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• Quantifying and managing pathogen risk - BvdA 
• Bolivar & VPS scheme - BvdA 
• Questions - BvdA 



INTRODUCTION 



Drivers for recycling 
• Drought 
• Depletion of traditional water sources 
• Potable water substitution 
• New supply: agriculture/ horticulture 
• Environmental: minimising N, SS, BOD discharge 
• Liveability – green spaces/ reducing heat load 
• Growing population 
 
Sources 
• Treated wastewater 
• Treated stormwater 
• Grey water 
• Blends of the above 

 
Recycled water 
• Water generated from sewage, greywater or stormwater 

systems and treated to a standard that is fit for purpose. 
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Introduction – drivers & sources 
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Introduction – SOI an indication of drought 



Introduction - recycled water uses 

• Household dual reticulation (toilet flushing, laundry) 
• Car washing 
• Road making & dust control 
• Street cleaning, fire fighting,  
• Non-interactive water features (2o contact fountains) 
• Commercial food crops 
• Non food crops (pasture, fodder) 
• Municipal irrigation (golf courses, school ovals, parks) 
• Indirect potable reuse 

– Groundwater recharge (e.g. City of Perth)  
– Stream replenishment (Hawkesbury-Nepean River, NSW) 



Introduction - SA Water recycled water schemes 

Wastewater as a source 
• 24 wastewater treatment plants - 16 recycled water schemes 
• All metropolitan plants have significant reuse 
• Bolivar is the largest scheme, Glenelg, Christies are significant 
Stormwater as a source 
• X3 stormwater schemes (AA, BI, LP) 
Managed aquifer recharge (ASR method) 
• X4 operational schemes involving MAR (AA, BI, LP, Aldinga) 
• Research at Bolivar ASR, Salisbury ASTR 
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Introduction - SA Water metropolitan schemes 
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E.g. Glenelg-Adelaide Recycled Water Scheme 
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E.g. Glenelg-Adelaide Recycled Water Scheme 
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Introduction - SA Water regional schemes 
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GUIDELINES FOR WATER 
RECYCLING 
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SA Guidelines (2012-2017) 
• Reflect AGWR (2006) Phase 1 

(risk based management approach) 
• Provide guidance for development of schemes 
• Not a code, but assist compliance with SA Public Health 

Act (2015) 
• Require supply and use approvals 
• Approvals require an assessment of health based 

targets &  a risk / recycled water management plan – 
RWMP (more on this later) 
 



-guidelines to manage risk 

• Public Health 
– Australian Guidelines for Water Recycling: 

Managing health and environmental risks (2006)  
Stormwater harvesting and reuse (2008) 
Managed aquifer recharge (2009) 
Augmentation of drinking water supplies (2008) 

– Australian Drinking Water Guidelines outline chemical thresholds 
– Australian Drinking Water Health Based Targets Manual (2015) 
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Australian Guidelines for Water Recycling 

https://www.environment.gov.au/water/publications/quality/water-recycling-guidelines-health-environmental-21.html
https://www.environment.gov.au/water/publications/quality/water-recycling-guidelines-stormwater-23.html
https://www.environment.gov.au/water/publications/quality/water-recycling-guidelines-mar-24.html
https://www.environment.gov.au/water/publications/quality/water-recycling-guidelines-augmentation-drinking-22.html


Wednesday, 9 March 2016 Page 15 

National Water Quality Management Strategy & Guidelines 



Principles of sustainable use 
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Australian Guidelines for Water Recycling 



Wednesday, 9 March 2016 Page 17 

Australian Guidelines for Water Recycling 



Guidelines outline a consistent risk management framework -
12 Elements – same applies to the ADWG 
Element 1: Commitment to responsible use and management of recycled water - 
Regulatory and formal requirements 

Element 2: Assessment of the recycled water system - intended uses and water quality 
Element 3: Preventive measures for recycled water management - CCP 
Element 4: Operational procedures and process control - Detection of process failures 
Element 5: Verification of recycled water quality and environmental performance – Water 
quality monitoring 
Element 6: Management of incidents and emergencies – Hazardous events and 
communication 
Element 7: Operator, contractor and end user awareness and training 
Element 8: Community involvement and awareness 
Element 9: Validation, research and development 
Element 10: Documentation and reporting 
Element 11: Evaluation and audit 
Element 12: Review and continual improvement 



