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Abstract

The presence of residual endosulfan in wastewaters is of great concern due to its persistent nature and adverse
effects on the receiving environment. The purpose of this study was to investigate endosulfan removal through the
use of a horizontal subsurface flow constructed wetlands (HSSFCW) in relation to its inflow concentrations, retention
times, biostimulation by sugar cane molasses (MS) and bioaugmentation of effective microorganisms (EM). Wetland
inflow and outflow samples were analyzed to determine removal efficiency of endosulfan isomers. Sediments, plant
tissues and water samples from the treatment zone of the HSSFCWs were also analyzed to predict the fate of
endosulfan. The amounts of endosulfan isomers were examined by using GC-MS and density of wetland bacteria
was monitored by the viable plate count technique. At a fixed retention time of 4 days, the mean removal of
endosulfan was significantly higher (>90%) from 0.5 μg/L inflow concentrations compared to (<65%) from 10 μg/L.
Extending the retention time from 4 to 10 days, improved endosulfan removal efficiency by 6%, 12%, 21% and 23%
at inflow concentrations of 0.5, 1, 5, and 10 μg /L respectively. Additions of sugar cane molasses (MS) and effective
microorganisms (EM) to the CW units enhanced endosulfan removal by >15.0% and 19.0% respectively compared
to the corresponding control from 10 μg/L at retention time of 10 days. This higher removal paralleled with increased
bacterial densities in the treatment zone of the CW units. In our experiment, high removal efficiency of endosulfan
without any accumulation of plants and low sediment sorption may suggest biodegradation as removal mechanism.
The results of this study revealed a high potential of relatively cheap and eco-friendly HSSFCWs for bioremediation
of low residual endosulfan emanating from agriculture activities, especially when accompanied with molasses
biostimulation and EM bioaugmentation.
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Introduction
Wastewater treatment in constructed wetlands (CWs) offers a

sustainable, eco-friendly and economical technology than others
conventional wastewater treatment system [1]. They provide physical,
chemical and biological processes of removal of pollutants (Adeniran
et al.). It includes processes of sedimentation, hydrolysis, adsorption,
microbial degradation and direct uptake by plants. Horizontal
subsurface flow CWs (HSSFCWs) are increasingly popular, in
particular due to their reduced surface requirements. They are also
revealed to provide different redox conditions in which pollutants get
into contact with a network of aerobic, anoxic and anaerobic zones
during their passage through the HSSFCWs [1]. Furthermore, they are
reported to offer a high purification efficiency of organic matter
including numerous pesticides [2-4]. However, studies are limited in
assessing the feasibility of using HSSFCWs for removal of most of the
priority pollutants given by the European Water Framework Directive
at field conditions.

Endosulfan is one of the selected chlorinated pollutants prioritized
by the European Water Framework Directive due to its persistent

nature and many adverse effects in the environment. It has been widely
used in agriculture to control pests of a wide range of crops, i.e.,
cereals, tea, coffee, cotton, rice, sorghum, cashew, soy, fruits and
vegetables [5]. As a consequence, endosulfan is one of the most
commonly detected pesticides in surface waters emanating from
agricultural activities in Ethiopia [6-12]. Thus, it is of great concern,
particularly because of its environmentally persistency and semi-
volatile nature [13] and severe neurotoxicity [14]. Thus, an effective
management on its application sites is of critical importance.

Technical grade endosulfan is commercially available as a mixture,
typically containing >95% of two diastereoisomers, known as α- and β-
endosulfan in ratios from 2:1 to 7:3 in dependence of the technical
mixture [15]. The two isomers are subject to degradation resulting in
endosulfan sulfate via oxidation or endosulfan diol via hydrolysis in
aquatic systems [13]. Like other persistent organic pollutants in treated
effluents, levels of endosulfan isomers are usually higher than their
allowed threshold [16]. The magnitude of its removal processes
assumed to be influenced by different factors including pesticide
inflow concentrations, retention time and availability of nutrients or
activities of microbial community.

