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Siloxanes in WWTPs
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Siloxanes

Cyclic Methyl Siloxanes - Dn

Linear Methyl Siloxanes - Ln

Anthropogenic organic compounds

Backbone of Si and O atoms with alkyl side chains

Linear (L) or Cyclic (C) structures

Low water solubility, low viscosity, low surface tension, 

low resistance to polymerization

Massively produced worldwide 

SILOXANES

Silicone + Oxygen + Alkanes

3



Siloxanes

• Cosmetics 

• Personal Care Products

• Foods and drugs

• Detergents

• Electronics

• Medical devices

• Paints

• …
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Siloxanes in the environment

de Arespacochaga et al., Renewable and Sustainable Energy Reviews 52 (2015), 366-381

10%

90%

WWTPs

Air

Bachmann, N. Sustainable biogas production in municipal wastewater treatment plants. IEA Bioenergy, 2015.
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Biogas in WWTPs

• Production of heat and electricity usually via cogeneration
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The main problem of VMSs in WWTPs

• Siloxanes deposit 

as SiO2 particles 

during biogas 

combustion
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Methodology
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Target volatile methylsiloxanes (VMSs)

Name (a.k.a.) Formula
MW Vapor pressure Boiling point Water solubility

(g mol-1) (mmHg @ 25C) (C) (mg L-1 @ 25C)

Hexamethyldisiloxane (L2) C6H18Si2O 162 31 101 0.93

Octamethyltrisiloxane (L3) C8H24Si3O2 236 3.9 152 0.035

Decamethyltetrasiloxane (L4) C10H30Si4O3 310 0.55 194 3.75x10-1

Dodecamethylpentasiloxane (L5) C12H36Si5O4 384 0.07 284 1.07x10-4

Name (a.k.a.) Formula
MW Vapor pressure Boiling point Water solubility

(g mol-1) (mmHg @ 25C) (C) (mg L-1 @ 25C)

Hexamethylcyclotrisiloxane (D3) C12H18O3Si3 222 10 135 1.56

Octamethylcyclotetrasiloxane (D4) C8H24O4Si4 297 1.3 176 0.056

Decamethylcyclopentasiloxane (D5) C10H30O5Si5 371 0.4 211 0.017

Dodecamethylcyclohexasiloxane (D6) C12H36O6Si6 445 0.02 245 0.005

LINEAR

CYCLIC

Internal standard - Tetrakis(trimethylsilyl)silane (TKS)
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Sampling scheme
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Sampling scheme
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- 5 WWTPs

- Aug and Sep 2021

37 ᵒC 

15 days RT

Input 

Sludge

Output 

Sludge

Biogas Flow

values



Analytical protocols

1 L Biogas GC/IMS Silox
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Vortex

Orbital Shaking

Centrifuge

N2 reduction GC-MS

L3

L4

L5

D3

D4

D5

D6

500 ppb IS

10 mL Hex

10 mL Ace

20 mL

Sludge

Based on: Oshita et al. (2015); Energy Conversion and Management 96 (2015), 384-391

LODs (lower) = 0.001 - 1 ng/g (dw)

LODs = 0.03 (lower)  – 7.20 (upper) mg/m3

L2

L3

L4

L5

D3

D4

D5



Results

14



Sludge overview
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August 21 September 21

183 ± 135 

µg/L
INPUT

OUTPUT

227 ± 142 

µg/L

160 ± 173 

µg/L

71 ± 35 

µg/L

D5 is the predominant VMS



Biogas overview
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D5 is the predominant VMS



Biogas after treatment
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*Tech 3 solution engines 
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Mass balance of VMSs (e.g., August 2021)
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D3: 100%

D4: 100%

D5: 100%

D6: 100%

L3: 100%

L4: 100%

L5: 100%

D3: 84 ± 54%

D4: 43 ± 27%

D5: 67 ± 33%

D6: 68 ± 31%

L3: 88 ± 49%

L4: 50 ± 19%

L5: 59 ± 30%

D3: 1955 ± 3911%

D4: 51 ± 24%

D5: 32 ± 17%

D6: -

L3: 166 ± 98%

L4: 32 ± 18%

L5: 2.8 ± 2.3%

D3: 2480 ± 3656%

D4: 94 ± 49%

D5: 99 ± 47%

D6: 68 ± 31%

L3: 255 ± 125%

L4: 82 ± 35%

L5: 62 ± 32%

¾ plants

< LOD !Biogas

Output

sludge

Input

sludge

Anaerobic

digestor



Conclusions
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• No significant differences in VMSs content were found between the two

months assessed. However, differences among plants are noticed

• Regardless of matrix and plant, cyclic VMSs (especially D5) were

predominant

• Consistent mass balance results were obtained overall. WWTP-based

analysis should be conducted to study possible VMSs transformations

• Treatment of input sludge could be an alternative to reduce VMSs

concentrations in output sludge and biogas
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