RECYCLED WATER HAZARDS  

 

 

 



Recycled water hazards (i.e. water quality) 

Hazard Example 

1. Pathogens / microbiology Viruses (V), Protozoa (P), Bacteria (B), 
cyanobacteria 

2. Inorganic chemicals Metals - Lead, Copper, Arsenic 

3. Salinity & sodicity Salinity 

4. Nutrients Nitrogen, Phosphorous 

5. Organic chemicals Pesticides, herbicides 

6. Turbidity & particulates Suspended solids, algae 

Jan 2016 

Todays focus 



Storage – Hazards 

Hazard Example 

Lagoons 

Microbiology Algae, cyanobacteria, zooplankton 

Salinity Salinity 

Turbidity & particulates Suspended solids 

Managed aquifer recharge (MAR) - aquifer 

7. Radionuclides Alpha radiation 

8. Pressure, flow rates, volumes & levels  Waterlogging 

9. Contaminant migration in fractured rock & karstic High hydraulic conductivity 

10. Aquifer dissolution & aquitard & well stability Excess sand recovery 

11. Impacts on groundwater dependent ecosystems Levels outside historical range 

12. Greenhouse gases Excessive energy use 

Jan 2016 



HAZARDS - PATHOGENS 

 

 

 



Hazards of public health concern 

Pathogens  

• Human & animal faeces are the major sources 

• Abundant in sewage (and storm water?) 

• Disease can result from acute exposure to low 
doses 

• Enteric illnesses (gastroenteritis), respiratory 
diseases, fever, wound & eye infection, 
meningitis, etc 

• Disease severity (burden) can vary 
– Incorporated into risk management 
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PATHOGENS – HEALTH BASED 
TARGETS 



• Latest national guidelines 
– Consistent approach for risk 

management of reuse schemes 

– Move away from ‘too little, too 
late’ endpoint monitoring 

– Promotes QMRA 

– System analysis to identify 
hazards, barriers, exposure & 
vulnerabilities 

– Integration of best available 
science into water quality 
management 
 

 

 
 

 

Presenter
Presentation Notes
not like compliance monitoring which where you pick up a fault post event / once it has occurred

is proactive / forward thinking / 
-Identify different scenarios / consider worse case scenarios to help develop management protocols to deal risk > put barriers in place to prevent hazards from occurring. 




QMRA considers 

• Hazard Identification 
– Identification of source water (stormwater or sewage) 
– Identify major hazards 
– Pathogen source(s) and concentrations 

 

Pathogen in source 

Risk 



Exposure assessment 

• Identify barriers (CCP) that minimise exposure 

• Quantify pathogen fate/removal 

• Quantify exposure routes  
– Volume & frequency 

– Depends on end-use 

– Typically ingestion (consumer foods, irrigators, 
homes supplied with due-reticulation) 

• Estimate pathogen dose 
 

 

 

Pathogen in source 

Exposure route 

Water treatment 
plant 

Risk 



Dose-response 

• Relationship between pathogen dose & 
likelihood of illness  

• Identify the dose associated with infection 

• Obtained from investigations of outbreaks or 
from experimental human-feeding studies 
– Provided in the guidelines  

 

 

 

 

Pathogen in source 

Exposure route 

Water treatment 
plant 

Risk (P.inf) 

Dose Response 
 
 
 
 
 
  



Risk characterisation 

• Benchmark defines tolerable level risk 

• Traditionally Pinf <10-4  (US EPA/NL)  

• However disease severity (burden) can differ 
between pathogens 

• Disability Adjusted Life Years (DALY) 
incorporates severity of disease (morbidity + 
mortality) 

• Reuse benchmark = 10–6 DALYs per person per 
year (WHO/AUS) 

 

 
 

 

 

Pathogen in source 

Exposure route 

Water treatment 
plant 

Risk 

Dose Response 
 
 
 
 
 
  

Benchmark 



• Scenario analysis 
– Consider hazardous events  
– Identify vulnerabilities  
– Type, Frequency, Consequence 

 
• Bring best available science into management 

 
• Review and continual improvement  

 
 

Pathogen in source 

Exposure route 

Water treatment 
plant 

Risk 

Dose Response 
 
 
 
 
 
  

Benchmark 



Health Based Targets 
• Once we know the scenario we define level of 

treatment that is required  

• Called “Health Based Targets”  

