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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?
Applicability in PAH biodegradation from mixed contaminants

 Biocompatibility of surface-tailored organoclay
 Microbial degradation & metabolic activity
 Soil bacterial metagenomes test

 Take-home message



Mixed contaminants

Benzo[a]pyrene

Pyrene
Phenanthrene



Mixed contaminants

Cause many diseases
• skin, 
• respiratory,
• gastrointestinal, 
• urinary system 
• cancer in chronic 

exposure.



• Microorganisms (e.g. bacteria, fungi) are potential 
degrader of PAHs. 

So, need to remove them?

BUT, Not easy in real-world clean-up in MIXED 
contaminants. 

need to change lifestyle?

OR

• Complete removal of PAHs by bioremediation

• Cost effective.



Ah!!
SOS!!

Mixed contaminants challenge

Mitigate using single modified clay product



How it works? 
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Surface-tailored organoclays

Biswas et al., Water Res. 2016, 104: 119-127.
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Aqueous suspension

Biocompatibility: Experimental

Soil bacterial genomic DNA

DNA sequencing

Sequencing qualityResults analysis & 
presentation

Metabolic activity by 
CTC-staining

Biodegradation experiment

Clay-mixed 
contaminated soil

NC, B, AB, ABP

NC=control, B=bentonite, AB=Arquad-bentonite, 
ABP=Arquad-bentonite-palmitic acid



How it works? 

Biocompatibility: Bacterial 
growth
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Surface-tailored organoclay (ABP)
increased bacterial growth in clay-
amended soil.



How it works? 
Microbial Diversity

Biodegradation of 
hydrocarbon
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But surface-tailored organoclay
(ABP) was not aligned with the
degree of bacterial growth
observed in clay-amended soil.

Is it due to:
 Metabolic active cells?
 Microbial diversity?



How it works? 

Clay-soils Ratio 

(inactive/active cells)

NC 3.264  0.412

B1% 1.841  0.310

AB1% 2.188  0.192

ABP1% 2.559  0.624

B5% 3.192  0.554 

AB5% 4.962  1.232

ABP5% 3.200  na

Microbial Diversity

Biocompatibility: Metabolic 
activity

Organoclay imposed more toxicity on
microbial activity than that of surface-
tailored organoclay.



How it works? 

Loading: 5%

Loading: 1%

Microbial Diversity

Biocompatibility: Bacterial diversity

Clay products could dictate bacterial diversity and abundance



Take-home message and Future Research

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

to highly site specific in soil.

 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



Mate! I got 
the hub of 
connection

No worries! 
Easy job, 
just find 
where to 
start




