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- ' ROZ2. States with NAPs see increase in residual, reduction in TC, and no tradeoffs in MDBPs
Background & Problem Identification - ’ ’
The proposed research investigated the impact of state required nitrification action or management plans (NAPs) on system nitrification for those practicing Case studies: Table 1. Treatment Differences Table 2. Treatment Differences
chloramination. With more systems switching to chloramination for secondary disinfection, nitrification in the distribution system and losing the disinfectant Mean (SD): Based on Texas’ State NAP enforcement date (data from 2010-2020) Mean (SD): Based on T‘:‘as i:;ts NAP enforcement date (data from 20(33‘;'2)019)
residual is a growing concern. Nitrate and nitrite levels in the distribution system are an ongoing issue with some states already moving forward with their own Louisiana and Characteristi o -y Non-NAP - - NAP e e o oct. o o ost.
regulatory requirements. This project collected data and information on the current states of nitrification action or control plans across the country. aracteristic P P Difference’ 95%Cl’? | P P Difference’ 95% CI'2 P P Difference’ 95% cl’? | P P Difference’ 95% CI'’
. rojet . ! P y T NAP___ NAP NAP _ NAP NAP _ NAP NAP _ NAP
The goal of this research project is to answer questions such as: v — ] Monitor water quality at key sites in DS exas vs. non- 05 190 061 18 08 122 506 293
' ' itrifi ' ' ? istorica orine Develop enchmarks m Total ' “ ” ' ' i ' ' ) . . ' ' ] ) . Chl [ L . . 0.14 0.14, 0.14 . . 0.17 0.17, 0.17
1. Would states benele from mandating a Nitrification Action Plan? Historieal Chiorine Moritorng [—| Benchmark resggnsseto otal chlorine, “free” ammonia , Nitrate and NAP States Chloramine (mg/L) 008 (006 0.16 0.16, 0.16 027 (615 1.2 12,12 oramine (mg/L) 006  (0.04 009 (043)
2. What are the potential tradeoffs of such a mandate? Curve Protocols Triggers benchmark rljl'g'(t:e’TZ‘rfg'e‘gttJ’rt:'a‘;%"Lol_rlm and E. coll, 1070 2817 1900 2541 2127  29.44 1867 2168
— , ' | ' ‘ HAAS (ug/L | ' 8.2 78,86 | ‘ 3 3.0,3.0
. Would states HAAS5 (ug/L) 398) (424 8.5 7.9,9.0 266 (433) 6.4 6.3, 6.5 (ng/L) 401)  (3.68) (182)  (267)
benefit from 4.2l 5133 3282 3437 TTHMs (ug/L 45.20 2076 5.5 46,64 | 293 342 072 -0.78,-0.66
Research APPfOﬂCh TTHMs (Lg/b (1039)  (5.33) & 2805 | 533) (434 > 14 e (9.03)  (542) ’ B73)  (292) ’
mandating a Total coliform 0.01 0.01 028 0.03 Total coliform 0.01 0.01 0.01 0.01
/ Research OBJECTIVES: \ NAP? (% positive detects) | (0.00)  (0.00) 0 000, 0.00 (0.04)  (0.06) 0.26 10.26,-0.261 (9 positive detects) | (0.00)  (0.00) ° 000,000 (0.01)  (0.00) ’ 000,000
) : — : HAAS % | 0.86 0.90 0.87 0.93 HAAS (% | 0.85 0.93 0.96 0.97
ROL1 - Identify the percent of states that have implemented state enforceable nitrification action/management/control plans » What are the sositive detects 007 (0.08) 0.04 004,005 | o3 0o 0.06 0.06,006 | | ocitive detects) 008)  (0.05) 0.08 007,009 1" 101y (0.01) 0.01 0.01, 0.01
RO2 - Evaluate if states with nitrification action/management/control plans see an increase in disinfectant residual and fewer total ootential
coliform (TC), and MDBPs (paired utility study). TTHMS 0.97 0.96 0.96 0.95 TTHMs 0.96 0.96 00" 0,00 0.01 0.96 0.97 00" 001 001
RO3 - Evaluate if, for states that have enacted a nitrification action/management/control plan recently, utilities see a reduction in tradeoffs of (% positive detects) | (0.02)  (0.03) 0 001,000 (0.03)  (0.03) 007 001, 001119 positive detects) | (0.04)  (0.02) | S (0.03)  (0.01) ' o
Nitrite (call for help! future work). i " Welch Two Sample t-test
such a Welch Two Sample t-test €ich TWo >ample t-tes
K / 20 = Confidenceplnterval 2 Cl = Confidence Interval
. . o . o mandate? Voluntary implementation date: 2015; Mandatory compliance date: 2015 Voluntary implementation date: 2015; Mandatory compliance date: 2015
Dataset 1. Occurrence data Dataset 2: to identify disinfection type  Dataset 3: Additional data Case Study: Louisiana Note: %00, 1- *0<0.05: *+0<0 01
: . - : ote: *p<0.1; **p<0.05; ***p<0.
