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Abstract

Chlordecone (also known as Kepone) was used extdnsn the French West Indies until 1993.
This persistent pollution raises the question effdith of this pesticide through water treatment
plants and its eventual release in the environmiemaddress this issue, a two-step methodology
is herein proposed. First, a complete descriptibthe analysis of CLD is given using liquid
chromatography with mass spectrometry (LC/MS—MShe Treliability of this analytical
methodology was demonstrated in ultrapure watewels as in the presence of organic and/or
inorganic compounds (groundwater, river water andritive solutions). The limits of
quantification were decreased to L. In a second part, the removal of CLD is considere
via the sorption onto activated sludge. Kinetics amdherms of sorption were determined. Very
short times (less than 5 min) were observed tohretae equilibrium. Moreover, a linear
relationship was determined for the sorption efdiim, which led to the conclusion that the
solid/liquid partition coefficient was 7600 L Ky i.e. log Koc of 3.88, very close to the values
encountered for the sorption of CLD in soils.
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Introduction

Chlordecone (CLD), also commercially known as KeporMerex, or Curlone, is an
organochlorinated pesticide extensively used indeélaupe and Martinique islands (French West
Indies) from 1971 to 1993 in order to protect banplantation against weevil attack. CLD is a
toxic and persistent pollutant. Moreover delayed emmulative effects were suggested [1]. CLD
dosage in banana fields was estimated to 3 kgykar and concentrations up to 10 mg kgre
currently observed in contaminated area [2]. Tweyaars after this organic compound was
banned, contaminated agricultural zones have be¢bemeew diffuse source of CLD. Rainfall
and soil leaching leads to CLD diffusion from thel $0 the aquatic system. Concentrations of
chlordecone up to ig L™* and 0.5ug L™ have been observed in surface and drinking waters,
respectively. Due to its hydrophobicity, chlordeeomas frequently associated with particulate
matter in river and sediments; recently Bocquené &manco [3] have reported CLD
concentrations up 57g kg* in Martinique river sediments. Numerous studiesjicated to the
CLD determination in various matrixes has been ootetl since 1960. Electron capture gas
chromatography (GC-ECD) has become a techniquéaite for the determination of CLD in
water [4] and [5], soil and sediments [5], [6] did¢ifood [8] and biological tissues [9] and [10].
More recently gas chromatography equipped with rspsstrometry has also been employed for
CLD determination (GC-MS). The advantage of MS o6-MIS detection over ECD in
environmental samples is the lower sensitivity tatnm effects [11]. Moreover GC-MS allows
the simultaneous determination of organochlorinatétl other pesticides classes [12] and [13].
At this stage GC-ECD and GC-MS for the determimatid chlordecone can be considered as
reliable methods even if some drawbacks remain. iRstance, heavy preparations before
measurements are required (liquid/liquid or solkge extraction, clean up procedures, ...).
Moreover CLD in water samples must be transferrea icompatible phase for GC injection.
High pressure liquid chromatography (HPLC) allove tinjection of aqueous samples with
limited preparation. To our knowledge, one pap@ores the determination of CLD by liquid
chromatography with UV detection [14], but, in teisidy, the low molar extinction coefficient of
CLD, the quantification of CLD is limited to the mig' level [14]. More recently, the
guantification of CLD was carried out using a liduthromatograph equipped with a mass
spectrophotometer [15]. But, very few details wegjigen in this article on the analytical
methodology. Especially, the impact of the matoxg@nic matters, minerals) was not assessed
even though these compounds are well-known fourhistg the analysis.

Besides, the CLD is a pesticide that needs to t®ved from wastewaters prior to their release
in the environment. Wastewater treatments are mfish based on biodegradation but for
pesticides, these treatments might be ineffici8ome anaerobic microorganisms are able to use
a wide variety of organic halogenated compoundslyding polychlorinated biphenyl and
dioxin) as electrons acceptor. Thus, a wide var@ftyaromatic chlorinated compounds are
biodegradable, mainly by an anaerobic pathway &bl a high number of chlorine atoms is not a
problem for anaerobes, which use chlorinated comg®was final electrons acceptor following a



process nhamed dehalorespiration [17], [18] and.[8dhce this reductive dechlorination is an
important environmental microbial process, it canasked if chlordecone is really refractory to
microbial assimilation [20]. Indeed, there is aklaof recent studies dealing with CLD
biodegradation owing to its prohibition since mtran thirty years in the US, and hence most of
the related studies were carried out before 198Q; gtudies are available and are only dealing
with the oxidation in anaerobic conditions, inveolgi some specific microbial specids. vitro
CLD dechloration was observed in the presence & Bthmin [21] and [22]. Likewisdn vivo
CLD dechloration in methanogenic conditions had nbeshown usingMethanosarcina
thermophilaspecies [23]. The results of Jablonski et al. Ha@en also recently confirmed on
wastewater from Guyana containing 2 mg CLD [2].

