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Overview

e What are biosolids?
e How EPA evaluates biosolids contaminants under the Clean Water Act

* Risk screening & assessment for biosolids contaminants has been slowed
by lack of available data regarding hazard & exposure

e EPA Office of Water (OW) proposes a new process to increase efficiency

* Researchers from EPA Office of Research & Development (ORD) Center for
Computational Toxicology & Exposure (CCTE) are working cIoseIK with OW
to develop and adapt data & tools to support OW'’s decision-making
process

* CCTE collaboration: Curation of list of chemicals found in biosolids
e CCTE collaboration: Chemical prioritization workflow

e CCTE collaboration (work in progress): High-throughput model of biosolids chemical
occurrence




What are biosolids?

* Biosolids are treated sewage sludge.

* During wastewater treatment process, solids and liquids are
separated

 Solids are treated physically and chemically to produce a semisolid,
nutrient-rich product known as biosolids

* Biosolids are used or disposed in one of several ways:

* Land application: Biosolids may be used as fertilizer on agricultural land, soil
amendment on non-agricultural land, etc

e Landfill
* |[ncineration
 Other
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(CWA) Section 405(d)
EPA and biosolids under
the Clean Water Act

Standards for the . . .
) o Biennial Reviews &
ARG Sewage Sludge Surveys
Sewage Sludge

Section 405(d) of the CWA requires EPA to: [40 CFR Part 503]

Pollutant Risk Screening

* Set standards for the use or disposal of sewage sludge that Exceeds EPA level of concern?
protect public health and the environment from the reasonably NO
anticipated adverse effects of chemical and microbial pollutants [ EXCLUDE POLLUTANT ] YES
(40 CFR Part 503)
* Review sewage sludge (biosolids) regulations every two years Risk Assessment
to identify any additional pollutants that may occur in biosolids. Exceeds EPA level of concern?
* Evaluate whether sufficient scientific evidence shows they NO
may harm human health or the environment. [ EXCLUDE POLLUTANT ] YES

* |f so, then consider regulations for those pollutants.

Consider Regulation

If pollutant may adversely affect
4 of 26 Source: https://www.epa.gov/biosolids/biosolids-laws-and-regulationst#thow public health or the environment.




s Risk screening & assessment for biosolids contaminants has
been slowed by gaps in both exposure and hazard data.

[NRC 2002; USEPA 2018]

Exposure (Human & Ecological)

. Fate & transport
Contaminant in Receptor

occurrence environmental exposure factors
|dentify media

Exposure to
s human & eco
receptors

biosolids

contaminants Hazard (Human & Ecological)

Potential for Dose- Point of
adverse response g departure/
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" EPA’s Office of Water proposes a new approach for
increased efficiency

Less <fmummmmm Required resources ———— |\/|Ore

Probabilistic

Consider
regulation

Contaminant Contaminant Contaminant

risk

identification prioritization risk screening
assessment

Based on data Use available For prioritized Detailed probabilistic  If sufficient evidence
from biennial information to contaminants first: risk assessment. If shows that
reviews & national determine which Apply screening- high risk, proceed. contaminant may
sewage sludge contaminants may level risk model. If harm human health
surveys be of greater high, proceed. or environment, set
concern appropriate
regulations

Larger <= Nymber of contaminants ————————fp- S aller




SEPA . .
2R D-CCTE researchers are working with OW to develop

data and tools to support this process (current focus on
chemical contaminants

Less < Required rescurces ——— [\/Ore

Contaminant Contaminant Contaminant Pmbz?llhsm Consider
identification prioritization risk screening regulation
assessment

Larger <= Nymber of contaminants ———————— gy Smaller
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Start with chemical contaminant identification

Less < Required resources ————— \/Ore

Contaminant Contaminant Contaminant Probabilistic Consider

. T D : : risk .
identification prioritization risk screening regulation
assessment
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" ORD-CCTE & OW collaborated to curate a list of

chemical substances found in biosolids [Richman & Williams,
in prep]

Multiple reports listing chemicals found in biosolids:

* National Sewage Sludge Surveys (1988, 2001, 2009)

* nationwide monitoring surveys of biosolids from wastewater treatment facilities

e Biennial Reports (2004-2019)

