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General occupation? 

A. Student
B. Public Health Professional
C. Consultant
D. Health Care Professional
E. Researcher
F. Environmental Protection
G. Academic
H. None of the above



I am aware of drinking water lead 
contamination risks:

A. As part of my job training/experience
B. As a tenant/homeowner aware of plumbing 

materials
C. As a water consumer/parent with personal 

experience
D. As a water consumer/parent reading news about 

other communities
E. No, I am not particularly aware/familiar
F. Other



Lead
 Naturally occuring element

 Toxic to humans and animals

 Used extensively in the USA prior to various regulations 
outlawing its use

• Phase out of leaded gasoline began in 1970

• Ban on lead in residential paint in 1978

• Ban on lead in plumbing in 1986

• Ban of lead solder in food cans 1995
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Presenter
Presentation Notes
Triantafyllidou et al, NEHA 2018, Anaheim California
This presentation focuses on lead in water because there has been increased public sensitivity and awareness after 



Lead In the News



Deceptively Simple Citizen Question…

Am I being exposed to lead in my drinking 
water?

Presenter
Presentation Notes
With Pb in the news it brings consumers to ask a very simple question
Drinking water is a product intended for human consumption. And that we are all consumers, regardless of other environmental/occupational exposures which tend to be more isolated to certain groups depending on their activities (e.g., some children might chew a peeling lead paint chip once in a while if at that prone age group, but almost all will drink or consume formula/foods cooked/made in water).
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Is lead present at the point of consumption?

Water leaves the 
treatment plant with 

no Pb

However, the water must travel through the distribution 
system and premise plumbing before making it to a 

kitchen tap

Water Treatment Plant

Presenter
Presentation Notes
So where does this Pb come from? 



Ban on Lead Plumbing

Reduction of Lead in Drinking Water Act (RLDWA)/Use of 
Lead Free Pipes, Fittings, Fixtures, Solder, and Flux for 
Drinking Water

 The Act prohibits the “use of any pipe, any pipe or 
plumbing fitting or fixture, any solder, or any flux, after 
June 1986, in the installation or repair of (i) any public 
water system; or (ii) any plumbing in a residential or 
non-residential facility providing water for human 
consumption, that is not lead free.”



However, “lead free” has had various definitions

 1986: defined as solder and flux with no more than 0.2% lead and 
pipes with no more than 8%

 2011: defined as an average lead content of 0.25% across the wetted 
surfaces of plumbing products (ie. Pipes, fittings and fixtures), but did 
not require product testing or third-party verification.

 2020: defined as a weighted average of 0.25% lead calculated across 
the wetted surfaces of a pipe, pipe fitting, plumbing fitting, and 
fixture and 0.2% lead for solder and flux. Manufacturers and importers 
must certify that their products meet this requirement through third-
party verification. 



Taken from: https://www.epa.gov/ground-
water-and-drinking-water/infographic-lead-
drinking-water

https://www.epa.gov/ground-water-and-drinking-water/infographic-lead-drinking-water


Approximately how many lead service 
lines are left in the United States?

A.<300,000
B.300,000-1 million
C.3-5 million
D.6-10 million



Leaded Plumbing Today
An estimated 6.1-10 million LSLs remain in the U.S.  

City Estimated Number of 
LSLs

Chicago, IL1 385,000

Detroit, MI2 80,000

Cincinnati, OH3 55,000

South Bend, IN4 24,000

St. Paul, MN5 14,000

Racine, WI6 11,000

2.63 million7 LSLs estimated in EPA Region 5
1920s: LSLs were being phased out in many cities

1938: the Lead Industries Association promoted leaded 
plumbing in Region 5 states and hosted classes to re-train 

plumbers to work with lead 8

In Region 5 LSLs were still being installed as late as 1986

1(Hawthorne & Matuszak, 2016) 2(Detroit Water and Sewerage Department, 2021) 3(City of Cincinnati, 2021) 4(Indiana Active CWS LSL Survey, 2018) 5(Benson, 2016) 6(Racine 
Water Utility, 2021) 7(Cornwell et al, 2016) 8(Rabin, 2008)



