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Project Goal

Our project goal is to better 
understand and predict occurrence 
of disinfection byproducts, 
opportunistic pathogens, and the 
associated health risk tradeoffs 
posed by them in DWDS across the 
continental U.S.



Objectives

Objective 1: Develop a strategic sampling program 
based on health data and system characteristics.

Objective 2: Elucidate the locations and conditions 
leading to the occurrence and co-occurrence of DBPs 
and OPs in actual DWDS through field sampling, 
modeling, and analysis.

Objective 3: Characterize risks associated with DBP 
and OP occurrence and concentrations, as well as risk 
tradeoffs between them for sub-populations.



Utility Partners: Selection Criteria

• SDWIS violations (TCR and DBP rule)
• Regional diversity
• Sampling locations where DBPs/OPs 

are likely to occur

• ~ 40 utilities from SDWIS
• ~ 50 utilities approached by WRF study 

on opportunistic pathogens
• ~ 15 utilities that previously 

participated in another WRF project on 
unregulated DBPs

• ~ 50 utilities that were identified by 
other project participants

Contacted:
Criteria:



Utility Partners
25 utility partners across 9 EPA regions



Ongoing Work: 
Drinking Water 
Distribution 
System Sampling



Parameter Unit Measurement 
Method Sample Bottle 

NDMA µg/L EPA Method 521 500 mL
(with ascorbic acid)

THMs µg/L EPA method 551

500 mL +125 mL
(with ascorbic acid 
and sulfuric acid)

I-THMs µg/L EPA method 551

HANs µg/L EPA method 551

I-HAN µg/L EPA method 551

HALs µg/L EPA method 551

HAAs µg/L EPA method 552.2

I-HAAs µg/L N/A

TOCl, TOBr, TOI µg/L N/A

pH - SM* 4500-H+

125 mL

Dissolved organic 
carbon (DOC)

mg/L SM* 5310B

UV abs SM* 5910

Chlorine/chloramine mg/L SM* 4500-Cl F

Dissolved Nitrogen (DN) mg/L
SM 5310 High-
Temperature 
Combustion

I- µg/L N/A

Cl-, Br-, SO4
2-, NO3

-, NO2
- µg/L EPA method 300

Water Quality and DBPs (Clemson University)

1 cooler/plant (6 location samples)

Bottle 125mL   × 5
Bottle 125mL (quenching reagent) × 5
Bottle 500mL (quenching reagent) × 12
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Parameter Unit Measurement 
Method Sample Bottle 

Legionella species CFU

ISO 11731, Standard 
Methods for the 
Examination of Water 
and Wastewater

1 L with sodium 
thiosulfate

Pseudomonas 
aeruginosa

CFU
Standard Methods for 
the Examination of 
Water and Wastewater

1 L with sodium 
thiosulfate

Legionella 
pneumophila

MPN IDEXX Legiolert 100 ml with sodium 
thiosulfate

Pseudomonas 
aeruginosa MPN IDEXX Pseudalert 100 ml with sodium 

thiosulfate

1 cooler can hold 6 location samples (1 plant)
Bottle 500ml (for raw water) × 1
Bottle 1L   x 6
Bottle 100ml (for IDEXX)  x 8

Bacteriological (Tulane University)



Progress: OPs
• Number of samples collected: 75 (11 source water, 

12 finished water, 52 water samples within 
distribution systems) – as of July 31, 2024

• Legionella pneumophila was detected in 
• 1 finished water (concentration 2.2 

MPN/100ml)
• 3 samples within distribution systems 

(concentration ranged from 2.3 to 85.4 
MPN/100ml)

• Pseudomonas aeruginosa was detected in 
• 7 source water samples (concentration ranged 

from 3.1 to >200.5 MPN/100ml)
• 1 sample within distribution systems 

(concentration 3.1 MPN/100ml)



Progress: DBPs

▪ DBP formation increased with water 
age in 5/8 sampling events

▪ THM4 and HAA5
▪ Cl2 plants: THM and HAA increased
▪ NH2Cl plants: No significant change

▪ HAL, HAM
▪ Slightly increased

▪ HAN
▪ No significant change

▪ NDMA
▪ NH2Cls plant only

▪ Overall DBP formation
▪ Cl2 plants > NH2Cl plants

DBP concentration and water age



Progress: Occurrence of THMs

▪ Overall THM formation increased 
with water age

▪ Dominant species: TCM, BDCM, 
DBCM

THM occurrence and water age



Progress: Occurrence of HAAs

▪ Overall HAA formation was stable 
or slightly increased with water 
age

▪ Dominant species: DCAA, TCAA, 
BCAA

HAA occurrence and water age



Progress: Occurrence of HALs

▪ Overall HAL occurrence varied 
with water age

▪ Dominant species: DCAL, CH 
(TCAL)

HAL occurrence and water age



Progress: Occurrence of HANs

▪ Overall HAN occurrence varied 
with water age

▪ Dominated species: DCAN, 
BCAN, (DBAN)

HAN occurrence and water age



Progress: Occurrence of HAMs

▪ The occurrence trend of HAM 
increased with water age.

