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Background: lead
in drinking water

Adverse Health Effects
of Lead Exposure

<— Death

<— Encephalopathy
<+— Nephropathy
<*+— Frank Anemia

<+— Colic

Lead in drinking water
IS correlated with lead
in blood’

<+— Decreased hemoglobin synthesis

<— |ncreased vitamin D metabolism
Increased risk of hypertension in adulthood

<— |ncreased nerve conduction velocity

Elevated blood lead is
strongly linked with
cognitive deficits in
children?

<— Increased level of erythrocyte protoporphyrin
<+— Decreased vitamin D metabolism
<— Decreased calcium homeostasis

<— Developmental toxicity
Delayed puberty
Decreased growth & hearing

<— Developmental toxicity
Decreased IQ levels & academic abilities
Attention-related behaviors
Anti-social behaviors

Figure source: http.//www.ehatlas.ca/lead/human-impact/health-concerns; adapted form Bellinger and Bellinger (2006)
(1) e.g., Edwards et al., 2009 (2) e.g., Evens et al. 2015
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Background: sources of

Recent study lead in drinking water
estimated 5.5 —

7.1 million lead
service pipes
remain in U.S.’

property line

Leaded solder and
brass in premises
plumbing also

public water
service pipe service pipe

private water

represent
important sources p bl.
e I e eI

(1) Cornwell et al. J. Am. Water Works Assoc. 2016, 108 (4), E182-E191.



Background: sources of lead in drinking
water

In water systems
where Pb (ll) minerals -~ b Eoomer | T,
predominate, thelead 3 ||| i 2
service line (LSL) is T : ! 2
. ] 2 15+ 30 g.
often associated with 3 _| I 1 O
. ° I ] I 8
peak lead levels in = o 12
profile sampling
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Figure source: Trueman et al. Environ. Sci. Technol. 2016, 50, 7389-7396.



Full LSL

80+
-_ Profile litre
replacement Lo e
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Figure source: Trueman et al. Environ. Sci. Technol. 2016, 50, 7389-7396.



Standing Flushed

Partial LSL o ————————————
replacement | e e :
Associated with - l . |* Bir
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standing samples (3 "
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’ G Trueman et al. Environ. Sci. Technol.
2016, 50, 7389-7396.



Partial LSL
replacement

6 mo. post-
replacement, 27% of
1st draw lead levels
were > 15 ug L7,
compared with 13%
pre-replacement

Total lead (ug L")
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Before NN |

d eEES—————— E § N

1 mo.
" i Observations > 15 ug L™

3 mo. R [ Before
L Full LSLR

6 mo M Partial LSLR
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\ @ Trueman et al. Environ. Sci. Technol.
2016, 50, 7389-7396.



Unlined cast iron Lead-iron

distribution mains interactions in water
common in many water systems
systems’

Presence of an iron
main linked with
elevated lead release?

Several studies have
linked iron and lead
concentrations in
drinking water34

~ "—L. = ‘W“W‘“‘Wﬂu - : 2 O M*AW~*M;

(1) McNeil & Edwards, 2001 (2) Camara et al. 2013 (3) Deshommes et al. 2010 (4) Masters & Edwards, 2015



Unlined cast iron Lead-iron

distribution mains interactions in water
common in many water systems
systems’ |

Presence of an iron
main linked with
elevated lead release?

Several studies have
linked iron and lead
concentrations in
drinking water34

(1) McNeil & Edwards, 2001 (2) Camara et al. 2013 (3) Deshommes et al. 2010 (4) Masters & Edwards, 2015



Colloidal/nanoparticulate lead and iron in

drinking water i :
. . m‘? 101 Profile litre E
Method: size-exclusion 7 ** First ;
chromatography with g 9 Third ;
ICP-MS detection’ 2 041 — Flushe J\_\____
o 0.2 :
23 residential sites with - |
full LSLs, partial LSLs, or oo 1l ' Thyroglobulin
recent full LSL s | (ydrodynamic
replacements ® :
o " |
Colloidal lead and iron Q12 i
strongly correlated under & 1. |
| conditions _ Retention vol. (mL)
e e