following contaminants: system information by PWSID. violation data: A LA 5-Years Intervenior 5-Years . , LA 5-Years meventon  5-Years — :
* Free Chlorine Limited to large systems - Treatment info and disinfection type 3 00, BEFORE L AFTER Chloramine (mg/L) Before After Difference o BEFORE - AFTER P(TC positive) Before After Difference
Total Chlorine . Nitrate & Nitrite - . [ NaP Begin | Treatment (NAP) 047 1.63 1.16 . Treatment (NAP) 0.25 0.01 0.24
- . on- tate ] Rea !
POSI'[IVG TOtaI CO|IfOFm ° Free Ammor"a _ 2.50+ _pite NAP State gﬁ:?::;lng\éo NAP) ::)%36 2)1213 g;g % . Non-NAP State : C?ﬂtrOl (NO NAP) 0.00922 0.00895 0.00 |
_II-_IaIOIa_Ic_:Qrt]iCIACidSh(HAA?%THM ) . Temperature :é’ 2.25 : : - § 0'7_ ~/"™ NAP State i Difference 0.24 O.f)O/l -0.24 **1
otal Trihalomethanes S _ . pH e o } . .
. e Final Data pH-— | S 175 S . _ o 06 | Significant drop in LA TC
disinfection t SYR and S level data by W o o 3 05 | y
Isinfection type and State-level data by Q concentration, per L ouisiana & Texas o h residual for LA T | |
PWSID, with state quarterly average E o AP Impact g i 3 years Dependent variable:
5 States in EPA Region 6, CWS, DS 2 075 /\ A Prea F1 Dependent variable: |8 | =52 /\‘\7(\ e - Outcome
_ _ _ State quarterly averages © s A\ fmervention siope Outcome 2 02 \/ v Intercept (BO) 0.23%**
Equa’tlon for Interventhn AnaIySIS CaICUIated for eaCh WQ 0.25- Intggept v M : Counterfactual trendline Intercept (BO) 0.35%*x* 0.1 Time (81) -0.002
g p 't — T,] Total time occurrence data 000, ("businessasusual’) - control fine Time (B1) 0.01 0.0 , . |Intervention (B2) 0.08%
re- ) === . S ———————————————————————— i i i i - Kk
inltervention t Point 'BZTreatment elapsedpost _ ] 12341234123412341234123412341234123412341 In.terveptlon.(BZ) . 0.88% 12341234123412341234123412341234123412314 Time since intervention 0.01
in time effects intervention Consider the NAP a “treatment” (or ”policy”), 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Time since intervention 0.05%** 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
effects — evaluate “baseline” for all states and compare those Time point (quarter-year) Time point (quarter-year)
\ l J with NAPs to those without for treatment-effects. N LA ntervenion P(HAAS positive) _Before _After Difference] L2 ovears nterventon, on oYeArs T e BT e D
Y, = + t+ (5D, + t—T:\D, + € s o - A— | Treatment (NAP) 091 095  0.05 B e = e e N S it i i e SaaN] OSTHVS) DeIore Aper JImerence
t 'B 0 'B 1 ﬁ 2—1 'B 3 [ I ] t t Intervention Analysis using Time Series and ARIMA o 09 A, o kit =~ control (NoNAP) 092 094 002 |2 0o | T [Treatment (NAP) 098 094 0.04
T S ;s i Difference -0.01  0.01 0.03| |2 i Control (No NAP) 0.99° 0.99 0.00
‘ Forecast o 08 i o 08 i Diff .0.01 -0.05 -0.04++*+
o | a | ifference : : :
_ - « Compare pre- and post-NAP periods for both 9 0.7 i = 07 i /
Fi B, Baseline D, Dummy variable g, Effects of mean g; Error term that can be ’ P . I?\IAP X % I,,p 2 i N E i . .
