Leveraging DNA to Identify Bacteria
Sources in Stormwater

Beacon, New York
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https://portal.a2la.org/scopepdf/4126-01.pdf

Increasing pressure to “get it right”

How worried should New Yorkers be about Source of water contamination in Jones unclear, DEQ says
sewage ending up in city waterways? [ R omeor

Published: Sat, August 18,2018 1:56 PM = Updated: Sat, August 18, 2018 2:49 PM

Combined sewer overflow is a real problem, dumping pollution into waterways—but how does it a
if P PING:D y /] The Oklahoma Department of Environmental Quality has been unable to identify a

By SAfEy bottiis: |- #1730, 2018112540 EOT "definitive cause" of the contamination in the rural suburb's water supply.

f W [ shase E. coli was found in the Jones public water supply earlier this month.

monitoring for total

Sewage 'detectives’ will search for Fairview Beach's ..
waste problems aslifted
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L esson from other industries

Forensics Food Testing
God's signature: DNA profiling, the new gold standard in forensic science. CDC Using DNA Testing to Flnd Source Of
Lynch M". : ; ;
- Author Information Chipotle's E. Coli Outbreak

1 Department of Science & Technology Studies, Cornell University, 302 Rockefeller Hall, Ithaca, NY 14853-2401, USA, The exact source of the foodborne illness outbreak is still unknown.

by Whitney Filloon | @whitneyfilloon | Nov 6, 2015, 5:00pm EST
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How does genetic technology solve?

Challenges handling fecal pollution in water Microbial Source
Tracking

Where is the pollution coming from? V

Unclear who is responsible? V

How do | evaluate BMP effectiveness? V
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Available Tools - Legacy Testing (Culture FIB)

Concerns: Ineffective at discriminating between sources.
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Available Tools - Field Observations

Concerns: Circumstantial and subjective evidence. Difficult to defend.



Consequence

Basis for Monitoring:

e Hinders source abatement The Chain of Inference
o Source identification must precede Fecal Indicator Bacteria (FIB)
mitigation | §
Waste

. .
Weakens the chain of inference Human Waste / Epidemiology

o Not all sources present the same level of |
human health risk i
Pathogens
m Non-fecal < fecal l i
m  Non-human < human H

Disease
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DNA-based Microbial Source Tracking

* There are special microbes that are only
associated with a given source

— Host and gut microbes co-evolve
* Physiological difference of the gut
* Dietary difference between hosts

* MST provides a set of methods to identify
sources of contamination
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Microbial Source Tracking - Maturity

Precedent ¢/ | Projects in >40 States
Credible Tests ¢/ National Validation (S1PP)
Access to V Laboratories (Accredited)
Technology

Objective v

Host Fecal Score

Interpretation
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https://www.waterboards.ca.gov/water_issues/programs/beaches/cbi_projects/docs/sipp_manual.pdf
https://portal.a2la.org/scopepdf/4126-01.pdf
https://sourcemolecular.com/human-fecal-contamination-score/

MST's in stormwater permitting

GA NPDES Industrial Storm Water General Permits

PERMIT NO. GAR050000
ISSUANCE DATE: June 1, 2017

= GEORGIA

DEPARTMENT OF NATURAL RESOURCES

ENVIRONMENTAL PROTECTION DIVISION

C.2.4.2 Scientific testing, such as DNA analysis, may be used to document that bacteriological
constituents found in stormwater discharges from the facility are not present as a result of
industrial activity at the site or are below the impaired waters benchmark for fecal coliform.
Permittees must submit the testing program to EPD and obtain approval prior to conducting the
testing. The results of the testing must demonstrate that bacterial contamination from industrial
activity does not contribute to a violation of water quality standards.



