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Dairy effluent and cyanobacteria cultured in effluent
for 3, 5, 7, 9 and 11 days were studied by X-ray dif-
fraction to understand the interaction between them.
Physico-chemical properties, total protein and carbo-
hydrate content of effluent before and after culture of
cyanobacteria, change in biomass, total proteins, carbo-
hydrates, chlorophyll ¢ and P-carotene contents of
cyanobacteria were analysed. X-ray spectra show an
increase in the crystalline nature of the biomass and
decrease in crystalline nature of effluent. Some of the
metabolites were also identified. Results suggest that
organic and inorganic substances present in effluent
are absorbed and metabolized by cyanobacteria.

MILK processing consumes large amount of water and
generates 6-10 litres of effluent/l of milk processed’.
Effluent volume is approximately four times the volume
of milk processed’. The effluent is organic, slightly alka-
line, but becomes acidic due to decomposition of lactose
into lactic acid followed by precipitation of casein into a
highly odoriferous black sludge™*. When discharged into
water body, especially a stagnant one, the effluent brings
about rapid depletion of the dissolved oxygen, adversely
affecting its ecosystem’ ®.

Cyanobacteria are the most dominant and directly affec-
ted populations in any water body. In the present study, a
new approach was adopted by using X-ray diffraction
technique in addition to traditional methods to study in
vitro interaction between cyanobacteria and dairy efflu-
ent. X-ray diffraction has been used to study the crystalline
structure of various organic and inorganic molecules”'’.
Our studies have shown that it is a quick and non-destruc-
tive method and that it clearly indicates the change in
biochemical profile of both effluent and cyanobacteria.

Effluent samples were collected from a local milk process-
ing plant. Mixed cyanobacteria (500 mg) were cultured in
250 ml of effluent for 3, 5, 7, 9 and 11 days. Physico-
chemical properties of dairy effluent were analysed be-
fore and after the growth of cyanobacteria by standard
methods''. Change in fresh weight was estimated. Chlo-
rophyll a, B-carotenes, total proteins were estimated by the
methods suggested by Mackinney'”?, Kaushik, Bredford"
and carbohydrates by Anthrone method'”. Three sets of
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three replicates each and respective controls were main-
tained.

X-ray diffraction patterns of effluent and cyanobacte-
ria, before and after culture were obtained using a Rigaku
Miniflex tabletop diffractometer. CuKa X-ray radiation
was used. Spectra of each sample were collected at room
temperature for a range of angles of 26 over 5° to 60°.
All spectra were recorded with a step size of 0.1° and a
scan speed of 2° per minute. Raw recorded data were then
corrected for background and for elimination of the Ka-2
peaks. Effluent solution (500 ml) was evaporated and the
residual powdered material was mounted in a hollow alu-
minum holder and used as a sample. Cyanobacterial sam-
ples were prepared by spreading one-gram fresh weight
of biomass on a glass slide, in approximately 1.5 cm dia-
meter area. Air-dried samples along with the slide were used.

Figure 1 a—c shows the physico-chemical properties of
dairy effluent before and after growth of cyanobacteria.
Maximum decrease of organic matter was seen between 0
and 3 days. Alkaline nature of effluent showed gradual
increase as a result of breakdown of bicarbonates into
hydroxyl and carbonate ions (Table 1). Manoharan and
Subramanian'® have also reported rise in pH value up to
day 10 of growth in paper mill waste. No significant
change in chloride content was observed, although initial
decrease followed by increase has been reported by other
workers'”. Phosphates, sulphates, proteins, carbohydrates,
etc. showed a gradual decline (Table 1). Reduction of
sulphate in effluent and its uptake by cyanobacteria has
been reported'®'’. Tam and Wong® have reported over
90% removal in total phosphorus within 10 days of algal
cultivation.

