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Outline

» Mixed contaminated situation

> What are they?

> Environmental and health impact?
» Metal-immobilizing organoclay (surface-tailored organoclay)

> Synthesis and mechanism as adsorbent?

»>Applicablility in PAH biodegradation from mixed contaminants
» Biocompatibility of surface-tailored organoclay

> Microbial degradation & metabolic activity

> Soil bacterial metagenomes test

» Take-home message
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Mixed contaminants
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« Soils and groundwater significantly contaminated with benzene, hydrocarbons, cyanide and other heavy metals
exceeding human health criteria, and left untreated for 30 years.

* |In 2004 a trial remediation of 300 cubic metres of contaminated soil is proposed. The gasworks site appears on a state
register of contaminated lands.
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Priority List of Hazardous Substances

Erforhy List of:Hacardan The Priority List of Hazardous Substances Text size: |G 1| L %L
. That Will Be the Subject of Toxicological Profiles & Print page
BEC fpto) o6 PAge b Bookmark and share
2015 TOTAL 2013
SUBSTANCE NAME
RANK POINTS RANK
1 ARSENIC 16716 1
2 LEAD 1529.4 2
3 MERCURY 1458.6 3
Hazardous Substances People 4 VINYLCHLORIDE 1358.9 4
= : 5 POLYCHLORINATED BIPHENYLS 13451 5
- 6 BENZENE 1327.6 6
s 7 CADMIUM 1318.8 7
Direct Contact with Soil
8 BENZO(AJPYRENE 1304.4 8
( : au S e m any d I S e as eS 9 POLYCYCLIC AROMATIC HYDROCARBONS 12791 9
10 BENZO(B)JFLUORANTHENE 12497 10
11 CHLOROFORM 1202.4 11
) k 12 AROCLOR 1260 1190.0 12
SKInN,
13 DDT,PP- 11820 13
) re S p | rato ry 14 AROCLOR 1254 11713 14
y
15 DIBENZO(AH)ANTHRACENE 1155.6 15
) g aStrO | ntestl n al 16 TRICHLOROETHYLENE 11534 14
1 17 CHROMIUM, HEXAVALENT 1146.8 s
e urinary system o oaom
19 PHOSPHORUS, WHITE 11413
® C an C e r‘ | n C h ro n | C \io HEXACHLOROBUTADIENE J 11282

exposure.
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ADMIT IT

You always call them when you

have a problem... I
So, need to remove them? need to Chanqe I|festyle’?

« Complete removal of PAHs by bioremediation
 Microorganisms (e.g. bacteria, fungi) are potential

degrader of PAHs.
 Cost effective. =

BUT, Not easy In real World Clean -up in MIXED
contaminants.
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Mixed contaminants challenge

.

Mitigate using single modified clay product
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Surface-tailored organoclays Alkylammonium —
H-bonding surfactant — —

\

Tetrahedral
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bidentate complex II. unidentate complex
(Cd:ligand=2:1)
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Tetrahedral SO .
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- ; ' : %5‘50 " Palmitic acid * Al Fe, Mg
2
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4 Represents PAH @ Exchangeable cation/trapped Cd

Biswas et al., Water Res. 2016, 104: 119-127.
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Biocom p atibihi ty - Ex p erimental NC=control, B=bentonite, AB=Arquad-bentonite,
ABP=Arquad-bentonite-palmitic acid
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Biocompatibility: Bacterial
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Surface-tailored organoclay (ABP)
increased bacterial growth 1n clay-
amended soil.
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Biodegradation of
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But surface-tailored organoclay
(ABP) was not aligned with the
degree of bacterial growth
observed in clay-amended soil.
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Is it due to:

> Metabolic active cells?
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Biocompatibility: Metabolic —
activity . -

A B&Mgn_oo1-81 — A BPEpégnen_001-48P1

1.841 £0.310

- 2.188 +0.192
B 2550 : 0.4

3.192 £0.554

Blue counts = CTC+

<« 7

P1=Total Bacteria counts ﬁ"?é

== i

Organoclay 1mposed more toxicity on
microbial activity than that of surface-
tailored organoclay. ]
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Biocompatibility: Bacterial diversity
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® Unclassified Gemmatimonadetes
m Flavobacteriia
B Acidimicrobiia
® Thermomicrobia
B Bacilli
Actinobacteria
® Gammaproteobacteria
u Betaproteobacteria
o Alphaproteobactena

Clay products could dictate bacterial diversity and abundance
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Take-home message and Future Research

» Surface-tailored organoclay-effective selective adsorbent for mixed contaminants,

» Biocompatibility of modified products-key issue as bioremediation is desired,

» The relation of bacterial growth and biodegradation is not generalized, maybe due to
variation in metabolic active cells,
» Dominant bacterial species remains high in the surface-tailored organoclay-indicates the

congenial microhabitat?

» Multiple omics tools could be in the future research for assessing the impact of modified

clay products in microbial viability and bioremediation

> Yet clay-microbial interaction is complex to understand at a molecular level -maybe due

to highly site specific in soil.
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