Buried by pyroclastic flows from Mt. Vesuvius in 79 AD

City of Herculaneum (Ercolano, Campania, Italy)



Sources of Pb in Drinking Water

Full 
Lead 
Service 
Line

Lead Gooseneck

Lead Lined 
Galvanized Iron

Triantafyllidou et al., 2021



Sources of Pb in Drinking Water

Lead Tin Solder

Brass 
Valves

Brass 
Water 
Meters

Faucet 
Components

Brass Shut Off 
Valves

Brass Shut Off 
Valves

Leaded 
“Creatures”

Presenter
Presentation Notes
Reasons used: malleable, easy to work, resistant to corrosion, longer lifetime



Some Pipe Scale Particles Have More Lead Than Pb in Paint, Soil, or Hazardous Waste

GOOD CORROSION CONTROL

Erosion of particles from pipe 
scales is inevitable.

Release of small particles can 
potentially result in greater 
relative exposure from drinking 
water than paint or soils0.5%

0.04%

Resource Conservation and Recovery Act (RCRA) deems a waste “hazardous” if it 
leaches ≥ 5 mg/L Pb (or 0.0005 wt %)

Presenter
Presentation Notes
Drinking through lead-painted straws
GTLO Pgh- Healthy communities: get the lead out May 10, 2018- Pittsburgh, Schock
PAINT PIGMENTS—THE NEXT TIME YOU GO SEE A DA VINCI PAINTING OR LOOK IN OR AT A 1940S-50S HOUSE, THESE ARE THE SAME MATERIALS THAT MAKE UP THE PAINT!!!

Play areas used by children under age 6- federal threshold for bare soil Pb contamination: 400 ug/g. (Toxic substances Control Act, 40 CFR 745.65c)
Definition of lead-based paint- 0.5% Pb



Lead sources are not uniformly distributed throughout a residence

Triantafyllidou et al., 2021



Risk defined by sources present and exposure

Water 
Main

COPPER OR PLASTIC LEAD

To House

Highest exposure risk-long run of LEAD

GALVANIZED IRON downstream of LEAD

LSL Risk = Pb Amount x Exposure Chance

Presenter
Presentation Notes
Largest source of lead to drinking water is a lead service line (LSL)
GTLO Pgh- Healthy communities: get the lead out May 10, 2018- Pittsburgh, Schock




There are a lot of variables when it comes 
to sampling drinking water for lead

• Sampling site?
• Number of sites?
• Number of samples per site?
• Sampling frequency?
• Sample volume?
• Stagnation time? 
• First draw or flush?
• Pre-flushing, aerator removal?
• Sampling flow rate?
• Sample hot or cold water?

Presenter
Presentation Notes
Each of these can change how the resulting Pb values should be interpreted. 



Unfortunately, Pb in drinking water can vary widely in space and time

Triantafyllidou et al., 2021



Sampling is a TOOLBOX with Many Purposes

 Regulatory/Compliance/Treatment Sampling
• Does the water meet regulatory standards for lead?

• How effective is the current corrosion control treatment for interior plumbing?

 Exposure Assessment Sampling
• What is the general public’s exposure to lead in water in this 

residence/neighborhood/town/distribution system?

 Diagnostic Sampling for Lead (or copper) Sources
• Where is the lead coming from?

• What type of lead is present (dissolved vs particulate)?

Presenter
Presentation Notes
Because of the variability more specific questions need to be asked, then a variety of protocols can be used to answer the various questions. 

AWWA ACE June 11, 2019- Schock



Once you define your question(s), you can 
choose from appropriate sampling options

No single universally applicable sampling approach for lead 
in drinking water exists

There are many protocols, but each has a specific use in 
answering one or more of those many questions

Presenter
Presentation Notes
GTLO Pgh- Healthy communities: get the lead out May 10, 2018- Pittsburgh, Schock




Deceptively Simple Citizen Question…

Q:  Am I being exposed to lead in my drinking 
water?

