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8/8/2018

3

OUR EPA PROJECT GOAL

TO BETTER UNDERSTAND AND PREDICT WATER 
QUALITY AND HEALTH RISKS POSED BY DECLINING 
WATER USAGE AND LOW FLOWS, 2017-2020

?

OUR EPA PROJECT OBJECTIVES
1. IMPROVE THE PUBLIC’S UNDERSTANDING OF DECREASED 

FLOW AND ESTABLISH A RANGE OF THEORETICAL PREMISE 
PLUMBING FLOW DEMANDS FROM THE SCIENTIFIC 
LITERATURE AND EXPERT ELICITATION WITH OUR STRATEGIC 
PARTNERS

2. ELUCIDATE THE FACTORS AND THEIR INTERACTIONS THAT 
AFFECT DRINKING WATER QUALITY THROUGH FATE AND 
TRANSPORT SIMULATION MODELS FOR RESIDENTIAL AND 
COMMERCIAL BUILDINGS

3. CREATE A RISK-BASED DECISION SUPPORT TOOL TO HELP 
GUIDE DECISION MAKERS THROUGH THE IDENTIFICATION OF 
PREMISE PLUMBING CHARACTERISTICS, OPERATIONS AND 
MAINTENANCE PRACTICES THAT MINIMIZE HEALTH RISKS TO 
BUILDING INHABITANTS.
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Obj. 2A: FIELD MEASUREMENTS Obj. 1: LITERATURE, 
PARTNERS, WORKSHOP

Obj. 2B SIMULATIONS – DIFFERENT WATER DEMAND, WATER 
QUALITY, HYDRAULIC PRESSURES 

Obj. 3A: RISK ASSESSMENT 
MODELS

What are the human health 
risk associated with the 

measured and predicted 
contaminant concentrations?

Which factors (inputs) 
significantly influence water 

quality?
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SURVEY RESULTS

• WATER CONSERVATION ISSUES

1. PATHOGEN GROWTH

2. SOURCE WATER QUALITY

3. METAL LEACHING

4. TASTE/ODOR

• HIGH PARTICIPANT CONFIDENCE

• WATER USAGE WILL CONTINUE TO DECLINE (56%)

• AWWA IS THE MOST RELIABLE SOURCE OF USAGE INFORMATION (42%)

• RESIDENTIAL END-USE RATES FROM REU2016 ARE ACCURATE (32%)

• LOW PARTICIPANT CONFIDENCE

• COMMERCIAL/INSTITUTIONAL USAGE RATES (WRF) ARE ACCURATE (8%)

• WHEN ASKED TO QUANTIFY RECIRCULATION RATES IN BUILDINGS (8%)

0%

5%

10%

15%
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35%

Single Family Multi-Family Commercial/Institutional

Survey Cohort Confidence in Water Usage 
Estimates

2014: Renovation of single-family 
building, new PEX plumbing installed, 
city water use only

2015: PEX plumbing removed, new 
PEX plumbing installed, city and 
rainwater use

• J. AWWA, J. HAZMAT: Plumbing pipes 
analyzed, funded by NSF 

• Chemosphere: Monitored flow and 
water quality during inhabitance 
(flow, chemistry, microbiology) , 
funded by NSF 

• Ongoing: Integrative hydraulic-water 
quality models, EPA funded

http://www.ReNEWWhouse.com

Retrofitted Net-Zero Energy, Water and Waste

City water: Groundwater, treated with KMnO4, free chlorine residual, PVC and Iron water mains
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Goal: To better understand link between water use & drinking water 
quality.

1. Water quality inside the building influenced by chemical leached by PEX 
pipes. 

2. Fixture usage pattern & water temperature influence organic & bacteria 
levels in water.

3. Less frequent used fixtures have lower water quality.

During the 4 month building startup 
…. 

How does cold and hot water 
quality change?

Water 
Softener

Water
Heater

Basement

Kitchen 
Sink

Bath
Sink

TOC
TOC

TOC Pb
Cu

Zn

TOC
TOC

TOC TOC

TOC

TOC

Pb
Cu

Zn

Pb

Cu

Water 
Quality?

Water 
Quality?

Monitoring
After softener
Basement (cold/hot)
Kitchen sink (cold/hot)
Bathroom sink (cold/hot)

Online flow
Online fixture temp
Grab water sampling
• Day 3, 15, 30, 60 & 90
• Onsite: pH, chlorine residual, 

temp
• Lab: TOC, total metals, HPC, 

gene copies

Salehi et al. (2018). Chemosphere.
https://doi.org/10.1016/j.chemosphere.2017.11.070
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Water Usage Analysis

Elapsed 
Time 

Since Last 
Event

Event Duration

Time (s)

Water 
Flow 
(GPS)

Parameter
Total Volume

Used 

(m3)

Number of

Events

Average

Elapsed Time

(hr)