Biostimulation via nutrient supply leads to stimulating indigenous
microorganisms [17] whereas bioaugmentation adds effective catabolic
microbes into an indigenous microbial community [18]. Both are
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known to improve removal of organic pollutants in various types of
CWs [18,19]. Over the last decade, many investigators have been
dedicated for testing the effect of biostimulation and bioaugmentation
strategies to clean various types of wastewater in different treatment
systems [18,20,21]. For example, sucrose biostimulated in lab-scale
CWs related with a higher removal of endosulfan isomers [19].
Molasses as biostimulants is also reported to enhance pollutants
removal through the processes of bioremediation [22]. Sugar cane
molasses primarily provide a carbon and energy source for microbes as
well as trace elements that are required for the production of microbial
enzymes involved in the mineralization of pollutants. However, sugar
cane molasses as a relatively cheap biostimulant for the removal of
endosulfan in CWs have not been studied.

The uses of effective microorganisms (EM) as bioaugments for
better reduction of contaminants from wastewaters assumed to offer a
feasible treatment options [23]. The EM product is based on the
original formula developed by Higa and Parr [24] and is known as
EM1. EM1 is consisted of actinomycetes, phototrophic bacteria, lactic
acid bacteria and yeast tested for efficient bioremediation of various
kinds of contaminants [23,25]. It is a combination of selected
microorganisms about 80 species capable of producing multiple
benefits for pollutants removal [25]. Certain studies show a high
potential of EM for enhancing organic pollutants removal in different
wastewater treatment systems [26,27]. However, there are limited
studies showing bioremediation of endosulfan via bioaugmentation
with effective microbial consortia such as EM1 [25]. Thus, the major
aim of the present study was to determine endosulfan removal
efficiencies in low-priced and easy-to-maintain HSSFCWs at various
endosulfan inflow concentrations, retention times, sugar cane molasses
supplementation and EM bioaugmentation at field conditions.

Materials and Methods

Description of the treatment system
A pilot-scale experimental constructed wetland (CW) was

established in a privately owned flower farm nearby Debrzeit Town,
some 55 km south-east of the capital Addis Ababa, Ethiopia. The CW
consisted of four replicated HSSFCW units designated as C1, C2, C3
and C4. Figure 1 represents a schematic sketch of the HSSFCW units
used for this particular experiment. The surface area of each CW was
5.2 m2 (length: 4.0 m and width: 1.3 m) filled with gravels of a particle
size of 2-4 mm for a depth of 0.5 m. The gravel forms the wetland
media for plant anchorage, microbial biofilm formation and provides
an extensive surface area for particle sedimentation. Each of the CW
unit was planted with 39 Typha latifola sprout (locally adapted plants
with a good performance for mitigation of agrochemical contaminated
wastewater emanating from a flower farm as has been shown in a
previous experiment (unpublished data). The experiment has been
conducted from December 2016 to May 2017, for six months.

Experimental procedures
Endosulfan containing wastewater was prepared by mixing

technical-grade endosulfan (Ensosulfan 350 EC) with the wastewater
collected from the drainage of a privately owned flower farm. The
wastewater was apparently stable in physicochemical compositions
with the following average inflow wastewater parameters of pH: 7.78 ±
0.2, temperature: 23.1 ± 1.7°C, electrical conductivity: 0.91 ± 0.02
mS/cm, BOD5: 82.6 ± 0.9 mg/L, COD: 148.5 ± 1.5 mg/L, NH4

+: 4.5 ±
0.7 mg/L, NO3

- : 11.3 ± 0.9 mg/L, TP: 8.6 ± 5.5 mg/L and SO4
2: 44.6 ±

0.5 mg/L. The endosulfan was mixed with the wastewater in different
ratios in order to get the final endosulfan inflow concentrations of 0.5,
1, 5, and 10 μg/L in the synthetic wastewater.

Figure 1: Schematic representation of the four experimental 
HSSFCW units designated from C1 to C4, EM=Effective 
Microorganisms, Endo350=In low endosulfan, SCM=Sugar Cane 
Molasses, ⊗- Fl ow control valves,   -Sampling site, →Flow direction.

The effects of both initial endosulfan concentrations and retention
time on endosulfan removal performance of the CW units were
evaluated using four different endosulfan concentrations and retention
times. The prepared four endosulfan concentrations (0.5, 1, 5, and 10
μg/L) were analogous to the range of the residual endosulfan
concentrations detected in surface waters of the study area [12]. The
0.5, 1, 5, and 10 μg/L endosulfan-wastewater mixtures were allowed to
enter the treatment zones of C1, C2, C3 and C4 respectively that were
operating in continuous mode (Figure 1). The effects of four hydraulic
retention times (4, 6, 8, and 10 days) on removal efficiency of
endosulfan isomers was also evaluated for each of the four endosulfan
concentrations (0.5, 1, 5, 10 μg/L). The retention time for the treatment
system was adjusted by a flow controlled valve and electromagnetic
flow meter that was supplied by Sensotronic System, Ahmedabad,
Gujarat, India.

