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Abstract
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I. Introduction problems due to the spill of foam out of the

aeration tanks onto walkways as the foam dries.

The viscous brown foam has caused numerous Another problem caused by the build-up of the
problems in activated sludge plantsl’z). The foam is the poor separation of solids in the
viscous foam is different from other kind of secondary clarifiers”, The problem results from
foam in that it can not be collapsed by water the foam carrying over into the secondary
sprays®. Pipes? reported a foam completely settling tanks from the aeration tanks where it
covering aeration tanks to depths of 2 to 3 feet. floats on the surface. Unless the foam is
The build-up of a large foam causes safety skimmed, the quality of the effluent will be low,
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resulting in the increased levels of biological
oxygen demand (BOD) and suspended solids
(SS) concentrations in the effluent water”. Other
binding of sludge
recirculation pumps, entrapment in and fouling of

problems such as gas
gas collection pipe work, and tipping of digester
covers by rapid expansion and collapse of the
sludge volume when gas mixers are operated
intermittenlyZ) and are also associated with the
build-up of the foam.

The brown viscous foam has been associated
with the presence of microorganisms of the
Actinomycetes group. In the United states, the
genus Nocardia®® has been identified as the
most important for the development of the
sludge foam. Lemmar and Kroppensted” iden-—
tified Rhodococcus rhodochronus as the most
common of the Nocardioform actinomycetes for
the build-up of the foam from surveys of
Western Europe sewage treatment plants.

Sewage foam-forming actinomycetes are aero-
bic filamentous microorganisms whose main
ecological functions in soil is the decomposition
of organic matter. Actinomycetes in the foam
have physical properties similar to that in soil
because most of the actinomycetes found in the
sewage treatment plants were washed in from
the soil®.
advantage over other bacteria in the sludge

Actinomycetes have a selective
foam. The actinomycetes protects themselves
from dryness, protects their pigment against
ultraviolet (U.V.) radiation,
capability to store poly- 8 -hydroxybutyric acid
(PHB) and polyphosphates which allow them to
endure starvation®.

Baumann et al' proposed that the rapid

and have the

growth of the actinomycetes was related to their
adherence to interfaces which
enhancement of the substrate availability and
mean cell residence time. The excessive growth

cause

of actinomycetes in the treatment plants which
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have the branched and strongly hydrophobic
hyphae enhance the floating resulted from the
gas bubbles rather than the grease or oil.

which is
their ecological function in the cycle of organic
matter. The dead cell in the sludge flocs is the
source of nutrients for actinomycetes because

Actinomycetes grow saprophytely,

nutrient concentration in water of the aeration
tank is far below the optimum for the growth of
actinomycetess). Hydrophobic substrates are the
sources of the nutrients which are selectively
available to actinomycetes due to the hydro-
phobic hyphae of actinomycetes. Lemmer and
Baumann” reported that several municipal plants
produced the sewage foam in connection with
the high loading of grease and oil in the
The nutrients available to
actinomycetes consist of recalcitrant compounds

primary effluents.

such as pesticides, and hydrophobic compounds
such as grease or dead cells in the sludge
flocs®.

The control of the sewage foam has recently
been major topic of the biology of the
actinomycebes”. Sezgin and Karr? reported the
technique used to control the sludge foam in the
aeration tank and secondary clarifier. They
reported that the sludge age reduced was
effective in controlling the sewage foam. The
control of the sewage foam by reducing the
sludge age is based on the characteristic growth
of the actinomycetes, because actinomycetes are
the slow growers and the reduced sludge age
decrease the chances of qctinomycetes to
increase their biomass. Pitt and Jenkins” also
found that the best parameter to control the
foam of the sludge is the reduction of the mean
cell retention time to less than 6 days.