* biosolids monitoring data found in the published literature
Problem:
* Each of these reports was a totally separate effort
e Data formats and reporting standards changed between reports
e Chemical identifiers (names, CASRNs) were not standardized among reports

Difficult to combine data from different reports, let alone connect to other
chemical data necessary for risk screening and assessment
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" ORD-CCTE & OW collaborated to curate a list of

chemical substances found in biosolids [Richman & Williams,
in prep]

Solution: Data curation
e Extract data from reports & harmonize formatting

e Standardize chemical names
* Fix misspellings & typos
* |dentify synonyms
* |dentify neutral forms of salts & charged anionic perfluorinated compounds

* |dentify individual components of chemical combinations

e e.g., chemicals that can’t be separated by standard analytical chemistry methods,
such as co-eluting PCBs

* |dentify correct CASRNs (ensure Active CASRNSs)
* Map to DSSTox Substance IDs [Grulke et al. 2019]
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Curated list of chemicals found

biosolids in each Biennial Review and Nat

tion result
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ional Sewage Sludge Survey

gov/dashboard/chemical-
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On Comptox Chemicals Dashboard! https

lists/BIOSOLIDS2021

chronology

1988 NSSS
2001 NSSS

2005 Biennial Review

2007 Biennial Review

2009 TNSSS
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2011 Biennial Review

2013 Biennial Review

2015 Biennial Review

2017 Biennial Review

2019 Biennial Review
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https://comptox.epa.gov/dashboard/chemical-lists/BIOSOLIDS2021

Chemical curation allows OW and ORD researchers to...
[Richman & Williams, in prep]

* Correctly determine when each chemical was identified

* For example, the 2018-2019 Biennial Report reported 116 “newly identified” chemical
pollutants in biosolids.

* After curation, it turns out 41 of 116 had actually been identified previously!

* Query hazard-, exposure-, and risk-relevant data sources for biosolids chemicals,
e.g., data available through the CompTox Chemicals Dashboard [williams et al. 2017]
https://comptox.epa.gov/dashboard/chemical-lists/BIOSOLIDS2021

Structure
e Physicochemical properties
* Chemical categories
* Chemical functional use
* High-throughput exposure predictions
» ToxCast/Tox21 high-throughput in vitro screening data
* Existing in vivo toxicology data



https://comptox.epa.gov/dashboard/chemical-lists/BIOSOLIDS2021

Curated chemical list can be used to apply a chemical
prioritization process

—

Less <@m mmmmm Required resources —————— \/Ore
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"’PA tttttt .ORD-CCTE worked with OW to adapt a prioritization workflow originally

developed in the context of TSCA prioritization as an ORD-CCTE/OCSPP
collaboration:

PICS (Public Information Curation and Synthesis) [usera 2021¢]

[previously presented to CSS BOSC by Dr. Richard Judson in February 2021]
To prioritize chemical substances, PICS integrates publicly available information from
multiple domains:
* hazard
e exposure
e persistence & bioaccumulation

PICS synthesizes information from traditional methods and New Approach Methodologies

PICS was designed to:

* understand the overall degree of potential concern related to human health and the
environment, based on available information

* understand the relative coverage of potentially relevant information about human
health and ecological toxicity and exposure

* inform level of effort and resources that may be needed to evaluate a specific substance

. ?gcrgla)dily adaptable to address prioritization needs under other mandates (not just
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e PICS workflow: chemicals are scored on two metrics,

Scientific Domain Metric & Information Availability Metric

Chemicals to be Evaluated

/ Human Health-to-Exposure Ratio \

Score = Carcinogenicity

concern for Genotoxicity

potential Ecological Hazard

risk Susceptible Populations
Persistence and Bioaccumulation

\ Skin Sensitization Skin/Eye Irritation/

Scientific Domain Metric
(SDM)

A

A 4

(

Relevant Studies and
Information

J

o

!

[

Modifying criteria

|

!

/

Information Availability Metric

(IAM)

SDM & IAM originally developed to be
TSCA-relevant

e.g., current exposure estimates are
aggregate daily intake from all
pathways — conservative with respect
to biosolids

SDM

l

High
Information,
High concern

Low
Information,
Low concern

IAM

Score = how
much relevant
information is
available?