A (most of the time):  Here is a sample bottle and 
instructions for taking a sample with a protocol for 
community-based regulatory monitoring.

Presenter
Presentation Notes
While the regulatory sampling is likely the most well-known and used sampling protocol, hopefully by the end of the talk I will have convinced you that it doesn’t really provide useful information when considering safety and exposure. 
Or if the consumer does their own search for ways to sample for Pb in drinking water they can be met with a variety of commercial options from simple test strips for the presence/absence of Pb to collecting some volume of water and sending it away for lab analysis…….

GTLO Pgh- Healthy communities: get the lead out May 10, 2018- Pittsburgh, Schock




Regulatory/Compliance/Treatment Sampling

OBJECTIVE &
QUESTION(S)

- Collect first two liters

SAMPLE TYPE
EXAMPLES

PROTOCOL SUMMARY

Lead regulatory 
compliance in a certain 
jurisdiction: 

• Does the water meet 
the regulatory 
standard for Pb?

• How effective is the 
current corrosion 
control treatment 
for interior 
plumbing?

First Draw, US

- 90th percentile Pb < 15 µg/L

- Collect after overnight water 
stagnation (6+ hr)
- Collect first 1 L

Random Daytime (RDT), UK

- 95th percentile Pb < 10 µg/L

- Collect during random work 
hours (i.e., variable stagnation)
- Collect first 1 L

30 Min. Stagnation (30MS), Ontario 
Canada

- 90th percentile Pb <10 µg/L
- Stricter criterion of <5 µg/L 

considered

- Flush ≥ 5 min.
- 30 min. stagnation

Presenter
Presentation Notes
AWWA ACE June 14, 2018 Las Vegas, NV- Triantafyllidou

Hong Kong similar to the UK



Is the EPA’s 15 µg/L 90th percentile action 
level for lead in drinking water a health-
based value?

A.Yes
B.No
C.Unsure



Regulatory/Compliance/Treatment Sampling

OBJECTIVE &
QUESTION(S)

SAMPLE TYPE
EXAMPLES

PROTOCOL SUMMARY

Lead regulatory 
compliance in a certain 
jurisdiction: 

• Does the water meet 
the regulatory 
standard for Pb?

• How effective is the 
current corrosion 
control treatment 
for interior 
plumbing?

First Draw, US

- 90th percentile Pb < 15 µg/L

- Collect after overnight water 
stagnation (6+ hr)
- Collect first 1 L

Random Daytime (RDT), UK

- 95th percentile Pb < 10 µg/L

- Collect during random work 
hours (i.e., variable stagnation)
- Collect first 1 L

30 Min. Stagnation (30MS), Ontario 
Canada

- 90th percentile Pb <10 µg/L
- Stricter criterion of <5 µg/L 

considered

- Flush ≥ 5 min.
- 30 min. stagnation
- Collect first two liters

Maximum Contaminant Level Goal for Lead in Drinking Water is ZERO

Presenter
Presentation Notes
AWWA ACE June 14, 2018 Las Vegas, NV- Triantafyllidou

Hong Kong similar to the UK



Corrosion Control Assessment 

Lead and Copper Rule (LCR), 1991
LCR sampling pool consists of homes believed to contain major lead 
plumbing sources



Homeowners collect 1 L of water from kitchen tap after overnight 
water stagnation (6+ hr)



90th percentile lead results compared to Lead Action Level of 0.015 
mg/L



90th percentile action level is a trigger for corrosion control 
treatment rather than an exposure level



 Rule identifies system-wide problems rather than problems at 
individual buildings

LCR Sampling Pool

Pb > 15 ppb
Pb < 15 ppb

Pie chart idea from Y. Lambrinidou

Presenter
Presentation Notes
Triantafyllidou, NEHA 2018 Anaheim CA



Approximate 
2nd L

Approximate 
1st L

Triantafyllidou et al., 2021

Presenter
Presentation Notes
Illustrates why LCR regulatory sampling cannot be used for “exposure”. 1st L captures some Pb sources in the plumbing but if the home has a LSL it may not capture water that has sat in contact with the LSL due to plumbing configuration