Sezgin and Karr” found that the reduction in
the air flow rates decreased the coverage of the
sludge foam. Actinomycetes associated with the

sludge foam are the strict aerobes and thus the



reduction of air flow rates decrease dissolved
oxygen concentration, resulting in the reduced
growth rate of the actinomycetes. In addition,
actinomycetes do not grow well at the low pH.
Sezgin and Karr’ found that the amount and
extent of the sewage foam was decreased when
the pH was lowered from 7 to 5 or 56. Pitt and
JenkinsZ) found that controlling the sludge foam
by chlorinating the returned activated sludge
was successful, even though the chlorination is
toxic to actinomycetes. However, Sezgin and
Karr” reported that the dose of chlorine enough
to reduce the populations of actinomycetes
adversely affected other beneficial microbial
populations in the activated sludge.

The purpose of this study was to evaluate the
potential role of the sewage foam in the
biodegradation of hexadecane which is one of
the representative n-alkanes in the petroleum
products. In this study, both the concentrated
and dried sewage foams were used to evaluate
the biodegradation of hexadecane. Eventually,
this research may contribute to controlling or
eliminating the troublesome sewage foam from
the wvarious sources of wastewater plants
through the application of the sewage foam in

the bioremediation of xenobiotics.

Il . Materials and Methods

1. Sampling and sample processing
The this
experiment was collected from the aeration tank
at the University of Florida’s sewage treatment
plant by putting 1L plastic beaker into the tank.
The sewage foam was collected by skimming

sewage foam as sample for

the top of the sewage and thereby removing
approximately 500mL. The sample was covered
with aluminum foil to prevent evaporation and
stored at 15°C overnight to allow for settling of
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the sewage foam. Excessive liquid sewage was
removed by centrifugation at 10,000 rpm for 5
minutes. The sample was again covered with
aluminum foil and stored at 15°C for later use.
Approximately 50mL of the concentrated sewage
foam was dried by storing in the incubator at
50°C for 12 hours. After heating and reweighing,
the dry weight of the concentrated sewage foam
was 1.22% on a basis of weight which is
equivalent to 12.2g of dry weight per kg of the
sewage foam.

2. Experimental setup for
biodegradation of hexadecane

Concentrated and dried sewage foams were
added to 250mL of Erlenmyer flask containing
100mL of mineral media. The mineral media
consisted of 48g of KoHPOs 12g of KHsPOs,
1.0g of NHUNOs, 0.25g of MgSOq, 0.04g of CaCls,
and 000lg of FexSO4)s in 1L of deionized
water. One thousand pg/mL of hexadecane was
added to the sewage foam and mineral media.
The amount of the sewage foam added to each
flask was approximately 10g. Experiment for the
measurement of the biodegradation potential of
hexadecane was set up and performed during
the 4 weeks. All the samples were set up by
duplicate. The sample flasks were placed on a
rotary shaker operating at 120rpm and 27°C. At
the predetermined time intervals, the samples
were centrifuged to separate the solid material
from the supermnatant. The supemnatant was
decanted and stored in Teflon-sealed glass
containers at 5°C for later extraction and
analysis using gas chromatography/mass spec-
trometry (GC/MS). The amount of dried sewage
foam added to each flask was approximately
0.12g equivalent to the amount of concentrated
sewage foam added to each flask.
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3. Extraction procedure

The procedure used to detect the amount of
hexadecane not biodegraded by sewage foam
followed EPA Base/Neutrals and Acid Method
625. The procedure used to extract the hexa-
decane from the mineral media was as follows :

1. Contents of each sample bottle were poured
into a 250mé separatory funnel. The pH of
the sample was adjusted to a pH greater
than 11 with a 10M sodium hydroxide
solution.

2. Sixty milliliter of methylene chloride was
added to the sample bottle, sealed, and
shaken for 30 seconds to rinse the inner
surface. The solvent was transferred to a
250mé separatory funnel and the sample was
extracted shaking the funnel
minutes with periodic ventilation to release

for two

excess pressure. The organic layer was
separated from the water phase for a
minimum of 10 minutes. In most cases an
emulsion developed, this required stirring of
the emulsion for 10 minutes and letting it
stand (approximately 10 minutes) and then
repeating this until the volume of the
emulsion was reduced to less than one-
third of the solvent layer. The methylene
chloride extract was collected in a glass
container with a Teflone lined screw cap.

