Flint River Water

Switch Increased Propensity
of Legionella pneumophila
Growth in Premise Plumbing
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“A major concern from a public health standpoint
is the absence of corrosion control treatment in
the City of Flint”

MEMORANDUM

SUBJECT:  High Lead Levels in Flint, Michigan — Interim Report

FROM: Miguel A. Del Toral \«W ————
Regulations Manager, Ground Water and Drinking Wate Ut




Lack of corrosion control =
Higher Legionella

1. More bacteria
“food” in river

2. lron corrosion =

more iron
entering
buildings’ pipes
3. High iron
corrosion '
removed chlorine  2015: Flint River 2016: Detroit
disinfectant without Water with
Corrosion Corrosion
Control Control
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Legionnaires Disease in Flint

100 .2 avg. Monthly Chioride I N
—_ < Avg. Monthly Phosphate " :
E 751 i -3
=
50+ )
E Mo Flint Data;
— Reporting DWSD .
ﬁ 257 Annual Avg. - 1 Mo Comosion -l
: T e
o 12 - - - - - - F?"":t;:‘ 0 el Fiint Water Crisjs me e S“Sw“?f;““
2 |92illnesses, 12 deaths T "
-g g' . . [ ] ]
o | during the switch ! I
3 O ! !
g 3- 1
i
0

Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul

" "0 "1 T 12 112 13 13 14 14 M5 M5 6 M6
NSF RAPID: #1556258 Synergistic Impacts of Corrosive Water and Interrupted Corrosion Control on
Chemical/Microbiological Water Quality: Flint, MI




EIIVIHOIIIIIEIITHI_
Science gTechnology I_ETTEH)

NTROL

CO
EGIONELLA
AN




PCR screening of Legionella isolates or mixed
cultures from tap water collected in Flint during
March 2016 testing positive for L. pneumophila, L.
pneumophila Serogroup 1, or L. pneumophila
Mab2

Buldngtype Lp_piSies gL sies waha i sies
s I E3

*n values representing number of culturen amples from each Juniding type analyzed to

gqPCR analysis of non-culturable samples has confirmed the presence of L. pneumophila in one
additional small building site and 5 additional large building sites.

“Lapse in Municipal Water Corrosion Control Linked to Elevated Legionella Levels in
Building Plumbing”
Schwake, Garner, Strom, Pruden, Edwards
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Hypotheses

Hypothesized

Source Water Iron Main Plumbing Outcome

Flint River

Water (No
Corrosion
Control)

Detroit Water
(Corrosion
Control)




Experiment
Overview




Water Treatment Step

s

Detroit Ta

Flint River

* Flint river water treated and filtered
(coagulation and glass wool)

* Bulk water chlorinated

* Water split into each distribution condition




Distribution Step and Aging

A. FR
Treated Flint
River Water
(simulates
crisis B. FR-CC
conditions) Treated Flint
River with
corrosion
control
(1 mg/L as
PO,-P)

F. DET-Cold
Detroit at a cooler
temperature of
17°C (2.5 mg/L
orthophosphate
PO,-P)

E. DET-Enhanced
Detroit with increased
concentrations of

v

C. FR-noFe D. DET corrosion control and
Treated Flint Detroit chlorine (3.5 mg/L
River with no (2.5 mg/L chlorine and 4.0 mg/L
ironand no  orthophosphate orthophosphate )

corrosion PO,-P)

control



Simulating Reactions Occurring During
Water Distribution

Water allowed to age and stir for 3 hours with
the iron wire simulating reactive unlined iron



Simulated Plumbing Reactors

Water from . Beactors
each incubate at
distribution 38:[6 F (37 C)
condition is etween
added to changes
glass bottles . V\r/]ater
with either ;Cigfziery
PEX or copper
- 3-4 days

pipe pieces.




Building our Hypotheses

Source Water Iron Main Plumbing
incrver | ) Pex
Water
(No Corrosion
Control) ‘ Copper
. ) o
Detroit Water
(Corrosion
Control)
) coorer




Total Copper Concentration (ug/L)

Copper and Iron Concentrations
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Building our Hypotheses

Source Water

Flint River
Water
(No Corrosion
Control)

Detroit Water
(Corrosion
Control)

Iron Main

1

Plumbing

PEX Low Cu
Copper High Cu
PEX Low Cu
Copper Low Cu




Chlorine (mg/L)
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Chlorine Decay in Simulated
Distribution Systems

Detroit Tap Water

R\Jlint River Water
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Total Organic Carbon:
Detroit Tap Water
1.2 mg/L
Flint River Water
5.0—-6.1 mg/L



Chlorine Concentration in Simulated
Plumbing Reactors

4

Initial Cl, Concentration

Prior to adding
to the SPR

Chlorine (mg/L)

After 120 minutes
in the SPR

Chlorine (mg/L)




Hypotheses

Source Water

Flint River

Water (No
Corrosion
Control)

Detroit Water
(Corrosion
Control)

: : Hypothesized
Iron Main Plumbing P
Outcome
low Cl :
PEX noflow Cl Survival
Low Cl,
Fe no/low Cl
m—) coveer | e, Controlled
‘ PEX High Cl, Controlled
: Low Cu
Low Cl, .
Copper | = 2 Survival




Log(CFU/dL)

Culturable L. pneumophila in the
-lint Conditions
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Log(CFU/dL)

Culturable L. pneumophila in the
Detroit Conditions

A ©O—-DET DET-Enhanced DET-Cold
35 & 3.5 f
; £ Copper Pipe . 8 PEX Pipe
") o
2.5 + - 2.5
- "
2 L o
- =
15 £ & 15
1 _E_ .................................................................................................................... 1 ...........................................................................................................................
- ©
05 + & 05
0 - I ———————— -i— 0 ¥ | 1 |.§;} -
0 100 200 0 100 200
Days Days




Conclusions

, , Hypothesized
Source Water Iron Main Plumbing Observed
Outcome
no/low Cl
Flint River PEX Low Cu . FR
Water (No Low Cl,
Corrosion Fe
no/low Cl
Control) ‘ Copper High Cu > (Controlled) FRr
: DET
High ClI
' -Co
. ) o 9% (Controlled) oercoid
Detroit Water : DET-Enh
(Corrosion '
Control) Low Cl,
Copper Low Cu DET
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