From these studies, CLD is likely to be refracttoyany microbial attack in aerobic conditions.
For urban and agricultural wastewaters, the anaenvbys of biodegradation, with dedicated
microorganism species, are too specific and docoastitute reliable options for treatments of
large flow rates, with low CLD concentrations (iypily at thepg L™* level). Therefore, another
approach consist of using the biosorption ontovattd sludge as the separation process
[24] and [25]. Biosorption experiments have alreatiypwn interesting results for chlorinated
organic pollutants: lindane [26] and [27], 2,4-darophenol [28] and [29], pentachlorophenol
[27] or 2-chlorobiphenyl [27]. The results obtainfxt the lindane are particularly interesting
since lindane is a hexachlorocyclohexane, whiclhés closest pesticide to CLD in terms of
chemical structure. Aksu, in 2005, reviewed theepbal applications of biosorption for the
removal of organic pollutants and, concerning Imelaadsorption capacities ranged from 0.5 to
2.8 mg §'[30]. However, times to reach the sorption equillibr were long from 4 h to 3 days.
The biosorption uptakes could be attributed tociéwalls of the biomass and the octanol/water
partition coefficient was the main property drivitige uptakes of these organic compounds onto
live and dead biomasses [27]. Similarly, hydrophabteractions and van der Waals forces were
predominant during the biosorption of lindane ono twypes of bacteria (gram-negative:
Escherichia coliZooglea ramigeraand gram-positiveBacillus megateriunB. subtilig [26].

The objectives of this study were, firstly, to dieyeand certify the analysis of CLD using the
LC/MS—-MS technique and, secondly, to determinesthrption capacities of CLD onto activated
sludge. On one hand, the analysis of CLD has towered to trace levels.¢. ug L™) and to be
confirmed in complex matrices (in the presence afural organic matter and inorganic
compounds). On the other hand, an applicationisfahalytical methodology was carried out for
the quantification of the CLD sorbed on activatdadge, as well as the trace concentration
remaining in the aqueous phase. Sorption kinetitd equilibria were assessed using the
developed method.

Materials and methods

Chemicals and reagents



Standards of chlordecone (CLD) were obtained fromka (pestandl, analytical standard),
chlordecone was dissolved in acetonitrile (ACN)r¢chasol? Plus, for HPLC>99.9%:; Sigma—
Aldrich) or ultra-pure water (UPW) (Milli-Q, Millipre corporation, 18.2 ®cm ). Stock
solutions of CLD 500 mgT* in ACN or 1 mg ! in UPW were prepared by weighing and then
dissolving in the appropriate solvent. Working skanmal or experiment solutions were prepared by
dilution from stock solutions, standard stock solus in ACN were stored in the dark at 4 °C and
aqueous solution were freshly prepared before é@xpets. Aqueous solutions of CLD was
assumed to be stable since no significant decrela€34 D concentration was observed during
two months without precaution (opened 20| bottlepased to ambient light at room
temperature).

Procedure

Particulate matter must be eliminated from the tsmubefore LC analysis in order to protect

analytical column and detector, Qu&h pore size membrane is recommended for UPLC
applications. Aqueous solution of chlordecone whsafed onto various membranes (cellulose

acetate, GHP-polypropylene) and the residual cdraton of chlordecone was determined in

the permeate solution in order to evaluate adsorpti CLD onto the membrane surface. GHP
and cellulose acetate filters were purchased frathGdrporation and Sartorius, respectively.

0.2um filters (from Sartorius) were used to filtratengde, with diameters of 12.5, 25 and
47 mm. Additional experiments were carried out WitBum filters of cellulose acetate, which
have diameters of 25 and 47 mm. These membranes pleced into a 25 or 47 mm stainless
steel filter holder, agueous solution of chlordexavas then filtrated into the membrane. Flow
rate (1 mL min*) was controlled with a syringe pump, exact permeaiume was determined
by weighting. Elution of membrane was carried outhwarious ACN:UPW composition ranging
from 0:100 to 100:0 (v:v). Successive aliquots ohl3were sampled and the CLD concentration
was determined by UPLC/MS-MS; samples were evdgtutluted with ACN:UPW (50:50
(v:v)) if expected concentration excess the lirtgaange.

