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Background

» Chloramines (free chlorine + free ammonia)
= 2" most used secondary disinfectant
» Reduce regulated disinfection byproducts (DBPs)
= Greater stabilty than free chlorine?
= Add ammonia in excess to form & ammonia releases during decay/demand
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Background

» Chloramines (free chlorine + free ammonia)
= 2" most used secondary disinfectant
» Reduce regulated disinfection byproducts (DBPs)
= Greater stabilty than free chlorine?
= Add ammonia in excess to form & ammonia releases during decay/demand
» Ammonia presence (chloramines or source water)
= Nitrification risk (ammonia = nitrite = nitrate)
= Ammonia oxidizing microorganisms (competition of growth versus disinfection)
» Free chlorine conversion (FCC)
= Control nitrification (planned or operational response)
» Chloramines - free chlorine (~1-2 months) - chloramines
= Regulated DBP formation {f (compliance sampling outside FCC - implications?)
= QOther unintended consequences (e.g., A pH or metals)
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Objective — Chemical
» Understand chemical water quality before, during, & after FCC

= Greater spatial & temporal coverage than published studies
= Distribution system & residential sample locations
* Provide chemical water quality data for microbial papers
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Objective — Chemical
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Objective — Chemical
» Understand chemical water quality before, during, & after FCC
= Greater spatial & temporal coverage than published studies
= Distribution system & residential sample locations
* Provide chemical water quality data for microbial papers

1. Temperature & pH

2. Disinfectants (total chlorine, monochloramine, free chlorine)
= State with numeric residual standard (0.5 mg CI,/L)
= Transition time & correlation with DBPs
3.DBPs
= Four trihalomethanes (THM4)
» Five & nine haloacetic acids (HAAS5 & HAA9)
= |Impact of no compliance sampling during FCC?
4. Nitrification indicators (free ammonia, nitrite, & nitrate)

5. Metals (orthophosphate, copper, lead, iron, & zinc)
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System Information

» 24 MGD surface water (97,000 served)
= 3.3-4.4 mg C/L total organic carbon (TOC)
= 29-53 ug/L bromide
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System Information

» 24 MGD surface water (97,000 served)
= 3.3-4.4 mg C/L total organic carbon (TOC)
= 29-53 ug/L bromide

» Chlorine dioxide preoxidation
= 0.01-0.1 mg/L chlorite (nitrification inhibiter)

» Conventional treatment (alum)
» GAC/sand filters
» Ortho/polyphosphate (Fe & Mn)
= 1:3 blend
» Free chlorine primary disinfection
» Chloramines secondary disinfectant

» Finished water
= 2.2 mg C/L TOC (average)
= 3.7 mg Cl,/L total chlorine (average)
= 10-31 ug/L THM4
= 10-21 ug/L HAA5
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System Information Previous RARE (SW-2)

» 24 MGD surface water (97’000 Served) ASCE Journal of Environmental Engineering (2023)

= 3.3-4.4 mg C/L total organic carbon (TOC) https://doi.org/10.1061/(ASCE)EE.1943-7870.0002062
= 29-53 ug/L bromide Investigation of Chloramines, Disinfection Byproducts,

. . . . . and Nitrification in Chloraminated Drinking
» Chlorine dioxide preoxidation Water Distribution Systems

" OO 1 _0 . 1 mg/L Chlorlte (nltrlflcatlon Inhlblte r) Gulizhaer AbuIikemu‘;.Jatin H. Mistry?; David G. Wahman?®; Matthew T. Alexander*;
> Convent|ona| treatment (alum) Alison R. Kennicutt®; Jacob D. Bollman®; and Jonathan G. Pressman
» GAC/sand filters Water Research (2021)
» Ortho/polyphosphate (Fe & Mn) https://doi.org/10.1016/j.watres.2021.117689

. Chloramine Concentrations within Distribution Systems and Their Effect on

- 1 ) 3 blend ] o ] Heterotrophic Bacteria, Mycobacterial Species, ar}lfd Disinfection Byproducts