Maximum

Elapsed Time

(hr)
Fixture

Service Line 5.2 3535 0.1 72

Basement-Cold 0.4 60 0.5 72

Basement-Hot 0.04 21 0.7 72

1st Floor-Cold 0.3 619 0.6 72

1st Floor-Hot 0.2 389 0.9 72

2nd Floor-Cold 0.1 145 2.0 72

2nd Floor-Hot 1.0 825 0.5 72

Water Usage Patterns for a Few Fixtures Monitored in December 2015
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Least 
Frequent 

Used Fixture

Greatest 
HPC

Greatest 
Gene 

Copies

Greatest Fe, 
Zn and Pb 

Levels

Greatest 
TOC

Least 
Disinfectant 

Residual 

During the 4 month startup, bacteria levels increased with time and 
bacteria were more numerous in hot water vs. cold water

Salehi et al. (2018). Chemosphere.
https://doi.org/10.1016/j.chemosphere.2017.11.070

Basement: Pb AL exceeded
Basement: Zn SMCL exceeded

All locations: Odor SMCL exceeded

MEASUREMENTS

MICROBIOLOGY
• LEGIONELLA SPP. -LEG23S RRNA

• L. PNEUMOPHILA

• P. AERUGINOSA 

• MYCOBACTERIUM SPP. 

• - 23S RRNA AND ITS REGION

• E. COLI

• TOTAL COLIFORMS

• HPC

CHEMISTRY
• TEMPERATURE

• PH

• DISINFECTANT RESIDUAL

• DO

• METALS

• TOC/DOC

• AOC

• ALKALINITY

• IONS

• TTHMS

Online – Physical

(All fixtures every 1 s)
• Pressure (service line)

• Fixture temperature

• Indoor air temperature

• Flow rate

• # of events

• Event duration

And more…
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PRELIMINARY RESULTS - RENEWW HOME 
TESTING

• 3 SAMPLE PERIODS

• AUGUST 2017 ON RAINWATER

• OCTOBER 2017 AND JAN. - FEB. 2018 ON MUNICIPAL WATER

• EVERY OTHER DAY FOR ONE WEEK IN OCT. & JAN-FEB

• ABOUT 2,000 ANALYSES HANDLED 

• GRAB WATER SAMPLES

1. CITY WATER SERVICE LINE (BEFORE WATER SOFTENER)

2. 1ST FLOOR – KITCHEN SINK (COLD/HOT)

3. 2ND FLOOR – BATH SINK COLD (COLD/HOT)

4. BASEMENT – WATER HEATER TANK

5. 2ND FLOOR – SHOWER STANDPIPE

FIELD AND TRIP BLANKS USED FOR CONTROLS

• NO AERATORS REMOVED, REAL FIXTURE USE

WATER USAGE ?
• WHAT TIME PERIOD BEFORE SAMPLING SHOULD BE CONSIDERED?

• 1 WEEK, 2 WEEKS, 30 DAYS, 60 DAYS

• WHAT METRICS SHOULD BE CONSIDERED TO DEFINE USAGE?

• NUMBER OF EVENTS 

• TOTAL VOLUME PER FIXTURE

• AVERAGE OR MAXIMUM FLOW RATE PER FIXTURE

• AVERAGE OR MAXIMUM ELAPSED TIME BETWEEN EVENTS (~STAGNATION)
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CORRELATION ANALYSIS
• CORRELATION BETWEEN WATER USAGE PARAMETERS AND PATHOGEN WAS CONDUCTED AT:

• CITY WATER MAIN /SERVICE LINE WAS EXCLUDED 

• LEGIONELLA AND MYCOBACTERIUM SPP. WERE DETECTED BY QPCR ONLY DURING THE JAN./FEB. 

2018 SAMPLING PERIOD

• CHEMICAL DATA AND HPCS WERE NOT COLLECTED DURING THE AUGUST 2017 SAMPLING 

PERIOD SO ONLY TWO TIME POINTS ARE CURRENTLY AVAILABLE

Water Heater tank
1st floor kitchen sink - cold
1st floor kitchen sink - hot
2nd floor bath sink - cold
2nd floor bath sink - hot
2nd floor shower head

RESULTS

2ND FLOOR BATH SINK COLD

pH 1.00
Temp (C) -0.73 1.00
DO (mg/L) 0.98 -0.86 1.00
Total Cl (mg/L) 0.47 -0.94 0.64 1.00
Mean AOC (ug/L) -0.36 0.90 -0.54 -0.99 1.00
HPC (CFU/100 mL) -0.77 1.00 -0.88 -0.93 0.87 1.00
Leg23s rRNA  0.94 -0.45 0.85 0.13 -0.01 -0.49 1.00
23s rRNA and ITS region 0.94 -0.45 0.85 0.13 -0.01 -0.49 1.00 1.00
nEvents (>1 sec) -0.61 0.99 -0.76 -0.99 0.96 0.98 -0.30 -0.30 1.00
fixVol -0.59 0.98 -0.74 -0.99 0.97 0.97 -0.27 -0.27 1.00 1.00
timeSinceLast 0.85 -0.98 0.94 0.86 -0.80 -0.99 0.61 0.61 -0.94 -0.93 1.00
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RESULTS