Analytical apparatus

Analysis of the extract was carried out using a eia(Aquity UPLC) liquid chromatographic
system equipped with a mass spectrometer deteQuoat{ro Premier; Micromass). & were
injected (full loop mode) into a BEH-C18 chromatagic column (100 mm x 2.1 mm ID,
1.7um) eluted at 40QL min~* in isocratic condition (ACN:UPW, 50:50, v:v). ThH of the
eluent was adjusted to 2 with formic acid (FA) anegn column was set at 45 °C. Complete
calibration curves were performed at the beginrdngd at the end of the sample set, the mean
slope value of these curves was used in order tmtdy samples. Moreover, middle range
standard was determined all the 10 injections deoto evaluate MS—MS signal stability relative
deviation of MS—MS signal during analytical run wawer than 5%.



Electrospray ionization (ESI) source was used derface between LC system and mass
spectrometer. Source temperature and voltage greriamt factor in the MS signal, and its effect
must be evaluated carefully. Preliminary experirmemére conducted in order to determine the
operating conditions, stock solution of CLD in AGMas infused in the ESI source within
ACN:UPW; 50:50 mobile phase, best parameters wared in negative mode (ESI-) for a cone
temperature and a voltage equal to 120 °C and 4@3pectively. Chlordecone full-scan mass
spectra were obtained in the ranmge = 400-600 at a scan rate of 10 scancharacteristic ion
corresponding to [M+OH]was observed atvVz = 507 ( Fig. 1a); similar result was obtained by
Moriwaki and Hasegawa [31]. Mass spectrum obtaiwét acidified mobile phase at a cone
voltage equal to 40 V exhibit the adduct ion [M+HOB+OH] centered atvz = 553 according

to theoretical isotopic mass distribution ( Fig. ass spectrum obtained from the fragmentation
of them/z = 507 ion is shown in Fig. 1b with a collision lcabltage of 20 V and exhibit a major
daughter ion atm/z = 427. LC/MS/MS acquisition was performed in tlegke reaction monitor
(SRM) mode by following the reactionsz = 507— 427, characteristic of chlordecone.
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Fig. 1. (&) Chlordecone full-scan mass spectra; Iffgss spectrum obtained from the
fragmentation of the m/z = 507 ion.

Activated sludge

Activated sludge was collected from the aerationktaf the wastewater treatment plant of

Beaurade (Rennes, France). The collected activsltetfje was incubated in a laboratory scale
activated sludge reactor without the target sulsgtamhe reactor was continuously aerated and
was maintained at room temperature.



Daily, 1 g of the following mixture was added iretlactivated sludge reactor: 0.64 g peptone,
15.2 g NHCI, 0.11 g kHPQ,, 140 g CHCOONa. Once a month 2@ of Viandox (Unilever,
France) were added in order to diversify carbonaesiin the medium.

When needed, sludge samples were taken from thibation reactor and were then used for
experimental purpose. Prior to the experiment, as veentrifuged (4000 rpm for 5 min) and
washed at least three times using tap water inrdadeemove the residual carbon and mineral
sources of the maintenance media.

Sorption

Chlordecone is a stable molecule with a low soitybih water and which easily accumulate in
organic matter [32].

To examine its sorption behavior, 0.2 ¢ lof activated sludge was added to 500 mL of a
1 mg L' CLD solution, which was beforehand autoclavedifiactivation (121 °C for 20 min).
Sampling was performed every 5 min; the supernatboéntrifugation (0—4000 rpm in 20 s and
then 30 s at 4000 rpm) was then recovered as $asbssible. Experiments were duplicated. To
perform sorption isotherms, activated sludge iraage of concentrations between 0.025 and
2 g L' was added to 500 mL of a 1 mg‘ICLD solution.

Results and discussion
Chlordecone analysisin aqueous phase
Effect of filtration

Preliminary experiments have been made in ordesetect chromatographic conditions for the
chlordecone determination. In UPW, the best com#ifor the separation on BEH-C18 column
and ionization of CLD were 70% ACN-30% UPW acidifizvith 0.1% FA at 45 °C. In these
conditions retention time for CLD was 1.2 min. Irder to avoid any clogging of the analytical
column and detector capillary suspended matter nedse removed prior to the chlordecone
analysis. Using 1.dm particle size analytical column it was recommehtte use filters with
0.2um pore size. Due to the apolarity of chlordeconpptential adsorption of CLD into these
organic membranes was suspected. 10 mL of aquebDs(@00ug L ™) was filtered through
cellulose acetate (Sartorius, 12.5 mm; @@ or polypropylene (GHP, Pall Corporation;
12.5 mm; 0.2um) filters and CLD concentration was measured engérmeate.

