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Polycyclic aromatics hydrocarbons
(PAHs) are pollutants of major concern
because of their significant toxicity to
humans, eco’roxm’ry carcinogenicity
and mutagenici
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In general, bioremediation has
demonstrated success in
elimination of PAHs from
contaminated soil.

However, becomes inefficient in
lowering long term sail
hydrocarbon concentrations,
leaving frequently more or less
complex residues.

Therefore, a more energetic
infervention would be needed,

Chemical oxidation is a promising
technology that could bypass the
bioremediation limitations.

Persulfate (PS) is being used
increasingly for in situ chemical
oxidafion.

Persulfate generates the highly
reactive sulfate free radical (SO4 )

Oxidation with persulfate followed

by bioremediation




to evaluate the effect of remediation treatment combining
chemical oxidation with ammonium persultate (PS) followed by
bioremediation on the PAHs elimination and the ecological
properties of the contaminated soil
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Texture Loam

PH 8.8

EC 634 uS/cm

ocC 2.2%

Ntotal 0.20%

P (available) 8,33 mg/kg
;i Fe (available) 12,6 mg/kg

Ferotal 2,3%

Soil from a landfarming unit done FARE 214+ 21 mg/kg
long time ago and still now, under PAHS (available) 1%
natural attenuation ... Aliphatic 2457 + 246 mg/kg

Hydrocarbons




IN SOIL MICROCOSMS

MREATMENTS

Microcosms

OxS

BOXS

BS

Treatment

Oxidative treatment with
amonium persulfate

Bioremediation followed
oxidation

Bioremediation

Persulfate 33 g kgy,™!
One week

Oxidazed soil incubated to 25°C,
25% moisture content, One year

25°C, 25% moisture content, One
year




> Effect of the persulfate oxidation on the
physicochemical soil properties ...

Treatments

Microcosmes: OxS, BOXxS BS (control)
8.8+0.1 (a) 6.32+0,02 (c) 7.6+0,1 (b)

634+ 12 (b) 5110 + 99 () 5880 + 396 (q) 549 + 42 (c)

2.2+0.8 (q) 2.4+0.1 (a) 2.6+0.1 (q) 2.0+0.9 (a)

) 0.2+0.1 (b) 0.519 +0.003 (a)  0.31+0.04 (b) 0.2+0.1 (b)

P avaiapie) (Mokg™)  8.3%0.6 (c) 14.5+0.7 (b) 22.0+0.1 (a) 6.0+0.3 (d)

Fe(ovqi|0b|e)(mg.kg _]) ]26 + 0.3 (b) 54 + 2 (O) nd ﬂd

Sulphate (mgkg) | 97 £ 6 (d) 8407 + 16 (q) 4894 + 15 (D)




» Effect of the persulfate oxidation and coupled bioremediation
treatment on the hydrocarbon elimination (GC-FID)
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> Effect of the persulfate oxidation and coupled
bioremediation freatment on the soil matrix

Spectrofluorometric analysis of dissolved organic matter, from
the alkaline extract of the soil microcosms.

1- Dissolved total carbon (DTC) and E4/Eé ratio

Treatments
Microcosms So OxS$g BOXS BS
DTC [mg C L] EZExN(e) 226 =2 () 57 £2 (d) 46.5+0.8 (e)

E./E, 15.0 17.7 7.1 3.3




Spectrofluorometric analysis of dissolved organic matter from the
alkaline extract (controls)

E. Conftrol saoil (S). F. AqQueous solution of 16 PAHS.
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» Effect of the persulfate oxidation and coupled
bioremediation freatment on the soil matrix

2- Excitation—Emission
Matrix Spectroscopy
(EEMS)
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> Effect of the persulfate oxidation and coupled bioremediation
treatment on soil bacterial population density and enzymatic
activities
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Enzymatic activities determined from each
MICrocosms.

Treatments
Microcosms So | OxS, BOXS BS
Lipase 18914(b)]14i]4(c) 174+ 3 (b)
(Mg PNP ggs'']
Arylsulphatase 331 (a) 351 (a) nd nd
(Mg PNP ggs'']
Alkaline 175+24 (b) 84+3(c) 15710 (b) 303+ 15 (q)
phosphatase
(Mg PNP ggs'']
Acid phosphatase 103+£20 (a) 516 (b) nd 42 + 29 (b)
(Mg PNP ggs'']
Urease 23+ 6 (b) nd 204 + 57 (q) 17+£2 (b)
[UN-NH,* ggs']




Effect of the persulfate oxidation and coupled bioremediation
treatment on the soil bacterial community

The taxonomic composition and the diversity of the bacterial communities present in
OxS, and after 1, 5 9 and 12 months of bioremediafion were profiled using
pyrosequencing. Samples from S, and BS soil microcosms were also analysed.