Proteins and carbohydrates together are responsible for
total suspended solids (TSS) and turbid nature of the
effluent. Turbidity of effluent showed continuous decrease
and by day 11 the effluent became almost clear. With the
decrease in TSS, the total dissolved solids (TDS) increase,
i.e. organic substances are being broken down into sim-
pler inorganic forms for absorption by growing cyano-
bacteria. This leads to increase in conductivity from 0 to
5 days and steady behaviour thereafter. Decrease in bio-
logical oxygen demand (BOD), chemical oxygen demand
(COD) and dissolved organic matter (DOM) further con-
firms that proteins and carbohydrates are being broken
down before absorption. Considerable reduction in all these
parameters by micro algal systems has been reported'®'”'*2,

Ca and Mg contribute to the hardness of effluent. A
general decrease in their concentrations with respect to
zero day was observed. A slight increase was observed
after day 9, although the concentration on day 11 was
still less than the zero day value. Probably these ions
were absorbed by the biomass and later released back
into the effluent. The biomass X-ray spectra also showed
increase in intensity of Mg from 3 to 7 days (Figure 2).
There are reports of reduction in Mg from sewage and Ca
in ossein effluent-treated by microorganisms'”>.
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Figure 1 a—c. Physico-chemical properties of dairy effluent after culture of cyanobacteria at different time intervals. TSS, Total suspended solids;
TDS, Total dissolved solids; BOD, Biological oxygen demand; COD, Chemical oxygen demand; DOM, Dissolved organic matter.
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Table 1. Physico-chemical properties of untreated and residual effluent
Time period of culture of biomass (No. of days)
Physico-chemical
properties 0 3 5 7 9 11
pH 6.811£0.16 7.36£0.08 8.14 £ 0.06 8.85+£0.14 8.94 £ 0.08 9.06 £ 0.06
Conductivity 1542.33 £30.56 1655.33 £ 16.04 1695.66 = 8.02 1705.33 £ 18.58 1722 £29.86 1705.33 £ 16.28
Chloride 184.19+£11.86 183.47£11.24 184.14+£11.86 179.98 £9.97 189.16 £ 8.07 186.31 £5.48
Total alkalinity 567.33+£17.00 529.33 £ 18.58 491.33 £9.23 293.33+9.45 291.33+£6.42 292.66 £7.21
CO; +OH 46.66 £ 4.16 52.00+7.2 54.66 £7.02 57.33+7.02 59.33+£7.02 64.66 + 8.00
HCO; 517.33 £15.53 477.33 £13.01 436.66 £ 4.16 236.00 £ 4.00 230.00 £ 2.00 228.00 £2.00
Mg 154 £16.37 118+ 13.85 99.3+£13.01 98.0+£2.0 94.66 £ 5.03 102.66 £ 11.01
Ca 200.66 £ 19.0 184.00 £17.77 180.00 £ 16.0 180.66 £ 17.0 215.33+5.03 239.33 £3.05
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Figure 2. X-ray spectra of dried cyanobacteria samples cultured after o
days 3, 5 and 7 assigning peak positions to different substances: A, g
Glutaconic acid; B, Poly analnyl bis (Glycl); C, p-hydroxybenzoic 10 -
acid; D, Sulphur oxide graphite; E, Magnesium phenol sulphonate;
F, Unassigned peaks.
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Figure 3. a, Change in biomass of cyanobacteria after different days

decrease or no change at day 9 and day 11, suggesting
that effluent enhances the growth of cyanobacteria and
after day 9, growth decreases due to nutrient depletion.
Tam and Wong*® have reported 6 and 9 days as optimum
culture time for maximum biomass cultivation.
Appearance of sharp peaks in an X-ray spectrum indi-
cates the crystalline nature of the product. Meusel ef al.**
have established the crystalline nature of plant waxes by
X-ray diffraction. Figure 5 shows the X-ray spectra of
dried samples of cyanobacteria cultured in effluent along
with control, i.e. cyanobacteria grown in distilled water.
It can be seen that there is considerable enhancement of
certain peaks compared to respective controls in the bio-
mass spectra. Some new peaks, which were not seen in the
control spectra, were also observed. Figure 6 shows the
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of culture in effluent. b, Biochemical composition of cyanobacteria
after different days of culture in effluent.

spectra of dried samples of residual effluent at days 0, 3,
5, 7, 9 and 11. A general decrease was observed in all
peaks of days 3, 5, 7 samples. But an increase in most
peaks for effluent samples at day 9 and day 11 was seen.
For angles (20) between 18.8° and 21°, it can be seen
that the day 3 sample shows appearance of new peaks
with intensity more than the ones treated for days 5 and 7
(Figure 5).

