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p-Chloro Meta Xylenol (PCMX) is resistant to biodegradation and may cause health hazards. Removal of this toxic material
from waste waters is required to protect the environment and human health. Two phenol degrading bacteria e.g. BT102 and
BT201 having accession numbers JQ80423 and JQ595990 respectively were isolated and used for conducting bioremediation
study of PCMX. These bacterial strains could resist high concentration of PCMX (1566 mg L~"). Biomass was harvested from
the growth medium and freeze dried followed by encapsulation in biocompatible calcium alginate beads. These beads were
used for bioremediation of PCMX in spiked water samples containing 10 mg L=" to 100 mg L~" of PCMX. A removal efficiency
of 99% was achieved in this process. Degradation kinetics of PCMX was studied with initial PCMX concentration ranging from
1 mg L~" to 100 mg L~". The degradation kinetics followed Haldane’s model showing higher substrate affinity constant value
of 0.723 mg L~" with R? = 0.9508. The bacterial species (BT102 and BT201) proved to be useful in remediating PCMX from
water when used in alginate beads and the degradation rate could be predicted by a simple kinetic model.
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Introduction

Compounds containing phenolic functional groups are
highly toxic and carcinogenic for humans'. Para Chloro Meta
Xylenol (PCMX) or 4-chloro-3,5-dimethylphenoal, is a halo-
genated phenolic compound and supposed to be the oldest
antimicrobial worldwide?. It is utilized as a major constituent
of some disinfectant formulations like hand cleaners viz.
Dettol (4.8% wiv), surgical cleanser, pre-operative skin sani-
tizing composition, and restorative topical products and is
likewise employed as a topical and urinary antiseptic, pre-
servative in various pharmaceutical products3-8. Though it
is useful to mankind, the same when present in waste water,
manufacturing unit effluent poses threat to useful microbes
by causing spillage of cell components’. Due to the poor
biodegradability and high lethality, phenolic compounds are
highly toxic and its presence in drinking water and irrigation
water causes serious health hazards to living beings and
microorganisms®. As per the notification updated on 26th
March 2019 given by Ministry of Environment, Forest and
Climate change under Central Pollution Control Board

(CPCB), India?, the limiting value for phenolic compounds in
inland surface water is 1 mg L=" and on land for irrigation is
1mg L=". The discharge of phenolic compounds into the en-
vironment from factory-made sources is of extreme concern
and is highly poisonous to fish'% even at moderately low level
from 5-25 mg L~". It has been reported that the phenol re-
leased in wastewater by various industrial processes is within
13-88 mg L™ for petroleum refinery, 180 mg L~" for steel
industry and 70 mg L™ for resin industry!!. The water purity
standard, however, should be less than 1 ug L="in surface
water as per Environmental Protection Agency (EPA)'2. Sev-
eral case studies have been reported regarding probable
routes of human exposure as well as human health effects
because of PCMX in U.S. National Library of Medicine re-
corded on Toxicology Data Network 3.

Thus, it is very important to remove PCMX from waste
water, and also from drinking water. One of the best meth-
ods could be biodegradation process which itself is an eco-
friendly as well as cost-effective process and the process
can achieve complete removal of phenol. Extensive studies
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have been carried out to evaluate the potential of phenol
biodegradation by microbes isolated from the environment 4.
Biological conversion of the harmful compounds will help in
establishing techniques to limit their presence in the envi-
ronment'®. Several processes like thermal decomposition,
adsorption, chemical coagulation, ion exchange etc. have
been used for removal of phenolic compounds but these tech-
niques are associated with high operational costs, formation
of hazardous by-products and poor removal at high concen-
tration range'®. Several reports are available on adsorption
of phenolic compounds such as chlorophenols using
nanocomposites '7~22 but only a few used bacteria. The bio-
degradation process using selected bacteria in the present
study could show a pathway for remediation of even low con-
centration of PCMX in waste water. Since PCMX is a source
of carbon and nitrogen, micro-organisms can uptake these
sources for their growth and hence there is a possibility of
full degradation of PCMX. First objective of the present study
was to check the bioremediation potential of BT102, Gram-
negative, round shaped Pandoraea sp. (accession No.
JQ80423) and BT201, Gram-negative, round shaped Delftia
sp. (accession No. JQ595990) and to observe the uptake of
PCMX from wastewater. The second aim of this study was to
investigate the degradation kinetics of PCMX.