Furthermore, influences of addition of sugar cane molasses as
biostimulate (MS) and EM as mixed bioaugment on the removal of
endosulfan isomers were evaluated. A controlled experiment in C1
without MS and EM was conducted for comparison. MS were added
from the supplementation tank to the wastewater containing 10 µg/L
endosulfan in a ratio of molasses: wastewater 1:40 in C3, which was the
lowest amount that was reported to provide effective degradation of
organic compounds in Lamichhane et al. [22]. Activated EM was
purchased from Wajaji private EM supplies in Debrezeit, Ethiopia.
Whereas molasses was purchased from Wonji sugar factory, Ethiopia
and mainly contains sucrose as a carbon and energy source for
microbes as well as trace elements that are required for the production
of microbial enzymes. EM was prepared by mixing 1 volume of EM to
1 volume of molasses and 18 volumes of chlorine-free water following
the manufacturer’s protocol [24]. EM, molasses and water were well
mixed in a clean airtight plastic container and incubated at room
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temperature for around 15 days by an intermittent release of the 
fermentation gas produced. The pH of the product shifted from 
initially 6.8 to 3.7 indicated the completion of the activation process. 
Microbial cell density was monitored by viable cell counts, which 
approximately yielded 5.8 × 108 CFU/ml. Finally, the prepared EM 
solution was added to C4 CW unit in a proportion of 1: 40 (V:V) EM 
solution to wastewater containing 10 µg/L endosulfan.

Sampling processes
Inflow and outflow water samples from each CW units (C1, C2, C3

and C4) were collected for analysis of the levels of physicochemical
parameters and endosulfan isomers. Wetland sediments, water and
plant tissues samples were also collected from the treatment zones of
each CW unit to examine the fate of endosulfan in the late phase of the
experiment. The samples were collected at a distance of 1, 2, and 3 m
intervals (in longitudinal direction, 4 m total CW length) and at a
distance of 0.3, 0.6, and 0.9 m (crosswise direction, 1.3 m width CW)
(Figure 1). Water samples were collected from these 9 selected sites of
the treatment zone. Similarly, sediments (fine gravels and accumulated
organic matter) were collected at a depth of 25-35 cm from the plant
roots of treatment zones of each CW unit which was apparently
dominated by roots of the wetland plant. The plant aerial tissue of
plants with similar growth conditions was also collected from the 9
selected spots of each CW units. Thereafter, the 9 sub-samples were
mixed and homogenized in order to generate one composite
representative samples. The samples were all run in triplicate (n=3) on
interval of three days of sampling. The collected water, plant and
sediment samples were kept in a cooler and immediately transported
to the lab for analysis.

Endosulfan extraction and determination
The endosulfan in the water samples (1000 ml) was extracted

according to the EPA Method 3510C using 60 ml of methylene
chloride. The extraction procedure was repeated 6 times and
concentrated to 1 ml using a Kuderna-Danish Apparatus. Sediments
and chopped plant tissue samples (15 grams) were extracted according
to the AOAC Official Method 2007.01 using 15 ml of 1% Acetic Acid
(HOAc) in Acetonitrile (MeCN), 6 grams of Anhydrous Magnesium
Sulfate, and 1.5 grams of Anhydrous Sodium Acetate via shaking for 1
minute in 50 ml centrifuge tubes and centrifugation at 4000 rpm for 1
minute. A portion of the MeCN extract (8 ml of the upper layer) was
transferred into a 50 ml centrifuge tube and mixed with 400 mg of
Primary Secondary Amine (PSA), 400 mg of C-18, 400 mg Graphitized
Carbon Black (GCB), and 1.2 g of Magnesium Sulfate were added and
then shaken for 1 minute and centrifuged at 4000 rpm for 1 minute.
About 1 ml of the upper layer was transferred to a GC auto-sampler
vial for analysis by Gas Chromatography/Tandem Mass Spectrometry
(GC/MS). Endosulfan isomers were determined by injecting 1 μL of
the sample at 250°C using an Agilent 7890 Gas Chromatograph
coupled with an Agilent 7000C Triple Quadrupole Mass Spectrometer
equipped with an Agilent J and W DB-1701P column (30 m × 0.25
mm × 0.25 μm). Hydrogen was used as a carrier gas and nitrogen (1.5
ml/min) as a collision gas.

