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a b s t r a c t
In the current study, elimination of chlorophenol by the Aspergillus fumigatus was investigated in an 
airlift inner loop bioreactor (ALBR). The effect of empty bed residence time (EBRT), concentration 
of peptone and initial chlorophenol concentration on the removal efficiency of chlorophenol was 
examined. Bioreactor displayed a high elimination rate of 16.59 mg/(L h) at the experimental condi-
tions of 40 h EBRT, 150 mg/L initial chlorophenol concentration, and 0.2 g/L peptone. The removal 
efficiency was around 50% at 25 h EBRT. The experimental outcomes displayed that chlorophenol 
and removal efficiency of the bioreactor were higher at the lower concentration of peptone. Also, 
the Aspergillus fumigatus used chlorophenol as a carbon source, as demonstrated by the growing 
biomass concentration at fixed peptone concentration. The ALBR restored to the original oper-
ation after the transient condition (shutdown, restart, and shock load) and the constant reactor 
performance was maintained. The biological treatment of chlorophenol is one of the promising 
treatment techniques as it is relatively less expensive and results in degradation of contaminants.
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1. Introduction

Recent years have witnessed a rapid increase in industrial 
activities to meet growing consumer needs. Several unused 
raw materials and undesirable by-products from industrial 
processes often tend to stay in the environment thereby caus-
ing detrimental impacts on ecosystem [1–3]. The contami-
nants often find their ways to enter into the food chain and 
adversely affect health of flora and fauna [4,5]. Chlorophenols 
(CPs) constitute a class of environmental contaminants that 
are highly persistent and toxic. They are mainly originated 

from a variety of sources such as industrial wastes, weed 
killers and degradation of chlorinated hydrocarbons [6]. CPs 
are recalcitrant and undergo accumulation in biomass and 
cause harmful effects on health. Chlorophenolic compounds 
have been confirmed to cause genetical change, heart disease, 
immune based disease, and might cause loss of life [7–9]. 
Various environmental remediation approaches have been 
investigated for removal of aqueous contaminants includ-
ing chlorophenols such as adsorption, ion-exchange, solvent 
extraction and membrane technologies [10,11]. However, 
most of these methods have limitations owing to their huge 



115M. Ponnuchamy et al. / Desalination and Water Treatment 251 (2022) 114–122

cost of operation, generation of lethal sub products and less 
energy productivity. These treatments usually convert the 
toxic substance from one phase to another. On the other 
hand, the treatment using biological approach is a potential 
alternative with promising removal efficiency and compre-
hensive mineralization of the CPs. The biodegradable and 
energy effective action offers a sustainable solution [9,12].

Many researchers have suggested a variety of microbes 
that consume CPs as a carbon and energy source such as 
Chlorella vulgaris, Coenochloris pyrenoidosa, Candida tropicalis, 
Pseudomonas putida, Burkholderia sp., and Kocuria rhizophila 
[13–15]. Biodegradation of CPs in several bioreactor schemes 
in low oxygen or no oxygen situations has been studied. 
Bioreactors like packed bed reactors [16,17] and up-flow 
anaerobic sludge blanket reactors have been investigated 
regarding their efficacy in contaminant removal [18]. Aerobic 
biodegradation is frequently chosen for minor CPs like as 
mono and di-CPs and occasionally tri-CPs. Though, for the 
handling of complex CPs such as 3,4 and 5-CPs, an anaerobi-
otic biodegradation is preferred [12].

Wastewater treatment plant normally covers the com-
bination of diverse artificial organic compounds (AOCs) 
along with biological substrates. Commonly recommended 
plants are unable to adequately manage stubborn com-
pounds, and they typically exit without being entirely 
treated. Process development and optimization can aid in 
the treatment of resistant substances [19]. This necessitates 
knowledge of biomass acclimation, the contact among bio-
materials substrate and recalcitrant chemicals and reactor 
operational requirements. For higher performance and 
efficiency of the bioreactors, several variables including 
space time, inlet loading rate and the existence of other 
minor carbon and nitrogen sources must be evaluated and 
improved [20].

Airlift inner loop bioreactor (ALBR) is a promising 
option with immovable parts or mixer, thus being cost-effec-
tive. In ALBR, forced gas is cast-off for interior blending and 
airing [21]. The difficulties related to flooding in packed bed 
reactor can be avoided in ALBR [22]. The biological removal 
or modified phosphorus from municipal wastewater was 
performed by one-stage phoredox reactor with hydraulic 
up-flow [23]. The removal of 4-nitrophenol was performed 
using alginate-multiwall carbon nanotube [24]. The waste-
water was treated in the small-scale integrated fixed-bed 
activated sludge [25].

