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Hypothesis: Bacterial communities responsible for disease, the stabilization of organic matter, and generation of greenhouse gases in onsite sanitation systems change in response to time of use 
and modifications to how toilets are used.

Background1

Onsite sanitation systems used by 43% of global 
population:

Considers scientifically and culturally relevant 
modifications:

‣ Unhoused encampments (use of 0-2 mo.) ‣ Mixing of fecal waste (increased access to substrate)

‣ Refugee camps & disaster relief zones (use of 2-12 mo.) ‣ Urine diversion (reduced nutrient concentrations)

‣ Individual households (use of ≥12 mo.) ‣ Exclusion of toilet paper (lower C:N ratios) Samples from months: 4, 6, 10, 22, 26 → DNA extraction (Qiagen DNeasy PowerSoil kits) → 16S rRNA Sequencing (Mr DNA)
Data interpretation and bacterial categorization using NCBI5

Results

METHODS
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Simulated real-world onsite sanitation solutions1 Bench-scale anaerobic digesters1

Waste introduced 2x/wk:
‣ Dog feces
‣ Synthetic urine
‣ Commercial toilet 

paper
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Development of methane-producing archaea in UD
 

‣ UD may be suitable for beneficial biogas recovery
 

‣ UD could generate harmful greenhouse gases
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‣ Abundance of orders 
changed over time
 

‣ Total number of gene 
copies did not

Bacterial roles
Most abundant bacteria perform 
important roles in the process of 
anaerobic digestion:
 

‣ Metabolism & fermentation of organic 
materials
 

‣ Hydrolysis
organic polymers → sugars 
(monomers)
 

‣ Acidogenesis
monomers → volatile fatty acids 
(VFAs)
 

‣ Acetogenesis
VFAs → acetic acid, CO2, H2 

  

Other important functions:
 

‣ Oxidation of H2S (odorous gas)
 

‣ Transformation of pharmaceuticals, 
hormones, pesticides

Dynamics
‣ Burkholderiales decreased over time

associated with treatment-resistant 
pathogens6

  

‣ “Other” orders (diversity) higher in mixed 
tanks, confined to sludge in Static tank
dominant populations strengthened with 
time

 

‣ Pseudomonadales development No TP, 
Static
some species perform denitrification7
 

‣ Development of Bacillales in mixed 
systems
organics degradation, BOD reduction8
  

‣ Eubacteriales consistent presence in all 
samples
associated with anaerobic digestion 
process9
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Chemical characteristics1

‣ O2 depletion ⇢ gradual Burkholderiales reduction2
 

‣ Pseudomonas impacted by phosphorus (competition) pH
levels (inhibition) which differ in Mixed, Static & NO TP tanks3

 
‣ Bacillales may be impacted by breakdown of N-containing

compounds in mixed systems (with urine)4

‣ Future work will determine additional factors affecting diversity observed under different conditions
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The opinions contained herein are those of the author(s) and do not reflect those of NOWRA.

CONCLUSIONS

Fecal waste introduced differently to onsite sanitation systems 

results in varied composition of microbial community, which in 

turn impact their function (organics degradation, pathogen 

accumulation, biogas production).
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