Monitoring bacterial density
The microbial load of water and sediment samples was estimated

using total viable plate count technique procedure as described
previously [28,29]. Samples were prepared to appropriate dilutions;
(sediment samples to 10-6-10-12 and water samples to 10-1 to 10-9 in

normal saline solutions (0.85%), from which 0.1 ml of each was
inoculated on nutrient agar plates. The cultures were incubated for 48
hours at 37°C. Upon appearance of bacterial colonies, plates with
identifiable and countable colonies were selected and counted. All
results obtained were expressed on a log basis per gram sediment or ml
of sample water.

Data analysis
To assess treatment performance of each HSSFCW, endosulfan

removal efficiencies were calculated on the basis of endosulfan
concentrations in the inflow and outflow. The removal percentage was
determined as shown below: where R% is removal percentage, C is the
endosulfan concentration in mg/L, subscript i and o represent inflow
and outflow samples, respectively.R% =Ci‐Co �� × 100

Graphical analyses were performed using Microsoft Origin, Minitab
and Past software. Statistical analysis of the data was performed by
using the Past software (version 2.08). Data of means with standard
deviation were used in graph presentation. One-way analysis of
variance (ANOVA) was used for statistically difference between means
of observation. Differences in performance were considered to be
statistically significant if P ≤ 0.05.

Results and Discussion

Effects of endosulfan concentrations and retention time
Endosulfan removal potential of Typha planted CW units with a

retention time of 4 days was evaluated using 4 different concentrations
(0.5, 1, 5 and 10 μg/L) of endosulfan. In average more than 90.0% of
each α- and β-isomers of endosulfan was degraded when the initial
endosulfan inflow concentration was 0.5 μg/L (Figure 2a). The removal
efficiency was 61.0% and 55.8% for the α- and β-isomers respectively
when the initial endosulfan inflow concentration was increased to 10
μg/L. The removal performance showed declining trend as feed
concentration increase (Figure 2) and removal efficiency was
statistically higher (P<0.05) at inflow concentration of 0.5 μg/L
compared to the inflow of 1, 5 and 10 μg/L. The decrease of the
removal efficiency as increase of inflow concentrations could suggest
remarkable effect of inflow concentration on remediation processes in
treatment zone of the CW units. In Zhao et al. [19] endosulfan removal
efficiency >85% on 4 days of retention time was obtained from feed of
100 μg/L in laboratory-scale batch-operated vertical-flow CWs. The
low removal of endosulfan from low concentration in our study could
be the difference in treatment configuration as ours is a continuous
operated horizontal CWs at field conditions.

The presence of gravel, plant roots, biofilm and organic matter
complexes at anoxic conditions are reported to allow the HSSFCW to
eliminate endosulfan by the hydrolysis path way [4,30]. However,
detection of endosulfan sulfate in the outflow samples along with the
reduction of the α- and β-isomers of endosulfan in this study
implicated degradation of endosulfan by oxidation in the treatment
zones of the CW units (Figures 2a and 2b). Oxygenation in the gravel
beds by plant roots and diffusion of oxygen from atmosphere to inflow
water may consider facilitating the observed oxidative degradation of
endusulfan. Since we could not determine the endosulfan
intermediates produced via hydrolysis, it remains uncertain whether
oxidation represented the sole elimination pathway in this study.
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Though endosulfan sulfate was reported to be more stable in aqueous
system [31], the relatively low amount of endosulfan sulfate detected
along with a remarkable removal of the α- and β-isomers and the

opposite at lower removal of endosulfan (Figures 2a and 2b) does not
necessarily support a low biodegradability of endosulfan sulfate in our
study.