A few works on biodegradation of CP and other com-
pounds have been reported by means of ALBR [22]. For 
immobilisation of pure culture Achromobacter sp., they used 
a ceramic honeycomb-like building put within the riser. For 
the elimination of 2,4,6-trichlorophenol, a packed bed biore-
actor prepared with a net draught tube riser (PB-ALBR) was 
built [26]. For the degradation of CP in this investigation, a 
basic ALBR was used without any microbe immobilisation 
[27]. Because there is no agitator for mixing and no carrier 
for immobilising microorganisms, the bioreactor is simple to 
use and operate. The main aim of the research work was to 
use Aspergillus fumigatus to continuously biodegrade CP in 
an ALBR loop bioreactor. The impact of numerous aspects 
such as empty bed residence time (EBRT), peptone content, 
and initial substrate concentration on ALBR removal effec-
tiveness was investigated during continuous operation.

2. Materials and methods

2.1. Reagents

Analytical grade chlorophenol (98% purity) was pro-
vided by HiMedia. A standard solution of 4-chlorophenol 
was produced in 0.02 M NaOH, and the pH was adjusted 
to 7 with orthophosphoric acid of 1 M. The other mineral 
compounds used in the tests were of analytical grade and 
procured from Merck, India. For high-performance liquid 
chromatography (HPLC) analysis, HiMedia, India provided 
HPLC grade reagents.

2.2. Microorganisms

The MTCC No. 343, Aspergillus fumigatus was obtained 
from Institute of Microbial Technology (IMTECH), 
Chandigarh, to evaluate its capability to reduce CP.

2.3. Preparation of growth medium

The growth medium for Aspergillus fumigatus was 
Czapek Yeast Extract Agar (CYEA). CYEA medium consist 
of 10 mL of Czapek concentrate, 1.0 g of K2HPO4, 5.0 g of 
yeast extract, 30 g of glucose, 15 g of agar, 1 L of distilled 
water. The Czapek concentrate is made by NaNO3 – 30.0 g, 
KCl – 5.0 g, MgSO4·7H2O – 5.0 g, FeSO4·7H2O – 0.1 g, 1 L 
of distilled water, 100 mL Czapek concentrate can be kept 
without disinfection. The precipitate of Fe(OH)3 can be 
re-suspended by shaking well before use.

2.4. Technique for preservation of cells

The microbes of Aspergillus fumigatus were preserved in 
the medium of agar. The slants were made with agar-agar. 
New culture was shifted to 100 mL of liquid media. It was 
prepared by CYEA without agar to cultivate the microbes 
on a big scale. The media was allowed to grow for 7 d. 
Liquid media of 100 mL was shifted into a 0.5 L vessel and 
these cultures were used for other experiments. For all the 
items, the media was autoclaved under 121°C at 1.1 kgf/cm2 
gauge pressure for 15 min. Strict measures were followed 
while adding and relocating the culture.

2.5. Preparation of CP solution

The stock solution comprising CP was ready by dilut-
ing the standard solution to the chosen concentrations. The 
CP concentrations were mixed in the array of 50–500 mg/L. 
Standard solution of aqueous CP was organized by dissolv-
ing the particular amount (1 g) of CP in distilled water.

2.6. Bioreactor medium

The bioreactor was nourished with the mineral solu-
tion medium comprising CP as a carbon and energy source. 
The composition of the mineral solution medium is shown 
in Table 1. The minor nutrients and CP served as supple-
ment to the medium and were sterilized by sieve sterilizing. 
The pH of the solution was adjusted to 7.35 ± 0.1 by means 
of 1 M H3PO4 and 1 M NaOH. For this bioreactor study, 
the standard was equipped by means of the distilled water.
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2.7. Airlift bioreactor

ALBR was fabricated using acyrilic glass as reported 
in literature [22]. A 4 LPM air flow rate was used during 
the studies. The experiments were performed at 32°C. The 
effects of peptone concentration, CP concentration and 
EBRT on removal performance were investigated.

2.8. Experimental conditions

The present investigation was focused on continuous 
removal of CP for 120 d, divided in four phases. During 
each phase, the experiment was conducted for about 30 d by 
varying the EBRT. After every 10 d the experimental condi-
tions were modified by changing the initial CP concentra-
tion and peptone concentration as given in Table 2. Finally, 
the performance of the reactor was investigated by shut 
down and shock load of the reactor.

