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Abstract- A bacterium (KJ 954304 °B. cereus 12GK) previously demonstrated to degrade the: Microcystin- LR. was
investigated for bioremediation applications in laboratory scalé sand-filter. Citric acid treated raw cotton was used as the.
biofilm of the sand filter. Both control and experimental -setups were buili up for the study. The experimental sand filter
removed 23% of MC-LR from the influent water within three hours of commissioning. The removal rate gradually
increased through out 24 hours and showed 90% of removal within four davs. The control filter also showed 1% of removal
within three hours and 12% after four days. Thus. 12% of MC-LR undergo physical removal via adsorption to sand and rock
particles while the rcmmnmg 78% of MC LR was removed cnm'ely through bioremediation.
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1. INTRODUCTION

Cyanobacteria are a group .of prokaryotes found all
over the world [1] and grow in well illuminated
habitats and prefer neutral or alkaline conditions.
They are considered .as major primary producérs
which contribute to fertility of soil. However. under
favorable énvironmenlal conditions
cyanobacteria,can grow faster and result in blooms.

These blooms may last for several weeks. The most
dominant  bloom férming *'cyanobacterial genera .

responsible for these mass occurrences are:
Anabdena, Aphanazomenon, -Cylindrospermopsis..
Gloeotrichia,-  Oscillatoria,  Rivularia,  Lyngbya.
Microcystis, and Nostoc [2]. In Sri Lanka.- a

certain.

combination of favorable growth conditions together

with global warming and intensive farming using a
wide range of materials (c.g: fertilizers and inorganic
matter) have resulted i in an mcrease of cyanobactenal

blooms throughout drinking water water bodies over

the last 20 years [3]{4]. .
These . bloom_ forming: cyanobacterial genera ¢an

produce a wide range of potent toxins, including a .

family of heptapeptide. hepdtotoxlns referred as
Microcystins (MCs). - MCs ate the most frequertly
detected " cyanobacterial toxins, which cause
hepatotoxicity and tumor promotion in wild animals,
livestock,-and humans [6). There are over 70 variants
of MC-and among them- Mlcrocysnn LR (MC:LR) is
considered to be-the dominant analogue present in Sri
Lankan water bodies [3]. -

MC-LR has a chemically. stable structure and 1s
reluctant to be removed by traditional water treatment

methods [7]. Chemical coagulation treatments shown.

to be- inefficient in removal of phytoplarikton and
especially cyanobacteria from raw water [8).
However, technically advanced water treatment
techinologies like. . ozonation and photocatalytic
degradation have shown to be effective in removal of
MCs [9][10][11]. However. these methods are

of %e send fil:ar column. However,

expensiv‘e and inzccessible to the developing part of
the world. Therefore there is a need in a country like
Sq Lanka o develop a low cost method to remove
MC-LR from waser prior to distribution. :

For smeli regional communities. biologically active
siow sand filwapon offers a cost-effective water
ieamment  process which  have  previously

demonstrziad seme removal of MCs including MC-
LR {L’_"I! . Bielogical degradation of cyanobacterial
toxins . ¥n sugBsce waters has been investigated
mﬂm« "§345715) with bacierial isolates capable ol

- minfralizng diz peptide compounds in MC-LR

ﬂ(ﬁz?"l KY Hp et al {19] investigated applications
of paxemzial MCE-LR degrader.  Sphingomonas  sp.
(MJ-PVi  wolesed by Jones et al [15] for
remedieion of . waier samples contaminated with
\iC_- %te <t al. £3159] demonstrated his applications by

ipoczling \ﬁ‘-?\' the sand bed of the sand filter

colpzie: The resalss of Ho et al. [19] showed 100 %

removal of MC-LR foliowing 6 days of commission
there are no
stpdies &“ue o dm2 on ‘morporatlnv potential MC-
IR érommiimg bactenz i o 2 polvmer substrate.

Thgs; x gresen: sady records the development of a

Tebermtry stale sand filter by incorporating MC- LR
degradrn Boerues (KJ 954304 B cereus12GK),

%‘E&'ﬁwgﬁww wolated by authors in to a c1mc
zcid rested pr*hmer substrate.

AL \L&TERIALS AND METHODS

2.1. Chemiceh

ACS Reegesy amwic aad. HPLC-grade Methanol:
Mil5y Wtz Acstomtrile. Trifluoroacetic acidacid:
{IFA} for HPLC swstems were purchased from
Snm A&mﬁ Microcystin-LR (MC-LR), standards

- were Tecevel from Rebent Gordon University, UK

Trvpteme, © Yeast  exwact. Sodium  chloride
Bectssiringizat azar. phosphate buffer saline needec
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for bacteriological studies were purchased from
Hardy diagnostics. Molecular grade chemicals,
needed for molecular biological studies were
purchased from Promega. USA and Thermofischer
scientific, USA.

