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NOTES FOR SEMINAR ATTENDEES

• Remote attendees’ audio lines have been muted to minimize background noise.
For attendees in the auditorium, please silence your phones.

• A question and answer (Q/A) session will follow the presentation.

• For remote attendees, please use “Chat” only to type questions for the presenter. For other 
issues, please email Pam to SlabyP@mwrd.org.
For attendees in the auditorium, please raise your hand and wait for the microphone to ask 
a verbal question.

• The presentation slides will be posted on the MWRD website after the seminar.

• This seminar has been approved by the ISPE for one PDH and is pending approval by 
the IEPA for one TCH. Certificates will be issued only to participants who attend the 
entire presentation.
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2020. He received his BS (Biology) and MS (Environmental Engineering) from 
the Illinois Institute of Technology and his PhD in Environmental Engineering 
from the University of Illinois at Urbana- Champaign. He has served on the 
faculties of Rensselaer Polytechnic Institute and the Illinois Institute of 
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Aside

At many times in my career, my research has been motivated by MWRGC issues. Many notables to
thank, including:

Cecil Lue-Hing
Richard Lanyon
Prakasam Tata
Tom Granato
Jim Bertucci
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Introduction

What is Environmental Engineering?

“The discipline of environmental engineering has no
single, widely agreed-upon definition.”

“The design of systems, processes and policies
to reduce human impact on the ecosystem and
to provide healthful air, water and land for
people and the ecosystem”
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Introduction

What is Environmental Pathogen Engineering

“The design of systems, processes and policies to reduce human impact of pathogens on the
ecosystem and to provide healthful (with respect to pathogens) air, water and land for people and
the ecosystem”
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Introduction

Why?

1 We are concerned about exposure to small numbers of pathogens even in a single short interval
(will return to this point)

2 Much lower on a “mole” basis than any chemical contaminants of interest
3 Pure stochastic variability becomes important

▶ Superimpose upon this - analytical variability, intrinsic variability from sources and transport ...
So probabilistic thinking becomes essential!
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Introduction

Other Differences Between Pathogens and Chemicals

The amount exposed from the environment is amplified in vivo by multiplication (in competition
with host responses) to a larger body burden.
For some pathogens, excretion or exhalation can result in more organisms in the environment, and
secondary cases (contagion). People can be both sources and receptors.
Adverse effects can result from a single exposure, so we must consider short term variability rather
than relying on averaging.
Host responses may mitigate or exacerbate effects.
Analytical methods are often more diꢀcult and tedious (this is changing).

Charles N Haas (Drexel Univ.) Environmental Pathogen Engineering June 28 2024 8 / 40



Key Concepts of EnvE –> EnvPE

Table of Contents
1 Introduction
2 Key Concepts of EnvE –> EnvPE

Risk Assessment
Source-Transport-Receptor Paradigm
Design, and Reliability of Interventions

3 The Unique Features
4 Assessing the Risk

Dose Response
Host Responses
Analytical Issues

5 Case Studies
6 Coda

Charles N Haas (Drexel Univ.) Environmental Pathogen Engineering June 28 2024 9 / 40



Key Concepts of EnvE –> EnvPE Risk Assessment

Risk Assessment Framework

National Research Council (NRC) (2009). Science and Decisions: Advancing Risk Assessment.
Washington, DC: National Academies Press.
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Key Concepts of EnvE –> EnvPE Source-Transport-Receptor Paradigm

Exposure Assessment: Source-Transport-Receptor Paradigm

Generic Approach

Eisenberg, J.N.S., and T.E. McKone. 1998.
Environmental Science and Technology 32: 3396–3404.

For EnvPE
People as sources
Indoor environment
Fomites
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Key Concepts of EnvE –> EnvPE Source-Transport-Receptor Paradigm

What we need to know

What is the source
strength/duration/frequency?
How does it get transported to the
receptor (and portal of entry)?
How does it get attenuated (or
amplified) in transport?