Results showed that chlordecone was quantitati@égorbed onto organic membranes (Fig. 2).
In order to avoid analytical bias due to the sanfiifation two solutions were considered: (i) the
saturation of membrane filtration prior to the as#é; (i) the addition of a co-solvent
(acetonitrile, methanol, ...) to avoid the adsorptanCLD via competition effects or better



affinities with the solvent. Pre-saturation of dil was evaluated in order to determine the
breakthrough curve of CLD and the minimum volumedes to limit the adsorption effect. 1 L
of CLD (100ug L™ in UPW) was filtered onto the organic membranesaaflow rate of

1 mL min'%; permeate was fractionated in 100 mL aliquots emidrdecone concentration was
determined by LC-MS/MS. Fig. 2 shows the CLD comiion in the permeate as a function of
total filtered volume. These results show that Gaffall permeate samples was low (gL ™)
compared to the initial concentration (40§L 7). At the beginning a CLD leak was observed
during the filtration onto cellulose acetate memleravhereas CLD concentration in the permeate
sample was not significant with polypropylene fiteln spite of the initial leakage observed with
cellulose acetate filters, no significant incregsi CLD concentration was observed in permeate
with the increasing of total filtered volume ([CLIRJLD],~ 0.05). In the case of polypropylene
filters a slow increase of CLD concentration waseskied, and CLD concentration in permeate
sample reached |y L™ after 1 L of total volume filtered. These reswdt®w that the saturation
of the membrane could not be easily reached ussigple pre-filtration step.
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Fig. 2. Breakthrough curves of CLD through cell@d@sd polypropylene filters.

To avoid the CLD adsorption, the addition of methlafMeOH) or acetonitrile (ACN) as co-
solvents was tested. Calibration curves with CLDoamtration ranging from 5 to 10@ L™
were prepared with different solvent compositiondl avere analyzed by LC-MS/MS after CHP
filtration (2 mL approx.). The addition of 50% (vphllowed the inhibition of CLD adsorption,
the mean observed relative deviation on 4 samptesetd/unfiltered was lower than 10%. Fig. 3a
shows the calibration curves obtained for varicalsent compositions. Although the addition of
a co-solvent inhibited the adsorption of CLD ontemfrane filters the use of high proportion of
ACN or MeOH harmed to the chromatogram quality wathincreasing width at half height of



the CLD peak. This effect was commonly observedewversed phase liquid chromatography
when the solvent of injection contains a proporsbmrganic solvent higher than the eluent. The
use of 50% ACN was an interesting compromise algvthe limitation of adsorption and peak
broadening.
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Fig. 3. (a) Calibration curves in various solven(b) influence of the DOM on the recovery of
CLD.

Effect of organic matter

Because of its apolarity and low water solubildypotential adsorption of CLD onto suspended
matter and the formation of dissolved organic nmg@®M)—-CLD complexes were suspected in
surface water samples. In a previous work, Drisetlal. have enlightened the formation of
DOM-pesticides complexes with mirex and photo-mirekich possess similar chemical
structures to CLD [33]. In the case of mirex andtphmirex, the yield of liquid—liquid extraction
with hexane used prior to the GC analysis was ail9. Consequently an additional step
consisting of the DOM-pesticide complex destructicas needed prior to the analysis. The effect
of suspended matter and DOM on the chlordeconerdetation was evaluated using surface
water (Vilaine river, France) containing 5.3 mgd$solved organic carbon. 10 mL of filtered
(0.45um) and unfiltered surface water were spiked withDCat 100ug L™ and equilibrated
during 48 h. 10 mL of ACN were added before thérdilon and analysis. No significant
differences were observed between the control saff#?W) and surface water (Fig. 3b). So if a
CLD-DOM complex was eventually formed, the use @Mallowed the complex destruction
and did not lead to any analytical bias. Moreover €LD adsorbed on suspended matter was
desorbed with ACN before the analysis. Consequertllg use of this sample preparation
protocol allowed the determination of CLD in sudagater and was not significantly affected by
the presence of suspended matter nor the dissohgadiic matter.



