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Abstract

Bioremediation is widely used in organic pollutadisposal. However, very little has been
known on its application in constructed wetlandstaminated with organochlorine pesticide,
endosulfan in particular. To evaluate the effedbiofemediation on endosulfan removal and
clarify the fate, bioaugmentation and biostimulatieere studied in laboratory-scale vertical-
flow constructed wetlands. After 20 days’ experim@mdosulfan isomers removal
efficiencies were increased to 89.24-97.62 % thndeigremediation. In bacteria
bioaugmentation (E-in) and sucrose biostimulatieC{), peak concentrations of endosulfan
in sediment were reduced by 31.02-76.77 %, and plasorption were 347.45—

576.65ug kg *. By contrast, plant absorption in KIPIO, biostimulation (E-P) was increased

to 811.64 and 1,067.68) kg *. Degradation process was probably promoted in &ih E-C,



while plant absorption was enhanced in E-P. Cormattyy E-in and E-C were effective for
endosulfan removal in constructed wetlands, whdidirrg KH,PO, had potential to cause air

pollution. Additionally, combined bioremediation svaot recommended.
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I ntroduction

Since the 1950s, endosulfan is one kind of orgaioade pesticide commonly used in
agriculture to control a wide range of pests faps; including cotton, rice, sorghum, and soy
(Jia et al2010). It causes worldwide concerns due to its envirentally persistent and
semivolatile characters. Endosulfan can particylaccumulate in organism and cause
neurotoxicity (Silva and Beauva2§10). Although endosulfan has been banned in many
countries, it still exists on the list of allowahiesecticides in China on certain crops (Zhang
et al.2012). According to a report by United Nations Enviraemh Programme (UNEP),
China ranked third on the list of endosulfan prdiur and the annual production was 4,602,
5,003 and 5,177 tons for 2006, 2007, and 2008emimely (UNEP2010). Moreover,
endosulfan isomers are ubiquitous in Chinese seidad with the occurrence frequencies of
83 and 96 %, respectively (Jia et2010). Thus, effective control over endosulfan pollatio

iS necessary.

Wetland treatment is a sustainable and econormacahblogy that can be an alternative
to conventional wastewater treatment. One typenétructed wetland, the vertical-flow
constructed wetland is now popular in some specd#dgies for the small surface requirement
and high purification efficiency of organic mattéke pesticide (Cheng et &002; Wu et

al. 2013). However, organochlorine pesticides are perdsistaganic pollutant, and thus their



concentrations in wetland effluents were usualghkr than the thresholds (Cheng e2a02;

Gregoire et al2009). Therefore, there is still a need for optimizihg operational efficiency.

Using the strategy of bioremediation (bioaugmeatatind biostimulation), removal of
organic pollutants in wetlands can be promoted (&aet al2011). Bioaugmentation is
adding pre-adaptive catabolic bacteria to the tazgeironment. Biostimulation is achieved
by supplying nutrients (C, N, or P) or suitable ditions (available oxygen, temperature, pH,
and redox potential) to stimulate indigenous micganisms (Garcia-Blanco et 2007).
Although extensive works have been carried ouherbioremediation of organic pollutants
in soil (Beolchini et al2010; Didier et al.2012), little has been done for constructed wetlands

contaminated with pesticide, particularly endosulfa

Moreover, bioaugmentation and biostimulation aneticversial technologies. Although
some researches demonstrated their effectivenessmtamination removal, while others
doubted. The survival of extra-adding microbe re#itened by both abiotic and biotic
conditions, and their potential to become invasiierobe or impact on the local ecology
remains unknown (Filler et &009). The applied nutrients do not always work eitp)ér et
al. 2011). As constructed wetland is a complex system fanaig with the interaction of
water, sediment, plants, and microorganisms, whdtioeaugmentation and biostimulation
can be used to optimize pesticide removal and eéh@in fate of pesticide during the

treatment are of essential needs to study.