> F ree Ch Iorl ne prl mary d ISI nfe Ctlon Stacy Pfaller”, Dawn King®, Jatin H. Mistry , Matthew Alexander ® Gulizhaer Abulikemu
. . . Jonathan G. Pressman ?, David G. Wahman °, Maura J. Donohue "

» Chloramines secondary disinfectant
» Finished water Water Research (2021)

= 2.2 mg C/L TOC (average) https://doi.org/10.1016/j.watres.2021.11757 1

- 37 mg C|2 /L total Ch| orin e (averag e) Legionella and other opportunistic pathogens in full-scale chloraminated

municipal drinking water distribution systems

1 0_31 “ g/L TH M4 Chiqian Zhang ", Tan Struewing b, Jatin H. Mistry ¢, David G. Wahman ”, Jonathan Pressman ”,

10-21 pg/L HAAS Jingrang Lu'”
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https://doi.org/10.1016/j.watres.2021.117689
https://doi.org/10.1016/j.watres.2021.117571
https://doi.org/10.1061/(ASCE)EE.1943-7870.0002062

Sample Locations

Distribution System (DS) EP, DS-1, DS-2, & MRT
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Sample Locations
EP

Distribution System (DS) EP, DS-1, DS-2, & MRT
Residential (R) RG, RT, RW, & RC
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Sample Locations
EP

Distribution System (DS) EP, DS-1, DS-2, & MRT
\ Residential (R) RG, RT, RW, & RC
., Storage Tank (ST) Inlet & Outlet STa & STb
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Sample Activities . 5, sampies (fielq)
Temperature & pH

EP
= Free ammonia & nitrite
= Orthophosphate
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Sample Activities . 5, sampies (fielq)

» Temperature & pH

= Total Cl,, mono, & free Cl,

* Free ammonia & nitrite

; = Orthophosphate
e > DBPs (lab)

| , o = THM4

= HAAS5 & HAA9
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Sample Activities . 5, sampies (fielq)

» Temperature & pH
EP = Total Cl,, mono, & free Cl,
* Free ammonia & nitrite
= Orthophosphate

> DBPs (lab)
@ ==k = THM4
RT o= . = HAA5 & HAA9
. B % > Metals (lab)
0 mi (k) ! b = Copper, iron, lead, & zinc
= Nitrate
“mi (102%
aa R
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Sample Timeline (April to August 2021)

Day -55 (April 20) Days 0 to 42 (June 14 to July 26) Day 72 (August 25)
DS Sampling Activity
Monochloramine (Pre-Conversion) Free Chlorine Conversion Monochloramine (Post-Conversion)
R N N PR PO Y (1 IIII IIII 1 P IIII | |
-60 April -50 -40 30 May -20 -10 0 June 30 July 4 60 August 70 80

Residential Sampling Activity

DS DBPs (steady state) Both DS Metals and DBPs (steady state)

Residential Metals DS Metals

' DS DBPs (non-steady state) Both DS Metals and DBPs (non-steady state)
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Sample Timeline (April to August 2021)

Day -55 (April 20) Days 0 to 42 (June 14 to July 26) Day 72 (August 25)
DS Sampling Activity
Monochloramine (Pre-Conversion) Free Chlorine Conversion Monochloramine (Post-Conversion)
L L ||||||| TN
-60 April 50 -40 30 May -20 June 30 July 4 60 August 70 80

Residential Sampling Activity

DS DBPs (steady state) Both DS Metals and DBPs (steady state)

Residential Metals I DS Metals

' DS DBPs (non-steady state) Both DS Metals and DBPs (non-steady state)

» DS non-steady state
= Temporally variable data
= Shows temporal transients
= 4 days immediately after conversions

\‘-}EPA Office of Research and Development 28




Sample Timeline (April to August 2021)

Day -55 (April 20) Days 0 to 42 (June 14 to July 26) Day 72 (August 25)
DS Sampling Activity
Monochloramine (Pre-Conversion) Free Chlorine Conversion Monochloramine (Post-Conversion)