Experimental

Materials: All chemicals were of analytical grade and used
as received.

Beef extract, sodium chloride, agar, ammonium chloride,
4-aminoantipyrene, calcium chloride and sodium hydroxide
were procured from Merck. PCMX was obtained from Sigma
Aldrich (Germany). Sodium alginate and peptone were pur-
chased from Loba Chemie, Mumbai, India. Potassium ferri-
cyanide was obtained from Central Drug House, New Delhi,
India and Dettol was purchased from Reckitt Benckiser,
Mysore, India. Previously isolated microbes in the labora-
tory viz. BT102, Pandoraea sp. (accession No. JQ80423)
and BT201, Delftia sp. (accession No. JQ595990) have been
used for the biodegradation study of PCMX. The culture
medium was prepared using deionized water (18.2 MQ ) (Sar-
torius) and sterilized by autoclaving at 121°C, under 105 K
Pa pressure for 15 min.

Composition of nutrient media:
The nutrient medium for maintenance and growth of the
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bacteria was prepared using peptone (5 g L="), beef extract
(3 g L") and sodium chloride (2 g L~") and maintained at pH
7 atroom temperature and then autoclaved and cooled down
for use. In the bacterial growth experiment, 2% (v/v) bacte-
rial inoculum of the main culture was poured into 100 ml
nutrient broth under biosafety cabinet and incubated in a
shaker incubator for 24 h at 37°C at 120 rpm. A PCMX in-
duced inoculum for each experimentwas also prepared. Plate
cultures were also completed to preserve the bacteria. In the
case of plate culture, agar (18 g L™!) was added to the nutri-
ent broth at pH 7.

Analytical methods: Standard curve for PCMX:

The concentration of PCMX was determined by the 4-
aminoantipyrene (AAP) assay22. In this method, 5 ml of fil-
trate containing PCMX was made up to 100 ml with ultrapure
water in a volumetric flask. This 100 ml diluted sample was
transferred into a beaker and 2 ml ammonium chloride (50
mM) was added followed by pH adjustment to 10£0.2. To
this, 2 ml of each of 4-aminoantipyrene (50 mM) and potas-
sium ferricyanide (50 mM) were added. The intensity of the
developed colour was measured by spectrophotometer at
510 nm (Fig. 1).

0.3

0.25 1

o
[

=
—
o

y = 0.0014x
R =0.9925

oD (510 nm)

o
-

0 50 100 150 200 250
PCMX (ppm)

Fig. 1. Standard curve for PCMX at 510 nm using 4 AAP assay.

Preparation of calcium alginate beads with whole cell
bacteria:

BT102 and BT201 bacteria were previously isolated from
a crude source and were characterized and identified?*. The
present batch study of bioremediation was carried out using
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whole cells of BT102 and BT201 strains. These strains were
immobilized in sodium alginate beads. The biomass of the
strains was collected after 24 h incubation in the broth and
preserved at —20°C in 0.89% NaCl for use in bioremediation
process. Before using the bacterial mass, it was washed twice
with ultra-pure water (18.2 mW) to remove NaCl followed by
centrifugation at 120 rpm at a temperature of 27°C. The col-
lected mass (4%, w/v) was then mixed with sodium alginate
solution (3% wi/v). The same was dispensed drop wise to
2% (wlv) CaCl, solution and was continuously stirred (250
rpm)2. Beads thus produced were keptin the saturated CaCl,
solution overnight and were washed three times with reverse
osmosis (RO) water and excess water was removed using
filter paper. These modified alginate beads of both strains
were used to remediate PCMX in water.

Bacterial growth pattern in presence of PCMX and deter-
mination of MIC of isolates:

The phenol degrading bacteria, previously isolated in the
lab viz. BT102 (JQ80423), BTUA (GU265556), BT201
(JQ595990) and BT302 (JQ782891) were used to study bac-
terial growth in presence of PCMX. Five (5) ml of PCMX in
the concentration range of 1 to 10 mM in nutrient broth was
poured in each of 15 ml test tubes and 100 uL of each bac-
terial culture was added inside the biosafety cabinet. The
samples were then incubated for 24 h at 37°C in a shaker
incubator at 110 rpm. The growth of the bacteria was moni-
tored by measuring optical density at 600 nm at regular in-
tervals.

