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Water Lead/LSLs Correlated to Blood Lead: Europe

* Lead in water > 5 ppb significantly Increased blood lead
{p > 0.001) in young women, and intervention excluding
tap water a few months dropped blood lead 37%
{Fertmann et al,, 2004}

+ Children in France {6 months-6 years) had 50% higher
blood lead if they consumed tap water and had an LSL,
and the 95%'ile blood lead level for this group was
increased by 256% (Etchevers et al.,, 2014}

Presentation Outline

Background

Corrosion chemistry in drinking water
Corrosion control methods

* Bench-top corrosion research tools
Long-Term LCR Revisions and impacts
* Take home messages
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Historical Corrosion Management

* Iron corrosion
— Prevent Tuberculation
= Prevent pipe loss
— Preventred water

* Controlled by
— Ferric oxides & calcium carbanate films at pH >8
- Polyphosphate addition -NOT orthophosphate

Daily Lead Intake: Water vs Other Sources

Estimated daily lead intake fora in ﬁ
Ottawa from environniental sovrces (pgfday)

Dirinking waler normally ks not 8 major source of lead exposwura. N can be a significanl
soulcs Ll The corittion of sad service ine with no corresion control.

Historical Corrosion Management

Copper corrosion

= Prevent pitting corrosion
- Prevent uniform {general) corrosion
Controlled by

= Prevent microbiological growth
= Maintaining low DIC/high pH

= Allowing time for films to form

= Orthophaosphate — ongoing treatment but must be
maintained




Lead Sources from Water Service Connections

Typical Water Service Line

Lead in Drinking Water

Abrasion

Physical disturbances
= Meter Installation/replacement or damaged
= Service line repair or partial replacement
- External shut-off valve repair/replacement
= Street excavation or construction near the house
= Any part of home plumbing system disturbance
Hydraulic factors
= Significant flow changes
= Flow raversals
= Pressure transients

Corrosion Basics

Corrosion in drinking water: An electrochemical interaction
between meta! surface and water, resulting in metal release
Into water

= Reduction { Cathode: 2e+ 1/20, + H,0 = 204
= Oxidation @ Anode: Me = 22 + Mel*

* Types of corrosion

= General or uniform
= Non-uniform: galvanic, pitting, microbial

* Complexprocesses

= Pipe material and plumbing practice
= Water quality factors {pH, DIC, ORP, PO,*, CV'and 5O, ...}
= Hydraulic conditions

Water with Dissolved Lead and Lead Particulate
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Lead Eh-pH Diagram in Water

{DIC=18 mg/L & Pb=0.010 mg/L}
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Impact of pH and DIC on Pb and Cu Orthophosphate Application

= Higher pH better for
both

= Optimal DIC for Pb
depends on pH

+ Lower DIC better for Cu
atall pH > ~7.2 and for

Pb at pH>~8.2
How to Minimize Corrosion Effect of CSMR
= pH/alkalinity/DIC —_ c
- High pHand low DIC ol praed
* Higher chloride-to-sulfate mass ratio
* Orthophosphate (PO,) CSMR) tend
— BestatpH7.2t078 { ) tends to increase lead
— lssues: microbial? wastewater P? telease under the conditions of s
H § Duapiond
+ Form insoluble Pb{1V) scale gatiarfeonnsion
— High oxidotion state, e.g., via maintenance of free chlorine = el
CI/S;:‘;L':: o ;
* atio Lo Aot
= Higher chloride-to-suifate mass ratio (CSMR) tends to increase L L LG AR CD
lead telease under the conditions of galvanic carrosion reported. Significant lead leaching
= CS5MR<05 may occur when CSMR > 0.5 -
Lorand
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pH Adjustment Bench Scale Research Tools
Pb and Cu release generally d " L - ‘
with pH increase from solubility point i ! Two Types of caupons can be used
of view under most conditions. Raise f = Nan-gahvanic solder (NGS) coupon - 50:50
pH in 0 3 unitincrements towards 9-9.5 Pb:Sn sakdar. 17 f1/8" (L/D), epoxied to the
is recommended by EPA as a Pb control | bottom of a 120 mL glass jar
strategy if current pH is >7.8 and DIC =5 3
mg C/L 3 i |
! # = Galanic solder (GS) coupon -50:50 Pb:Sn
pH adjustment may not always work 1) salder placed inside copper coupling (right
when picture)
= pHdnnl I'::': :'r:nu‘hllthm“mun;?!- + 58:50 Ph 5o solder - 17/1/2" (L/D)
an L ing {wat A - - o -
nﬂﬂl[::atior:.mgnnu::n.:rc in lln::1 1 i Co coupling~1.7°/5/8 (/)
= Dissimilar material on pipe surface or URERet L)
cther corrosion mechanisms mg 0K




pH Effect on Pb Release

{Average lzad levels over 2 meath ghudy]
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Long-Term LCR