-60 April 50 -40 30 May -20 -10 0 June 10 20 30 July 40 50 60 August 70 80
T i f f f f i | f f f i f | f

Residential Sampling Activity

DS DBPs (steady state) I Both DS Metals and DBPs (steady state)
Residential Metals I DS Metals . .
' DS DBPs (non-steady state) ' Both DS Metals and DBPs (non-steady state)
» DS non-steady state » DS steady-state
= Temporally variable data = Relatively consistent data
= Shows temporal transients = Averaged data
= 4 days immediately after conversions * Pre-FCC (Days -6 to 0)

« FCC (Days 8 to 39)
* Post-FCC (Days to 50 to 67)
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Temperature (All Samples)

Sample Collection Date (Month-Day of 2021)
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Temperature (All Samples)

Sample Collection Date (Month-Day of 2021)
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Temperature (All Samples)

Sample Collection Date (Month-Day of 2021)
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pH (All Samples)
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»No trends (scatter) 7.2

»EP

= pH 6.5-7.0 7.04

= |_ess variable

= FCC {I variability 6.8

6.21

6.01

wEPA
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pH (All Samples)

»No trends (scatter) 7.2 -
B EP
»EP ® MRT
= pH 6.5-7.0 7.0 " g s .
= Less variable . o - ! - .
" FCC { variability ~ 68{ . - : o'y | = 5 0’3 .
»MRT = mg " O Fum 4 s %
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Disinfectants (Non-Steady State)
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Disinfectants (Non-Steady State)
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Disinfectants (Non-Steady State)

B Free Chlorine @ Monochloramine A Total Chlorine
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» EP > immediate A 1 I |
>MRT (mono to free) 4] 2 | g RA n ™ | ‘.‘: '
» free (3—4 days) Q I | an
= stable (8 days) o 2 | I
» free > mono g’ | |
Zo{ M leoee ® o Bl LY ]
2 | I
©
E 4. : llllllllll 1 lllllllllllllllllllllllll : I
I E l : l =
[ 5 n
s |: 4 3
© 21 ' 4 S 0. | &g =
e ot : ! .
oli N |mm —9ill o jeeeh m
-4 -2 0 2 4 6 8 38 40 42 44 46 48 50

Sample Collection Day

‘e’EPA Office of Research and Development 38




Disinfectants (Non-Steady State)
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THMs (Non-Steady State)

Monochloramine to Free Chlorine Transition | | Free Chlorine to Monochloramine Transition
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THMs (Non-Steady State)
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THMs (Non-Steady State)
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THMs (Non-Steady State)

Monochloramine to Free Chlorine Transition | | Free Chlorine to Monochloramine Transition
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THMs (Non-Steady State)
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HAAs (Non-Steady State)

> No MBAA or TBAA
» Mainly chlorinated
» Parallels disinfectants
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> No MBAA or TBAA
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HAAs (Non-Steady State)
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HAAs (Non-Steady State)
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HAAs (Non-Steady State)
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Nitrogen Species (Non-Steady State)
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Nitrogen Species (Non-Steady State)
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Nitrogen Species (Non-Steady State)
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Nitrogen Species (Non-Steady State)
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Disinfectants (Steady State)
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Disinfectants (Steady State)
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Disinfectants (Steady State)
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Disinfectants (Steady State)
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DBPs (Steady State)

Average Concentration (ug/L)
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DBPs (Steady State)
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DBPs (Steady State)
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DBPs (Steady State)
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LRAAs & Sampling versus FCCs
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LRAAs & Sampling versus FCCs
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LRAAs & Sampling versus FCCs
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Include FCC (Weighted Average) - MRT?

»modified LRAA (MLRAA)
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Include FCC (Weighted Average) - MRT?

»modified LRAA (MLRAA)
»Assume one FCC in a year

»Need to know
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Include FCC (Weighted Average) - MRT?

»modified LRAA (MLRAA)
»Assume one FCC in a year

»Need to know
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Include FCC (Weighted Average) - MRT?