Effect of inorganic compounds

Unlike the observations made on the quantificatbtérchlordecone in surface water, a strong
inhibition of the MS signal was observed in actadhisludge supernatant samples spiked with
CLD. Organic and/or inorganic compounds in this pt@x environmental matrix dramatically
affect the determination of chlordecone. In orderidentify the source of analytical bias,
potential interference sources have been evalisspdrately. A fresh activated sludge (AS) was
centrifuged in order to separate the biomass flerstipernatant, aqueous phase was then spiked
with CLD (1100ug L™%). Sample from cultivated AS containing inorganietritive solution
(INS) was prepared using the same protocol. Fghaws the concentration of CLD determined
in the aqueous phase of these samples; quantiiicetas achieved by external calibration. In the
absence of INS the measured signal for CLD in A&suatant did not significantly differs from
the control sample (UPW 11Q@ L™). In the presence of INS the measured CLD conatotr
decreased to 50% of its theoretical value. So tierferences observed here were due to the
inorganic fraction. The effect of each ion on théDCdetermination was then evaluated
separately by addition of the appropriate amoursiadifinto the CLD stock solution. Fig. 4 shows
that each ion significantly affects the determimatof CLD. Signal inhibition was particularly
important with CaCGl addition ([CLD}hed[CLD]ws=0.42), KHPO, and NHNO; also
dramatically affected the MS signal. The effectN#H,PO,, MgSQ, and trace metal solution
(TMS) was rather limited but significant. The cd@&a of inorganic compounds with
chlordecone may affect the ionization yield by E®id leads to the formation of inorganic
adducts not monitored in MRM acquisition mode.
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Fig. 4. Influence of inorganic compounds on thelgsia of CLD ([CLD} = 1 mg L'%).

In spite of the very low retention factor of inongasalt onto C18 column, high concentrations of
salts may temporarily contaminated the MS interfand explained the presence of salt in the



electrospray at the retention time of CLD. So s@malytical conditions were tested to delay the
CLD peak and to allow the elimination of salts efthe elution of CLD.

In a first approach LC was performed with solvent(/CN-FA, 999:1, v/v) and solvent B
(UPW-ACN-FA, 900:99:1, v/v) in isocratic mode (708-30% B). This composition containing
a high proportion of strong solvent (ACN) decreasbd peak broadening, minimized the
analysis time and was found as the optimal solf@n€LD ionization in the interface. However
these conditions led to a limited retention of Cltido the analytical column (retention time:
RT = 1.3 min, retention factok = 1.17). In order to increase the retention factbCLD and
limit the slats interferences, different composigoof mobile phase were studied in isocratic
mode. As shown in Fig. 5, the retention factor éased fronk = 0.66 at UPW = 18% (vol.) to
k=10.3 at UPW =54% (vol.). The use of solvent position containing high water proportion
(A:B, 40:60, v/v) led to the best separation of tinéherals and the CLD. Indeed, for this
composition no significant differences were obsdribetween the CLD in UPW and the CLD
solution containing the INS. Fig. 5 illustrates &féect of water content on the area of CLD peak
spiked or not with INS. An increase of the watemtemt allowed reducing the observed
differences between CLD in UPW and CLD in salinuson. A minimum of 50% solvent A
(UPW 45%) was needed to eliminate inorganic interfees. Nevertheless the increasing
retention factor also rose the CLD peak width aedluced the ionization efficiency, due to the
high proportion of water, in the ESI interface whieads to a significant increase of the limit of
guantification (LOQ). In order to avoid the intedaces without compromising on the LOQ, the
separation was performed with a binary gradienv@bog to the following program: maintaining
40% A during 2 min followed by a linear gradienvrit 40% A to 70% A in 1 min; maintaining
70% A from 3 to 5 min, returning linearly to 40%iA 0.1 min and equilibrating from 5.1 to
6 min. Under these conditions, retention time ftuDGvas 3.88 minK = 5.5) and the elution of
CLD was performed at solvent composition of 70% Biclki enable optimal ionization without
interferences caused by salts.
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Fig. 5. Influence of the composition of the solvemtthe retention times (a) and on the
area of the peaks (b).

Validation method

Calibration curves of chlordecone were achieveagislifferent environmental matrix: UPW,
drinking water, surface water and supernatant ¢ivated sludge which represent the more
complex aqueous matrix studied here. Standardisniutvere prepared by dilution of CLD stock
solution (100Qug L™ in ACN) in the considered matrix, solution werertagenized and 10 mL
was added to 10 mL of ACN before filtration and Iges. Fig. 6 demonstrates the linearity of
MS response over this range with a confidencevatef 95% (Fig. 6). The slopes of calibration
curves obtained in the various tested matrix wemglar (1.54—-2.37 Lug ) but significantly
differed each relative to the others. So the usa célibration curve established on the same
matrix than the sample appeared to be needed iar dal accurately quantify CLD. The
performance of analytical method was assessedstatlstical tests in order to validate the linear
regression model and to deduce the limit of detectind quantification (LOD and LOQ,
respectively) for chlordecone according to the Eheregulation (AFNOR NF-T-90-210):

_ Yo + 3O'y0

LOD = 1)