But PICS framework is modular &

flexible —

based on feedback from stakeholders,
could modify specific domains as

needed

Figure courtesy of Dr. Richard Judson



SEPA . PICS TSCA case study results vs.
Biosolids preliminary results

TSCA Active Inventory Biosolids Chemicals
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[POC = PICS Proof of Concept chemical
subset] slide adapted from Dr. Richard Judson
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This brings us to the risk screening stage

(I
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Contaminant Contaminant Contaminant Probabilistic Consider

. T D : : risk .
identification prioritization risk screening regulation
assessment
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For risk screening,
OW has developed
Biosolids Screening
Tool (BST)

But BST requires biosolids
concentrations as input!

Measured biosolids
concentrations are only
available for about half of
chemicals on the curated
biosolids list.

Source
Parameters

Environmental
Setting
Parameters

Source
Modeling

A 4

Properties

Fate and
— | Transport
Modeling

l

Exposure
Parameters

Exposure
Modeling

l

Human &
Ecological
Toxicity Values

<
|
< Chermicl
<
<

Risk
Modeling

@QQQQ
|

!

Chemical-, pathway-, receptor-
specific human and ecological

risk estimates

Overview of Biosolids
Screening Tool modeling
framework

Simulates multiple
exposure pathways
relevant to land
application, incineration,
and surface disposal

Figure from OW
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AAAAAA How CCTE can help: Develop a model to rapidly predict
biosolids concentrations for data-poor chemicals

* Detailed wastewater treatment plant (WWTP) models not feasible
* Require chemical-specific data that are not available for many chemicals
* liquid-solid partitioning coefficients
* biodegradation in sludge
« WWTP influent concentration

* Require plant-specific operating parameter data that are typically not
available

* Typically can’t be run quickly for hundreds or thousands of chemicals

* Need a model that requires minimal chemical-specific data, but can
make use of any relevant data that are available

* Need to characterize variability & uncertainty in model-predicted
biosolids concentrations




wEPA Solution (work in progress): A high-throughput consensus model

nited States
Environmen tal Protection

that combines easily-available model predictions & data to predict
biosolids concentrations for data-poor chemicals

e Essentially a multiple linear regression: a weighted
sum of predictor variables

* Model will be trained on National Sewage Sludge
Survey monitoring data

* Predictors for each chemical will be easily-
available occurrence-relevant data and existing
model predictions

* e.g., down-the-drain models; chemical
production volume; presence on lists of
banned chemicals; use in consumer products,

Biosolids Concentration

Slope = Weight of

industry, pesticides, food, pharmaceuticals...  |ntercept = each predictor
* Any missing values simply imputed with - >
average Conc. when al Predictors

predictors at

(centered & scaled)
mean value

e Will build on existing framework from consensus
model of human aggregate daily intake rates:
SEEM3 (Systematic Empirical Evaluation of Models,
varsion 3) (Ring et al. 2019)




e CONsensus model predictions (work in progress) could also

be used at identification & prioritization stages

* Consensus model could be applied to chemicals
outside the curated biosolids list to identify
additional chemicals with potential to occur in
biosolids

* |dentified chemicals could be prioritized using PICS
process

* Could be used to propose candidates for new
National Sewage Sludge Survey

S o

H .

£ | Uncertainty &

$ | variability

(>

c

o

O

[72)

=

[=

(%]

Q

@ Slope = Weight of
Intercept = each predictor

v

Conc. when all
predictors at
mean value

Predictors
(centered & scaled)



Summary

* The Clean Water Act requires OW to evaluate chemicals and microbes
that occur in biosolids for harm to human health and the
environment

* OW has a need to fill data gaps to more efficiently evaluate biosolids
contaminants

* CCTE researchers are working with OW Biosolids to provide data and
tools to support biosolids chemical prioritization and screening
 Curation of list of chemicals found in biosolids
* PICS prioritization workflow

* (Work in progress) High-throughput consensus model to predict biosolids
chemical concentrations
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Thank you!

Questions?

The views expressed in this presentation are those of the author(s)
and do not necessarily reflect the views or policies of the U.S. EPA
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