3. A second 60m¢{ volume of methylene
chloride was added to the sample bottle and
the extraction procedure was repeated a
second time with the extract and they were
poured A third
extraction was performed in a similar

in the glass container.

manner.,
4. Methylene chloride extract was removed by
a Buchler rotary film evaporator at the
laboratory. The tem-
perature of water bath was set at 30T.

pesticide research
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Concentrating the methylene chloride down
to approximately 3m{ required 45 minutes
per sample. Three milliliter of extract were
transferred into the concentrating tubes.
The flasks were rinsed with 1 to 2m{ of
methylene chloride and transferred into the
concentrating tubes.

5. Further concentration of the methylene
chloride extract to 3mé was preformed under
a hood by blowing nitrogen over the
extract. The concentrating tubes were
tightly closed with a Teflone—sealed screw-
cap and refrigerated at 5T for later

analysis with GC/MS.

4. GC/MS analysis

GC/MS was a Hewlett-packard model 5806
and consisted of a 30 meter capillary column
with a 32mm inner diameter with the MS scan-
ning from 45 to 450 amu every 2 seconds. The
run began at 180C for 1 minute and the tem-
perature during the run was increased to 280C
at a rate of 10C per minute. Running time was
approximately 10 minutes per run with the
hexadecane eluting from the column after
approximately 5 minutes.

II. Results

After one week of incubation, the amount of
biomass in the flask containing the concentrated
sewage foam was increased based on the
observation of turbidity in the liquid mineral
media including hexadecane after one week of
incubation, because turbidity
microbial growth. Also shown after two weeks
of incubation were white particles adhering to
the walls of the flask and became more
noticeable as time went on. Similar microbial

is a sign of

growth was also found in the flask containing



the dried sewage foam, even though turbidity
and particles adhering to the walls of the flask
were observed after only one week of incubation.

The mass spectrum of hexadecane for the
control at time 0 (Fig. 1) matched that of
hexadecane in the literature. The spectra band
used in determining the loss of hexadecane was
the 7lm/z band which was the strongest band
outside the band at 57m/z which is the peak of
the solvent used in extracting hexadecane from
the each sample (Fig. 1). The loss of hexade-
cane via volatilization over the four weeks
period was 10% of the total hexadecane initially
added (Table 1). Therefore, it appears that the
total loss of hexadecane was due to biological
degradation.

Experimental data for the degradation of the
hexadecane in the liquid mineral media using the
concentrated sewage foam are presented in Table
2. The samples were analyzed at the predeter—

Table 1. Loss of hexadecane in the liquid mineral
media not containing the sewage foam
during the four weeks of incubation.

. Sample | Injection
Time |~ .. . . %
Sample Diution| Size Time
(week) (L) | (Min) Recovered
Liquid
mineral] O 1:100 | 11 50 100
media
Liquid
mineral{ 1 1:100 | 1.0 5.0 9%
media
Liquid
mineral| 2 1:100 | 1.2 5.0 93
media
Liquid
mineral| 3 11100 | 11 5.0 91
media
Liquid
mineral| 4 11100 | 1.0 5.0 4]
media
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mined time intervals. The hexadecane was
initially degraded quickly and as a resuit, after
one week of incubation, 79% of the hexadecane
was degraded. The data on the degradation of
hexadecane using the dried sewage foam is
presented in Table 2. As in the case of the
samples of the concentrated sewage foam, the
samples of the dried sewage foam were analyzed
at the same time intervals as in the samples of
the concentrated sewage foam. Drying of the
sewage foam reduced microbial activity, with

Table 2. Degradation of hexadecane by control
(autoclaved), concentrated, dried sewage
foams during the four weeks of incubation.