Biodegradation kinetics of PCMX:

To study the degradation kinetics of PCMX in BT102,
experiments were carried out in batch mode and the effect
of PCMX for different concentrations (1 mg L=!, 3mg L~", 5
mgL=",10mg L, 15mg L=", 20mg L', 25 mg L~", 50 mg
L-" and 100 mg L™") and the growth of BT102 strain was
investigated. Inoculum of 1 ml fresh culture of BT102 strain
was added to the nutrient broth of 50 ml in each of 250 ml
Erlenmeyer flasks containing the different strength of PCMX
as indicated above. The samples were incubated in a shaker
for 24 h at 37°C and 110 rpm. The growth of BT102 strain
was monitored at regular intervals by measuring the absor-
bance using a UV-Vis spectrophotometer (Make: Perkin-
Elmer, Model: Precisely Lambda 25 UV/Visible) for each con-
centration of PCMX at 600 nm (ODg).

The experimental data of optical density with time were

fitted in models viz. Monod and Haldane?. In a microbial
mechanism, the growth rate of cell stops as hindrance may
happen when the substrate or the product will inhibit the de-
velopment of the microorganisms2. Carbon or nitrogen
source is often considered as the growth limiting sub-
strate?”28, PCMX in the media was treated as the source of
carbon and nitrogen.

Specific degradation rate W, is defined as the degrada-
tion in PCMX per unit time. The eq. (1) below defines the
specific degradation rate, .

In (N/Ny)
=——- (1)
t
where, N, = N, = initial PCMX concentration (g L-") and N;=
N, = final PCMX concentration (g L.

Thus, a plot between In (Ny/N4) versus t would give the
specific degradation rate, .

Monod model: Monod model is the most principal model
of growth kinetics. The Monod equation is as follows:
LS
p=— @
Ks+ S
where, u = specific degradation rate, W, = maximum spe-
cific degradation rate, S = substrate concentration, K = sub-
strate saturation constant (i.e. substrate concentration at half
Wm)- At higher substrate concentrations, this model is not
suitable in case of substrate inhibition. So, in order to over-
come this disadvantage, Haldane model was used since it
considers inhibition into account. The experimental data ob-
tained from batch degradation experiments were fitted into
Haldane Kinetics Model2%-%0,

The Haldane model is as follows:
HmSo
n= >
Ks* Sy + So7/K;
where, 1 is the degradation rate (/h), L, Or tp,.x IS the maxi-
mum degradation rate (/h), S, = initial substrate concentra-

tion (mg L™"), K = substrate-affinity constant (mg L"), K; =
substrate-inhibition constant (mg L™").

(3)

From the plot of In (S,/S) vs time, the degradation rate
() was determined as the slope of the curve for each initial
substrate concentration. The values of kinetic parameters,
W, Ks and K; were obtained from the nonlinear regression
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analysis using Matlab 7.12.0.635, R2011a software
(Mathworks, Natick, MA, USA). A higher K; value indicated
that the strain was less sensitive to substrate inhibition. Deg-
radation experiments for PCMX were carried out with the
most effective strain BT102 for nine different initial substrate
concentrations ranging from 1 mg L~" to 100 mg L~".

Characterization:
SEM analysis:

The morphological change of bacteria encapsulated cal-
cium alginate beads in absence of PCMX as well as in pres-
ence of PCMX was analyzed and observed with the help of
Scanning Electron Microscopy (FEI company quanta 200).
The image of calcium alginate bead was also considered for
comparison.

TEM analysis:

To observe the bioaccumulation, surface morphologies
of bacteria in absence of PCMX and bacteria in presence of
10 mg L= PCMX were characterized by transmission elec-
tron microscopy (TEM) (Tecnai G2 Spirit BioTWIN, FEI Com-
pany, USA) in a scale bar of 200 nm.