• Performance ‘Goals’ that must be met to ensure 
that risk is not exceeded  

• Level of pathogen removal log removal value (LRV) 

• Depends on: 

• Source concentration 

• Exposure (↑exposure = ↑dose = ↑HBT) 

• Pathogen (burden) 

• Described in the guidelines 

 

 

 

 

 

Pathogen in source 

Exposure route 

Water treatment 
plant 

Benchmark 

Dose Response 
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• Examples of HBT 
 

• Determined by: 
 
– A) End-use. i.e. 

opportunity for 
exposure 

 
– B) Pathogen type 

(P,V,B) 
 

• Reuse scheme needs to 
meet these targets to 
ensure risk of disease is 
tolerable 
 



Identify preventative measures 

• Selection of barriers (CCP) needed to 
meet HBT 

• Achieved by 
– Treatment controls using technology and/or 

– Reduce exposure either by using preventive 
measures at the site of use (drip irrigation vs. 
spray) or by restricting uses (irrigation of 
cereal crops vs. raw vegetables) 

 

• Multiple barriers 



• Link operational 
parameters with LRV 
performance 
 

• Understand hazardous 
events 
 

• Barriers are covered in DHA 
supply and use approvals  
 



Validation – will it work? 
• Validation of treatment barriers to ensure HBT can be achieved 

– Measure LRV of each barrier 

– Multiple measurements (performance variability) 

– Credit based on 5th percentile value (conservative) 

– In consultation with DHA 

 

 

 10,000 per L 
 (4 log10) 

1,000 per L 
(3 log10) 

= 90% removal 
(LRV = 1) 

Treatment 
barrier 



PATHOGENS – BOLIVAR & VPS 



HBT for Protozoa 
= LRV of 5.0  

Source Commercial 
food crops 

Example: HBT for Protozoa at Bolivar WWTP 
 

0.0 1.0 2.0 2.0 

http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCKuX3cDNm8kCFQGepgodzYMF5A&url=http://www.yorkcivil.com.au/project/page/15/&bvm=bv.107763241,d.dGY&psig=AFQjCNFRUl8dxhsfkNJlxyr5sk4R6ELsZA&ust=1447992195423686


Bolivar & VPS 
 • DHA supply approval & Risk Management Plan (RWMP) 

– Details barriers and acceptable operating limits 

– Incident criteria 

– Target criteria – performance goals to provide early warning that the critical 
limit is being approached 

– Critical limits – distinguishes acceptable from unacceptable performance (HE) 

– Barriers: 1) Trade waste management, 2) primary & secondary treatment, 3) 
lagoons, 4) DAFF coagulation/filtration, 5) chlorine disinfection, 6) user controls 



Summary 
• We need to manage risk of reclaimed water given hazards and 

opportunity for exposure 
• Move from compliance monitoring to system analysis based on risk 

assessment  
• Emphasis of “knowing your system” so risks can be better managed 

– Identify hazards and hazardous event 
– Exposure assessment 
– Define HBT required to deliver safe reclaimed water 
– Identify CCP needed to achieve HBT (treatment or onsite control) 
– Validate CCP to show they can achieve LRV (HBT) 
– For CCP, identify key monitoring parameters that distinguishes acceptable 

from unacceptable performance  
• Use above info to guide risk management plans 

– Based on 12 Elements 
 
 

 9/03/2016 Page 40 



Question slides 
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Health-based targets continued... 
• Different health-base targets for different pathogens 

– Some are more infectious than others and severity of illness (disease burden) will differ 

• Impractical to set human health-based targets for all pathogens 
– Information such as concentration, dose response, disease burden not available for all 

pathogens in sewage 

• Therefore the guidelines use Reference or Index pathogens 
– Campylobacter for bacteria 
– rotavirus and adenovirus for viruses 
– Cryptosporidium for protozoa 

• Why? 
– Represent 3 key pathogen groups (bacteria, virus and protozoa) 
– All associated with faecal contamination  
– Good Dose Response data available 
– Reasonably infective 
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Health based targets 

• Benchmark to ensure risk to humans is acceptable or 
tolerable risk 

• Microbial risk 
– DALY 

• Chemical risk, Australian Drinking Water Guidelines (NHMRC–
NRMMC 2004) 
– Threshold highest dose that causes no adverse effects (NOEL) 
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