On comparison with the standard ICDD* cards, it was
observed that these peaks mainly correspond to the
organic polymer poly alanyl bis (Glycl) (C;H;1N;03),
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and few of the more intense peaks of p-hydroxybenzoic
acid (C;H40,), (Figure 2). Although these peaks are also
present in the other two samples, they do not show as
much intensity as in the day 3 sample. This shows that
maximum absorption of these compounds takes place
within three days of treatment with effluent. Other pro-
minent peaks observed correspond to organic compounds
magnesium phenol sulphonate (C;;H;,MgOsS,) and glu-
taconic acid (CsHgO,) (Figure 2).

The very high enhancement of the peak at 28.4° in par-
ticular was due to the overlap of peaks of these two com-
pounds and Glycl. Although this peak was present in all
control samples, it was approximately of the order of
20% of the most intense peak in their respective spectra.
The enhancement is therefore about four times in the day
5 and day 7 effluent-treated samples and about five times
for the day 3 effluent-treated sample. Peaks correspond-
ing to the compound sulphur oxide graphite (C4SO;) are
also seen to be present. Few distinct peaks corresponding
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Figure 5. X-ray spectra of dried samples of cyanobacteria cultured in

effluent for 0, 3, 5,7, 9 and 11 days.
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to peak positions (20) 46.1°, 47.5°, 55.7° and 56.7° in the
day 5 and day 7-treated samples have not been able to be
assigned satisfactorily (Figure 2). Some preliminary work
seems to indicate that these unassigned peaks point to the
presence of metals like Co, Ni, Ti, Al and Na as salts or
complexes. Further supporting studies are required to
completely identify and establish their identities.

A comparison between diffractograms of pure effluent
(inset in Figure 2) and effluent-treated samples of cyano-
bacteria (Figure 2) indicates that the effluent has not
merely been absorbed into the organism but has been
assimilated. This conclusion can be drawn from the fact
that the main and very intense peaks of the pure effluent
samples in no way correspond to any of the peaks obtained
for the effluent-treated samples.

X-ray studies suggest that till day 7 there is absorption
and assimilation of nutrients present in the effluent. This
can be seen by the appearance of new and well-defined
peaks, indicating the crystalline nature of new products,
at different time intervals in the diffractogram of biomass
with corresponding reduction in the peaks of effluent.
Diffractograms of days 9 and 11 show disappearance of
several peaks, which indicates that the structural integrity
of various metabolites has been destroyed and the biomass
is converting into an amorphous substance (Figure 5).

On the basis of results obtained, it can be concluded
that cyanobacteria utilize the organic and inorganic mat-
ter present in the effluent as nutrients. Zero to eleven-day
observations show that initially nutrient absorption is
rapid till the 7th day but it gradually slows down thereaf-
ter. This trend is reflected in the physico-chemical prop-
erties of the effluent. After 7 days, due to nutrient deple-
tion, cyanobacteria start undergoing degeneration leading
to release of several substances, ions, etc. back into the
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Figure 6. X-ray spectra of dry leftover effluent samples after re-

moval of cyanobacteria at the end of 0, 3, 5, 7, 9 and 11 days culture
period.
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medium. This could be a possible explanation for in-
crease in calcium, magnesium, phosphate, etc. in the
medium, after 7 days. This conclusion is also supported
by an increase in the peak intensities of effluent X-ray
spectra of days 9 and 11 (Figure 6).

Thus X-ray diffraction study, in addition to corroborat-

ing the results obtained by conventional methods, gives
more specific information. It is a fast and more efficient
method of monitoring the systematics of biomass—
effluent interactions.
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The Indian component of the Intensive Field Phase of
Indian Ocean Experiment conducted onboard Oceanic
Research Vessel Sagar Kanya during its SK-141 cruise
provided valuable meteorological data over the data-
sparse region of tropical Indian Ocean and Central
Arabian Sea (CAS). The upper air meteorological data
obtained from balloon-borne GLASS sonde launches
during the campaign are analysed for studying the
thermodynamic structure of the Marine Atmospheric
Boundary Layer over the CAS. Analysis of profiles of
the thermodynamic variables revealed a double mixed
layer structure over the region of CAS. We have made
an attempt here to provide a possible explanation of
the double mixed layer.

THE Indian Ocean Experiment (INDOEX), a major inter-
national and multi-disciplinary field experiment, had seve-
ral objectives focused towards the studies of aerosols,
radiation and transport of pollutants over the western tropi-
cal Indian Ocean region'”. The Indian component of the
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