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INTRODUCTION @
Chlordecone characteristics

Pesticide used against the banana black weevil in
the French West Indies (FWI, 1972-1993) %

www.cirad.fr

> Mostly under its hydrate form

» 3 main impurities in its commercial formulation: Mirex,
chlordecol &
8-monohydrochlordecone

» Persistant in the environment (soil, river water, mangrove...)
Bioaccumulation in food chain (plants, animals, fishes...)

» Chronic toxicity (increase the risk of prostate cancer,
neurobehavioral disorders in children)

— Added to the POP list (Persistant Organic Pollutants)

A\
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INTRODUCTION

Chlordecone biodegradability

Laboratory studies *28°

Environmental studies

Pseudomonas, aerobiosis
- CLD =—> CLD-Cl & CLD-2ClI

o

Pseudomonas, aerobiosis
CLD —> CLD-Cl et CLD-2C}
(8-monohydrochlordecone)

ra et a1

Pseudonocardina spp., aerobiosis .

201 °
5

* etal. |

Fungi,
aerobiosis
Biofixation
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Methanosarcina, anaerobiosis
CLD—> polar & apolar
transformation products

Aerobiosis
Chlordeone mineralisation
in"fandosol microcosm

|
Citrobacter sp.86, consortia
Anaerobiosis

CLD—>  hydrochlordecones
& polychloroindenes

¥ No degradation

Partial
# degradation

Complete
degradation

2009

och ¥

“the soil decontamination will
take some decades for nitisol,
several centuries for ferralsol,
and more than half a millennium
for andosol”

2016

Marginal transformation of CLD
into
8-monohydrochlordecone (CLD-

Cl) in
XN 2

FWI



CHLORDECONE TRANSFORMATION IN ANAEROBIC MICROCOSMS

Strategy

Design of microbiological experiments: a dual approach

Q l \2 1 Innoculated with
N > chlordecone
| == ’ o
Liquid-solid Liquid-liquid Isolated bacteria, consortia, under
microcosms cultures anaerobic conditions

> Dual analytical monitoring

/GC/-MS analysis \ LC-MS analysis \

day 252
[ day 252 — A
i A day 176

day 176
n Al
Al day 134
188, | day134 + 5.8 Y E >
day 84
© L l day 95 ) g o l ay
g 2 X > 51 cc2
c 3 o iy day 56
52 14.9 | day a3 = 2] 2729 y
g3 cLD 3 cLD
© 20,1 | dayO © 6.5 day 0
12 14 16 18 20 2 3 4 5 6 7
N Retention time (min) ) N Retention time (min)

Detection of
chlorinated
transformation
products over
time
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N '
STRCUTURAL ELUCIDATION OF CHLORDECONE TRANSFORMATION PRODUCTS = -
Mass spectrometry analysis of the newly identified chlordecone

transformation products 0000000000000

> In-source mass fragmentation signature enables to cluster
chlorinated compounds into 5 families

A B D E
€C100ChoHan) [ CoCleHyn ) C100:ClHyy  [CLOCILH.)  €,0,Cl, H,.
(n =0-4) (n = 0-3) (n = 0-1) (n = 0-1) (n = 0-1)
A”ey et al" [C Cl 2+n:I [ I:C10C|4-nH3+nOZ]- C11C|4n 6+no ]+ I:C12C|4n 8+no ]+

1974
Q [C C|5” 2+n] [ [C CI 3+n:I C10C|4n 3+no I [C10C|4n 3+nO It
[C C|4n 2+n:I i [C CI 2+n:I I:C10C|4-nH2+nO]+. I:C10C|4-nH2+nO]+.
[C C|4n 1+n:I i C CI4n 3+n]} [C CI4n 3+n:I .

\H«T@,O_M Q @

C)etected using GC-EI-MS analysis [ Chemical synthesis of these compounds to

obtain a significant quantity of them and allow

stected using LC-ESI-MS analysis their complete structural elucidation
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STRCUTURAL ELUCIDATION OF CHLORDECONE TRANSFORMATION PRODUCTS @@ :5
Chemical synthesis, purification & structural elucidation

eening of chemical degradations
1tested A condition

Al B C D E
Vitamin B,,, Vitamin B,,, Vitamin B,,, Vitamin B,,, Vitamin B,,,
Na,S, H,O TiCi, H,0 Fe(0), H,O, TiCi, H,0, TiCi, H,0,

acetone methanol ethanol

Quantity on a mg scale after a purification step

\/
Nuclear Magnetic Resonance (NMR) analysis to completely elucidate the structure of 17 chlordeone
& J/
and / or

Chemical derivatisation reactions
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STRCUTURAL ELUCIDATION OF CHLORDECONE TRANSFORMATION PRODUCTS
Chlordecone TPs database

A

T e
Al

4
\__A2 7
L g

A3, A4,
A6 ¢
\_ A5 A9

B
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BO Y,

<
Bl
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<
B3

L 4
B4 -/

¢
B5

Cl

Cc2

c3

Cc4

C5

C6

D E
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D1 o E1l ‘
D2 E2

*
L 4

D3 . E3 ~
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ﬁaLracterized through NMR analyse§

