase

of Pseudomonas in the trested (test) lake from a count of
| 3 to 5 orgsnisms to 57 organisms per milliliter {Table II)
does not spproach the 60,000 organisms considered to be of
unacceptable content (1). It does show, howsver, that treat.
ment with hexadecanol might provide a favorable environment
for these bacteria. A high#r concentration of bacteria
‘would be advantageous for lske biology in gensrsal, but une-
_pleassnt tastes and odors in the water could result.
jéﬂﬁstant trestment with the compound for prolonged pafiaé#
gf'tha’might also result in the bscterial papulatian
irua@hiag the undesirable count,

' The incresse of Alcaligenes in the trested lake fr@m 5.7

'rta 28 organismas per milliliter does not reach the unéuairthG'

' 1imit, slthough this is sn indiecation that the pvaaanﬁavar

" hexadecanol encouraged the reproduction of this organism,

The fact the Pssudomonas and Alcaligenes count remained

constant in the untreated reservoir while it inereased in



21

the treated reservoir supports the assumption that these ore
ganisms can use hexadecanol as a carbon source. The decrease

in Pseudomonasg end Alcaligenes count after the cessation of

treatment with hexadecanol further indicates that hexadecanol
was a nutrition source.

The laboratory tests showed thet hexasdecanol could serve
as a carbon source and that increase in the count of Pseudo-

monas and Alcaligen&s was not due to some accidentasl fsctor,

In the test tube method some of the Alcaligenes strains and

a greater number of the Pseudomonas strains were not able to

grow under the test conditions (Table III). The reason for
this insbility to grow was probably that no nitrogen source
was available and the oxygen supply wes limited by the small
surface area and the formation of a thick film of hexadecanol
at the surface.

| All of the organisms tested grew in the flask method
(Teble IV). Nitrogen was supplied by ammonium chloride
(Hﬁ&@l) and grester surface area permitted greater oxygen ab-
sorption. Evidence thst hsxagéeanal was being utilized was
more certain because the cells were washed in mineral solution
before inoculation, thus eliminating the possibility of nu=
trient being carried by the cells from the stock media,

From the standpoint of the population 1ncre§se”shawn in

the reservoirs snd the plate counts from the test flasks

(Table V), it is most likely that more Pseudomonas strains

are able to reproduce readily in the presence of hexsdecsnol
then are Alcaligenes strains.




It must be considered that our methods of determining
the quantitative use of hexadecanol failed to show conclusive
results. Testing for the quantitative use of hexadecanocl by
these organisms weas complicated by the difficulty with our

methods of consistently extraeting the hexadecanol. No at-
“‘tampt was made to distinguish between hexadecanol and other
benzene soluble compounds in these extractions. With Alcale
igenes it was noted that when a large test inoculum wes used,
%he recovery of benzene soluble material increased after the
incubation period. When 2 small test inoculum was used, the
benzene soluble compound recovered was appraximatgly th@‘aame
as %hat inoculated. This work did not determine whether a
'b&nzcna soluble material is produced by Alcaligenes. Such

a2 compound is not produced by this organism when grown in
mineral solution with s cerbon source composed of CaCOj.

One Alcaligenes strain showed aspproximately & 49 per cent uti-

ligation of hexadecsnol indicating that there 1s considerable
variation among these organisms as to the abllity to degrade
this compound. This amount of hexadecanol wes used over a
period of four months.

It was noted with Pseudomonas that when & small inoeulum

‘was used, the benzene soluble compound recovered was approx-
imastely half of that inoculated, When a larger inoculum of
the same strain was used, the amount of recovery was 8ppProx-

imately equal to ‘the emount inoculated. This 2ndicat¢a a\

difference in Pseudomonas end Alcaligenes when a large “’j
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inoculum was used. It should slso be noted that Pseudomonas

showed a2 50 per cent reduction in compound recovered in six
weeks while Alcaligenes showed e compsrsble reduction in four
‘months.

The dats presented here indicete that hexsdecenol is de-

graded by some strains of Pseudomonss and Alcsligenes, with
eoﬁsidev&hla varistions between streins as to their ability
ta-ésatﬁhiﬁ‘eempaund a3 8 sole carbon source. It should be
pointed out that no sttempt wes mede to determine the cheme
ical purity of the compound. Since s relatively long
incubation period is required to demonstrate this change, 1t
is possible that the sging procesa of the compound 1s needed
before 1t is asttacked by the bacteria. All evidence, how-
ever, indicates that bacterisl degredetion of hexadecanol 1is
a prabiem that must be considered in the use of this com~

pound ss an evaporation control mechanism.
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1. Report of the Effects of Hexadecanol on d'a Lake,
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CHAFTER V
SUMIARY

l. Bacteriel populations of Pseudomonas and slaaiigénes

were shown to iIncrease in a reservoir treasted with hexadecanol
while the count in an untreated reservolr remained constant.

2e 11@&115#&@3 end Pseudomonses streins isoleted from the

hexadecanol treated and untreated reservoirs were shown to uti-
lize hexsdecanol in laboratory tests in which this compound was
th§ sole carbon source.

3. Quantitative attempts to determine the amounts of hex-
adecanol utilized in the laboratory by certain bacterial spe-
¢les were inceonclusive.

L. From the date obtained the use of hexadecanol as on
avap@raﬁién eontrol measure must consider bacterisl degredation

of this compound.
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