LoQ =—-—2 (2

wherea , y o andoyooyO represent the slope of the calibration curve, ititercept and the
standard deviation on the intercept, respectiviéhder the analytical conditions developed here,
LOQ ranged from 6 to 1jg L™, The LOD-LOQ obtained using this statistical aggio
depended on the number and the position of thedatdrlevel. In order to make possible the
quantification of CLD at concentration lower thaf iy L™, specific calibration curves were
determined in a restricted range (0.1#80L™%, n=9). The slope and intercept of low-
concentration curves thus obtained were similarvétues observed in the full-range. For
example, considering activated sludge supernataat full-range slope and intercept were
1.99 Lug™ and 1.88 while low-range slope was 2.00d-* and 1.76, respectively. Given the
minimization of slope standard deviation with tle@/dconcentration calibration curve, the LOQ
was decreased. As an example the LOQ in activéttelges supernatant calculated with full-range
calibration was 6.1ig L™* was lowered to 1.Ag L™ using low-range calibration.
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Fig. 6. Calibration curves of chlordecone in diet environmental matrix: (a) UPW, (b)
drinking water, (c) surface water, and (d) supeardtof activated sludge.

Chlordecone analysis in activated sludge

The determination of total CLD concentration inlbgical system need to take into account the
fraction adsorbed into biomass and free aqueoutdrain the supernatant. A simple protocol for
CLD speciation was developed here using autocldrenhass to avoid any biodegradation of
CLD. As illustrated in Fig. 7, 5mL of sample frobioreactor was centrifugated (5 min;
4000 rpm) to separate biomass from supernatant. €iridentration in the supernatant ([CL]
was quantified by pipetting 4 mL of the liquid phallowed by the addition of 4 mL ACN
before filtration and LC-MS/MS analysis. The renmagnsupernatant was eliminated and the
extraction of CLD associated with biomass was addausing a mixture of UPW:ACN (50:50,
v:v). After 1 mL of vortex homogenization, the sdemgvas centrifugated, filtered and analyzed
(ICLD]pio). The yield of extraction was calculated using ihigial concentration in the spiked
sample ([CLD} = 1100ug L™) according to:



Z[CLD]aq + [CLD]bio
Vo V, (3)
[CLD],
Vo

Extraction Yield (%) = 100

Acctonitrile (ACN)
(Vi=4mL)

0.2 pm fltration  LC-MS/MS analysis

(Vi=4 mL) {[CLD]ag}
Activated sludge sample
{(Vo=35 mL})
; @ ! _ : 0.2 pm filtrtion
Centrifugat Centrifupat
il e i1 L 1/ Solvent addition e LC-MS/MS analysis
5 min ; 5000 rpm. 5 min ; 5000 rpm
(V; =5 mL) {[CLD]ia)

2/ Vortex for 1 min

Fig. 7. Extraction protocol for chlordecone spematin activated sludge sample.

Extraction of chlordecone from biomass was evatliaie 5 autoclaved activated sludge sample
spiked with CLD ([CLD} = 1100ug L™*; biomass = 1 g T%). Fig. 8 shows the yield of extraction
and the speciation of chlordecone in activated ggud hese results demonstrate a satisfactory

recovery yield and standard deviation (95 + 5% Tke of ultrasonic extraction did not increase
the extraction yield (101 + 4%).

Vortex + Ultrasonic

Extractio
Vortex only raction

—

100

0% chlordecone
in supematant

50

B chlordecone
in supematant

Extraction Yield (%)

0

1 2 I 3 4 I 5
Fig. 8. Extraction of the chlordecone and speciaiio activated sludge.

A complete desorption was thus obtained with thieaekon by ACN, which is a solvent more
apolar than water. Then, CLD should not be chetyicatisorbed and its adsorption onto



activated sludge may probably involve low energmsractions, such as Van der Walls forces or
hydrophobic interactions.

Sorption
Kinetics

Sorption kinetics were carried out for a contastetiof 20 min with 1 mg 1> CLD to 0.5 g L*
inactivated sludge and are displayed in Fig. 9. Cdddption was a fast process, since 85%
sorption was achieved in less than 5 min (Fig. 9).

1200

1000 €

800 A

600

[CLD] (gl

400 A
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© @ & ®
0 T T T T
0 5 10 15 20 25
time {min)

Fig. 9. Time-course of CLD biosorption on activaghadge.

Equilibrium isotherms

They were performed for inactivated sludge conegiuns in the range 25-500 mg'lin contact
with 1 mg L'* CLD at 25 °C. Adsorption capacity at equilibriunaswdetermined according to the

following equation:

CO_Ce

CAS

qe = 4)

With ¢e the equilibrium adsorption capacityi( Mgy Weighfl), Co and C the initial and
equilibrium CLD concentrations respectivelyg(L™), Cas the sludge concentration (§). The
errors on the adsorption capacity were assessew) tise assumption of the propagation of

uncertainty.