2.9. Analytical methods

Biomass concentration was determined by measur-
ing optical density at 600 nm by UV-Visible spectropho-
tometer (Elico BL-200, India). The residual concentration 
of CP was determined by HPLC system (JASCO, US) cou-
pled with MD-2015 photodiode array detector and 2080 

plus isocratic pump. The sample of 1 mL volume was cen-
trifuged at 10,000 rpm for 10 min and supernatant was fil-
tered through 0.22 µm filter before analysis. The column 
used was Agilent TC-C18 (25 mm 94.6 mm). The sample was 
eluted at a flow rate of 0.75 mL/min with mobile phase con-
sisting of methanol:water:acetic acid (80:19:1%). The detec-
tion wave length was 280 nm. The CP degradation (%) was 
calculated by analyzing the area under the curve.

3. Results and discussion

The ALBR was run in steady state for 120 d, in which 
the influence of various factors such as EBRT, concentra-
tion of peptone, and inlet loading rate on CP elimination 
were investigated and recorded in Table 2. During con-
tinuous operation, the bioreactor demonstrated good 
CP removal efficiency. This acclimatisation period lasted 
for 10 d, following which the operation was run in a 
continuous manner.

3.1. Effect of initial CP Concentrations

By altering the EBRT of 25–40 h and peptone concen-
tration (0.2–1 g/L) and progressively rising CP concen-
tration, the consequence of inlet CP concentration on the 
removal efficiency of the bioreactor was investigated. 
When the starting CP content was augmented from 20 to 
150 mg/L, the bioreactor showed better than 99% removal 
efficiency. Fig. 1 depicts the influence of inlet substrate 
concentration on biodegradation. The CP concentration 
was rapidly increased after 100 mg/L to test the bioreac-
tor’s shock load steadiness. Even when subjected to sudden 
loads, the bioreactor maintained its steadiness and removal 
efficiency. Complete mineralization was seen at lower CP 
concentrations, with no evidence of the intermediate. The 
bacteria were able to use CP as only carbon source, accord-
ing to these findings [21]. Another researcher reported 
that the significant point is that 2,4-DCP at slightly ele-
vated concentrations (>20 mg/L) within the reactor caused 
a strong competitive inhibition on 4-CP degradation [19].

Table 1
Composition of synthetic wastewater

Nutrients Concentration (g/L)

Diazanium sulfate 0.2
Potassium dihydrogen phosphate 1
Sodium hydrogen phosphate 1
Magnesium sulfate heptahydrate 1
Yeast extract 0.04
Chlorophenol 50–150 × 10–3

pH 7–8

Table 2
Experimental conditions for the removal of chlorophenol using ALBR

Stages Days EBRT (h) Peptone  
concentration (g/L)

Initial chlorophenol 
concentration (mg/L)

I 0–10
25

0.2 50
II 11–20 0.5 100
III 21–30 1.0 150
IV 31–40

30
0.2 50

V 41–50 0.5 100
VI 51–60 1.0 150
VII 61–70

35
0.2 50

VIII 71–80 0.5 100
IX 81–90 1.0 150
X 91–100

40
0.2 50

XI 101–110 0.5 100
XII 111–120 1.0 150
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3.2. Peptone effect

The influence of peptone on CP exclusion in ALBR 
was investigated under diverse operational circum-
stances. The ALBR was started with 0.2 g/L peptone and 
25 h EBRT at 50 mg/L CP concentration. Fig. 2 shows the 
influence of peptone on the removal of CP by ALBR. The 
bioreactor removed 88.6% of the initial CP in the influent. 
Furthermore, when the initial CP content was increased 
from 100 to 150 mg/L, the removal efficiency rose to nearly 
95% after 25 h of EBRT. When using EBRT for 25 h, the 
removal efficiency climbed to roughly 90.6% and was sta-
bilised using 1 g/L peptone. The peptone concentration 
in the influent was around 0.2 g/L from the 30th day of 
the process, with an initial CP concentration of 50 mg/L 
and 30 h increase in EBRT. In the incidence of low pep-
tone concentration, the removal efficiency of the bioreactor 
increased from 90.6% to 94% at steady-state. The concen-
tration of peptone in the inflow was augmented to 0.5 g/L 
on the 30th day of the process. At this time, the EBRT was 
set to 30 h, and the CP concentration in the inflowing 
was steadily raised. The feed concentration of chlorophe-
nol to the bioreactor was 150 mg/L. The performance of 
bioreactor significantly augmented as the concentration 
of peptone was increased from 0.2 to 1 g/L. The bioreac-
tor was able to eliminate CP in the feed with more than 
94% removal efficiency for 150 mg/L feed concentration.