* Long-Term LCR [LT-LCR)
= Scheduled to be proposed by USEPA sometime in 2043 3044
W6 20177

~ Likely promulgated two years later

- Mayinclude
* Revigians to sampling
* New ot e-smphasized OCCT
+ PLSLR and other LSL issues
* ALY

CSMR and pH Effect on Pb Release

[Average lead ievels over 2 month study}

LTLCR — Patential Impact of Revisions

= Some sy Iy in compliance need to
Re-assess current GCCT
Changa OCCT

* Change LSL replacement activitles
= Repeat OCCT studies (pipe loops)
* Separate Cuand Pb
¢ Only or Mare L50s as Tier 1 sites
¢ Change sampling protocel
*  Lower Al
+ More WQP

— Mors sitax

~ Higher frequancy

= Usa control charts
* Public Education

Lead and Copper Rule (LCR}

* Promulgated 1991
« Sample “first flush” in selected homes with great likelihood of
high Pb levels {tSLs or Ph solder)
= Number of locations depends on system size
* Action Level (AL)
- 0.015 mg/L for Pb, 1.3 mg/L for Cu
Exceedance of is NOT an MCL viclation, but can trigger other
actions {11}
* Optimized Corrosion Controd Trestmant (QCCT}
= Water quality paramater [WQP) monitaring
* public education, and
+ lead service fine replacement [LSLR)

2000 & 2007

= Minor revisi

3= rule f ik basically unchanged

90" Percentile Lead Levels; All vs LSL Only

Comparison of 90™ parcanille
afl locations {including LSL) vs. LSL only
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9= percantiie Pb [mgA)




Balancing Multiple Regulations: DBP Example
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g L o
. rangs for
(pHTZ-?‘u)‘- ] AbalnitypH
K‘““m&l
(pH > 0

Histoncal Won comosion corerel - =3 [ m
m €=t : —>

70 L] 20

HAA formation increasas. THM lormation increasas

@ oz

LCR-Year Monitoring Case Study

Develop strategy to improve site representativeness and
sample integrity — Noise Reduction

Establish team involving all key departments
Historical data review

Identify factors that may inadvertently alter sample
representativeness — Fafse Signal

+ {rregular/abnormal distribution and/or residential
disturbances

+ Customer perfarms the sampling

Take Home Messages

Personal involvement from top management
= A WQteam from across the company
A WQ surveillance team with interna! and external customers

+ Be proactive: 5Cs (character, comprehensiveness,
communication, commitment, and creativity)

Define WQ signal from noise

* Review historical data to calculate 0% percentile using onky
LSt locations

Profile (ten 1L samples) at selected homes
Investigate high velocity flushing after LSL replacement
If close to AL or ~8 ppb, ook at Pb control alternatives (P04}
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LCR-Year Monitoring Case Study

3C's Required For Success:
[ icatlon + Commi + Collaboration
Quarter _I_.p'l"h_s_ls_s :
a # Fosm tasm with wupport fn ve leadership
- bllgh ications with team bers & state regul
& Initiate surveying of LCA sample tites
az » Collect fleld & residential information to finsllze samphe Nt

# Verbal & written communications with ctistomens
# Upload all LCA samphe sites into GolSync mapping taol fof flekt users
 Begin tample collection: tocrdinate detivery & plck-ups of ssmples
m # Continue sample coll through Seplemt

r Lab ¥ analysis and reporting

# Customer result notifications

Q4 |~ Calculate 907 parcentites, finakze #l reporting

Take Home Message

* Three levels of WQ issues {Result-code)
System-wide treatment plant related (water source or and/or
source W0 changes, trestmant changes/loss of treatment control,
unstable water leaving tha plant{s}
Area-wide/Zip tode: distribution tanks/reservoirs, major water-
main breaks, downitream low dermand, nitrification, ste.
Individual customers: low water use homas may perpstually have
high lead; ion can aifect o ive stales within LSLs; LSL
disturbances happen daily

= Distribution water quality management
Customnars drink tap water not finished wiater [n claar walls
Water quality can change as it travel from the plant to customar
taps: pH drop, nitrification, bic-chamicsl actions
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Sample Sites Selection

Spatial representation of wids DS
Field verification of L5L

Identify significant DS Impacts In 2014 1SL ampling
pronimity of sample site withina 3 ditribution o
month perlod prior to collection o
—
Gather residential information: T
shut offs, water usage, tontact a—
information et
vy
Cust icath verbal b
commitment to participate, detalls iy
about residence, schedule sample
eollection

Offer $20 hilling credit as incentive

Customer Incentives Sponsored by Water System
(credit card, credit on water blll, other incentive)

Snons 2§10 =520 ® 525 W S50 = §100
$100 .1
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