Sampling and Testing Plan

s ) ™
e Fecal Bacteria Hotspots

e Collecting Near Physical
Sources

* Represent Watershed’s
Spatial Variability

Sampling

/’

* Wet/Dry Weather
Sampling

* Seasonal Changes

* Significant Number of
Events to Represent
Temporal Variability

Sampling
Events

(e Focus on Anthropogenic
Sources (Human, Dog,
Agriculture)

* Most Likely Wildlife
Source (Birds, Deer, ect)

~

Tests Per
| fs

“tark

lal Source Tra

~$250-$800/sample
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Tools
Source Tracking Trend Heat Map (in development)



wEPA Field Studies :

United States MST in Action - Total Maximum Daily Load Application

Environmental Protection
Agency

Goal: Identification of fecal pollution source spatial and temporal

trends contributing to water impairment

- 29 sites in Tillamook Basin, OR
« Chronic water quality impairment (£. coii MPN)
« Bimonthly sampling for 12-months (n = 696)

« Urban, residential, agricultural and wildlife
pollution sources

- Land use high resolution mapping
« 8 MST gPCR assays

- Partners
— EPA Region 10 Laboratory
— Oregon Department of Agriculture
— Oregon Department of Environmental Quality
— Tillamook Estuaries Partnership
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SEPA Field Studies:

o MST in Action - Spatial and Temporal Trends in Avian Pollution
t tat:

E:\I/i(raonm?ar?tiil Protection

Agency

: - :

Kilchis

Trask

Tillamook

Potential bird migration water quality impact
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<EPA

United States
Environmental Protection
Agency

« Spatial trends
» Land use

» Waste management
practices

» Temporal trends
» Weather conditions
» Agricultural practices
» Wildlife activities

- Varies by assay

Field Studies:

MST in Action - Spatial and Temporal Trends Other Sources
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SEPA Field Studies:

MST in Action - Mi3 Site Profile

United States
Environmental Protection
Agency

» Trask River
« E. coli exceedance (80%)

- Seasonal dog pollution, target
local breeding facility

+ Possible bird migration impact

« Non-point human impact during
wet season

« Ruminant in spring, likely AFO

- Management recommendation
» Sanitary survey in Spring
» Target AFO, septic system, and dog
facility
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@ sample Site
7 Site Catchment
-~ Stream

~~~ River

Human Population 56
Cattle Permitted 0

Site Rankings:
E. coli
DG3

HF183/BacR287 #6 @ Quantifiable MST Measurement
GFD #9 W 120-Hr Precipitation (mm)

O No E.coli Measurement
X E. coli (>406 MPN/100mL)
A Sampling Event
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Tools
Project Level Probabilistic Modeling




Project Level Probabilistic Modeling

HUMAN FECAL SCORE FOR SITE RANKING
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Tools
gPCR MST Automated Platform




Next Steps - gPCR MST Automated Platform

https://youtu.be/11JYHeqglt4M


https://youtu.be/1IJYHeglt4M

Site Prioritization - Florida DEP/Martin County

Summary of Costs / Ranking (Total) Ranking Summary
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Where is the pollution coming from - Boston Water and Sewer

First ever effectiveness assessment of MS4 IDDE program using DNA markers

*Human markers measured at outfalls regardless of degree of IDDE completion, and
conventional tools (test kits) found to be insufficiently sensitive or specific for detecting illicit
discharges

*New IDDE procedures now recommended, including DNA markers to improve program
effectiveness

*Outcome will be greater bacteria and phosphorus reduction (at lower unit cost and greater
health benefit than Green Infrastructure), moving City closer to TMDL compliance

*Project recognized with national O&M Performance Award from NACWA

N/\CVV/\
Geosyntec” & Environmental
consultants ! Achievement AWARD S




Demonstrating BMP effectiveness - Santa Barbara

Santa Barbara Beaches (with UCSB), for SWRCB under Clean Beaches Initiative grant

Infrastructure sources investigated and largely ruled out
Homeless and bather sources continueto be evaluated

DNA markers have been an essential complement to conventional tools (dye,
CCTV, GIS, etc.)

Managementactions recommended based on study results, improving public
health protection at high use beaches

Prior work was first ever to document and publish on sewer exfiltrationinto
stormdrains, shedding new light on this importantsource for agencies nationwide

Figure 3-1. Leaking Sanitary
Sewer Exfiltrating to Storm Sewer 24
(Source: Sercu et al. 2011%)




Summary

Genetics is a superior tool for water quality monitoring
It can be used for effective investigations of bacteria impairment
Building a data driven approach based on rich DNA analytics

A powerful tool for regulatory prioritization (QMRA/Natural Source
Exclusions)
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Mauricio Larenas
CEO
Linkedin
mlarenas@sourcemolecular.com
786-220-0379
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https://www.linkedin.com/in/mauricio-larenas-6411944
mailto:mlarenas@sourcemolecular.com
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