The peptone concentration in the inflow was about 
0.2 g/L from the 60th day of the process, with an initial 
CP concentration of 50 mg/L and a 35 h increase in EBRT 
(Fig. 2). In the occurrence of low concentration of peptone, 
the bioreactor’s removal efficiency increased from 94% to 
97.3% at steady state. The peptone concentration in the 
inflowing was increased to 0.2 g/L on the 60th day of the 
operation. At this time, the EBRT was set to 35 h and the 
CP concentration in the inflow was steadily raised. CP was 
removed at a rate of 150 mg/L in the ALBR. In the occur-
rence of 0.2 to 1.0 g/L peptone, the bioreactor performance 
improved dramatically. The bioreactor was able to elimi-
nate up to 150 mg/L of CP from the influent with a removal 
efficiency of above 97.3%. Increasing the EBRT from 5 h to 
40 h yielded similar effects. At an EBRT of 40 h, the maximal 

elimination of 100% was achieved. Lower peptone con-
centrations resulted in a considerable rise in biomass con-
centration in the medium. The mixed consortium can use 
CP as a carbon source with wide-ranging mineralization.

The occurrence of a greater concentration of peptone 
inhibits the Aspergillus fumigatus from degrading CP. The 
removal efficiency rose at low peptone concentrations, 
though minimum level of peptone was essential to sustain 
the operation of the system. This is because the peptone 
was used as a nitrogen source for the Aspergillus fumigatus 
during the acclimation stage. Furthermore, it was observed 
that microbial growth increased when peptone concen-
trations decreased and CP concentrations increased. The 
observation could be plausibly attributed to the utilization 
of chlorophenol by Aspergillus fumigatus as a source of car-
bon. The effect of peptone on the degree of CP elimination 
by Aspergillus fumigatus is depicted in Fig. 2. The CP have 
been reported to degrade in the occurrence of additional 
carbon and nitrogen sources like as glucose, dextrose, 
peptone, and yeast extract in various studies. The break-
down of CPs increased in the occurrence of secondary 
carbon and nitrogen sources [18,19,28].

There are several reports on the degradation of chlo-
rophenols in the presence of other carbon and nitrogen 
sources such as glucose, dextrose, peptone, and yeast 
extract. In the presence of secondary carbon source, an 
increase in the degradation of chlorophenols CP and 2,4-
CP [19], phenol and chlorophenols [29], pentachlorophenol 
and glucose [28], phenol and chlorophenols [29], 4-chloro-
phenol and glucose [30] was observed. However, there are 
others reports that discussed the opposing outcomes that 
sometimes the degradation of higher chlorophenols were 
inhibited [14,15]. More systematic studies are needed in 
this regard to investigate the complex mechanisms involved 
in degradation of chlorophenols and related compounds.

3.3. Effect of EBRT

For 120 d, the outcome of EBRT on the elimination of 
CP by ALBR was investigated. The starting concentrations 
of peptone and CP were around 0.2–1 g/L and 50–150 mg/L, 
respectively. Fig. 3 depicts the change in CP biodegrada-
tion at various EBRTs. There was no dramatic variation in 
removal efficiency when the EBRT was gradually raised 
from 25 to 30 h. At 40 h of EBRT, the bioreactor had removed 
more than 100% of the CP. Fig. 4 displays the outcome of 
varying EBRT on the volumetric elimination rate of CP. To 
restore the biodegradation capacity of reactor, the EBRT 
was gradually increased to 25, 30, and 40 h. It takes some 
time for the bioreactor to regain its full degrading efficiency. 
There was a modest increase in biodegradation rate after 
25 h of EBRT. When EBRT was raised to 30 h, the biodeg-
radation rate eventually increased to 66% at steady state. 
With the passage of time and a rise in EBRT, the bioreac-
tor was able to restore its biodegradation capability. Fig. 4 
shows the link among volumetric loading rate and volumet-
ric removal rate. The removal rate rose exponentially with 
the loading rate up to 16.67 mg/(L h), with a volumetric 
removal rate of 16.59 mg/(L h) being reported. Conversely, 
when the loading rate has risen to 22.25 mg/(L h), the volu-
metric removal rate was drastically reduced, as seen in Fig. 

 

Fig. 1. Inlet conditions of chlorophenol and peptone in ALBR 
using Aspergillus fumigatus.
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4. The EBRT should be maintained at 24 h and the loading 
rate at 16.67 mg/(L h) to achieve a peak or better than 98% 
removal rate. In another investigation, it was discovered that 
lowering EBRT in upflow anaerobic sludge blanket (UASB) 
reactor reduced the breakdown of 4-CP. At 16, 12, 8, and 6 h, 
the UASB found 90.1%, 88.3%, 84.6%, and 83% degradation 
of 4-CP, respectively [31]. Table 3 indicates the behaviour 
of individual bioreactors for the removal of CPs, with the 
number of research findings indicating that 4-CP could be 
removed at a loading rate of less than 200 mg/L. The bio-
reactor obtained 99.8% removal for a higher loading rate 
of 400 mg/(L d) in the current study. The efficacy of ALBR 
in removing 4-CP is outstanding, and it may be effectively 
used to infected water [22,26]. Hydraulic residence times 
above 15 h resulted in more than 90% COD and complete 

