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The environnent has becone polluted with a variety of
pollutants as a result of the industrial devel opnent.
Such pollutants and their byproducts are adversely
affecting our ecosystem The problem of industrial
waste handling and disposal is increasing continuously
as nore stringent environmental neasures are being
i mposed. During this era of environmental protection,
the environnmental biotechnologist is faced with the
speci al challenge to becone innovative in the devel op-
nment of appropriate |owcost technologies for treat-
ment and/or reuse of waste products prior to discharge
into environment.

Untreated waste water usually contains various organic
and inorganic pollutants. Major types of organic
pollutants found in various wastewaters include phe-
nols, organic acids, pesticides, etc. (Ehrhardt and
Rehm 1985; Yarden et al 1989). Hi gher concentrations
of such pollutants will increase the organic content
of wastewaters, and, therefore, it becones absolutely
necessary to decrease the pollutional 1oad of such
wastewaters down to an acceptable standard limt.
This can be achieved by treating such polluted waters
by a suitable nethod, preferably by neans of biol ogi-
cal wunit processes (Mark 1975). The treatnment of
i ndustrial waste containing both toxic and non- toxic
organi ¢ compounds are often acconplished by biol ogical
processes. Before such treatnent, biodegradability of
vari ous organi c conpounds should be known. Specific
mcro-organisns may be required to biodegrade such
conpounds. Enpl oynent of single mcro- organi sm may
not suffice the purpose. A mixture of mcro-organisns
may have a cunul ative effect on increasing the biomass
activity, gromh efficiency, and enzyme production.
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In addition, nixed cultures in this way serve to over-
cone feedback regulation and catabolic repression as
the products of one nicro-organismare substrates for
ot her organi sns.

Here, we present systematic studies on the biodegrad-
ability of selected organic acids in terns of the Bio-
chem cal Oxygen Denmand (BOD) by using a defined m x-
ture of mcro-organisns. For conparative studies on
bi odegradability of organic acids, sewage has been
used as a source of m cro-organi sns.

MATERI ALS AND METHODS

The defined microbial mxture contained the foll ow ng
seven genera: Enterobacter, Citrobacter, Pseudonbnas,

Klebsiella, Yersinia, and Serratia. The cultures were
isolated from untreated sewaqge sanples collected from
a primary treatnment plant situated-in the vicinity of
Del hi . These were cultured in a nedium containing 10g
peptone, 5 g NaC, 3 g beef extract/L, and the pH was
adjusted to 6.8 by using biological buffers. These
bacteria were grown separately and mxed in equal

concentrations (based on optical density) to obtain a
defined mcrobial mxture. The organic acids used for
the study were L(+) tartaric acid, oxalic acid, L-
glutamic acid, L- ascorbic acid, 1,2 cyclohexane diam
ine tetra acetic acid (CDTA, trans-1,2 - diam nocyclo-
hexane - N, N, N, N - tetra acetic acid), ethylene
diam ne tetra acetic acid(EDTA), citric acid, 4-amno-

benzoic acid, sulfosalicylic acid, phthalic acid, ni-
cotinic acid, L- aspartic acid, folic acid, D-gluconic
acid and 3,5- dinitrosalicylic acid. Tartaric, oxalic,

sulfosalicylic, glutamic and citric acids were procu-

red from E. Merck (India) and were of extra pure
grade. The organic acids nanely ascorbic, aspartic,

nicotinic, folic and 4-anm nobenzoic acids were obtain-
ed fromE Merck (Germany) in extra pure form CDTA
(98% pure), EDTA (99% pure) and gluconic acid (99%
pure) were purchased from Sigma Chem cal Conpany, USA

3,5 Dinitrosalicylic acid (98% pure) and Phthalic acid
(99% pure) were bought from Aldrich Chem cal Co. USA.

