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VOC Removal Pathways in WastewaterVOC Removal Pathways in Wastewater
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ObjectivesObjectives

Solids Residence Time (SRT)

Dissolved Oxygen (DO)

Modeling of VOC Removal

Organic Loading Rate (OLR)

Compare with Experimental Data
Lab-scale MBR Operation

Organic Loading Rate (OLR)



Properties of VOCsProperties of VOCs

Source: Water9 (EPA)
* EPA (1994), ‘Air Emissions Models for Waste and Wastewater’. 

North Carolina, U. S. EPA-453/R-94-080A EPA (1994)

 H Diffusivity Kow Biodegradation

 (25°C, - ) (cm2 s-1) ( - ) (L g-1 hr-1) 

Acetaldehyde 3.15 (10)-3 1.4 (10)-5 2.69 0.197 

Butyraldehyde 4.26 (10)-3 1.1 (10)-5* 13.36* 0.361* 

Vinyl acetate 1.99 (10)-2 9.2 (10)-6 8.52 0.305 

 



Overall VOC RemovalOverall VOC Removal
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Volatilization Fraction (RVolatilization Fraction (Rmm))
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Biodegradation Fraction (RBiodegradation Fraction (Rbiobio))
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Vinyl Acetate Removal vs SRTVinyl Acetate Removal vs SRT
( ( OLR 4.9 kg COD mOLR 4.9 kg COD m--33 dd--11, DO 2.0 mg L, DO 2.0 mg L--1 1 ))
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Vinyl Acetate Removal vs DOVinyl Acetate Removal vs DO
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Vinyl Acetate Removal vs OLRVinyl Acetate Removal vs OLR
( ( DO 2.0 mg LDO 2.0 mg L--11, SRT 20 days, SRT 20 days ))
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Lower DO

MBR

Longer SRT
Higher OLR
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Overview of MBR ProcessOverview of MBR Process
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Submerged MBR Schematic

Source: Enviroquip



BenchBench--scale MBR Systemscale MBR System

Tubular (AquaTech)

Polyethersulphone

40,000 MWCO

CFV: 1.8 m/s

TMP: 4 bars

Influent Tank

Bioreactor

UF Membrane



MBR Operation at varying OLRMBR Operation at varying OLR
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Organic Removal CharacteristicsOrganic Removal Characteristics

Organic Loading Rate 
(kg COD m-3 d-1) 1.1 1.5 2.0 

 pH 7.4 – 7.7 

BOD5 (mg L-1) 4,500 Influent

COD (mg L-1) 6,900 – 7,300 

 pH 7.4 – 7.8 7.4 – 7.6 6.9 – 7.4

BOD5 (mg L-1) 1.0 3.3 7.0 Effluent

COD (mg L-1) 40 – 48 35 - 40 30 – 46
 



VOC Removal at Varying Organic Loading RateVOC Removal at Varying Organic Loading Rate

Removal (%) Biodegradation Volatilization

OLR 
VOC

Butyraldehyde

2.0

Vinyl acetate

Acetaldehyde

1.12.01.1

2.22.197.697.7

2.22.997.596.6

0.66.199.493.9

10.814.488.885.2

0.90.899.099.1

2.93.996.595.3



Source: Kubota Biomass
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MLVSS vs. Viscosity at 36.7 sMLVSS vs. Viscosity at 36.7 s--11, 30 sec, 30 sec
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Initial UF Flux Decline at Various MLVSSInitial UF Flux Decline at Various MLVSS
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MBR Operation at varying OLRMBR Operation at varying OLR
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Floc Structure at Floc Structure at MLVSS 6,000 mg/L

Unstable: rods, small weak 
floc, little EPS, high SCOD 

Viscosity
SCOD
B-EPS Protein
B-EPS TOC

5.5 cP
700 mg/L
13 mg/g VSS
28 mg/g VSS

8.2 cP
230 mg/L
65 mg/g VSS
42 mg/g VSS

Viscosity
SCOD
B-EPS Protein
B-EPS TOC

Stable: cocci, larger floc, 
similar flux despite higher μ



ConclusionsConclusions

Maximize Biodegradation, Minimize Volatilization
Lower DO, Higher OLR, Longer SRT

Modeling Underestimated the MBR Performance
Site-specific Biodegradation Rate
Low VOC Concentration in Effluent & Headspace Detected

At All OLR, > 99.8% of BOD5 and 99.3% of COD Removal
> 99.7% of VOC Removal

Vinyl acetate, with increasing OLR from 1.1 to 2.0 kg m-3 d-1

Biodegradation increased from 93.9 to 99.4 %
Volatilization decreased from 6.1 to 0.6%

Higher MLVSS Concentration  Increase Viscosity 
Decrease Mass Transfer Decrease Flux
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