Charles N Haas (Drexel Univ.) Environmental Pathogen Engineering June 28 2024 12/ 40



Key Concepts of EnvE –> EnvPE Design, and Reliability of Interventions

Design, and Reliability of Interventions
A First Order Approach

If Exposure/Risk is Not Acceptable:
“multiple barriers” (first use, Velz, 1970)

Haas, Charles N., and R. Rhodes Trussell.
1998. “Frameworks for Assessing Reliability of
Multiple, Independent Barriers in Potable
Water Reuse.” Water Science and Technology
38 (6).
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Key Concepts of EnvE –> EnvPE Design, and Reliability of Interventions

Alternate Meme

Charles N Haas (Drexel Univ.) Environmental Pathogen Engineering June 28 2024 14/ 40



Key Concepts of EnvE –> EnvPE Design, and Reliability of Interventions

Barriers from a Probabilistic Framework

more about this later
Charles N Haas (Drexel Univ.) Environmental Pathogen Engineering June 28 2024 15/ 40



The Unique Features
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The Unique Features

Potential for Environmental Amplification

source: CDC

And water can be a vehicle for persistence and growth of respiratory pathogens
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The Unique Features

And Fungi Remain a Great Unknown

1.6 million deaths worldwide
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The Unique Features

Infected Individuals (Humans + Animals) as Sources
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The Unique Features

Speaking as Aerosol Generation
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The Unique Features

Occurrence of Virus in Influenza Patient Aerosols
Yan et al., 2018, PNAS, https://www.ncbi.nlm.nih.gov/pubmed/29348203

30-min sample of breath of infected volunteers recite alphabet at 5, 15, 25 min
Coarse aerosol (>5 micron) Fine aerosol
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The Unique Features

SARS-CoV-2
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The Unique Features

Models for Indoor Air Fate & Transport
Well mixed box models
CFD (with Lagrangian particle tracking)
Can incorporate decay, deposition
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Assessing the Risk
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Assessing the Risk Dose Response

Evolution in Sophistication of Dose Response Models

Haas, Charles N. 2015. “Microbial Dose
Response Modeling: Past, Present, and
Future.” Environmental Science &
Technology 49 (February): 1245–59.
********doi.org/10.1021/es504422q.

0th Generation Minimal Infectious Dose
1st Generation E.g. exponential, beta-Poisson

Wells-Riley
2nd Generation Phenomenological modifications for host or

dose characteristics
3rd Generation Phenomenological incorporation of incubation

time
Beyond Mechanistic incorporation of details of

host-pathogen interactions
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Assessing the Risk Dose Response

First Generation Models

Exponential: p = 1− exp (−k · d)
Approximate beta-Poisson:
p = 1−

[
1+ N

N50
(21/α − 1)

]−α

metric is
average dose
low dose
linearity
no threshold
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Assessing the Risk Dose Response

How Clean is Safe?

Cryptosporidium

HCoV 229E
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Assessing the Risk Dose Response

We do know potency of SARS-CoV-2

Though need data on strain variations
Haas, Charles N. 2021. “Action Levels for SARS-CoV-2 in Air:
Preliminary Approach.” Risk Analysis n/a (n/a).
********doi.org/10.1111/risa.13728.
Parhizkar, Hooman, Kevin G. Van Den Wymelenberg, Charles N.
Haas, and Richard L. Corsi. 2022. “A Quantitative Risk Estimation
Platform for Indoor Aerosol Transmission of COVID‐19.” Risk Analysis
42 (9): 2075–88. https://doi.org/10.1111/risa.13844.
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Assessing the Risk Host Responses

Multiscale issues
At the level of an individual host
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Assessing the Risk Host Responses

Dynamics via Gen 3 Dose Response

Charles N Haas (Drexel Univ.) Environmental Pathogen Engineering June 28 2024 30/ 40



Assessing the Risk Host Responses

Multiscale issues
At the level of population
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Assessing the Risk Analytical Issues

Role of Molecular Biology
Haas, ES&T 2020
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Case Studies
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Case Studies

Probabilistic Reuse
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Case Studies

Household Legionella
ES&T 2019
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Case Studies

Occupational Risk to Workers
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Case Studies

Fomite Risk — Tim Julian COVID
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Coda
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Coda

Conclusions & Research Needs

There are important concepts for considering pathogens that could merit the recognition of EnvPE
as an identifiable subset of EnvE
Concepts from molecular biology, occupational hygiene, medicine, public health and exposure
sciences need to be integrated
Opportunities for innovation in measurement, modeling, and synthesis exist
New problems (venues, pathogens) will drive innovation
But we can bring the unique mindset of engineering (quantitative analysis, solution of problems by
decomposition, . . . ), and should not be afraid to do so
Protection of public health is too important to just be limited to physicians
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