Chem cal Oxygen Demand (COD) of the organic acids was
determ ned using strong chemical oxidant, potassium
di chromate, under reflux conditions (APHA 1989). Bi o-
chem cal Oxygen Denand (BOD) test was carried out in
accordance wth the nmethod described by Standard
Met hods for Exam nation of Water and Wastewat er (APHA
1989). BOD val ues were expressed as ng/L. The test
sanples were diluted before BOD estimations because of
the limted solubility of oxygen in water. Stock sol u-
tions of all the organic acids (0.03% were prepared
and for BOD estimation, 2% of stock solution was used.
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For BOD test, seeding (Source of mcro-organisns) of
the test sanple is needed to biodegrade the organic
matter present. In conventional BOD test settled raw
sewage Is used as a seeding nmaterial. In the present
studies, for seeding the test sanple, the mnicrobial
m xture was used in parallel with settled raw sewage in
each set of experinents. A solution containing d ucose
and Gutamc Acid (GGA, 150 ng/L each) was enpl oyed as
a standard solution for «calibration of BOD test.
Gucose has an exceptionally high and variable
oxi dation rate but when it is used with glutam ¢ acid,
the oxidation rate is stablized and is simlar to that
obt ai ned with many nunici pal wastes (APHA 1989).

RESULTS AND DI SCUSSI ON

The present study was conducted in order to determne
the biodegradability of selected organic acids by a
defined m xture of m cro-organi smns.

Table 1. BOD and COD (Qng/ L) val ues of certain
organic acids (1% w v) by defined microbial nmixture as
wel | as sewage.

Organic CoD BOD (0,ng/ L)
aci ds (my/ L)
X 10° M crobi al Sewage

m xture

x 10° x 10°
Tartaric 6.8 30.4 30.6
Oxalic 1.3 7.0 6.0
Gutamc 8.2 40.1 46. 3
Ascorbic 8.9 36.4 36.7
CDTA 10. 7 9.7 10. 1
EDTA 14.6 3.8 3.5
Citric 7.0 64.1 60. 4
4- Am nobenzoi c 16. 6 8.2 8.6
Sul fosalicylic 8.3 NB* NB
Pht hal i c 2.5 NB NB
Ni cotinic 1.5 NB NB
Aspartic 6.7 37.6 37.3
Folic 6.3 11.5 12.2
d uconic 7.6 40. 2 39.2
3,5 dinitrosalicylic 9.2 7.5 8.3

*NB = Non - bi odegradable
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Table 1 shows the COD of the acids as determ ned by
refl ux nethod. Tabl e indicates that, out of the se-
| ected organic acids, highest COD value (16.6x10°ng/L)
was obtained in the case of 4- am no-benzoic acid.
This indicates that this particular acid is the nost
chem cally degradable as conpared with other organic
acids studi ed. EDTA al so showed a high COD val ue
which was in the order of 10% Cther acids such as
tartaric acid, citric acid, nicrgtinic aci d, etc.
showed COD val ues in the range of 10° to 10°

In order to check the feasibility of the technique
with respect to the mxture of the defined nicro-
organi sns, the BOD of GGA was determined by using the
above m xture. The results were conpared with those
val ues obtai ned by using sewage as seed. The val ues
obtained by the use of defined mxture of micro-
organi sns are closer to the theoretical value of GGA
as conpared w th sewage. This inplies that the micro-
organisns in the mxtures are able to biodegrade the
organic acids nore efficiently than sewage.

The BOD val ues of the organic acids using the mxture
of defined mcro-organisns are also presented in
Tabl e 1. Hi ghest BOD val ue was observed in the case
of citric acid (6400 ng/L) and glutanic acid (4010
my/ L). Moderate BOD values ( 3000 - 4000 ng/L) were
represented by gluconic acid, aspartic acid, ascorbic
acid, and tartaric acid. Oxalic acid, 4- am nobenzoic
acid, CDTA, 3,5- dinitrosalicylic acid and folic acid
showed BOD values in the lower range, i.e., 600 - 1200

/L. Lowest BOD value (380 ng/L) was obtained by
EDTA. BOD results in Table 1 denobnstrate that the
m xture of defined mcro-organisns has either better
or alnost conparable activity with that of sewage.
Certain organic aci ds such as sul phosal i cylic,
phthalic and nicotinic acids were not degraded either
b sewage or by t he m xture of defi ned
m cro-organi sns. It is quite obvious that the nicro-
organisns in the mxture may not be specific to
degrade these particul ar organic acids.