As an initial attempt, the effects of bioaugmemtatand biostimulation on endosulfan
removal in laboratory-scale vertical-flow constedttwvetlands were evaluated in this

study. Endosulfan degradation bacteria were appti@baugmentation. Additional sucrose



and KHPO, was designed to cause biostimulation processf@srer study has revealed

that organic matter and phosphorus were importastofs to the distribution of endosulfan in

soil (Zhao et al2013). In addition, a further evaluation was constrddig combination of
bioaugmentation and biostimulation. The fate ofasudfan and underlying mechanisms
were analyzed and elucidated. In addition, the ¢oation of bioaugmentation and

biostimulation was also tested for a more comprsierunderstanding. This work provides

useful information on the feasibility of bioremetitien in constructed wetlands.

Material and methods
Materials
Plants and chemicals
SproutedPhragmites australis of 15- to 20-cm height were collected from Nanaké in
March and moved into laboratory-scale vertical-flomnstructed wetland systems

immediately and cultivated in Hoagland solution ¢aPfor the first month.

Technical-grade endosulfan was used in the labgratale experiment and standard

endosulfan isomers (Sigma-Aldrich, USA) were usadchromatography analysis.

Laboratory-scale batch-operated vertical-flow constructed wetlands
Polyethylene barrels (23 cm in inner diameter, Bdm height) were used to build

laboratory-scale batch-operated vertical-flow carded wetlands as Prochaska and

Zouboulis 006) described. Each wetland was filled with two layef substrate in the barrel.

The bottle layer was 10 cm in height and was madefwashed gravel (1-3 cm in diameter),

while the upper layer is 35 cm in height, using kessand (0—3 mm in diameter, mainly

SibO3, Al,Os, and FgOs) as substrate. A vertical-perforated PVC pipen(Birc diameter,



50 cm in height) was inserted to the middle of salbs in each barrel to measure physical
and chemical parameters in situ. Pre-punched guolierie tubes were buried in the barrel for
ventilation, and a stopper was set at the bottoeaoh barrel to collect the effluenis.

australis density was about six plants per barrels in thestacted wetland systems.

These constructed wetlands were located in theuBdtark of Jinan, China, with a

hydraulic load of 0.108 Am™ batch®, an average porosity of 26.85 %, and HRT of 2Gsday

Methods
Inoculums degradation characters and their preparation

Endosulfan-degrading bacteria were isolated froenpiblluted soil in a pesticide factory
using the method described by Kalyani et2000). The DNA was extracted using MOBIO
PowerSand™ DNA Isolation Kit. Further purificatiand sequence test was accomplished
by Sangon Biotech Company (Shanghai, China). Bassal Alignment Search Tool
(BLAST) was used to identify DNA sequence accordimghe National Center for

Biotechnology Information (NCBI) database.

Selected strains were inoculated into the surfee-tiultural medium with
100ug mL™* of endosulfan at 28 °C for 14 days to study thgraeing abilities in cultural
medium (Kalyani et aR009). Purified strains grew overnight in sterilizednent broth on a
shaker at 28 °C, and then harvested at late logepby centrifugation (12,009x10 min).
The pellets were washed twice then dissolved inletdistilled water to similar
concentration. A mixed inoculums, which had voluaggial to each bacterial strain

suspensions, were adjusted to an attendance af 6@ nm by sterile distilled water



(equivalent to approximately 7:410° cfu mL™), for bioremediation experiment (Abou-

Shanab et ak008).

Experimental procedures

From April 2012 to August 2012, synthetic wastewatas used to cultivate. australis.
The synthetic wastewater was mainly composed absec (NH),SO,, KH,PQ,, and KNQ,
with some micronutrients for the normal growth aleelopment of the plant (mgi); 21Ca,
10 Mg, 14S, 0.8P, 0.3Fe, 0.03Zn, 0.01Cu, 0.03Mi8B, and 0.002Mo (Wu et é2011a).
The characters of the influence water were asaltmg L%): COD, 61.2+ 2.6; total

nitrogen (TN), 19.% 1.3; ammonium (Ng-N), 8.3+ 0.5; TP, 1.5:0.2; pH, 7.16: 0.21.