The experimental results at equilibrium are shownFig. 10 and put forward the linear
relationship between the amount of adsorbed CLD #@sdconcentration in solution at
equilibrium. The solid/liquid partition coefficierfor CLD (L %) can be therefore determined
according to:

CS
Ko =— 5
oc C ( )

e

g, =0.007 C, +0.195
R*={}).988
6 -

#

S
|

] 200 400 GO0 S[I]!] ]{]I[]t] 1200
[CLD], C, (p.L 1)
Fig. 10. Isotherm of CLD biosorption on activatdadgle.

CLD adsorbed, q. (1ge;p-MEas)

With Csthe CLD concentrations in the solid (sludge) (nag'kphase at equilibrium.

TheKoc value was found to be 7600 Lkgleading to a lodloc of 3.88, which is in the order of
magnitude of the values found in the literaturer ifstance, lodKoc of 3.3 was determined in
soils, rich in organic matter [34]. Therefore, agar sorption behavior was observed on the
organic matter from soil, rather hydrophobic, amdoo(inactivated) sludge even if the microbial
organic matter was more hydrophilic. The solidAdjyartition coefficient can be therefore
assumed not to be a function of the nature of tharac matter.

Conclusion

A method for CLD analysis by LC/MS/MS has been deped and validated and, then, an
extraction procedure of CLD from activated sludgeswestablished. These two protocols enabled
the study of CLD sorbed onto activated sludge. Haoseand sorption isotherms of CLD were
examined. Sorption kinetics showed a fast adsorptioCLD, less than 5 min. Benefiting from
this fast adsorption, the amount of CLD that colkdadsorbed was linearly dependent on the
bulk concentration. Thus, the partition coefficieltom the liquid to solid phases was
Koc = 7600 L kg*, which was equivalent to ld§oc = 3.88. This value was in the same order of



magnitude as the coefficients determined in s@ls in organic matter. Hydrophobic interactions
were thus confirmed.

References

[1]

[2]

(3]

[4]

[5]

[6]

[7]

[8]
[9]

[10]

[11]

[12]

[13]

G.W. Dawson, W.C. Weimer, S.J. Shupe, Kepore ease study of a persistent material, The
American Institute of Chemical Engineers (AIChEJrsium Series. 75 (1979) 366-374.

J.Y. Le Deaut, C. Procaccia, Les pesticides Aatilles : bilan et perspectives d'évolution, Ofi
Parlementaire d'Evaluation des Choix ScientifigeteBechnologiques; 2009.

G. Bocquene, A. Franco, Pesticide contaminatibthe coastline of Martinique, Mar. Pollut. Bull.
51 (2005) 612-619.

R.L. Harris, R.J. Huggett, H.D. Slone, Deteration of dissolved kepone by direct addition of
XAD-2 resin to water, Anal. Chem. 52 (1980) 779-780

F.Y. Saleh, G.F. Lee, Analytical methodology kepone in water and sediment, Environ. Sci.
Technol. 12 (1978) 297-301.

R. Moseman, H. Crist, T. Edgerton, M.K. WardJe&ron capture gas chromatographic
determination of Kepone residues in environmerdahes, Arch.f Environ. Con. Tox. 6 (1977)
221-231.

S.A. Ornoff, R.R. Colwell, Microbial transforrtian of kepone, Appl. Environ. Microb. 39 (1980)
398-406.

H.V. Brewerton, D.A. Slade, Kepone residuesapples, New Zeal. J. Agr. Res. 7 (1964) 647-653.

R.V. Blanke, M.W. Fariss, F.D. Griffith, P. Gelfan, Analysis of chlordecone kepone in biological
specimens, J. Anal. Tox. 1 (1977) 57-62.

N. Mady, D. Smith, J. Smith, C. Wezwick, Anslly of kepone in biological samples, National
Bureau of Standards Special Publication. 519 (1849)343.

M.J. Vidal, M.M. Frias, G.A. Frenich, F. Ol&errano, N. Olea, Determination of endocrine-
disrupting pesticides and polychlorinated biphemylauman serum by GC-ECD and GC-MS-MS
and evaluation of contributions to the uncertaiotythe results, Anal. Bioanal. Chem.372 (2002)
766-775.

R. Huskova, E. Matisova, S. Hrouzkova, L. SvoAnalysis of pesticide residues by fast gas
chromatography in combination with negative chemi@anization mass spectrometry, J.
Chromatogr. A. 1216 (2009) 6326-6334.

