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This is the introductory presentation of the GreenSoil Group, a 

leading expert in sustainable soil remediation. For more 

information visit www.greensoilgroup.com or contact your 

GreenSoil Group representative.



The project
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Sales & Project Engineer

The environment and its ecosystems are 

our companions in this world. We can 

provide them with as much love and care 

as they do us. 

§ Industrial site with high 1,4-dioxane contamination (> 500 mg/L)

§ Successful feasibility test performed in 2017

§ Field tests started in 2021: no clear signs of biodegradation for > 6 months 

§ Additional laboratory tests to gain more insight 

§ Parallel adaptation/optimalization of bioreactor
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• Performed with Deltares

• Slurry test (contaminated soil and groundwater)

• Complete degradation of 1,270 mg/l 1,4-dioxane in 

biostimulated conditions (oxygen + nutrients) in 40-50 

days
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First laboratory test (2017)
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1. On-site aerobic bioreactor (recirculation)

2. In-situ recirculation of groundwater with biosparging

3. Same location as where material from labtest was obtained
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Pilot : bioreactor + field (start 2021)
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The challenges

L E A D I N G  E X P E R T  I N  S U S T A I N A B L E  S O I L  R E M E D I A T I O N

1. pH increase in bioreactor to ± pH 9 

2. No clear signs of biodegradation during first 6 months
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(Possible) explanations

L E A D I N G  E X P E R T  I N  S U S T A I N A B L E  S O I L  R E M E D I A T I O N

1. pH increase in bioreactor to ± pH 9

pH increase due to aeration (CO2 stripping)

2. No clear signs of biodegradation during first 6 months

Due to pH? Presence of soil required?
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Simulation pH increase in laboratory
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• Soil required for 1,4-dioxane degradation?

• High pH inhibiting for biodegradation?

• More insight into degradation process and 

enzymes/microorganisms involved

Only groundwater With soil

Biological degradation of 1.4-Dioxane

Second laboratory degradation test (2021 – 2022)
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Conditions with soil

Condition with 
groundwater
(biostimulated,
unbuffered) Used for third test
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Second lab test :  influence soil
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pH decrease 
due to 
biodegradation

Active aeration (20 min) at t=0 

Biological degradation of 1.4-Dioxane

Second lab test : Degradation + aeration
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• Further investigate effect pH on biodegradation and 

microbial community

• Get further insight into degradation process -> develop 

qPCR targets to follow up biodegradation in the field

Biological degradation of 1.4-Dioxane

Additional labtest done Wageningen University (WUR)
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Determine ideal conditions and limitations: pH, vitamins and trace elements, oxygen

Biological degradation of 1.4-Dioxane

WUR micorcosms
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Biological degradation of 1.4-Dioxane

Molecular works



L E A D I N G  E X P E R T  I N  S U S T A I N A B L E  S O I L  R E M E D I A T I O N

Conclusions second labtest

L E A D I N G  E X P E R T  I N  S U S T A I N A B L E  S O I L  R E M E D I A T I O N

0.

§ pH increase due to stripping (CO2)

§ No soil required for biodegradation

§ No clear negative effect of high (up to 9) pH in presence of soil

§ Lower degradation rate at higher pHs in water only cultures

§ Short-term high pH not affecting biodegradation

§ Once active: pH ↓ (likely due to CO2-production)

§ Mycobacterium most likely dioxane degrading candidate 
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1. Recirculation batch mode 

2. Passive aeration
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Pilot installation : Bioreactor
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Biomass observations:

• Clear water + flocs

• Effluent bioreactor also very clear

• No clear biomass attached on carrier material bioreactor (present 

as non-attached flocs?)

• Low yield of biomass

Biological degradation of 1.4-Dioxane

Biomass
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• Soil Samples show:

• Layer 1.5-2.0 average reduction 99%

• Layer 2.5-3.0 average reduction 73%

• Groundwater  Samples show:

• Average reduction of 96% 

• Pilot System / Bioreactor has effectively 

worked well since September 2022.

Biological degradation of 1.4-Dioxane

Results In-situ Pilot
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•  Degradation rates

Biological degradation of 1.4-Dioxane

Combination of all tests
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•  Sequencing results

Due to laboratory 
conditions?

Biological degradation of 1.4-Dioxane

Combination of all tests
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•  Genes encoding for key enzymes

• Likely low biomass yield + floc forming (heterogeneity) caused unrepresentative DNA 

samples/low reads

• Different microbial community in laboratory?

First step

DXMOPrMOMycobacterium
Rhodococcus

Pseudonocardia
Rhodococcus

CO2

ALDH

Biological degradation of 1.4-Dioxane

Combination of all tests
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Conclusions
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0.

§ Degradation 1,4-dioxane more complex than initially thought

§ Stable process once active, but difficult to start-up (long lag-phase)

§ With knowledge from labtests, a stable bioreactor with >99% efficiency was established

§ Degradation pathway/mo’s involved still being investigated
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