4-CP and toxicity removals along with well settling sludge 
[31]. In another work, it was concluded that degradation 
of 4-CP was decreased with a decrease in EBRT in UASB. 
The elimination of 4-CP up to 800 mg/L of loading rate with 
90% efficiency [30]. Similar studies regarding the removal of 
chlorophenol using a mixed microbial consortium in ALBR 
achieved the 99.8% removal, however transient conditions 
such as shock load and shut down were not examined 
there [22]. In the present study, the bioreactor had achieved 
99% removal for higher loading rate of 150 mg/(L d).

3.4. Response to shock loads on the ALBR

Bioreactors are commonly predictable to handle both 
steady state and transient state influent loads successfully. 

Fig. 3. Change in microbial concentration with time measured with optical density.

Fig. 2. Biodegradation efficiency and outlet chlorophenol concentration with time.
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Table 3
Comparative summary of chlorophenol removal using various reactors

Reactor Initial concentration 
(mg/L)

Retention 
time (h)

Inlet loading 
rate (mg/(L d))

Removal 
efficiency (%)

References

Fluidized bed reactor 99.13 24.4 97.5 98.7 [27]
Packed bed reactor 20 2.78 172 100 [16]
Continuous stirred tank reactor 20 4.72 115 100 [28]
Up-flow anaerobic sludge blanket 40 12 80 88.3 [30]
Air lift bioreactor 400 24 400 99.8 [21]
Air lift bioreactor 150 50 600 99 This study

Procedures like as ALBR shutdown for machine-driven 
maintenances, care or shut down for a limited day (through 
vacations or holiday interruptions), and occasionally for 
an extended period commonly should not be evaded. 
Throughout such provisional breaks of no impurity loading, 
the microbes in the ALBR are exposed to lack of nutrient 
supply. When the bioreactor process is restarted and car-
bon source chlorophenol is fed to the reactor, the micro-
bial growth response is dependent on numerous factors 
such as microbial population and movement, period of the 
starvation, existing state of the packing material and the 
involved biomass, and the supply of CP.

From 120th day onward the ALBR was provisionally 
locked down for a period of 24 d. Through this period, 
no CP was provided to the ALBR. To avoid anaerobic 
circumstances of the microbial arrangement, air EBRT 
of 2 h was maintained to the ALBR. From the day 145, 
later getting additional nutrient stream, the ALBR was 
resumed with the initial CP concentration of 0.02 g/m3 
a gas flow rate of 0.12 g/m3, and a corresponding EBRT 
of 2.47 min. The outlet concentration of CP in ALBR was 
measured daily. On the first day (145th day) of the oper-
ation the biodegradation efficiency of 40% as shown in 
Fig. 5. After 7 d of restart the ALBR reaches the maxi-
mum biodegradation efficiency as seen. On the 155th day 
of operation the initial CP and EBRT was increased to 

100 mg/L and 30 h respectively. On the 156th day of the 
operation the biodegrading efficiency of 90% shown in 
Fig. 6. After 7 d of restart the ALBR reaches the maximum 
biodegradation efficiency as seen in Fig. 6.

The restoration of system performance after being 
subjected to 14 d of malnourishment during the transient 
operation showed the capability of biomass to restore to 
normal state. The outcome from this work confirmed 
that the ALBR was proficient of enduring compara-
tively long term malnourishment with speedy regain-
ing to full performance when pollutant load restarted. 
The biodegradation efficiency was originally lesser for 
few hours after resumption. Then, the biodegradation 
competence progressively increased and continued to 
exhibit high efficiency for 5 d. The microbes in the ALBR 
displayed good restorative action. This work is signif-
icant regarding the use the ALBR for industrial scenario 
where the inflow load fluctuates on a daily basis. The 
effect of inlet loads on the biodegradation efficiency 
of the ALBR is an important aspect of consideration.

In the current work, the constancy of the ALBR is 
evaluated by exposing the column to sudden loading sit-
uations for a period of 45 d for CP immediately after the 
shut down and restart days of ALBR. The procedure for 
shock loading conditions is taken from the literature [31] 
and the days of operation of shock loading is fixed based 
on their normal days of operation proportionately. The 
operational settings for shock loading process for CP 
removal are stated. It can be displayed from Fig. 6 that 
through the first 10 d (Normal Load I), when initial con-
centration is kept in the range of 50 mg/L at a EBRT of 
50 h, the removal efficiency is found in the range of 91%. 
For the CP initial loading rate of 4.08 g/(m3 h), the corre-
sponding elimination capacity found is in the range of  
3.5 g/(m3 h).