»modified LRAA (MLRAA)
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= Current LRAA
» FCC length
= FCC DBP concentration
»Assess potential impact
= What is too high?
» What is too long?
= MLRAA vs LRAA?
»No issue for this system
= Low current LRAAs
= HAAS5: 114 vs. 375 ug/L

= THM4: 104 vs. 430 ug/L 20 20 650 20 70 50 30
> Other svstems? Current Locational Running Annual Average (ug/L)

Months of Free Chlorine Conversion
1 1.5 2

HAAS THM4

15 pug/L LRAA 30 pg/L LRAA
31 pg/L mLRAA 39 ug/L mLRAA

(0]
o
o

(@)
o
o

| 375 ug/L
®

N
o
o

Required to Reach LRAA MCL (ug/L)
N
o
o

o

Free Chlorine Conversion Concentration

‘e’EPA Office of Research and Development



Nitrogen Species (Steady State)
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Nitrogen Species (Steady State)
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Nitrogen Species (Steady State)
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Nitrogen Species (Steady State)
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Nitrogen Species (Steady State)

8 Free Ammonia Ff Monochloramine [ Nitrite Il Total Measured Nitrogen
»Pre-FCC

» Free ammonia> 0.1 mgN/L 1] = e n meeen

1.01 0.75 . = 0.70 = 0.76 = m

= Nitrite only at MRT (chlorite?) =, .| 016. :.: :-: T
s _ . 0.07 o 01 0.08 0.05 0.0 .
= Total measured N { Zo0f == ][R e 2 .
1.5 — —

»FCC removed N £ — S

c = 0.58 . 2053 = ()

»Post-FCC 2 0.5 0.3 :-: 019 03B = . AN
"é ' 0.01 . 0.08 900 0.01 008 uo.ot-:
= Like Pre-FCC £ 0.01 — == - - == o
()] O ] : L :

= No nitrite at MRT 2 104 S - —

o n n n n U)

0.35 . M . 0.43 = :

»Missing N (0.4—-0.5 mg N/L) © 051 o4t o ool 004 00 001 005 ﬂo.oc-i N
= Nitrate? 2 151 — - —

« Complete nitrification? % 1.0 =

* Inorganic nitrite oxidation (pH)?  0.5: 022 445 007: 0.40 3 — 019 g1g 40351 X
- .08 900 0.01 009 _° o.0f -
= Nitrogen gas (mono decay)? 0.0 _*—'—- ——— hJ:

Pre-FCC FCC Post-FCC
Disinfectant Period

\e’EPA Office of Research and Development 73




NitrateD SSummary
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NitrateD SSummary
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NitrateD SSummary
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Summary
» ~4 days for disinfectant transition to reach MRT
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Summary

» ~4 days for disinfectant transition to reach MRT
» Free chlorine greater than monochloramine (low pH)
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Summary

» ~4 days for disinfectant transition to reach MRT
» Free chlorine greater than monochloramine (low pH)
» MRT DBPs (ug/L) — paralleled disinfectant transition
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HAAS 12 84 114 21
HAA9 13 101 134 29
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Summary

» ~4 days for disinfectant transition to reach MRT
» Free chlorine greater than monochloramine (low pH)
» MRT DBPs (ug/L) — paralleled disinfectant transition

THM4 104

HAA5 12 84 114 21

HAA9 13 101 134 29
» FCC potentially impacted biological DBP removal
» MLRAA calculation

= Weighted average that includes FCC
= |mplications are system dependent (DBP conc., FCC duration, ex. LRAA)
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Summary

» ~4 days for disinfectant transition to reach MRT
» Free chlorine greater than monochloramine (low pH)
» MRT DBPs (ug/L) — paralleled disinfectant transition

THM4 104

HAA5 12 84 114 21

HAA9 13 101 134 29
» FCC potentially impacted biological DBP removal
» MLRAA calculation

= Weighted average that includes FCC
= |mplications are system dependent (DBP conc., FCC duration, ex. LRAA)

» Nitrification evidence only at Pre-FCC MRT
» Minor impact to metals
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