@haracterized through derivatisation reacti

iventified through GC and LC mass spectra
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SEARCH FOR CHLORDECONE TPs IN SAMPLES FROM MARTINIQUE ISLAND
Sampling and extraction strategy

e Ferralsol
Ashes and

9 pumice
stones

v Bed

=~ sediments
\ 4

e Mangrove

water

>
River water w
o

K4 g of crude soil \ 4

o

7150 mL of wate

)

\'4

~

/

Acidification
vortex & sonication

N Z

Aqueous Ia\)/er extraction
with dichloromethane

=}

N Z
\/

Organic layer evaporation

N

GC-MS analysis LC-MS analysis
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SEARCH FOR CHLORDECONE TPs IN SAMPLES FROM MARTINIQUE ISLAND
GC & LC MS dual analysis

Example of a GC-MS analysis

1003

~N 0 v
o O o
ot bt oo oo oo teodo oo

Relative Abundance
(o))
o

22

48

50
40 16,06 18,06
23,96 55752648
30 22,62 | 24.3 27,80
20 e 29,36
: 9,94 12,42 13,23 '
Extract ion 03 L o )
chromatogram 10 12 14 16 18 20 22 24 26 28 30
. Tinne {nkmn
established from 1002 606 {eminy
3 . NL: 2,26E8
chlordecone TP data 9 3 B1 m/z=
b E 216,50-217,50+
ase 80 219,50-220,50+
g E 237,50-238,50+
s 3 252,50-253,50+
T 7075 271,50-272,50+
3 3 286,50-287,50 MS
< 603
2 E
& 5073
L+}] =
= 3
40 E
3 A9 20,14
30 4 12 42 CLD-OH-1ClI
3 ’ 18,95
203 B2 . CLD |
3 13,62 A 21,49
102 ] . 18,27 23,38 23,96
- , , . ) A - : - c - S -
8 10 12 14 16 18 20 22 24 26 28 30

Time (min)
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SEARCH FOR CHLORDECONE TPs IN SAMPLES FROM MARTINIQUE ISLAND @D -

Results of the study

» Contamination levels of the main chlordecone TPs

CLD

BS

And

Al (914, 915)

Bl

APS
(923)

Chlordecone and its TP
10

Cl C2 = Nit

B (919, 921) (918, 920)

TR

§:§D 0.001 Type of sample

F = 0.0001 :' And Andosol APS Ashes and pumice stones VW  Mangrove water
= 8 ) =1
Erues i3] S it Nitisol BS Bed sediments River water
T 5 o 0
% S Fer  Ferralsol
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SEARCH FOR CHLORDECONE TPs IN SAMPLES FROM MARTINIQUE ISLAND
Results of the study

> Detection of many chlordecone TPs

Number of release chlorine atoms
| | | | | | | | |

0 1 2 3 4 5 6 7 8
CLD Al, A2, A3,A4, A5,A9 BO Bl B2,B3-B4 B5 C7-C8
A6 C1-Cc2 C3-C4
D1-D2 D3-D4
Sample type E1-E2  E3-E4
QAndoso:‘ ﬁ ‘ ‘ _‘ ‘ ‘ A A
V &y A A N A
9 Ferralsol Y Vi A & A
Ashes & pumice
stones & A & A
9 Bed sediments A— A
U Mangrove water g A A

§ River water A A A A Y Vi

Detection of numerous chlordecone TPs in samples
—_— from Martinique
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CONFIRMATION OF MARTINIQUE MICROFLORA CAPABILITY TO TRANSFORM CHLORDECONE

Strategy & results

soil q.
+ mineral medium (MM6), | - Chlordecone (40 mg/L)

under anaerobic s
conditions

GC-MS analysis

/ 100 21347 6.01 6.12 \
’ B1 Bl
=
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12.49 zo,uqml 12.92 20.17
0701214 16 18 20 22 24 1012 14 818 2022 24 107127 14 S8 18 20 22 24
\ Retention time (min) Retention time (min) Retention time (min) j
ﬂm 21.39 6.01 Bl \
- 8
O | &
(‘_n E —> —
O | %
o 2
- =
1)
) =
12.50 20.03III1'34 12.86 20.17
L 0710 127 14 16 18 2022 24 10 12 14 S 18 20 22 24 10 12 14 =@ 18 20 22 24
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0 18 60 Incubation time
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CONCLUSION s

1) Structural elucidation of 19 TPs & discovery of 3
new families of chlordecone TPs

2) Detection of 17 TPs including in several
environmental compartments (soils, river,
mangrove, sediment)

s Hydrochlordecone@olychloroindenes
(n=1,2,3) (n=0,1)

A B C E
3) Identification of TPs contamination levels of
the same order of magnitude as chlordecone

4) Highlighting the intrinsic capacity of Martinique

soils to degrade chlordecone

Paradigm shift: natural degradation of
chlordecone into soils and presence of an
unsuspected pollution by its transformation

. proaucts, o _
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PERSPECTIVES e

Improve our knowledge about transformation products
> Toxicity

> Stability

> Biodegradability

Quantification of these TPs in environmental compartme

What about human exposition to these TPs?

Understand degradation mechanisms (microbiological?)
and find methods to improve this degradation (soil
types, physicochemical parameters, microbiota)
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