Eighteen constructed wetlands with similar growghditions of plant were chosen for
further experiment. These wetlands, divided inkogsbups, were designed (Table 1) to study
three kinds of treatments (bioaugmentation, biosi@tion, and combination of

them). Endosulfan (100g L™*) was added to the synthetic wastewater of thesiess.

Tablel
Tested bioremediation treatments in constructetbwetsystems
Bioaugmentation Biostimulation Mixed bioremediation
E-0
E-in E-C E-P E-in-C E-in-P
Mixed Mixed
Control Mixed inoculd Sucros® KH,PO,° inoculd + inoculd +

sucrosé KH,PQ, ¢

Endosulfan was added at the beginning of the treattifiinal concentration of 108y L™), and all treatments
were replicated three times

®Mixed inocula of 50 mL were added

®The final concentration of sucrose was 240 g L

“The final concentration of K}PQ, was 35 mg iy

Bioaugmentation (E-in) was conducted by adding ohixecula of endosulfan-

degrading bacteria (50 mL; prepared accordingrnoculums degradation characters and



their preparation”). Additional sucrose and #, was used (E-C and E-P) in
biostimulation process. A combination of bioaugnagioh and biostimulation (namely E-in-
C and E-in-P) was constructed further. All treatteemere replicated three times, and the

temperature was from 22 to 32 °C during the treatme

Sampling and sample processing

Water and sediment samples were taken on 0, 1,12, &nd 20 days. Considering the
slow absorption of pesticide in plants as welledfucing the injury to plants, leaves samples
were harvested only at day 12 and 20. Water sanfpl&smL) were homogenized and
collected in polyethylene plastic bottles. Sedinsarhples were taken from the same height,
and five individuals with equal amounts were honmoped to obtain a representative sample
for each barrel. Sediment samples were kept istidndized centrifuge tubes (5 g) and
polyethylene plastic bags (25 g). Leaves sampleg {&thin the similar growth period were
collected and then stored in sealed bags.

Samples were transported to the laboratory in kedninsulating box. Water samples
were kept at 4 °C and examined within 24 h. Sedirasamples in sterilized centrifuge tubes
were stored at20 °C for quantitative PCR analysis, whereas samipleslyethylene plastic
bags were firstly air dried and sieved (2 mm), folldwed by storage at —20 °C for
endosulfan analysis (Zhao et 2013). Leaves samples were oven-dried at 35 °C for,24 h
and then stored at —20 °C after powdered and sedettmough a 2-mm pore size sieve (Zuin

et al.2003).

Endosulfan extraction and deter mination
Endosulfan in cultural medium and water samplesweatracted using hexane-acetone

(8:2,v/v), and the extraction procedure was repeated fimast(Goswami et aP009). For



sediment and plant samples, the soxhlet extraatietmod was employed to extract

endosulfan according to Zhao et £013).

The determination of endosulfan was performed usiStimadzu 2014 gas
chromatograph, which was equipped with &Mlectron capture detector and RTX-5 column
(30 mx 0.25 mm ID, 0.25um film thickness). An injection volume ofl. was used
(splitless mode), and the injector temperature wamtained at 260 °C. The column
temperature was programmed as follows: from ini@atperature 120 °C increased to 180 °C
at 30 °C min', then ramped up to 225 °C at 7 °C miand retained for 1 min, then to
240 °C at 5 °C mir, maintained for 9 min, then increased to 280 °G0atC min* and
retained for 8 min. The ECD was maintained at 3D0ahd nitrogen (99.99 % purity) was