(1) Trueman & Gagnon. J. Hazard. Mater. 2016, 311, 151-157.
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Colloidal/nanoparticulate lead and iron in
drinking water

Available data suggest ]
that colloidal particles g *
represent a significant ~ § *~
fraction of total lead B 03
and iron at the point of % 0:2-
use o
—colloidal lead and oo -

> 0.45 0.05 - 0.45 <0.05
Particle size (um)

iIron detected below
0.05 ym as well
Lk_q&_,_,wvd——w—*w MNM“W‘*MP

Figure source: Trueman & Gagnon. J. Hazard. Mater. 2016, 311, 151-157.
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Colloidal/nanoparticulate lead and iron in
drinking water

0.6+
_ _ o 0.5-
Colloidal particles =
. . . = 0.41
originating from S
corroded iron s
distribution mains g™
may enhance lead oo -
mobil Ity " > 0.45 0.05 - 0.45 <0.05
Particle size (um)
kwd—w-&wﬁxqw*—w—&m,

Figure source: Trueman & Gagnon. J. Hazard. Mater. 2016, 311, 151-157.



Effect of corroded ‘iron pipe on lead
in drinking water

Disturbed (pigged) iron distribution mains associated with
elevated lead release
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Lead concentration - ug/L
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Figure source: Camara et al. J. Am. Water Works. Assoc. 2013, 105 (8), E423-E431.



Effect of corroded iron pipe on lead in

drinking water

Presence of an
upstream iron main
Increased lead
release from LSLs,
effect not diminished
by increasing
orthophosphate (0.5
to 1.0 mg L' as PO,*)

Total lead (ugL™")

Distribution main

Iron
® PVC

Figure source: Trueman & Gagnon. Environ. Sci. Technol. 2016, 50, 9053 — 9060.
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Effect of corroded iron pipe on lead in
drinking water

3507 Distribution main
Iron
. 300+
Mechanism appears e
to be complex, likely 7, *”
involving both 2 a0 S e
) e
adsorption and S 5] & o PV
- = < 4N
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phenomena v. po
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Figure source: Trueman & Gagnon. Environ. Sci. Technol. 2016, 50, 9053 — 9060.



Seasonality in lead release an
important consideration

30 1 Profile litre

— |3 L10

— L4 — 11
L5 m— 12

| 6 L13
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Available data in Hfx.
show LSL lead release
correlated with water

temp. (R?,,, = 0.79)

)

ug L™

-
o

X

Other seasonally
varying water quality .
parameters (NOM, .u“‘/ﬂ’d‘:;‘
coagulant residual) o
may be important O romperature (+6)

a

Figure source: Trueman et al. Environ. Sci. Technol. 2016, 50, 7389-7396.



Effect of orthophosphate
on lead release: preliminary
residential data

Constant temperature comparison (summer 2015
vs. summer 2016) available for 1 residential site

with an LSL:

—Total mass of lead released (over a 13 x 1L sample
profile) was lower by 18% in 2016 (1.0 mg PO, L")
compared to 2015 (0.5 mg PO, L")



Effect of orthophosphate on lead release:
preliminary residential data

Total mass of lead
released’! was lower
by 35 — 36% following
an increase in
orthophosphate dose?
(9 - 10 residential
sites with full or partial
LSLs)
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lover a 7 x 1L sample profile
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Effect of orthophosphate on lead release:
preliminary residential data

2504 @ April - June y =X
April = August

Preliminary data do
not take into account
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seasonality in lead 5 °
release—more work &
is needed to =
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understand the effect =2
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orp P o

T T T T T T
0 50 100 150 200 250
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Summary thoughts:

(1) Data from Halifax study show that partial LSL

replacement not reliable for lead reduction

(2) Corroded iron distribution mains play an

Important and complex role in lead release
—removing iron or preventing iron release could have
significant benefits for lead exposure

(3) Preliminary data show promising results

following a relatively small increase in phosphate

—seasonality is an important consideration in
monitoring lead release to drinking water

o S s e e T —
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