Results and discussion

Analysis of bacterial growth pattern in presence of PCMX
and determination of MIC of isolates:

The growth of bacteria in PCMX after 24 h is presented
in Fig. 2. Both BT102 and BT201 bacteria exhibited a very
high growth in the presence of PCMX. Hence, both these
strains were considered for further study. To measure the
maximum level of PCMX tolerance, minimum inhibitory con-
centrations (MIC) of BT102 and BT201 isolates were deter-
mined by spreading bacterial strain in agar plates in pres-
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Fig. 2. Bacterial growth after 24 h in PCMX at 600 nm.
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ence of 1 mM to 25 mM PCMX. In Fig. 3(a), it could be seen
that BT102 strain could withstand up to 10 mM of PCMX
since no inhibition zones could be seen at 10 mM concentra-
tion whereas in Fig. 3(b), inhibition zones could be observed
in presence of 15 mM, 20 mM and 25 mM of PCMX. In Fig.
4(a) and (b) on the other hand, itis demonstrated that BT201
strain could withstand up to 20 mM of PCMX and no inhibi-
tion zones were observed below this concentration.

Fig. 3. MIC of BT102 strain (a) Growth of BT102 strain in 1 mM, 5
mM and 10 mM PCMX concentration and (b) Growth of BT102
strain in 15 mM, 20 mM and 25 mM of PCMX concentration.

Fig.4. MIC of BT201 strain (a) Growth of BT201 strain in 1 mM, 5
mM and 10 mM PCMX concentration and (b) Growth of BT201
strain in 15 mM, 20 mM and 25 mM of PCMX concentration.

Bioremediation studies of PCMX using bacteria BT102
and BT201:

The bioremediation of PCMX was very effective in bring-
ing down the concentration to g L~" (ppb) level from a feed
as high as 100 mg L~" by the strains i.e. BT102 and BT201.
From Fig. 5 (a) and (b), the bioremediation capacity could be
seen for both the strains (BT102 and BT201) at 510 nm with
respect to time. It could be observed that by increasing the
initial PCMX concentration from 5 mg L1 onwards, there was
increase in the lag phase of bacterial growth which implied
that the substrate inhibition at high initial substrate concen-
tration of PCMX took place.
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Fig. 5. Bioremediation of PCMX (a) with BT102 strain encapsulated in calcium alginate beads and (b) with BT201 strain encapsulated in calcium

alginate beads.

For both the strains i.e. BT102 and BT201, there was no
lag phase for initial 5 mg L~! PCMX concentration and the
bacteria degraded PCMX up to (85%) within first4 h of incu-
bation [Fig. 5(a) and (b)], after which rate of removal be-
came comparatively slower up to 99% at 16 h. Thus, it could
be concluded that both the strains had quite high
bioremediation potential showing effective uptake of substrate
rate (mg L=" h~"). It might be noted that no report n literature
could show such a high uptake of PCMX using microbes
within such a short span of time.

PCMX degradation kinetics and modelling:
Degradation kinetics:

In Fig. 6, the growth curve of BT102 and simultaneous
uptake of 50 mg L=1 PCMX is shown. With the increase in
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Fig. 6. Growth curve of BT102 and simultaneous uptake of 50 mg
L~ PCMX.

the growth of BT102 strain, PCMX concentration decreased
showing its depletion. The samples collected were used to
measure PCMX by 4 AAP assay to monitor its degradation.
The degradation efficiency (%) in Table 1 was calculated by
the following®":

Removal (%) = (1 - C/Cy)x100% ()

where Cy is the initial concentration of PCMX (g L™") and C
is the PCMX concentration after 4 h of remediation.

Table 1. Degradation efficiency chart for various concentrations of
PCMX

PCMX concentration (mg L") Degradation efficiency (%)

1 62.5
3 70
5 85
10 86.363
20 88.888
50 95.161
100 92.424

The results obtained from the experiments were used for
degradation kinetics study using various non-inhibitory as
well as substrate inhibitory models. To evaluate the degra-
dation kinetics, In (N/N;) vs time was plotted for each of the
initial concentrations of PCMX (viz. 1 mg L~" to 100 mg L")
from which specific degradation rate, i, was obtained. The
experimental values for each of the initial concentrations of
PCMX for specific degradation rate, Hexp and R? are shown
in Table 2. It can be observed from Table 2 that, with in-
crease in PCMX concentration from 1 mg L~" to 100 mg L~",
the degradation rate gradually decreased. Within a very short
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Table 2. The experimental value for each of the initial concentra-
tions of PCMX for specific degradation rate, Hexpr and R2

Concentration of PCMX  Specific degradation rate, pgy, R?