used as carrier gas at 0.8 mL fin

Quantitative PCR analyses

To determine total bacteria amount in differentrémediation treatments and to explain
the fate of endosulfan, total bacterial 16S rDNA&gof sediment were quantified by
guantitative PCR using Roche LC-480 (USA). DNA wagracted using MOBIO
PowerSandTM DNA lIsolation Kit from sediment of d&gand store at —20 °C. Eub338 and
Eub518 were used as primers (Fierer e2@05). Reaction mixtures (20L) contained
SYBR Green Mix (15uL, Roche), primer (LL for each) and template DNA (8.). Cycling
was initiated with preheating for 5 min at 95 °@ddollowed by 40 quantification cycles
(10 s at 95 °C, 20 s at 55 °C and 10 s at 95 °f®.fihal quantitative PCR data was

generated using Abs Quant/2nd Derivative Max byieddaC-480 install.



Quiality control and statistical analyses

Erlenmeyer flasks and nutrient culture media faurgiiative PCR analysis were
autoclaved separately for 20 min at 121 °C. Glam®w/for endosulfan extraction were
thoroughly washed with acetones and then soakbd4nK,Cr,O, sulfuric acid solution

overnight. Before use, they were cleaned with ltkstiwater and further purged with hexane.

No contaminants showed in anhydrous sodium sulfiaieks. The correlation
coefficients of the standard curves éeendosulfanf-endosulfan, and PCB 209 were all
above 0.9996. Uncontaminated sediment %) spiked with endosulfan isomers standard
were extracted and examined for recovery efficesofa- andp-endosulfan. Recovery
efficiencies were 81.788.11 and 89.32 7.09 %. PCB 209 as a recovery surrogate was
added prior to extraction and the recoveries w8ré® 8.20 %. The method detection limit
(MDL) was defined as three times of the instrunaatection limits (IDL) value, giving
MDL values of 7.16 and 13.48 ng'Lin water, 8.30 and 16.82 pg‘dn sediment, 8.01 and

16.12 pg @' in plant, fora- andp-endosulfan, respectively.

As to the quantitative PCR analysis, plasmids doimtg cloned 16S rDNA gene
fragments were used to generate standard curvet® aathte threshold cycle (CT). Gene
copy numbers revealed a linearity relationship dkemplasmidRR ?>0.998). The results
were calculated from three repeated experiments iBahe figures represent the
meant standard error (meanSE;n = 3). All the data analyses were carried out usirg th

ORIGIN 8.0 software package.



Results and discussion
Classifications of endosulfan-degrading bacteria

The endosulfan-degrading bacteria used in E-in wgalated from polluted soil near a
pesticide factory, and the phylogenetic tree issghim Fig. 1. Among them, three stains (Z-
YO0, related tcAlcaligenes; Z-Y1, related td_abrays, and Z-Y3, related t&erratia) were
chosen for further study of bioaugmentation, whiohld degraded endosulfan (100 mg)L

from sulfur-free cultural medium by 30 to 60 % (Fig.
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Fig. 1 Phylogenetic tree of the inoculums and their deafiad abilities (stains in thesd
circle were the selected one for the bioremediation enxyszt)

Process efficiency of endosulfan in constructed wetland

In the tested constructed wetland systems, as showig. 2, endosulfan concentration
dropped quickly, even in the control group. Remaféitiency in E-0 reached 73.35 % on
the first day and increased to 91.38 % at the éridecexperiment. As high-vegetation-

density regions in wetland are usually effectivadl€c2000), the high removal efficiency
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was reasonable in the tested constructed wetlastdrag (six plants per barrels; HRT,

20 days).
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Fig.2 Removal efficiency of endosulfan by bioaugmentation (£-in) and
biostimulation (£-C, E-P) (a x-endosulfan; b B-endosulfan, n=3)