Figure 2: Removal efficiency of α-isomer (α) and β-isomer (β) (a) in CW units and outflow concentration of α-isomer (α) and β-isomer and its
oxidative product Endosulfan sulfate (E) (b), n=3, Error bars indicate the standard deviation

Figures 3a and 3b reveal the effects of various retention times, i.e., 4,
6, 8, and 10 days on endosulfan removal efficiency in the HSSFCW
units. Extending the retention time from 4 days to 10 days, the removal
of α-isomer of endosulfan increased by 5.9, 12.4, 9.6, and 23.2% for
endosulfan inflow concentrations of 0.5, 1, 5, and 10 μg/L respectively
(Figure 3a). A similar pattern was observed for the endosulfan β-
isomer removal, which increased by 5.6, 24.3, 21.4, and 26.1%,
respectively (Figure 3b). In general, an increasing in retention time
resulted in an increasing trend in removal efficiencies for both α- and
β-isomers. The statistical analysis also showed a significantly higher
removal of both isomers at a retention time of 10 days compared to 4
days, regardless of the tested inflow concentrations. However, as the
increase of endosulfan inflow concentration, the effect of retention
time became more pronounced (Figures 3a and 3b). Similar trends

were found in Rose et al. and Zhao et al. [19], which both showed
enhanced endosulfan removal efficiencies as a result of extending in
retention time in their experimental CWs. Hydraulic retention time
affects the time water stays in the CWs and thus flow depth, substrate
porosity and potential contact of microbial community with the
pesticide. Thus, extending retention may lead to prolonged contact of
endosulfan degrading wetland microbial consortia with the pesticide
and may accounted for improved removal of endosulfan and its
degradation product. Our results generally show that a retention time
of 10 days in our HSSFCW system resulted in enhanced microbial
degradation of endosulfan isomers, whereby the degradation efficiency
greatly decreased with the increase in the pesticide’s incoming
concentration.
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Figure 3: HSSFCW removal efficiency of α- isomers (a) and β-isomer (b) in dependence of hydraulic retention time.

Effects of bio-stimulation and bio-augmentation
In this study, MS and EM as mixed microbial inoculums were

evaluated for their bioremediation potential of endosulfan. Removal of
endosulfan improved to 94.3+1.3% and 92.3+6.7% for α-and β-isomers
respectively under supplementation of molasses from inflow
endosulfan of 10 μg/L and a retention time of 10 days (Figure 4a). It is
higher by 10.1% and 14.6% for α-and β-isomers respectively compared
to removal efficiency without addition of MS (Figure 4a). This finding
supports previous findings indicating that addition of an auxiliary
carbon source to a treatment system significantly increases microbial
biodegradation efficiency of organic pollutants [19,32-34]. MS suppose
to stimulate wetland microbial consortia for increasingly consuming
the organic contaminants directly as a carbon source or indirectly via
co-metabolism [22,35-38]. Likewise, MS assumed to enhance
endosulfan bioremediation in our study by increasing bacterial density
(Figure 5) and stimulating their activities through provision of carbon
and certain trace elements.

The use of EM bioaugmentation further improved the removal
efficiency of endosulfan by >5.0% compared to MS at same operational
conditions (Figure 4a). The increase in removal efficiency in the CW
unit was also accompanied with the greatly reduced outflow
concentrations of both α-and β-isomers as well as endosulfan sulfate
(Figure 4b) suggesting EM-bioaugmentation could positively impact
on removal efficiency of endosulfan the CW units. A similar effect of
bioaugmention was observed in Zhao et al. [19], which improved
removal by 5.9 and 7.6% for α- and β-endosulfan respectively
compared to the corresponding control. However, differences of CWs
design, endosulfan concentration and bioaugments may account for a

higher removal of α- and β-endosulfan by more than 15.0% and 19.0%
compared to the corresponding control in our study.

In this study, the removal efficiency of endosulfan was also
paralleled with wetland bacterial density as determined by viable cell
counts (Figure 5). The higher removal efficiency of endosulfan linked
with the higher bacterial density following EM-bioaugmentation
(Figure 5). On the other hand, the lower endosulfan removal efficiency
correspond to the lower bacterial density in non-MS and EM-
bioaugemented CW units (Figure 5) suggest wetland microbial density
as important aspect in transformation of endosulfan. Due to their
dynamic and inducible complex enzymatic systems which enable the
efficient degradation of xenobiotics, wetland microbial consortia along
with the EM-bioaugment assumed to play a key role in endosulfan
removal. The bacterial cell density in our CW units was similar to the
result reported in Lananan et al. [25] and ranged between 5.24 × 106

and 9.14 × 109 CFU/mL. In this study, the observed higher bacterial
density (but insignificant number of fungi) in the EM-bioagmentation
may not only result in a higher degradation of α- and β-isomers, but
also of their oxidation product endosulfan sulfate. Thus, it verifies the
potential importance of EM-bioaugment for successful bioremediation
of residual endosulfan in wastewater emanating from farm when using
in continuous operating HSSFCW system at field conditions.

