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Drinking water sources under pressure

Sjerps et. al., Chemosphere, 2019



Where to treat micropollutants?
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Abstraction Aeration Softening Sand 
Filtration Storage Storage

In situ 
bioremediation-

biodegrade 
micropollutants in 

groundwater 
before abstraction

Drinking 
Water 
Aquifer

Rapid Sand Filtration-
improve micropollutant 

removal in existing 
infrastructure
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5-15 years travel time

Can groundwater microorganisms biodegrade 
micropollutants and under which conditions?
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biodegrade micropollutants and under which 
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Yes!
Require amendment with more degradable 

DOC and O2

How to engineer micropollutant 
biodegradation in situ?

Aldas-Vargas, et al., 2021. 



Subsurface Iron Precipitation

•Fe2+ oxidized and 
precipitated 

•Possible micropollutant 
(co)-metabolic 
biodegradation?

• Aerobic conditions
• DOC amendment

Abstraction

van Halem et al., 2011
Do trace oxygen concentrations support micropollutant biodegradation?



Does subsurface iron precipitation support micropollutant 
biodegradation?

AmendmentsMicrobial Community

Groundwater from a 
drinking water aquifer

Micropollutants
Dissolved organic carbon 

(3 mg/L)

Oxygen Availability

DOCDOC

23 OMPs (pesticides, 
pharmaceuticals, metabolites)
1.9 µg/L 

Condition Initial O2
(mg/L)

Cumulative O2
(mg/L)

High O2 1.6 1.6

Frequent O2 0.4 1.6

Low O2 0.4 0.4

Ammonium 
(1 mg/L)

NH4+

Iron (Fe2+)
(6 mg/L)

Fe 2+



•Many micropollutants 
degraded within 21 
days. Degradation 
dependent on initial 
oxygen availability. 

Nederend et al., 2023

Does subsurface 
iron precipitation 
support 
micropollutant 
biodegradation?

High O2 Freq O2 Low O2 Abiotic
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Nederend et al., 2023

Does subsurface iron precipitation support micropollutant 
biodegradation?- DOC addition
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Can groundwater microorganisms 
biodegrade micropollutants and under which 

conditions?

Yes!
Require amendment with more degradable 

DOC and O2

How to engineer 
micropollutant biodegradation 

in situ?
Trace oxygen and DOC 
amendment support 

micropollutant biodegradation 
by groundwater 
microorganisms.



Wang, 2023

Rapid Sand Filters

RC Haris DWTP



Rapid Sand Filters

Wang, 2023.

How do substrate loading rate and contact time 
affect micropollutant biodegradation?



• Column A: Control
1 µg/L OMP 

• Column B: DOC
1 µg/L OMP 
2-6 mg/L DOC

• Column C: Ammonia
1 µg/L OMP 
0.5-2.5 mg/L NH4+

Wang, et al. Water Research 2022.



Control 
(tap water)

How do substrate loading and contact times affect 
biodegradation?

DOC 
(compost)

Phase 1 Phase 2 Phase 3 Phase 4 Phase 5

Substrate 
loading rate

OMP (µg/h)

DOC (mg/h)

NH4+ (mg/h)

5.3
31.7
13.2

5.3
10.6
2.6

5.3
31.7
13.2

1.1
10.6
2.6

5.3
31.7
13.2

Contact Time (h) 0.5 0.5 0.5 2.4 0.5

Substrate 
concentration

OMP (µg/L)

DOC (mg/L)

NH4+ (mg/L)

1
6

2.5

1
2

0.5

1
6

2.5

1
6

2.5

1
6

2.5
Flow Rate (L/h) 5.3 5.3 5.3 1.1 5.3

Lower 
DOC and 

NH4+
loading 

rate

Lower OMP 
+ DOC + 

NH4+
loading 

rate
Higher 
contact 

time

NH4+
Amount of substate applied 
to the column per unit of 

time

Retention time in the filter



§ Substrate competition between 
DOM and benzotriazole

How do substrate loading and 
contact times affect 
biodegradation?
Substrate Loading Rate

Wang, et al. Water Research 2022.



§ Improved Metformin
biodegradation with 
increased contact time
● Observed for both 

control and DOM 
column

How do substrate loading 
and contact times affect 
biodegradation?
Contact time

Wang, et al. Water Research 2022. Contact Time (h) 0.5 0.5 0.5 2.4 0.5



Where to treat micropollutants?
Conclusions
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Abstraction Aeration Softening Sand 
Filtration Storage Storage

In situ 
bioremediation-

biodegrade 
micropollutants in 

groundwater 
before abstraction

Drinking 
Water 
Aquifer

Rapid Sand Filtration-
improve micropollutant 

removal in existing 
infrastructure

Potential for in situ bioremediation of 
organic micropollutants 

- Require addition of trace oxygen 
concentrations

- DOC addition enhances biodegradation

Potential for biodegradation of organic 
micropollutants in rapid sand filters.

- Substrate competition with DOC
- Contact time limitations
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