Concentrations of endosulfan in sediment increaapidily with a peak shown on the 3rd

day (Fig. 3). Measured peak concentration of erlfErswas the highest in the control group
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(13.45 and 3.58g kg %), which indicated the dramatic decrease of endmsudy
bioremediation treatmenp € 0.01, day 3). Endosulfan,endosulfan particularly, was greatly
absorbed by. australis (Fig. 4). Higher concentration of endosulfan iaves was detected
on the 12th day than that on the 20th day dueddlseype absorption. While in E-@;
endosulfan concentration was still rising on daywRich revealed a longer absorption

process.
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Total bacterial 16S rDNA genes copy numbers ofreedi were quantified using
guantitative PCR (Fig. 5). The abundance of tosakéria was significantly improved by
bioremediation treatments, except for E-P. It waly 4.8x 10° copies g* sediment in E-0,
whereas in E-in, E-C, and E-in-C, the copy numbeashed the magnitude of®.@nd the
highest copy number was shown in E-in-C (1x3®° copies g sedimer). It was fairly

interesting that there was only 1830 copies g sedimetitin E-P. Similarly, in E-in-P, the

14



bacteria were also applied and copy numbers weyestightly improved (5.4 10° copies

g sediment).
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Fig.5 Copy numbers of the total bacterial 16S rDNA genes in sediments
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Evaluation of bioaugmentation or biostimulation treatment

Although controversy exists in the application mfadugmentation, positive effects on
endosulfan removal were observed under bioaugmentabndition (E-in). According to
Fig. 2, enhanced removal was achieved with onl@ &l 1.89ig L™ of a- andp-
endosulfan left, which was 5.91 and 7.60 % highantE-0 in removal efficiency after
20 days of application. Similar results were obsdray Didier et al.Z012), that
bioaugmentation could positively impact the abateinoé pyrene (>95 %), compared with

control (65 %) and phytoremediation (85 %).
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Adsorption of endosulfan onto sediment (Fig. 3) ahdorption into plants (Fig. 4)
decreased greatly in E-in. Compared with E-O, memspeak concentration in sediment was
reduced by 53.92 and 31.02 % for endosulfan isan@scentration of two isomers in
leaves were 278.66 and 156,48kg " on the 20th day, respectively, which was much fowe
than E-O. Dissolved and adsorbed pesticides arenconiorms of pesticide molecules in
constructed wetland and can be absorbed onto setibyerecipitation and electrostatic
attraction. As decrease of adsorbed endosulfaedment could either be biodegraded or
desorpted from the sediment then biodegraded (@eegbal.2009), the biodegradation

process was dominated and probably accountedddiath of endosulfan in E-in.

This inference was also proved by microbe quaitiitye system. Quantitative
PCR assays have successfully been used to mdmtdates of some introduced bacteria in
complex microbial communities (Watanabe etl888). By quantitative PCR, we determined
that copy numbers of the total bacterial 16SrDNAagein E-in was 9.86 10° copies g
sediment' (Fig. 5), which was much higher than that in EAlthough indigenous strains
were enriched from soils, the effect of bioaugmtmitais evident from differences in both
the changes in the microbial quantities and comagah decrease of sediment and plants in

E-in.

Biostimulation could encourage microorganisms testone contaminants directly as
energy and carbon sources, or indirectly by co-b@ism (Semrany et a012). Sucrose
and KHPO, were proved to be good accelerants in construgetidnd, which was
consistent with former conclusion that organic erasind phosphorus are important factors to
endosulfan distribution in soil (Zhao et 2013). After 20 days of treatment, residual

concentrations od- andp-endosulfan were 3.45 and 2.2¢ L™ in E-C and 4.42 and

16



4.05ug L™ in E-P, respectively. Compared with E-0, measpesak concentration in
sediment was reduced by 76.77 and 77.75 % in Ed(EaR fora-endosulfan, and a faster
adsorption was observed firendosulfan. While in leaves, endosulfan absorptias also
reduced. However, promoted absorption of endosufaday 12 was exhibited in E-P and
the concentration was increased to 811.64 and 68¢@.kg . It is worth noting that
concentration in E-P decreased extremely on the @, and concentrations @f andp-

isomers were only 95.66 and 5527 kg ™.