{ Hill N
Total Observed EXIE UL UL

Microcosms Coverage
[7]

sequences |(OTUS

So

OXSQ

BOXxS (1m)

BOXxS (5m)

BOXS (9m)

BOXS (12m)

BS (12m)

454 GS-FLX Tita/nium pyrosequencing



Pseudomonada
les; 1,29
Xanthomonadal [
es; 5,81

Sphingomonad
ales; 11,99

Gp3; 3,04

Ohtaekwangia; \
1,19 Rhizobiales; / Acidimicrobiale
8,63 s; 6,03

Gp7;289 Rhodospirillales
;5,52
Gp6; 2,86

Rhizobiales; Clostridiales;

Other; 4,32
1’52 9,28

Bacillales;
20,04
The succession changes was explained : \ actobacillles
by the r-K scheme, which assumes that B
evolution favors either adaptation to e

s; 1,86

high rates of reproduction (r strategists)
or optimal utilization of environmental

resources (K strategists) (Atlas & Bartha
1990).

1 month ...
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Rhizobiales; Sphingobacteri

0,97 Sphingobacteria

Other; 0,82 ales; 1,32 les; 6,00

Flavobacteriale Bacillales; 0,87 Sphingomonada
s; 3,25 Burkholderiales les; 2,85
;2,74 Bacillales; 4,13

Burkholderiales
;2,26

Actinomycetale
s; 8,76
Flavobacteriales
;0,89

Rhizobiales;
2,17

BOXS -1 month BOxS- 5 months

Myxococcales; Sphingomonad - : Myococcales; SPhinsomonadal
259 ales; 3,11 Nitrospirales; ¥ 129 ¢ es; 5,39  Nitrospirales;
1529 4,53
Bacillales; 3,45
Gp3; 2,42 Bacillales; 3,45
Acidimicrobiale Gp3; 0,86
V4 51,73
Pseudomonadale
Rhodospirillales;
Pseud Rhodospirillale , 884
5; 9,84 (@)
Actinomycetales
Actinomycetale ;6,25
s; 9,33
Xanthomonada . Gp6; 4,09
. Ohtaekwangia;
les; 3,97 . ; .
20,21 Gp6; 5,53 B Xanthomonadal Ohtaekwangia; Flavobacteriales;
es; 1,51 23,06 1,08
Rhizobiales; Rhizobiales; 2,37

BSOx- 9 months 4,15 BSOx - 12 months



Pseudomonad Sphingomona

ales; 1,29 dales; 11,99
Xanthomonad

ales; 5,81
Ohtaekwangi

a;1,19
R%lzoblales; / Acidimicrobial
8,63 es; 6,03

Gp3; 3,04

Gp7; 2,89 ‘ Rhodf)spirillal

Gp6; 2,86 es; 5,52
er one year Of
remediation

Myxococcales; Sphingomonad Myxococcales;

1,29 ales; 5,39 Nitrospirales; 0,74 '
4,53 Other; 6,32 Sphingomonad

ales; 20,63
Bacillales; 3,45
Gp3; 0,86
/ Rhodospirillales
EEEpE

Nitrospirales;
0,74

Bacillales; 1,12
Gp3; 4,28

Acidimicrobiale

Actinomycetale
s; 6,25 Ty
Xanthomonadales

Gp6; 4,09 ;2,79 Ohtaekwangia; s; 1,30
22,86 Rhodospirillales
serihemenEcE Ohtaekwangia; Flavobacteriale - 5,39
L 200 o Actinomycetale
Rhizobiales; s; 0,37

BSOx - 12 months 2,37 BS-12 months A< | ape;613



Conclusiones

La oxidacién quimica con PERSULFATO DE AMONIO produjo la eliminacién sigiificativa de
PAHs en microcosmos de suelo contaminado, de una unidad de landfarming ya
finalizado.

El fratamiento combinado de OXIDACION QUIMICA + BIORREMEDIACION, permitid la
recuperacion de la comunidad bacteriana con una eliminacion adicional de PAH e
HIDROCARBUROS ALIFATICOS.

La OXIDACION produjo la movilizacién de nutrientes a partir de la matriz del suelo que
fueron asimilados por la comunidad bacteriana durante la BIORREMEDIACION,
evidenciado a través de la reduccidon dela relacion E4/E, indicadora del avance de la
HUMIFICACION

La comunidad bacteriana del suelo al final del fratamiento combinado (OXID+BIORREM)
fue similar a la observada luego del framiento control de BIORREMEDIACION, sugiriendo
que la alta concentracion de SULFATO residual no impidio la recuperacion microbiana.

El andlisis ESPECTROSCOPICO resulta una herramiento Util en el monitoreo de fratamientos
oxidativos que involucren cambios agudos en la matriz de suelos cronicamente
contaminados con PAH. Las técnicas de SECUENCIACION MASIVA del ADN, permitio la
identificacion de las poblaciones bacterianas predominantes que podrian estar
asociadas con los cambios observados durante el tfratamiento.
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