Sample Volumes Represent Source Position in Plumbing

Triantafyllidou et al., 2021
cPVC: Chlorinated Polyvinylchloride Pb: Lead
GS: Galvanized Steel Cu-M: Copper Type M

Presenter
Presentation Notes
One of the most important bits of information to keep in mind: volume = position in plumbing. Depending on the volume you collect you are sampling from particular plumbing components. **This only considers the pipe itself not any additional flexible hose material etc… that may be associated with some types of faucets or PEX piping. 



Wide-mouth bottles 
preferable to allow higher 
flow rate more typical of 

“normal” use

vs

Narrow-mouth bottles



Diagnostic Sampling for Lead Sources

OBJECTIVE &
QUESTION(S)

SAMPLE TYPE
EXAMPLES

PROTOCOL 
SUMMARY

Lead plumbing sources 
determination:

• Where is the Pb coming 
from?

Profile (or sequential) - Defined stagnation time
- Collect 10 to 20 sequential samples of 

defined volume (125 mL, 250 mL, 500 
mL 1 L, etc.)

School guidance (3Ts), US - Overnight stagnation
- Step 1: Collect first 250 mL from all taps 

and fountains
- Step 2: Flush tap for 30 seconds and 

collect a second 250 mL sample

Lead type identification:

• What type of Pb is 
present (dissolved/ 
particulate)?

*Any sample collected can also 
be analyzed to determine 
dissolved vs particulate*

Particle stimulation Profile sampling repeated at increasingly 
higher water flow rate: low, medium, and 
high flow rate

- 5 min stagnation
- Collect first liter and maximum flow rate, 
open and close tap five times, fill rest of 
bottle at normal flow rate.
- Collect second liter at a normal flow rate
- Collect third liter the same way as the first

NOT a Health Based Value

*Prior to the 
2018 revision, 
20 ppb was the 
“action level”*

Presenter
Presentation Notes
AWWA ACE June 14, 2018 Las Vegas, NV- Triantafyllidou




Sampling for Lead Sources, where is the lead coming from?
Sequential Sampling (“Profiling”)

• Map interior plumbing and approximate exterior route to main in terms of lengths, ID and visible 
materials

• Allow water to sit motionless for 30 minutes to overnight

• Take successive samples of variable volumes,  as desired

• Can somewhat differentiate bubbler, faucet, valve, tubing, inside-wall plumbing by different sample 
volumes
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Sequential Profile Sampling

System 
ID

Corrosion 
control

treatment

LCR 
action 
level1

PO4
Residual 
(mg/L)2

Length of 
phosphate 
treatment1

Average first
liter lead 

(µg/L)

LSL average
maximum 

lead
(µg/L)

LSL
maximum 
lead (µg/L)

13-IL 40% ortho/ 
60% poly Met 0.51 

(0.48 - 0.55) 18 years 5
(n=57)

164

(n=57) 37 

22-WI 100 % ortho Met 0.50 - 0.55 21 years 7 
(n=4)

234

(n=4) 43 

20-WI 40% ortho/ 
60% poly Met 0.191 18 years 83

(n=5)
194,5

(n=5) 51

8-WI pH/alk Exceeded N/A N/A 7
(n=17)

265

(n=17) 61

From Tully et al. 2019 1 Around time of profile sample
2 Average value and range (within parentheses) 
are reported when available

3 One calculated first liter
4 Unknown LSL location (estimate)
5 Known LSL location 

Presenter
Presentation Notes
March 2019 small systems webinar- Tully 




LCR 1st Liter Sampling Usually Misses the LSL

Other pipe branches

First 1 L ends 
here

Presenter
Presentation Notes
GTLO Pgh- Healthy communities: get the lead out May 10, 2018- Pittsburgh, Schock




Volume of the sample matters: Faucet sampling can catch valves

Triantafyllidou et al., 2021

Many plumbing fixtures can be included in larger volume samples-
this can dilute the amount of Pb measured and muddle sources

Presenter
Presentation Notes
Remember 250 mL is roughly a small glass of water (8oz)



Assessing exposure is site-specific

Multiple houses, side-by-side with same plumbing configuration can all 
have very different Pb in water exposure risks, depending solely on 
amount and pattern of water usage. 