, Sample| . 0
Sample Time Dilution| Size T@e %
(week) (mL) (min. ) | Recovered
Contral 0 [1:100] 1 | 50| 100
Contral 1 110 1 |50 @
Control 2 1:100 1 50 91
Control 3 1100 1 |50 %7
Contral 4 1100 1 [ 50 %05
Concentrated .
et 0 [ 11| 1 |50 | w
Concentrated .
St IR T IR G U IR U T
Concentrated | 5 | 1 | | | 50 | 17
Sewage Foam
Concentrated | 4 { 1.y | {1 | 50 | 15
Sewage Foam
Concentrated .
et 4 {11 | 1 |50 | 1
D“e% Sewage| o | 100 | 1 | 50 | 100
oam
D“e‘}l? Sewage\ 1|00 | 1 |50 | 4
oam
Dried sewage | o | 1,000 | 1 | 50 | 30
Foam
Dried Sewage| 4} 19001 1 |50 | 19
Foam
Dﬁe‘é Sewage| 4 | 100 1 |50 16
oam
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Fig. 1. Mass chromatogram of hexadecane at time 0.
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Fig. 2. Degradation of hexadecane by control
(autoclaved), concentrated (conc.), dried
sewage foams, respectively.

initially only 56%
degraded after one week of incubation (Fig. 2).
As time progressed, microbial activity of the

of the hexadecane being

dried sewage foamn approached that of the
concentrated sewage foam, with 81% of the
hexadecane being degraded after three weeks of
incubation (Fig. 2).

IV. Discussion

The degradation of hexadecane with the
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sewage foam from the wastewater plants is not
surprising generally
considered to be the most easily degradable

since n-alkane are
component of petroleum mixtures'. In this
study, over 80% of the hexadecane were
degraded by both the concentrated and dried
sewage foams after three weeks. The specific
roles of either actinomycetes or sewage bacteria
which was responsible for the degradation of
hexadecane were not investigated in this study.

Lemmer and Baumann® investigated the effect
of hydrophobic substrate on actinomycetes in the
sewage foam. They found that the addition of
hexadecane resulted in the increased biomass for
the actinomycetes. They attributed the increased
biomass to the hydrophobic substrate constitu-
ting a food supply which was selectively
available to actinomycetes because of the
hydrophobicity of their hyphae.

Actinomycetes indigenous to soil find suitable
environment in the sewage treatment plants
from enrichment by hydrophobic substrates such
as grease and oil which are associated with the
build-up of sewage foam”. Rambeloarisoa et
al®®  studied bacteria from sea foam isolated at



the mouth of a petroleum refinery outlet that
was for a long time polluted with hydrocarbons.
They found that the isolated bacteria attacked
the saturated hydrocarbon substrate quickly and
after five days, 8% of the substrate was
degraded. They also reported the
degradation of petroleum mixtures prior to

increased

exposure from the refinery up-stream.

In this study, both concentrated and dried
sewage evaluated the
degradation potential of the hexadecane. It

foams  were for
appears that the dried sewage foam is easier
and cheaper to store than concentrated sewage
foam from a practical point of view. However,
at present, further extensive study is needed
before sewage foam is applied for the
bioremediation of a field site contaminated with
petroleum products such as branched alkanes
and aromatic compounds which are more
resistant to biodegradationm and other kinds of
xenobiotics. Furthermore, environmental factors
such as water content, pH, and temperature
should further be considered as much as to
simulate the environment in nature.

V. Conclusions

1. Hexadecane was much more rapidly degraded
by the sewage foam than by control.

2. Hexadecane can be biologically degraded by
both the concentrated and dried sewage
foams.

3. Concentrated sewage foam showed more rapid
degradation of hexadecane than dried sewage
foam during the first three weeks of
incubation. At the end of four weeks of
incubation, the remaining concentration of
hexadecane in the dried sewage foam was
similar to that in the concentrated sewage
foam.

4. Dried sewage foam could be applied to the

10.

. Sezgin,

. Lechevalier,

. Lemmer,

. Lemmer, H. and Baumann, M.
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site contaminated with petroleum products for
the purpose of cleaning up.
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