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- S © INTRODUCTION
The'fate of maﬁamade substances in the environmént is an area of
1nternat10na1 concern 51nce the disappearance, per51stence and transforma-
tion of chemlcals determines their usefulness potent1a1 hazard and hence,
to a degree, their utilization in commerce. Chemical, physical-and
| biological factors all affect a substancefs fate in the environment.but
microbial,actiqn is geﬁeréliy considered to be the most important one
res?onsible for its degradation. Thus, knqwledge of the microbiolpgicall

l ‘ processes involved in the metabolism of these man-made substancgs would

yield useful information concerning their persistence in the natural

enviroﬁment.
Due to the many variables 1nvolxed, it is 1mpract1ca1 to study the
'blodegradatlon of such substances in a11 natural environments and
- consequently various laboratory procedures have been developed for the
assessment of a substance's biodegradabillty'zfs._ However, a review of this
literature discloses that during suéh biodegradation studies, there is
generally a failure to appreciéte the impdrtance of the biodegradation
apparatﬁs in which the microorganisms carry out their work. Culturing
in a rotary shaker is widely used in the biodegradation study; thé
perfdrmance of this culture 1.*.e<:'hni.q'ue2"‘8 .Qas ;herefore compared with
the cyclone fermentor used in our labofatory._ Since the majority‘of 

the problem-causing chemicals are lipophilic'in nature, i.e., water
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" Brunswick rotary shaker operating at 220 strokes min~

-\-'fe-
o .
insoluble substances, kerosené was arbitrarily chosen as the test substance in
the present experiments to examine the effect of the biodegradation apparatus

on the rate of petfdledm degradation.

 MATERIALS AND METHODS - ‘

Organisms'andgggowthégedium

The organism and growth medium used in these experiments have been

'previously,reported4ﬁ The meﬁipm'was sterilized for 20 min at 121°C. Kerosene

(Fisher, odorless) and an aqueous solution of Indulin C (a thiolignin) were e
stefilized-Separately for 15 min at 121°C and added aseptically to the
sterilized basal mineral medium to give a final concentration of 5000 and 750

ppm, respectively.

Inoculum |
An active, 2% (v/v) bacterial inoculum (-2 X 10% cells ml~!) was obtained

from the third consecutive culture transfer with Pseudomonas desiolytica in its

logarithmic phase of growth in the kerosene-mineral medium.  This inoculum was

. used in assessing both the rotary shaker and the fermentory systems.

Rotary shake culture

Duplicafe cultures were prepared in 1000 m1 Erlenmeyer flasks containing

500 ml1 of kerosene-growth medium. The cultures were incubated at 30°C on a New

! 5n a 2.5 cm circular orbit.

Aliquots of 30 ml of culture.Suspension were withdrawn aseptically at the required



‘time intervals for the analysis of bacterial dry weight and pH measurement

of the culture broth.

Cyclone fermentor batch cultuie

-~ The cyclone fermentors used in these experiments were exactly the
same as reported before except that fhey were operated in the batch moded.‘
Twelve hundred milliliters of kerosene-mineral medium were placed,
aseptically, into a sterile cyclone fermentor and inoculated with 2% (24 ﬁl)
inocuium. The fermentors were maintained at 30°C and'sterile_aif was
supplied.to the fermentors at 1.8 liters min~!. At Various time intervals

" 30 ml of culture suspension were w1thdrawn aseptlcally for pH measurement

and bacterial dry welght determlnatlon

.-bIX weight

| The bacteria were removed froﬁ the cultﬁfe suspension by centrifuga-.
‘tion at 20 000 i g fer ZOIﬁih The resultlng pellet was washed with 0.05 M'
'phosphate buffer (pH 7.4) and two allquots of distilled water. The cell |
1pe11et waS'taken'up in 5 ml of distilled water, dried for 16 hours atA105°C

and weighed.

rH measurement

Following the removal of the bacterial cells by centrifugation, the
pH of the supernatant of the fermentation broth was measured directly with

a pH meter.
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RESULTS AND DISCUSSIONS:

- The growth curves of‘Pseudomonagvdesmolytica cuitivatgd in
kerosene-miﬁeral medium and in keroéene-Indulinfmineral medium  in cyclone
fermentors and in rotary shake flasks are shown in Eigure.l. These
Tesults indicate that the éyclone fermentors are more suitable'in terms

of cell yield for petroleum‘biodegradation than are the conventional

rotary shakers. After 20 hours of incubation, the cell yieid of P.

desmolzgica in kerosene-mineral medium in a cyclone fermentor had
jncreased almost threefold over that in a rotary shake flask. The

addition of Indﬁlin-to the kerosene-mineral medium4resuited in an

‘accelerated degradation in the fermentor to approximately the same extent.

One explanation for the observed difference in performance of the two‘
’biodegradatidn apparatﬁses is that the fast flowirateuexperienced iﬁ'the‘“
cyclone fermentor'gre5t1y increasesvthe substrate a?ailabilitjfto the -
mlcroorganlsms by enlarging the kerosene-water 1nterfac1a1 area. Another'
p0551b111ty is that more of the bacterla remain -and d1v1de w1th1n the

medium. in the cyclone fermentor, whereas a con51derab1e percentage of the

bacteria are removed from act1V1ty by accumulatlng as a ring at the air- -

‘water-vessel interface of the culture flasks in the rotary shaker. The

rate controlling stéps in hydx0cafbon biodegradation have béen'reported

to be determined by the transfer rate bf.hydrocarbon to the degfading

_ miéroorganigmsl and thesevéxperimental results not only agree with the

-~

findings of Atkinson and Newth, but also illustrate-the‘importance of

the apparatus when considering a biodegradability test.




. | When hydrocarbensare subjec'-‘t to microbial degradation, the major

end products frequently found in the culture fluid are fatty acids, ‘
result;ngtln a lower pH in the giowth medium. In the present -study the .
sole sonrce of certon and energy for tne microorganlsms was the hydro-
carbons, and therefore, measurement of the pH of culture flnid was followed

'ras a convenient index of the rate of hydrocarbon degradatiOnbprocesses in
the two biodegradation apparatuses. Figure 2 indicates again that the
cyclone fermentor is_superior'in-performence to the shaker flask in the
‘biodegredation‘of hydrocarbons. :With the aid of Indulin?the acid‘production

+ in the cyclene fermentor was very fast and the pH Qf the growth medium -

. drOpped‘from 6.9 to 3.75 within'IS hours, whereas the Sane.medium in the
shaker flask took 47 hours to reach this PH, 1nd1cat1ng a hydrocarbon

'»degradatmn rate in the cyclone fermentor 3.6 times faster than that in the

‘@
a2 shaker flask. This is comparable to the enhancement observed by following
‘the cell y1e1d and was probably due to the greater kerosene-water 1nterface-

which reduces thls growth 11m1t1ng factor which in turn governs the rate of

: petroleum degradation. -

‘CONCLUSIONS

At the initiation of a biodegradation experiment, careful consideratidn‘muet'
be given to the biodegradation apparatus so that microorganisms are given optimal

conditions for the biodegradation processes. This Study has shown that by using the




inexpensive cyclone fermentor in place of the sténdard.ngatbry shaker

the bacterial growth rate and petroleum degradation rate in terms of acid

production'can be improved considerably. Consequently, the cyCloné }

fermentor aﬁpears to offer convenience and speed and to be more suitable
than thé»rotary shaker in the biodegradation.of lipophilic Suﬂﬁtance;
requiring maximum contact between the microorganisﬁé and the.test sﬁbstance.
Other studies with this apparatus are cur:ently'underway‘to assess its
réproducibility and the factofs influencing its perfotmanéé as a tool for a

standard test of the degradability of new chemicals.
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Figure 1.

The rate of bacterial growth under various conditions.
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" : Figure 2.  Acid production by P. desmolytica under various growth conditions.
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