Outcome indicating pre-post diff in th - treatment” ( ) and “control” (non-NAP) states T 06 i Change not significant E o i Significant decrease in
average ifference in the adjusted to allow for - - E 22.80 ug/L i 27.30 ug/L . © 29.50 ug/L | 35.50 pg/L
g . ; . — Chl dual Z . i M9 2 s i M9
at 't interventions period  outcome between  deviation from the fitted oramine residuals £ 05 i for LA HAAS detection 2 05 i LA TTHMs counts
timepoint (pre = 0, post = 1) two groups model B E’Xg\gency of TC positives = 04 o Non-NAP State i Dependent variable: % 0.41 A Non-NAP State | Dependent variable:
- 2 o4 NAP State i * 12> 03 NAP State : Outcome
. . . 3 E Outcome 3 i
Y, = Intercept + PrePolicyt + PolicyD, + PostPolicy[t — T;]1D,; + Random Error - TTHMs S o2 | oy g o2 | Intercept (B0) 0.96%*
t t 117t S i Intercept (BO) 0.92 S £y i £y Time (B1) -0.002**
T oo S>-Years j S>-Years Time (B1) 0.02 S0 B]ElzegéSE -' A_F-?;;S Intervention (B2) 0.02*
R 1 & D * . 0.0 BEFORE AFTER In.terve.ntion. (BZ) . -0.01 o NéP!Beigm IIIIIIIIIIIIIIIIII Time since intervention 0.002*
csults 1SCUSS1oN 2 iiasaiseaiseiisaiissaisesisasisasiass LDmesince intervention _0.02
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
" = - Time point (quarter-year) i - Tex Time point (quarter-year)
RO1. 6 out of 31 states (19%) that participated in survey have sate mandated NAPs s © o PR
B TX 5-Years Intervention 5-Years - . TX 5'Year3 Intervention 5'YearS P o 5
. chi : L) Bef After  Diff | - (TC positive) Before After Difference
Survey Responses on Nitrification Action Plans (NAP) in Continental United States (2023) Cor_npare_states NAP by EPA Total Responses: 31 3.00 BEFORE AFTER Tre;{;rz::e(,\(lr:g)/ ) zeg;e z.zegr I Oe.;eznce o BEFORE AFTER Treatment (NAP) 0.01 0.01 0.00
regions given how they share the Non-NAP (red): 25 - 5 (wwmpac [Control (No NAP)  1.07 122 015 o | Control (No NAP)  0.00976 0.00465 _-0.01
same geographic area and climate. - 2.501 i b |Diff 100 1.07 007 § os Non-NAP State i Difference 0.00 0.01 0.01
NAP States (green): 6 2 225 M ifference . . ,| : | § N L Nahoiate 5 . . / :
_ MH E — O ] i
it - o ~ 2.00 i . - = _ i ; oy
o = o What is the | By what year 3 175 i \ Change not significant for 2 0 i Change not significant
o » w [ v E [ State: What criteriais | enforcement did the state | . . . g 7 : : B 0.5 i for TX TC counts
535 . O - = ate: are required? | year for these | require utilities ministrative Code r 150 i TX residual g :
v B O g (w2 O o plans? fo have NAPS? £ 125 : S 04 : Dependent variable:
. S L o e 30 Toxas E o i Dependent variable: |£ i :
o T A B *Texas §§’§0Tfac(:z) 2015 2015 Administrative Code (30 5 o j Outcome E o I Outcome
- o .‘ . TAC) Chapter 290 < 0.75: i Intercept (B0) X S 02 : Iqtercept (BO) -0.002%*
Does the State have i o . lowa State provide 2016 2016 Adminiswtve Gode o L e : Time (B1) 0.07** 0.1 | Time (B1) (B2) 0.0003%*
a NAP in place? Guam] template 567—Chapters 43 0.251 NAP State : Intervention (Bz) .0.06 00l gttt g3ttt o3 sy i NAP Impact } |n.terve!’]t|0n. B2 . 0.001