The higher standards of removal efficiency and elim-
ination capacity found show that when the ALBR is 
adapted with the microbial culture, it can express actual 
higher removal rates for lesser toxin concentration. For the 
following 10 d (Shock Load-I), the EBRT is decreased in 
the range of 50–25 h and the removal efficiency found is 
in the series of 80% which is immobile display compara-
tively well removal efficiency. The inlet CP load is in the 
range of 20 g/(m3 h) and the elimination capacity calcu-
lated in this phase is ranging from 12 g/(m3 h). For next 
10 d of operation (Normal Load-II), when inlet concentra-
tion is maintained in the range of 50 mg/L at EBRT of 50 h, 

 

Fig. 4. Effect of residence time rate on the volumetric removal rate 
of chlorophenol (50 mg/L) in the ALBR with 0.2 g/L of peptone.
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the removal efficiency is obtained in the range of 91% in 
Fig. 6. For the CP inlet loading rate of 4.08 g/(m3 h), the cor-
responding elimination capacity obtained is in the range 
of 3.5 g/(m3 h) for ALBR. For the next 10 d (Shock Load-II), 
the EBRT is maintained at 50 h and the inlet concentra-
tion increased from 50 to 150 mg/L, the removal efficiency 
found is in the series of 80% which is immobile view-
ing moderately better removal efficiency. Another study 
reported the dynamic behaviour of the bio filter was tested 
at different process conditions through vigorous short, 
medium and long-term shock loads and the stability of 
the biomass within the reactor was apparent from the fast 
response of the bio filter to recuperate and handle inter-
mittent shutdown and restart operations. The researchers 
reported that the bio filter responded well to the sudden 

changes and a higher removal efficiency of 79% was 
achieved with an inlet xylene concentration of 5 g/m3[32].

Future studies should investigate integrated approaches 
for removal of chlorophenols and combining with porta-
ble water quality monitoring devices for in situ detection 
[33,34]. Lab-on-a-chip microfluidic technology offers a prom-
ising option in this regard [35,36]. Further, the possibilities 
of recovering the valuable substances from contaminated 
aqueous streams should be explored to deliver sustainable 
technological solutions [37].

4. Conclusion

Utilizing Aspergillus fumigatus as a single strain, an air-
lift bioreactor was used to assess the elimination of CP in 

Fig. 5. Effect of shutdown period on the removal efficiency of chlorophenol using ALBR.

Fig. 6. Effect of shock load on the removal efficiency of chlorophenol using ALBR.



121M. Ponnuchamy et al. / Desalination and Water Treatment 251 (2022) 114–122

synthetic wastewater. The findings revealed that EBRT, initial 
CP concentration, and peptone concentration have signifi-
cant impact on CP elimination efficiency. During functioning, 
the bioreactor had an outstanding removal efficiency for 
CP, with an elimination rate of higher than 99%. The opti-
mal EBRT for the bioreactor was discovered to be 40 h, and 
anything less resulted in microbial saturation. The result of 
peptone demonstrated that a lower peptone levels increased 
percentage removal; however, some peptone is required to 
sustain removal of CP. At 40 h of EBRT and 0.2 g/L peptone, 
the maximal initial substrate concentration of 150 mg/L CP 
was efficiently eliminated up to 99%. The ALBR responded 
quickly to the transient state (shutdown, restart, and shock 
load) and maintained its stability. The pure strain’s dura-
bility and efficiency under various working circumstances 
indicate its suitability for in situ bioremediation.

References
[1] M. Ponnuchamy, A. Kapoor, B. Pakkirisamy, P. Sivaraman, 

K. Ramasamy, Optimization, equilibrium, kinetic and 
thermodynamic studies on adsorptive remediation of phenol 
onto natural guava leaf powder, Environ. Sci. Pollut. Res., 
27 (2020) 20576–20597.

[2] P. Muthamilselvi, R. Karthikeyan, A. Kapoor, S. Prabhakar, 
Continuous fixed-bed studies for adsorptive remediation 
of phenol by garlic peel powder, Int. J. Ind. Chem., 9 (2018) 
379–390.

[3] K. Sofiya, E. Poonguzhali, A. Kapoor, P. Delfino, S. Prabhakar, 
Separation of carboxylic acids from aqueous solutions using 
hollow fiber membrane contactors, J. Membr. Sci. Res., 5 (2019) 
233–239.

[4] M. Ponnuchamy, A. Kapoor, P. Senthil Kumar, D.V.N. Vo, 
A. Balakrishnan, M. Mariam Jacob, P. Sivaraman, Sustainable 
adsorbents for the removal of pesticides from water: a review, 
Environ. Chem. Lett., 19 (2021) 2425–2463.