2.2 Development of Polymer substrate

Citric acid treatment was cammed out according to the
method described by Mc Sweeny et al. [20]. ACS
Reagent citric acid (anhydrous) was prepared as an
aqueous solution. Aliquots of 10 ml of the aqueous
solutions of citric acid (200gl") were dispensed into
30ml beakers. each containing a raw cotton cloth of
Zg. Samples were mixed with a glass stirring rod and
te mixwres allowed equilibrating at  room
temperature for one-half hour. Water was removed
from the samples by placing them in an oven at 60°C
tor a period of 4 hours. After the reaction period. 25
mi of de-ionized water was added to the sample.
mixed with a glass stiming rod. and equilibrated tor
oze-half hour. The excess water containing unreacted
e acid was removed by a vacuum flask and a
“znel equipped with paper filter.

2.3 Actachment of bacteria into polvmer substrate
Overmight grown bacterial culture of KJ 954304 B.
cereus]2GK was starved in 0.01M of PBS and
sspensions were equalized at Asypa=0.35. Then 0.5
z} of bacterial suspensions were introduced into
1&Fml Erlenmeyer flasks containing 2g¢ of polvmer
=orate and 10ml of filter sterile lake water
moculated with MC-LR at a final concentranion of
*=gml”. Control samples were maintained without
==renal inoculation. The flasks were closed with
zz=p23 wool bungs and placed in shaker at 28 "C for
= davs at 100 rpm. Sample aliquots (0.5ml) were
—=—pved every two days interval including the first
Sz of the experiment. Turbidity of the removed
szTpie aliquots were recorded spectrophotometnically
z *+mm. Following spectrophotometric analvsis the
s—pz aliquots were used for PDA-HPLC according
= %2 procedure explained in 2.5 n order to see the
LR removal by the attached bacteria.

2.2 Development of laboratory scale sand filter
—>ol and experimental filter setups were

r“i

=zioped for the study. Both setups consisted of a
mput column and a sand filter column. each

Fig 1. Structure of the Sand filter

The filter bed of the sand filter column was supported
by gravel lavers. The column was made of PVC
tubes. The minimum supemnatant level was
controlied by an outflow weir. The tlow rate was
maintained at 0.4 Imin” using valves set up to the
sand filter column. A minimum supernatant level of
30 cm was maintained above the sand bed. Filter
design. material and operating conditions are listed in
Table 1. The retention ime in biological layer was 30
minutes.

Table 1. Filter design, material and operating
conditions of the sand filter column

(‘omponents Size (mm) | Depth (cm)
Fine Sand 30
Coarsesand | 2 B
Gravel 48 B

Sand and gravel used for the experiment were washed
in distilled water and autoclaved ar 121°C for 135
minutes ai 1.5 atm. Then they were dnied in an oven
at 100 “C for 40 minutes prior to intreduction to the
sand filter column. The biological laver composed of
Citric acid treated cotton and MC-LR degrading
bacteria. Overnight grown and  starved  bacterial
culture was inoculated 1o Citnic  acid  treated
substrate. MC-LR was spiked at a final concentrgtion
of 10ugml™ for the water reservoirs of both control
and experimental setups. 1ml aliquots were collected
from the inlet and outlet tanks of both contro] and
experimental filters at 0. 3. 6. 12. 24. 48 and 72
hours. Collected samples were frozen (-20 °C)
immediatelv and freeze dried used for PDA-HPLC.

2.5 Analysis of MC-LR removal by sand filter
Samples for PDA-HPLC analysis were prepared from
freeze dned samples. reconstituted in 200 pl of 50%
(v/v) aqueous methanol and centrifuged at 13000 g
for 10 min. room temperature (RT) and the
supernatant (100 ul) was removed tor PDA-HPLC
anatvsis. MC-LR removal percentages of both filters
were calculated using the following equanon.

MC-LR removal percentage = [ (a-b)a ] x 100

Where,
a- Imtial MC-LR concentration.
b - MC-LR concentration on sampling day

L. RESULTS AND DISCUSSION

3.1 Attachment of bacteria in to polymer substrate
Citric acid treated cotton substrate was very efficient
in attachment of bacteria (Fig 2). The turbidity levels
of both control and experimental setups varied
parallel. proving attachment of bacteria into the
cotton substrate.
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Optical density at 394 o

Incubation tine (Days)
Fig 2. Optical densities of samples when Citric acid treated
cotton was used as the substrate Closed circles (Experiment),
Open circles (Control),

There has been an interest in using citric acid and

other multifunction carboxylic acid compounds to

improve mechanical properties .of paper and textile
products. without using formaldehyde [21]. The
objective of the present study was to create two or
more ester crosslinkages per acid molecule between
the cellulose units of raw cotton. The crosslinkages
umprove wet strength for raw cotton and enhance
permanent press properties in textiles.