In general, previous studies indicate that both biostimulation and
bioaugmentation improve the removal of various organic pollutants by
0–12% as compared to the respective control treatments [19,39-41].
Similarly, MS and EM bioagmentation greatly improved the
endosulfan removal efficiency by >10 and 15% respectively in this
study which may be due to difference of treatment conditions. In our
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study, the average levels endosulfan isomers in outflow were also
reduced to a levels close to the permitted discharge limit of 0.1 μg/L
(Figure 4b), through the application of EM- bioagmentation. Thus, our
result verifies the potential importance of sugar cane molasses and

EM-bioaugment for successful bioremediation of residual endosulfan
in wastewater emanating from agricultural activities when using in
continuous operating HSSFCW system at field conditions.

Figure 4: Removal of of α-isomer (α) and β-isomer (β) of endosulfan (a) and out flow concentration of α-isomer (α) and β-isomer (β) of
endosulfan, and its oxidative product E (Endosulfan sulfate) (b); C=control, MS=Molasses stimulation, EM=Effective microorganisms.
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Figure 5: Bacterial cell density following MS and EM additions; I=inflow, S=sediment, W=water of treatment zone and O=outflow samples.

Mass distribution of endosulfan in the CW units
To determine the fate of endosulfan isomers in the CW units, a mass

proportion analysis was conducted by using water, plant and sediment
samples from the treatment zones of C3 and C4, which showed
relatively better endosulfan remova Endosulfan is reported commonly
to be absorbed by plants, accumulate by plant tissues and is released

via evapotranspiration [19,42]. However, none of the endosulfan
isomers were detected in plant samples in the present study and thus,
the effect of phytoremediation was not clear. On the other hand,
different proportions of endosulfan isomers were detected from
sediments and water samples of the CW units (Figure 6a). In average,
reduced percentages of incoming α- and β-endosulfan (<8.5% and
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<2.5% in sediment and <36% and <13.5% in water samples,
respectively) were found in the treatment zone of the CW units. The
low detection of pollutants such as endosulfan in the CW units’
effluent accompanied with low concentrations in the gravel bed of the
CW units suggested that biodegradation represents the major

elimination pathways for the pollutants [4]. Furthermore, the detection
of endosulfan sulfate (Figure 6b) paralleled with low proportions of the
α- and β-isomers of endosulfan could support biotransformation of
endosulfan in the treatment zone of the HSSFCW units in this study.

 

Figure 6: Proportions of α- isomers, β-isomers of endosulfan (a) and its oxidative product endosulfan sulfate (b) in sediment, plant tissue and
water samples in the MS and EM treatments; α=α- isomers, β=β-isomers, E=endosulfan sulfate.

Conclusions
This study investigated removal of endosulfan isomers from

wastewater in low-priced HSSFCWs. Thereby, the removal efficiency of
endosulfan isomers was found to be influenced by inflow endosulfan
concentration. Extending retention times also led to a greatly improved
removal of endosulfan isomers, regardless of the inflow concentrations.
Furthermore, our results confirmed the positive effects of MS
biostimulation and EM bioaugmentation for bioremediation of
endosulfan isomers. The use of EM as bioaugmente lead to the removal
of endosulfan isomers close to the discharging limit of 0.1 μg/L from
10 μg/L inflow endosulfan at a retention time of 10 days. The improved
removal efficiency was linked with increased bacterial densities in the
treatment zone of the HSSFCW units, particularly after EM addition.
The reduction of endosulfan α- and β-isomers with detection of
endosulfan and without any accumulation of plant tissues and a low
substrate sorption suggests that biotransformation represents the main
removal pathway for endosulfan in the treatment zone of the CW
units. In general, our results revealed a high potential of a continuous
operating HSSFCWs for bioremediation of residual endosulfan
emanating from agricultural activities, in particular when used in
combination with MS and EM-bioaugmentation.
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