[5] A. Sridhar, D. Kannan, A. Kapoor, S. Prabhakar, Extraction and 
detection methods of microplastics in food and marine systems: 
a critical review, Chemosphere, 286 (2022) 131653, doi: 10.1016/j.
chemosphere.2021.131653.

[6] B.P. Patel, A. Kumar, Biodegradation of 2,4-dichlorophenol 
by Bacillus endophyticus strain: optimization of experimental 
parameters using response surface methodology and kinetic 
study, Desal. Water Treat., 57 (2016) 15932–15940.

[7] P.M. Armenante, D. Kafkewitz, G.A. Lewandowski, 
C.J. Jou, Anaerobic-aerobic treatment of halogenated phenolic 
compounds, Water Res., 33 (1999) 681–692.

[8] M. Rafiee, A. Mesdaghinia, M.H. Ghahremani, S. Nasseri, 
R. Nabizadeh, 4-Chlorophenol inhibition on flocculent and 
granular sludge sequencing batch reactors treating synthetic 
industrial wastewater, Desal. Water Treat., 49 (2012) 307–316.

[9] A. Kargari, Simultaneous extraction and stripping of 
4-chlorophenol from aqueous solutions by emulsion liquid 
membrane, Desal. Water Treat., 51 (2013) 2275–2279.

[10] C. Thakur, A. Dembla, V.C. Srivastava, I.D. Mall, Removal of 
4-chlorophenol in sequencing batch reactor with and without 
granular-activated carbon, Desal. Water Treat., 52 (2014) 
4404–4412.

[11] A. Kargari, F. Khazaali, Effect of operating parameters on 
2-chlorophenol removal from wastewaters by a low-pressure 
reverse osmosis system, Desal. Water Treat., 55 (2015) 114–124.

[12] C. Thakur, A. Dembla, V.C. Srivastava, I.D. Mall, Removal of 
4-chlorophenol in sequencing batch reactor with and without 
granular-activated carbon, Desal. Water Treat., 52 (2014) 
4404–4412.

[13] F. Fava, P.M. Armenante, D. Kafkewitz, Aerobic degradation 
and dechlorination of 2-chlorophenol, 3-chlorophenol and 
4-chlorophenol by a Pseudomonas pickettii strain, Lett. Appl. 
Microbiol., 21 (1995) 307–312.

[14] G.A. Hill, B.J. Milne, P.A. Nawrocki, Cometabolic degradation 
of 4-chlorophenol by Alcaligenes eutrophus, Appl. Microbiol. 
Biotechnol., 46 (1996) 163–168.

[15] R. Rubio Pérez, G. González Benito, M. Peña Miranda, 
Chlorophenol degradation by Phanerochaete chrysosporium, 
Bioresour. Technol., 60 (1997) 207–213.

[16] Y.H. Lin, C.H. Wu, Kinetics of the biodegradation of phenol 
and 2-chlorophenol in a fixed biofilm reactor using a dewatered 
sludge–fly ash composite ceramic particle as a supporting 
medium, Desal. Water Treat., 157 (2019) 39–52.

[17] H. Zilouei, B. Guieysse, B. Mattiasson, Biological degradation of 
chlorophenols in packed-bed bioreactors using mixed bacterial 
consortia, Process Biochem., 41 (2006) 1083–1089.

[18] D.S. Shen, X.W. Liu, H.J. Feng, Effect of easily degradable 
substrate on anaerobic degradation of pentachlorophenol in 
an upflow anaerobic sludge blanket (UASB) reactor, J. Hazard. 
Mater., 119 (2005) 239–243.

[19] E. Sahinkaya, F.B. Dilek, Effect of biogenic substrate 
concentration on the performance of sequencing batch reactor 
treating 4-CP and 2,4-DCP mixtures, J. Hazard. Mater., 
128 (2006) 258–264.

[20] I. Durruty, E. Okada, J.F. González, S.E. Murialdo, Multisubstrate 
monod kinetic model for simultaneous degradation of 
chlorophenol mixtures, Biotechnol. Bioprocess Eng., 16 (2011) 
908–915.

[21] S.J. Wang, K.C. Loh, Facilitation of cometabolic degradation of 
4-chlorophenol using glucose as an added growth substrate, 
Biodegradation, 10 (1999) 261–269.

[22] B.P. Patel, A. Kumar, Biodegradation of 4-chlorophenol in an 
airlift inner loop bioreactor with mixed consortium: effect of 
HRT, loading rate and biogenic substrate, 3 Biotech, 6 (2016) 
1–9.