▪ Dominated species: BAM, BCAM, 
DBAM

HAM occurrence and water age



Ongoing Work: 
Data Analysis 
and Risk 
Assessment



Data Dictionary
Utility characteristics Sampling results



Planned Analyses: Sampling Data
• Spearman correlation analysis – WQ variables

• Assess co-occurrence between measured variables
• Principal Component Analysis (PCA) – WQ variables

• Identifies components which explain the most 
variance in data

• Generalized linear, LASSO and RIDGE regression – 
WQ variables and epidemiological data
• Establish predictive relationship between all WQ 

variables and Legionellosis case data
• LASSO allows for L1 regularization (reducing 

variance) to prevent overfitting 
• RIDGE  allows for L2 regularization (addressing 

multicollinearity) to prevent overfitting

Spearman correlation analysis – example data 
from previous project



Current Projects
Goal: Determine statistical link between water quality parameters 
and Legionellosis cases

1. 2. 3.Sampling WQ data 
and CDC case counts

NYC sidewalk WQ 
samples and outbreaks 
in healthcare facilities

County-wide utility 
WQ data with county-
wide case counts



Progress: NYC Project

▪ Currently no strong relationships between 

PWS WQ parameters and HCF Legionella 

percent positivity 

▪ Legionella occurrence varies among 

facilities with different in-house 

water treatment types

▪ Type of in-house treatments (chlorine 

dioxide, chlorination, monochloramine, 

CSI, none) might have significant 

influence



Risk Assessment – Step One
Identify possible human health hazards associated with each DBP and OP

Chloroform
Liver necrosis

Late administration of COX-2 inhibitors 
minimize hepatic necrosis in chloroform 
induced liver injury. 2003. Begay & Gandolfi.

Bromochloroacetic acid
 Malignant mesothelioma

NTP technical report on the toxicology and 
carcinogenesis studies of bromochloroacetic acid 
(CAS no. 5589-96-8) in F344/N rats and B6C3F1 
mice (drinking water studies). 2009. NTP

Legionella pneumophila
Legionnaire's Disease

State of Hawaii Department of Public Health. 
https://health.hawaii.gov/docd/disease_listing
/legionellosis-legionnaires-disease/



Risk Assessment – Step Two
Predict probability of response (illness, death, etc.), given a known dose

Published reference 
doses (DBPs)

Animal 
study data (DBPs & OPs)

Existing models
(OPs)

Chloroform; CASRN 67-66-3. 2001. IRIS, US EPA.

A dose response model for the inhalation route of 
exposure to P. aeruginosa. 2020. Dean & Mitchell.



Determine amount (dose) of DBP/OPs communities are exposed to via drinking water

Risk Assessment – Step Three

Occurrence
 Sampling data

Transport
 Consider distribution system

Removal/persistence
Consider factors affecting dose 

Drinking Water Distribution Systems. 2023. EPA

Native 
community

Adsorption

Use and Exposure Factors
Consider factors affecting 

exposure



Risk Assessment – Step Four
Estimate risk based on exposure dose

Consider…

Ranges for possible inputs
Ex: Values for TOC

Risk distribution Correlations between variables
Ex: WQ and risk



DBP dose-response models
• Literature review for 39 DBPs
• Whole-animal data to create models for 13 DBPs

• Multiple endpoints (carcinomas, adenomas, necrosis, etc.)
• Beginning modeling process

Risk Assessment: Ongoing

NTP. 2007. Dibromoacetic acid (Cas no. 631-64-1) in 
F344/N rats and B6c3f1 mice (Drinking water studies) 

Example data included in analysis



Ongoing Work: 
Collaboration 
and Engagement



Collaboration and Engagement
Key takeaways from June workshop with 14/25 utility partners

Challenges

• New regulations
• Poorly understood 

testing requirements
• Changing system 

characteristics
• Sustainable staffing
• Lack of resources
• Communication

Needs

• Better understanding of 
relationships between 
DBPs, OPs, & other 
contaminants

• Co-treatment options
• Technical assistance
• Workforce development
• Risk-based 

communication strategies



Future Work

• Complete full-scale summer/fall sampling 
and data analysis
• Conduct further sampling in utilities 

with positive DBP/OP levels (Year 2-3)
• Begin DBP risk analysis and DBP-OP risk 

trade-off assessment
• Develop risk communication documents 

with utility partners
• Put occurrence values in context of risk

• Webinars
• Consider centralized database and 

supporting unified analysis of project 
results



Contact us: bae.drinkingwater@msu.edu

Thank You!



Regressions Explained

• All regressions are a means of describing data mathematically to make 
accurate predictions in the real work

• This inherently causes bias and variance, both diverge from the real 
values. 

• If there are more than one variables then an effect called 
multicollinearity can cause poor estimates. 

• LASSO is a regression method that reduces variance on the estimates. 
• RIDGE is a regression method that reduces the impact of 

multicollinearity on the estimates
• Both of these are done on the raw data with no need for pre-

processing, standardization, normalization or other data manipulation 
methods. 
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