Figure 1 shows the BOD/COD ratio of the acids by both,
m xture of defined mcro-organisns as well as sewage.
As observed, the BOD/COD ratio of citric acid was 0.76
which is slightly higher than the theoretical value of
0. 65. This indicates that citric acid is nore
bi ol ogically degradable with respect to other acids.
BOD/COD ratio as observed for tartaric, aspartic,
ascorbic, oxalic and gluconic acids was in thenoderate
range. The |owest BOD)COD ratio of EDTA shows that
EDTA is not oxidized biologically as efficiently as
obtai ned by chem cal nethod. O her acids such as
CDTA, 4- aminobenzoic, folic and 3,4 -dinitrosalicylic
acids showed lower BOD/COD ratio, thereby depicting
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Figure 1 BOD/COD ratio of organic acids as deternined
by microbial mixture as well as sewage.

that these acids are oxidizable in a better way by
chem cal neans than biol ogi cal neans.

Above study indicates that mcrobial mxture is able to
degrade citric acid nore efficiently than other organic
aci ds studied. Since several factors influence the
bi odegradation of a conpound in the environnment, the
hi gh bi odegradation of citric acid nay be due to the
presence of favourable and necessary growh factors.
These factors include essential macro/mcro nutrients,
sufficient supply of suitable electron acceptors and
nmi crobial conmunity present. Among  nmacro-nutrients,
sone bacteria may utilize both the organic acids as the
principal source of carbon and nitrogen for their neta-
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bol i sm Simlarly, other factors, such as pH and
tenmperature of the environnent that affect nicrobial
proliferation wll influence organic biodegradation
(Bollag and Bol lag 1992). As mcrobial enzynes are
al so responsible for degradation of various organic
compounds, there may be certain specific enzynes
present in the bacterial cells of this nicrobial
nixéure which regul ates the degradation of the organic
aci d.

Certain organi ¢ acids showed noderate bi odegradation by
both microbial mxture as well as sewage. CQut of seven
m cro-organi sns present in the mxture, sonme nmay have
provi ded favourable conditions to the biodegradation
reactions while the others may have inhibited the sane.

The mcro-organisns capable of using these organic
acids as nutrients for their growh and metabolismtend
to degrade them  The remainder of the micro-organisns
of the mxture were unable to utilize these acids,

thus, affecting the biodegradation rate. Another mgjor
problemis the need to neutralize the organic acids to
keep the pH greater than 6 (MKinney 1992). On assunp-
tion of the above nmentioned factors, organic acids such
as oxalic acid, 4-am nobenzoic acid, CDTA, 3,5 dinitro-
salicylic acid, folic acid, ascorbic acid, gluconic
acid, tartaric acid and aspartic acid were not being
deFraded conpletely hence resulted in noderate BOD
val ues.

Being a chelating agent, EDTA is stable against oxida-
tion, thus micro-organisms of the mixture resulted in
| ow bi odegradation (Wl f and Cul bert 1992). Means et
al (1980) also reported that EDTA is susceptible to
bi odegradati on under aerobic conditions. However, the
rate of biodegradation is too slow to ensure renoval
during the biological treatnent of sewage.

Sul phosalicylic, phthalic, and nicotinic acids were
found to be non-biodegradable. Absence of significant
degradation in these organic acids may have been due to
several factors which include |ack of optimm abiotic
conditions as well as the non-existence of specific

enzynes in the bacterial cells (Paul 1992). The acids
my generate envi ronment whi ch ma hi nder
biodegradation of the concerned acids. Q/esence of

substituents such as nitro (in nicotinic acid), sulfo-
nate etc. tended to dim nish biodegradability (Bollag
and Bol lag, 1992).

The above results on biodegradability studies of orga-
nic acids reveal ed that higher degree of biodegradation
occured by a mcrobial mxture conpared wth sewage/
activated sludge, used in conventional nethods. Thi s
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m xture of mcro-organisms was able to degrade a |arge
nunber of organic acids with a variable biodegradation

rate.
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