[23] J. Jaafari, A.B. Javid, H. Barzanouni, A. Younesi, N.A.A. 
Farahani, M. Mosazadeh, P. Soleimani, Performance of 
modified one-stage phoredox reactor with hydraulic up-flow in 
biological removal of phosphorus from municipal wastewater, 
Desal. Water Treat., 171 (2019) 216–222.

[24] S.D. Ashrafi, G.H. Safari, K. Sharafi, H. Kamani, J. Jaafari, 
Adsorption of 4-nitrophenol on calcium alginate-multiwall 
carbon nanotube beads: modeling, kinetics, equilibriums and 
reusability studies, Int. J. Biol. Macromol., 185 (2021) 66–76.

[25] D. Naghipour, E. Rouhbakhsh, J. Jaafari, Application of the 
biological reactor with fixed media (IFAS) for removal of organic 
matter and nutrients in small communities, Int. J. Environ. 
Anal. Chem., (2020) 1–11, doi: 10.1080/03067319.2020.1803851.

[26] Q. Xiangchun, S. Hanchang, Z. Yongming, W. Jianlong, Q. Yi, 
Biodegradation of 2,4-dichlorophenol in an air-lift honeycomb-
like ceramic reactor, Process Biochem., 38 (2003) 1545–1551.

[27] A.G. De Jesús, F.J. Romano-Baez, L. Leyva-Amezcua, C. Juárez-
Ramírez, N. Ruiz-Ordaz, J. Galíndez-Mayer, Biodegradation of 
2,4,6-trichlorophenol in a packed-bed biofilm reactor equipped 
with an internal net draft tube riser for aeration and liquid 
circulation, J. Hazard. Mater., 161 (2009) 1140–1149.

[28] S.E. Murialdo, R. Fenoglio, P.M. Haure, J.F. González, 
Degradation of phenol and chlorophenols by mixed and pure 
cultures, Water SA, 29 (2003) 457–463.

[29] J.H. Kim, K.K. Oh, S.T. Lee, S.W. Kim, S.I. Hong, Biodegradation 
of phenol and chlorophenols with defined mixed culture in 
shake-flasks and a packed bed reactor, Process Biochem., 
37 (2002) 1367–1373.

[30] P.S. Majumder, S.K. Gupta, Degradation of 4-chlorophenol 
in UASB reactor under methanogenic conditions, Bioresour. 
Technol., 99 (2008) 4169–4177.

[31] F. Kargi, I. Konya, Para-chlorophenol containing synthetic 
wastewater treatment in an activated sludge unit: effects of 
hydraulic residence time, J. Environ. Manage., 84 (2007) 20–26.

[32] V. Saravanan, M. Rajasimman, N. Rajamohan, Performance of 
packed bed biofilter during transient operating conditions on 
removal of xylene vapour, Int. J. Environ. Sci. Technol., 12 (2015) 
1625–1634.

[33] S. Balasubramanian, A. Udayabhanu, P.S. Kumar, 
P. Muthamilselvi, C. Eswari, A. Vasantavada, S. Kanetkar, 
A. Kapoor, Digital colorimetric analysis for estimation of iron 



M. Ponnuchamy et al. / Desalination and Water Treatment 251 (2022) 114–122122

in water with smartphone-assisted microfluidic paper-based 
analytical devices, Int. J. Environ. Anal. Chem., (2021) 1–18, 
doi: 10.1080/03067319.2021.1893711.

[34] P. Sri Sruthi, S. Balasubramanian, P. Senthil Kumar, A. Kapoor, 
M. Ponnuchamy, M. Mariam Jacob, S. Prabhakar, Eco-
friendly pH detecting paper-based analytical device: towards 
process intensification, Anal. Chim. Acta, 1182 (2021) 338953, 
doi: 10.1016/j.aca.2021.338953.

[35] A.K. Govindarajalu, M. Ponnuchamy, B. Sivasamy, M.V. Prabhu, 
A. Kapoor, A cellulosic paper-based sensor for detection 
of starch contamination in milk, Bull. Mater. Sci., 42 (2019) 
255 (1–6).

[36] R. Ghosh, V. Vaishampayan, A. Mahapatra, R. Malhotra, 
S. Balasubramanian, A. Kapoor, Enhancement of limit of 
detection by inducing coffee-ring effect in water quality 
monitoring microfluidic paper-based devices, Desal. Water 
Treat., 156 (2019) 316–322.

[37] E. Kavitha, E. Poonguzhali, D. Nanditha, A. Kapoor, 
G. Arthanareeswaran, S. Prabhakar, Current status and 
future prospects of membrane separation processes for value 
recovery from wastewater, Chemosphere, 291 (2022) 132690, 
doi: 10.1016/j.chemosphere.2021.132690.