2ND FLOOR BATH SHOWER HEAD

pH 1.00
Temp (C) -0.97 1.00
DO (mg/L) 1.00 -0.98 1.00
Total Cl (mg/L) 0.15 0.09 0.13 1.00
Mean AOC (ug/L) 0.98 -0.92 0.98 0.32 1.00
HPC (CFU/100 mL) 0.98 -0.90 0.97 0.35 1.00 1.00
Leg23s rRNA  0.94 -0.84 0.94 0.46 0.99 0.99 1.00
23s rRNA and ITS region 0.90 -0.78 0.89 0.56 0.97 0.97 0.99 1.00
nEvents (>1 sec) -0.40 0.60 -0.42 0.85 -0.23 -0.20 -0.08 0.03 1.00
fixVol 0.08 0.15 0.06 1.00 0.26 0.29 0.41 0.50 0.88 1.00
timeSinceLast -1.00 0.98 -1.00 -0.13 -0.98 -0.98 -0.94 -0.90 0.41 -0.07 1.00
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GENERAL RESULTS FOR ALL FIXTURES

• LEGIONELLA PRESENCE IS STRONGLY POSITIVELY CORRELATED WITH 

MYCOBACTERIUM PRESENCE AT ALL FIXTURES

• THIS SUPPORTS LITERATURE INDICATING THESE PATHOGENS ARE LIKELY TO 
OCCUR TOGETHER

• LEGIONELLA/MYCOBACTERIUM PRESENCE ARE WEAKLY POSITIVELY
CORRELATED WITH THE NUMBER OF EVENTS AND THE FIXTURE VOLUME. 

• LEGIONELLA/MYCOBACTERIUM ARE WEAKLY NEGATIVELY CORRELATED 
WITH TIME SINCE LAST FIXTURE USE. 

• IMPLIES THAT PATHOGEN PREVALENCE INCREASES WITH MORE FREQUENT AND 
HIGHER VOLUME USAGE, AND DECREASES WITH LONGER STAGNATION TIMES
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COUNTERINTUITIVE 
RESULTS ?

• Effects of 
frequent/high volume 
use sloughing biofilm

• Stagnation period is 
almost always less 
than 30 minutes

• May see a stronger 
relationship develop if 
we had longer 
stagnation times

CONCLUSIONS AND FUTURE GOALS

• COMPLETE SAMPLING IN RENEWW HOME FOR STRONGER CORRELATION ANALYSIS

• BUILD AND CALIBRATE A HYDRAULIC WATER QUALITY MODEL FOR SIMULATION

• INVESTIGATE AT PILOT SCALE THE WATER USAGE AND PHYSICAL FACTORS CONTRIBUTING TO 

OUR OBSERVATIONS
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LOOKING AHEAD
EPA FUNDED PROJECT

SOME IDENTIFIED NEEDS

• INTEGRATION OF STANDARDS AND CODES

• INTEGRATED HYDRAULIC-WQ MODELS 

• WATER QUALITY IN COMMERCIAL BUILDINGS 
(DESIGNS DIFFER A LOT)

• ONLINE WATER QUALITY SENSORS

• ROLE OF PLASTICS AND SCALES ON INFLUENCING 
THE MICROBIOME AND WATER QUALITY 

• PLASTICS: NEW VS. AGED, ACROSS VS. WITHIN 
BRANDS

• PREDICTING PLUMBING SCALES 

• ROLE OF DIFFERENT COMPONENTS ON WATER 
QUALITY (TREATMENT, FILTERS, PIPE SURFACES, 
SCALES, HEATERS, AERATORS)

• Report: Identified data gaps in 
building types from stakeholders

• Field work
• ReNEWW single-family home

• LEED commercial buildings

• LEED school

• University buildings

• Bench- and pilot-scale studies
• Answer field generated questions

• Risk models for fixture use in 
standard residential building

QUANTITATIVE MICROBIAL RISK ASSESSMENT (QMRA) 
FRAMEWORK

1. HAZARD IDENTIFICATION

2. DOSE RESPONSE

3. EXPOSURE ASSESSMENT

4. RISK ASSESSMENT

5. RISK MANAGEMENT

30

http://qmrawiki.canr.msu.edu/index.php/Quantitative_Microbial_Risk_Assessment_(QMRA)_Wiki
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EXPOSURE PATHWAYS FOR 
PSEUDOMONAS AERUGINOSA IN THE 

RENEWW HOUSE

FACE WASHING: FAUCET 

CORNEA

Showering: Showerhead  Lungs

31

Pseudomonas
in the Water

Aerosolized 
Particles

Inhalation

Deposition 
in the 
Lungs

Infection

Pseudomonas
in the Water

Water Applied 
to Face

Corneal 
Exposure

Infection

PROJECT
SCHEDULE
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RIGHT SIZING TOMORROW'S WATER SYSTEMS FOR 
EFFICIENCY, SUSTAINABILITY, & PUBLIC HEALTH

www.PlumbingSafety.org
Andrew J. Whelton, awhelton@purdue.edu
Jade Mitchell, jade@msu.edu
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