Presenter
Presentation Notes
GTLO Pgh- Healthy communities: get the lead out May 10, 2018- Pittsburgh, Schock




 Even in the exact same “residence” Pb in water varies depending on the 
amount of water used and the sampling method.

Lytle et al, 2021



Site-specific variables to extrapolate profiles to 
“exposure”

 When do you use your water each day?

 How many people, and of what ages, use the water?

 Which faucet or outlet is used EACH time, and by whom?

 Which activities are done, and in what order?

What is the water pathway through the plumbing, each time a faucet 
or appliance is turned on?

What kind of pipes are there, in what order are they arranged, how 
old and how long are they?

 How long did the water stand in which part(s) of the piping?

Presenter
Presentation Notes
However, can a single sample really capture all the variabilities that go into someone’s exposure to Pb through drinking water?

GTLO Pgh- Healthy communities: get the lead out May 10, 2018- Pittsburgh, Schock




Site-specific variables to extrapolate profiles to 
“exposure”

How much does the pattern of use vary from day to day, week to week?

 Does the background water chemistry change during the day?

 Are school or work-related activities the same or different from the 
prior day/week/month?

 Are there visitors that change the water use pattern?

Is work being done to the plumbing, to the water mains in the street, 
hydrant repairs, or other construction work that can physically disturb 
(vibration, air, flow direction) pipe scales?



Presenter
Presentation Notes
However, can a single sample really capture all the variabilities that go into someone’s exposure to Pb through drinking water?

GTLO Pgh- Healthy communities: get the lead out May 10, 2018- Pittsburgh, Schock




Exposure assessment

Environmental assessments of lead-exposed children by 
Health Departments:

 “Ad hoc” sampling protocol

 At the discretion of Health Department, since guidance 
does not exist

 Generally, a single sample method is used

Presenter
Presentation Notes
AWWA ACE June 14, 2018 Las Vegas, NV- Triantafyllidou
, 
if water is tested at all




Exposure Assessment Sampling

OBJECTIVE &
QUESTION(S)

SAMPLE TYPE
EXAMPLES

PROTOCOL
SUMMARY

Exposure Assessment:

• What is the public’s 
exposure to Pb in water in 
this town, neighborhood, 
or home?

Composite proportional:

- Automatic

- Device splits fixed proportion 
(e.g., 5%) of water from 
every draw intended for 
consumption

Composite proportional:

- Manual

- Collect cumulative water 
sample (typically no more 
than 3 L) over extended 
period of time (e.g., 1 week)

Presenter
Presentation Notes
AWWA ACE June 14, 2018 Las Vegas, NV- Triantafyllidou




Exposure Assessment Sampling: Single Site
Is my water safe to drink?

Side Stream Composite Sampler

• Automatically diverts fixed fraction of water to container

• Collect composite and analyze after known time

“Manual” Proportional Composite Sampling

• Customers take sample each time of water actually used for 
consumption

• Deposit in collection vessel

• Collect composite and analyze after known time

Integrated Composite Sampling Devices (slightly theoretical)

• Similar to existing faucet-mounted POU devices, but amount of Pb
accumulated is measured

• Collects proportion of all lead or copper consumed per unit time or 
volume used

Presenter
Presentation Notes
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Automatic vs Manual Composite Sampling

 Collects lead under normal use conditions, capturing a range of flow rates, 
stagnation times, flow durations, and temperatures