As removal efficiencies, as well as microbial abamek were also accelerated in E-C
(Fig. 5), whereas endosulfan concentration in gland sediment decreased, we could get the
conclusion that enhanced biodegradation accounteenidosulfan removal in E-C. This
result was in accordance with the research by Goswaal. 009), that by adding source
fungal population growth was enhanced, which leagréater metabolism of endosulfan. In
addition, high contamination removal efficienciesade obtained under suitable C/N ratio
condition (Fan et aR013). It was suggested that the C/N ratio of 14:1Hi€) was more
favorable than 3:1 (in E-O and E-in) to stimuldte tlegradation of endosulfan in constructed

wetlands.

Phosphorus has been regarded as a key factorlfotgmts removal. Research by
Garcia-Blanco et al2007) proved that phosphorus was a determining varitnlthe
degradation of PAHSs. In this experiment, E-P shotiredhighest removal efficiency of
endosulfan during the first 6 days. However thedicy dropped after that. Interestingly,
copy numbers of the total bacterial 16S rDNA gemeee fairly low in E-P (Fig. 5). In the
research by Beolchini et aRq10), in which they applied (NSO, and IkHPO, as N and P

biostimulation, supplied nutrients promoted thekargotic growth in the early experimental

17



phase, then the microbial abundances were progedgsiecreased. Such a decrease of
microbial growth and contamination metabolism wen@bably related to the progressive
inorganic nutrient limitation occurring over timegrfumo et al2007). The pH value was in
E-P higher than other treatments by 0.2-0.4, whiak an acceptable range for constructed

wetland system.

Although other factors may have also contributethtoobserved rate differences in E-P,
the uptake by plants would be an important facgrCollins et al. 2006) has reviewed
vegetations play important roles in the global myglof persistent organic pollutants, and the
passive or active uptake of organic pollutants femi solution into plant roots is a
significant pathway. Organic pollutants in root ¢censubsequently transported to the plant
shoot, and some pollutants will be moved to sumatal tissues by the plant transpiration
flux, thus they will subsequently be lost via vdiaation (Farlane et all990). As shown in
Fig. 4, the endosulfan concentration in leaves glser on day 12 than day 20, which was
mainly because of the transportation and volatiliraprocess. Additionally, E-P samples
had much higher concentration than other treatmamtay 12, and lower concentration on
day 20. Thus, we could deduce that phosphorusitmokttion increased the rate of
endosulfan uptake and transport. Most importaetiglosulfan volatilization from plant
leaves to the atmosphere was accelerated. Thusni@dosulfan is the most abundant
organochlorine pesticide in the atmosphere, ancbitgentration still keeps increasing (Baek
et al.2011). Therefore, E-P revealed high air pollution ps¢igdrand must be paid more

attention.
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Evaluation on the combination of bioaugmentation and biostimulation

The combination of bioaugmentation and biostimolatvas also tested in the current
experiment (Fig. 6). Adding bacteria and sucrose(E) or bacteria and KO, (E-in-P)
promoted endosulfan removal. andp -endosulfan removal efficiency ranged from 9636 t
97.62 %, counting for 1.43 to 1.9§ L™ residual in water. Endosulfan concentration in
sediment and plants were reduced as well. CompeitbdE-0, measured peak concentration
on the 3rd day in sediment was reduced by 81.9/8®P and 55.57 and 49.49 % éor -
isomer, respectively. Concentrations of the twonems were ranged from 324.98 to

438.66ug kg* on the 12th day and from 172.54 to 367u8(kg * on the 20th day.