(mg L") (")

0.5936 0.9851
3 0.6281 0.9953
5 0.6117 0.9564
10 0.5317 0.9812
20 0.4902 0.9904
50 0.3839 0.9445

100 0.381 0.92

lag period (4-5 h), BT102 strain started degrading PCMX
which showcased an effective as well as speedy degrading
process. The results were fitted using Haldane and Monod
models to predict the specific degradation rates after the
calculations were obtained by non-linear regression analy-
sis in Matlab. The predicted specific degradation rates ob-
tained by Haldane and Monod models were compared with
experimental values as shown in Fig. 7(a) and (b).

The results of rate constants and correlation efficiencies
by eq. (2) and eq. (3) are summarized in Table 3. From this
table, it is observed that Haldane model was best fitted as
compared to Monod model. The substrate inhibition constant,
K; was found to be 31.735. The value of highest substrate
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Fig.7. (a) Plot for pgy, Vs 1, Using Haldane model and (b) Plot for
Hexp VS Hpre Using Monod model.

affinity constant, K in Haldane model was found to be higher
(0.723 mg L") than the Monod model (0.154 mg L=") which
confirmed a prominent biodegradation potential of PCMX by
BT102 strain. The value of correlation coefficient (0.950) for
the Haldane model as compared to that of Monod (0.807)
clearly shows that the degradation kinetics followed Haldane
model which is a substrate inhibitory one.

SEM analysis of sodium alginate beads with and without
bacteria:

Fig. 8(a) gives the scanning electron microscopic image
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Fig. 8. (a) Calcium alginate bead, (b) calcium alginate bead encapsulated with BT102 bacteria (unused) and (c) calcium alginate bead encap-

sulated with BT102 bacteria (used).

Table 3. Degradation kinetic parameter values of Monod and Haldane model for biodegradation of PCMX using BT 102 strain

Substrate Monod’s model
Hmax Kg Correlation
(h (mg L™ coefficient,
R2
PCMX 0.529 0.154 0.807

Haldane’s model

Umax K Ki Correlation

(h (mg L™ coefficient,
R2

0.152 0.723 31.735 0.950
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of virgin calcium alginate bead having porous surface. Fig.
8(b) shows the SEM images of calcium alginate beads en-
capsulated with the BT102 bacterium. In Fig. 8(c), SEM of
used beads (after bioremediation) is shown. It could be seen
that the beads were full of microbes in Fig. 8(b), whereas the
surface morphology was very much changed when these
were used for remediation of 50 mg L~! concentration of
PCMX as observed in Fig. 8(c).

TEM analysis of PCMX treated and untreated BT102
bacteria:

Fig. 9(a) shows the TEM image of an untreated single
bacterium and the same is depicted after PCMX treatment in
Fig. 9(b). It could be seen that the microbe treated with PCMX
was dark in colour and the shape got distorted. It was also
seen that the size of the bacterial strain shrinked in pres-
ence of PCMX. TEM results indicated the intracellular accu-
mulation of PCMX within the bacterial cell.

Fig. 9. (a) Controlled bacteria and (b) Dettol treated bacteria.

Conclusions

The two isolated strains BT102 and BT201 showed maxi-
mum tolerance of PCMX up to 1566 mg L=" concentration.
The encapsulated bacteria in calcium alginate beads exhi-
bited high efficiency in bioremediation of PCMX in the batch
operation by reducing PCMX from 10 mg L=! to 100 ug L™
(i.e. 99%). Unlike other biodegradation process, the degra-
dation was fast (16 h) and could be used for semi-batch pro-
cess. Degradation kinetics of PCMX showed substrate inhi-
bition phenomenon. The experimental data could fit well with
Haldane’s model (R? = 0.9508) as compared to Monod’s
model (RZ = 0.8072) for degradation kinetics of PCMX. This
study proposed a cost-effective green technology using na-

tive bacterial strains for PCMX degradation from municipal
waste water.
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