Furthermore, Bacterial cell walls are composed of an
inner membrane and a thick peptidoglycan which
functions to maintain cell shape. The polysaccharide
portion makes up 50% percent of the cell wall and
consists of a neutral polysaccharide composed of N-
acctylglucosamine. N-acetylmannosamine (ManNac).
N-acetylgalactosamine and glucose in a molar ratio of
4: 1: 1: 1. The acidic portion of the cell wall is
characteristic in having a repeating tetrasaccharide

unit . 5% of the cell wall is made up of techoic acids.

consisting  of  N-acetylglucosamine, galactose,
glycerol. and phosphorus in a molar ratio of 1: 1.4: 1:
1. Thus Citric acid treated” cotton material could

easily form cross linkages with the bacterial cell walls -

and adsorb the cells into the surface. Fig 3 shows the

MC-LR removal by B. cereus attached to the citric -

acid treated cotton substrate.

Gir -

4

MO TR removal ™)

i : 4 6 3 1% 12 14

Incubation Time (Days)

Fig. 3. MC- LR rémoval percentage of B. cereus at 28 °C
(T nangles-(,ontrol Squares- Experiment)

B. cereus showed a complete removal of MC-LR
within 8 days of incubation in the experimental flask
whereas the control samples did not show any.
removal of MCs. Therefore, it is evident that B. .
cereus attached to the citric acid treated cotton are - -
able to utilize MC-LR as their sole carbon source.

3.2 Removal of MC- LR using the developed sand
filter

Sand filters have been used for the production of
clean drinking -water for nearly 200 years. Additional
advantages of sand filter in comparison to other.
treatment techniques are its simplicity and the low
cost of construction and maintenance. Batch and
column experiments with soil and sand by Lahti et al.
(7] and Miller et al. [22] have shown low adsorption
for MCs on sandy material and biodegradation as the
most important elimination process for of the system. .
This, as well as the efficacy of slow sand filters to
remove particulate substances, indicated slow sand
filter to be an eftective option for removing MCs
from surface waters used as a drinking water source.
Experiments conducted by Gru'tzmache et al. {12],
with MCs on full-scale slow sand filters showed a
high elimination ‘potential for dissolved as well as

~ cell-bound MCs. The overall elimination rates ranged

from 43% to 99%, with values below 85% occurring
in late autumn at Jow temperatures.

In the present.study, MC inoqulated water was passed
through both the sand filiers and MC removal was
monitored by removal of sample aliquots at

"0,3,6,12,24,48 and 72 hours of incubation (Fig 4.).

The results showed that the experimental sand filter
removed 23% of MCs from the influent water within

.three hours of commissioning. The removal rate

gradually increased through out 24 hours and showed
90% of removal within four days.

On the other hand the control filter also showed 1%
of removal within three hours and 12% afler four
days. Thus, it is clear 12% of MCs undergo physical
removal through via adsorption to sand and rock
particles as the control filter did not contain MC-LR
degrading bacteria. Hence, 90% removal ~ of
experimental filter shows that 12% has been remdved
through physical adsorption into sand particles while
the remaining 78% was removed entirely through
bioremediation. ‘

Renurining MC-LR pescentage i%)

Tocubation § e (Houes

F ig 4. \{C LR removal percentages through experimental and
control sand filter setups (Open circles- control. Closed cm.lcs-
. Experiment) ;
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Previous study of Ho et al. [19] has shown that 100 %
removal of MC-LR through the columns was possible
aalv following 6 days of implementation. However.
the sand filter developed in the present study showed
that 90% of MC-LR was removed within 4 days of
czplementation . This may due to the attachment of
MC-LR degrading bacteria as a biofiim in the present
s2dv. where as Ho et al. [19] merely inoculated MC-
LR degrading bactenum. MJ-PV directly in to the
w=er column.

Thus. the laboratory scale sand filter developed
<meg the current study has provided a practical view
oz wmplementing small scale filters especially for
do=estic purpose to minimize the consumption of
$LC-LR contaminated water.

CONCLUSION

Thz present studv has practically demonstrated the
orroduction of these microbes into sand filters.
erefore. MC-LR degrading forms of the present
==X can be employed as a low cost effective
£z zav in provision of safe drinking water by

r=xosible authorities.
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