19



25 - 100 5 2500
a - i
©
90+ e i
S~ —_—
“eg 201 L - water Y 7 2000 <,
n S sd w/ » =
p 18 2
- > -
5159 2 v 1500 £
2z R fant E
3 15 =% = =
7 53 1 =
£ 104 § 1000 -2
- el
S z £
g 2 10 3
= = =
5 s- sediment 500 S
5
o & :
>
0- 0L T T T T 0
¢ 3 6 2 12 5
time(d)
10~ 100 2500
b 5 s o
(2]
904

o o ) 4 o 3 (o
L 1 12000 <,
v 304 - v water ¥
20 o
E) X 2
- bt g
g 64 2704 Y 11500 =
e | 2 =
£ 2 e,
S 13 ] =
2 g ooc =
£ 44 2 plants 1000 .8
= s A ®
L o E
= 104 . =
£ 5 sediment S
c = =
S 24 | * 4500 o
2 e < 5]
o) X ’ > g

0- oy — L0

0 3 6 9 12 15 18 21

time(d)

v E-0 ® E-in-C ® E-in-P A E-0 » E-ni-C » E-in-P [N -0 [ E-in-C [ E-in-P

Fig. 6 Removal efficiency and concentration in sedimert plants by the combination of
bioaugmentation and biostimulatioB-(n-C andE-in-P; a a-endosulfanp 3 -

endosulfann=23)

Although the combined bioremediation improved tharities of microorganisms
(Fig. 5), there was not much difference in remaf&itiencies when comparing with E-in
and E-C. According to previous studies, a combimatif bioaugmentation and

biostimulation can improve the removal efficiendyooganic pollutants for 0-12 %
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compared with individual treatment and differerddtimulation nutrients had different
removal efficiencies (Wu et &011b; Taccari et al2012). This is probably because the
different characters of the bioremediation treath@m complex reactions within the systems.
Constructed wetlands can be affected by multiptéofa, such as the mixed substrates, or
reaction between microorganisms and the surrousdihgs affects the performance of

bioremediation.

However, endosulfan concentration in plants deeeasd concentration in E-in-P
(Fig. 6) was much lower than that in E-P (Fig. ®)is was probably because extra
phosphorous was consumed by inoculated bacteeaeehit reducing the influence of
phosphorus on endosulfan uptake and transportaiigain, constructed wetland is a
complex system. Therefore, further study is ne¢defkeply explain the key factor and the

mechanism under combined bioremediation condition.

Endosulfan can be converted to endosulfan sulfatxilation or to endosulfan diol by
hydrolysis. However, we were not able to sepataebiodegradation products. According to
previous studies, endosulfan sulfate has beendedas the predominant residue in various
environments, especially in aquatic systems (Labeanl.2001; Laabs et al2002).

Therefore, although bioaugmentation and biostinutatvere potential treatment strategies
for endosulfan bioremediation in constructed wet|agveral questions must be addressed in
further study. In addition, endosulfan is one easgumulative pesticide in plants
(Miglioranza et al2004), and it was greatly absorbed Byaustralisin this study, thus the
effects of bioremediation on plant absorption g@adhir pollution potential cannot be
underestimated. Conversely, a more intensive sfodysing on the changes of wetlands

characters (DO, Eh, or microbial community struejuand endosulfan degradation products,
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or a field study, is needed to deeply explain teemanisms and optimize the performances.
Furthermore, it is inferred that in rice paddyd®khe transportation and volatilization of
endosulfan are much severer than in constructeldmes as this could be a serious threat to

food safety.

Conclusions

This study confirmed bioremediation was effectitrategy for constructed wetlands
contaminated with endosulfan. Using bioremediatiemoval efficiencies of endosulfan

were enhanced. Biodegradation was probably prommtddoaugmentation and
biostimulation with sucrose, and endosulfan comegion in plants and sediment decreased.
Adding KH,POy could increase endosulfan absorption by plantemgosulfan can be
released into the atmosphere by volatilization fteaves, reducing endosulfan concentration

in plants could has significant meaning in air podin control and needs further investigation.
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