G.F. Pang, Y.M. Liu, C.L. Fan, J.J. Zhang, YZao, X.M. Li, Z.Y. Li, Y.P. Wu, T.T. Guo,
Simultaneous determination of 405 pesticide residugrain by accelerated solvent extraction then
gas chromatography-mass spectrometry or liquidrohtography-tandem mass spectrometry, Anal.
Bioanal. Chem. 384 (2006) 1366-1408.



[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

S. George, L. King, L. Claxton, High-perforntan liquid chromatography separation of
chlordecone and its metabolites, Chromatograpl2i§1286) 165-167.

A. Durimel, S. Altenor, R. Miranda-Quintana, EBouespel Du Mesnil, U. Jauregui-Haza, R.
Gadiou, S. Gaspard, pH dependence of chlordecoser@obn on activated carbons and role of
adsorbent physico-chemical properties. Chem. E2R9(2013) 239-249.

J.M. Sulfita, A. Horowitz, D.R. Shelton, J.Meidje, Dehalogenation: a novel pathway for the
anaerobic biodegradation of haloaromatic compougdis.218 (1982) 1115-1117.

A. Bianchi, Déchloration réductrice du peraidéthyléne et du trichloroéthyléne a l'aide d'wside
industriel riche en magnétite incorporé a une émmlsuile dans eau. Université du Québec a
Montréal, 2009.

L. Moretti, In situ bioremediation of DNAPL 8cce Zones, US Environmental Protection Agency,
Office of Solid Waste and Emergency Response, Ta@obg Innovation and Field Services
Division, 2005.

L. Prat, Identification and characterizationf @@roteins supporting dehalorespiration in
desulfitobacterium hafniense strain TCE1. Ecoleg/feghnique Fédérale de Lausanne, 2009.

J. Dolfing, I. Novak, A. Archelas, H. Macari@jbbs Free Energy of Formation of Chlordecone and
Potential Degradation Products: Implications fomfRediation Strategies and Environmental Fate,
Environmental Science & Technology, 46 (2012),8481-8139

G.N. Schrauzer, R.N. Katz, Reductive dechlatiomn and degradation of mirex and kepone with
vitamin B12, Bioinorg. Chem. 9 (1978) 123-143.

H. Smidt, W.M. De Vos, Anaerobic microbial ddébgenation, Annu. Rev. Microbiol. 58 (2004) 43-
73.

P.E. Jablonski, D.J. Pheasant, J.G. Ferry,v€mion of kepone by methanosarcina thermophila,
FEMS Microbiol. Lett. 139 (1996) 169-173.

K. Chojnacka, Biosorption and bioaccumulatitime prospects for practical applications, Environ.
Int. 36 (2010) 299-307.

K. Vijayaraghavan, Y.S. Yun, Bacterial bioserits and biosorption, Biotechnol. Adv. 26 (2008)
266-291.

Y.H. Ju, T.C. Chen, J.C. Liu, A study on thedwmrption of lindane, Colloid. Surface. B. 9 (1997
187-196.

M. Tsezos, J.P. Bell, Comparison of the biption and desorption of hazardous organic pollgtant
by live and dead biomass, Water Res. 23 (1989)35%1 -

P. Benoit, E. Barriuso, R. Calvet, Biosorptioharacterization of herbicides, 2,4-D and atrazine
and two chlorophenols on fungal mycelium, Chemosph&/ (1998) 1271-1282.



[29]

[30]

[31]

[32]

[33]

[34]

Z. Ning, K.J. Kennedy, L. Fernandes, Biosarptiof 2,4-dichlorophenol by live and chemically
inactivated anaerobic granules, Water Res. 30 (12089-2044.

Z. Aksu, Application of biosorption for the mmval of organic pollutants: a review, Process
Biochem. 40 (2005) 997-1026.

H. Moriwaki, A. Hasegawa, Detection of chlocd@e by liquid chromatography with tandem mass
spectrometry, Rapid Commun. Mass Sp. 18 (2004)-1243.

A. Picot, M. Rabache, Fiche toxico écotoxidomique n°3, Association toxicologique — CNAM,
2005.

M.S. Driscoll, J.P. Hassett, C.L. Fish, Extian efficiencies of organochlorine compounds from
Niagara river water, Environ. Sci. Technol. 25 (1p2432-1439.

S. Colombano, C. Blanc, V. Guerin, B. Chevriexamen des possibilites de traitement de la
chlordecone dans les sols notamment sur les aledisnentation des captages d'eau potable,
BRGM, 2009.