• Inconvenient and cumbersome to 
residents

Automatic Composite Sampling
• Device is affixed to the tap & 

consumer operated
• 5% of every draw meant for 

consumption is routed into holding 
tank

Triantafyllidou et al. 2021 reprint from van den Hoven, 1987

Deshommes et al, 2017



Manual Composite Sampling
• Of all water drawn for consumption the 

consumer pours a small volume into a 
collecting vessel

• Creates a composite sample over a day’s use, 
few days, week…

After a period of time the composite sample analyzed for lead  average lead concentration

Composite Sample 
Collecting Vessel

Tuesday 5:45pm- Glass of water

Tuesday 8:15am- Water for oatmeal

Tuesday 7:30am- Water for coffee

100 mL

Can provide a measuring vessel for 
the consumer to use or mark the 

collecting vessel with volume 
increments



Drawback

 Requires more cooperation of the public-
more intrusive and involved sampling 
method
• Integrated composite sampling devices (once 

developed) have the potential to alleviate much 
of the burden on the consumer

 Provides an indication of average lead for a 
household, individual exposures may vary

 A balance needs to be found between the logistics 
of data collection and the benefits/limitations of 
different sampling protocols



Food for Thought
 What about exposure of small children when visiting grandparents with lead pipes?

• Water usage may be low, hence, not as protective pipe scales

• They may not be concerned about their own Pb exposure

 What about buying foreclosed or unoccupied homes?

• Scales can deteriorate over extended periods of time

• Could happen in months to years, depending on pipe scale

• Typically no assessment of water risk when reoccupying a house

 Purchasing a regular market home?

• Lead pipes are often not disclosed

• Fix and flips

• Even if a lead service line has been “replaced”, need to clarify that the entire 
service line has been removed and not only partially replaced

Presenter
Presentation Notes
GTLO Pgh- Healthy communities: get the lead out May 10, 2018- Pittsburgh, Schock




Choosing the correct protocol for the question 
being asked is extremely important

 Protocol Considerations:

• Sample volume

• Number of samples per site

• Number of sites

• Stagnation time 

• First draw, flush, 
sequential..

• Site choice

• Frequency of sampling

 Sampling Variabilities:

• Flow rate

• Water temperature

• Time of year

• Pre-flushing

• Aerator removal

• Particulate release

• Stagnation time differences

Risk = Hazard x Exposure

*Reminder: LCR sampling does not assess exposure*



Going back to that Deceptively Simple 
Citizen Question…

Q:  Am I being exposed to lead in my drinking water?

A:  In short there’s no simple answer. Instead let’s take 
meaningful samples, identify sources, and provide data 
that can be used to evaluate the risk of lead exposure 
from drinking water. 



Conclusions

 Lead in water can be highly variable (spatially and temporally)

 Sampling is EVERYTHING in figuring out if there is a lead problem

 Choosing the appropriate protocol for the sampling intent is crucial 
to producing meaningful data (and being able to interpret that 
data)

 Different sampling protocols may yield different lead 
concentrations and sample different sources/forms of lead

 The efficacy of a given protocol in capturing water lead risks varies 
from building to building due to plumbing differences and other site 
variabilities

 House configuration and family demographics create widely 
different lead risks from water



Conclusions

 No regulatory compliance sampling gives information for risk 
assessment or exposure at the dwelling

 Many health department lead contamination assessment forms 
nationally don’t even have a checkbox for lead from water

 Understanding differences in sampling protocols is important when 
attempting to compare lead results from different studies

 The cost, logistics, timeliness, and consumer participation are all 
practical considerations that need to be made when conducting a 
sampling event, however, so is the protocol used to collect the 
sample



Questions?

Jennifer Tully

tully.jennifer@epa.gov

Notice 
This document has been reviewed by the U.S. Environmental Protection Agency, Office of 
Research and Development, and approved for publication. The views expressed in this 
presentation are those of the author(s) and do not necessarily represent the views or policies of 
the US EPA. Any mention of trade names or commercial products does not constitute EPA 
endorsement or recommendation for use.
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