oo ey @ =" } WA MBS Louisiana Administrative e I e Time since intervention 0.01 Cr o [IMe since Intervention 000037
e iy "Louisiana Manual 2014 2017 CSOde.’ Chapter 3, 1234123412341234123412341234123412341234 1 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
ection XII-367 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 - nt (quarter-year)
EPA Region 6: NM, OK, AR, LA, TX Pennsylvania AVI\\’AVZSUZSG 2019 2019 25 Pa. Code § 109.716 Time point (quarter-year) e o g
linois State provide 2019 2019 Title 35., IL Adm Code i "
R S, S Conclusions & Ongoing Work
assachusetts In effect no projection
. . phase
Effects of NAP on Free Chlorine vs. Chloramine Systems RO1. 5 OUT OF 33 STATES (15%) THAT PARTICIPATED IN SURVEY HAVE IMPLEMENTED NITRIFICATION ACTION PLANS
. . . : * Most states responded “no” to having a nitrification control plan due to having very limited utilities with chloramine systems and a lack of defined requirement in regulation.
: Do we se ignificant Incr IN resi | level -NAP? / \ . Lo . . g e . . L
Q € a signinicant increase esidual levels post Results  Utilities with state mandated nitrification control plan uses guidelines provided in industry standards such as (AWWA) Manual M56 — Nitrification, Prevention and Control in Drinking Water.
No NAP St_ates (NM, OK, AR): | | J NAP State (LA): | . Significant increase in Challenges (from states’ perspectives in the implementation of the Nitrification Action Plans: “NAP is not a one size fits all and when distribution condition changes NAP needs to be updated, getting
Free Ch||\|0,£\l|r;e VS. ChIoerrSme. period [t pre-NAP B post-NAP — Free Chll\cl’:ge vS. quclﬁzrs'”e- residuals for both free operators to understand the chlorine curve, lack of training & experience by state staff and PWS operators.”
pre- VS. post- pre- VS. post- . .
A- No. chanae in residual is “ns” = Not sianificant A: Yes, significant increase (***) in residual levels p < 0.0001 chlorine and chloramine RO2. STATES WITH NITRIFICATION ACTION/MANAGEMENT/CONTROL PLANS SEE INCREASE IN DISINFECTANT RESIDUAL, REDUCTION IN TOTAL COLIFORM COUNTS, AND NO
- O, Chang J - Y€, 519 =" systems. SIGNIFICANT INCREASE IN DISINFECTION BYPRODUCTS
Free Chiorne Chioramine Free Ghlorine Chlorarmine * Nitrification control plan » Louisiana (residual started low) — NAP impact is significant.
N ) D Ce D Impact chloramine . Texas (residual started high) — NAP impact is not significant.
&> G : : Systems more - Effective in increasing disinfection residuals for states with low residuals, reducing total coliform counts, does not significantly increase DBPs.
+ | | “ : ! S'r?ln'f_'ca”“y than free « The tradeoff between high residual disinfectant and disinfection byproducts (DBPs) is an important consideration in water treatment. Here we did not see high tradeoff. -GOOQOD!
_ _ : : chlorine systems. _ o
dg ;) g.-) ;) : \ / FUTURE WORKS: RO3: Get more states to share state database and evaluate Nitrate-Nitrite, pH, Temperature, MDBP data as well as study ways to overcome challenges addressed by states.
= = i ]
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