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NSF - Who We Are

« Develop and maintain public health standards and
conduct third-party product certification.

 Relevant standards include:

- Drinking water treatment chemicals (Std 60)

» Chemicals for coagulation, flocculation, disinfection,
oxidation, corrosion control, etc.

- Drinking water system components (Std 61)

* (e.g., cements, coatings, valves, filters, pipes, hoses, faucets,
drinking fountains)

« These all reference Std 600: Health Effects Evaluation
and Criteria for Chemicals in Drinking Water (NSF 600).

« List of health-based criteria for DW additives and extractants

» Evaluation procedures used to establish those criteria.
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NSF/ANSI/CAN 600
« Over 2000 chemicals listed with health-

based criteria: e

American National Standard
National Standard of Canada

 Existing drinking water regulatory criteria
established by authoritative body (U.S.

NSF/ANSI/CAN 600-2024

EPA MCL, U.S. EPA Health Advisories, :::'él:lltigfac:zrlig:t::;:?s |
Health Canada MAC, U.S. EPA IRIS) in Drinking Water

« Quantitative risk assessment developed f
by NSF or other certification body,
conducted according NSF/ANSI/CAN 600.

« “Qualitative” health-based criteria based
on screening values.

« Consensus with JPRSC

* Non-genotoxic substances
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NSF/ANSI/CAN 600 - Quantitative vs. Qualitative

Criteria o L
« Quantitative Criteria:

« Require an externally peer-reviewed risk assessment, with minimum data
requirements

« Gene mutation assay, micronucleus and/or chromosomal aberration
assay (in vitro), 90-day assay in rodent species (oral)

« Peer review body, the Health Advisory Board (HAB), meets 2x/year.

« Longer turnaround time, more costly, finite resources.
 Qualitative criteria:

« Health-protective screening values that do not require HAB review

* Implemented quickly

« New qualitative criteria based on TTC, implemented in 2024 and currently
in use

« Old qualitative criteria, implemented in 1999 and used until 2023
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NSF/ANSI/CAN 600 - Health Based Criteria

Total Allowable Concentration (TAC): The maximum
concentration of a nonregulated contaminant allowed in a
public drinking water supply.

Single Product Allowable Concentration (SPAC): The ’
maximum concentration of a contaminant in drinking water
that a single product is allowed to contribute

RfD (mg/kg per day)

TAC = Intake Rate (L/kg per day) X RoC
SPAC = TAC
10

Intake rate usually based on adult DW intake rate in the US EPA
Exposure Factors Handbook (Chapter 3)
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Basis of the TTC Approach

« Cramer et al. (1978) developed a decision tree approach to categorize chemicals into
three classes:

« Class |I: Compounds with structures/data suggestion low oral toxicity
« Class Il: Compounds with structures of intermediate concern
« Class lll: Compounds with structures suggesting more significant toxicity

« TTC dataset of 613 chemicals developed by Munro et al. (1996) covering food,
consumer, and agricultural chemicals.

« 137 Class |, 28 Class |l, 448 Class lll.

« TTC values derived from the distributions of NOAEL values from oral studies (5t
percentile)

« 100-fold UF applied, 3x if from a subchronic study.



Basis of the TTC Approach

« Kroes et al. (2004): Additional “genotoxic” threshold of 0.0025 ug/kg-day proposed.

« Based on linear extrapolation of TD50 values from 730 chemicals in the cancer
potency database (Gold et al., 1989) and a cancer risk of 1076.

 Critically reviewed in many subsequent publications. Determined to be sufficiently
protective of:

« Neurotoxic and reproductive/developmental endpoints

« Non-genotoxic carcinogens

« EXisting criteria for 752 chemicals listed in NSF Standard 600 were compared to TTC-
derived TAC.

« TTC-derived TAC was adequately protective for >95% of these chemicals.



NSF/ANSI/CAN 600 - Current Qualitative Paradigm
(Based on TTC)

Not applicable 0.0025 0.3¢ 0.03
Gl 5 rg ui ((3I1eoc§) rg ui% gcﬁ)
BaE . rost?n(dseocll) rostjgd(g'd)
HL 0 1r2?1r§§|28’ :Z.u6n (dzeooll

aBased on a drinking water intake rate of 0.034 L/kg-day and a relative source contribution of 20%
bAssuming 10 point sources of the contaminant

°Based on 107° cancer risk level, assuming intake of 0.034 L/kg-day with lifestage adjustment (2.3 factor) for
mutagenic MOA.



NSF/ANSI/CAN 600 - General Evaluation Procedure

Are criteria available

Are existing

Evaluate detection
against existing
criteria

Yes . No
for the detected » criterlatheold ¥
chemical? TOE values?
Yes
No
s the detectsd chemical Is the detected chemical
s the detected chemica No present at levels greater | NO
excluded fromthe TTC ™ than the TTC-based —
approach? threshold?
I |
Yes Yes
Conduct full Conduct full
quantitative risk quantitative risk
assessment assessment

Evaluate detection
againstthe TTC-
based criteria.




Steps in the TTC evaluation

1. Verify the chemical is not within an excluded class of compounds
2. Conduct evaluation of genotoxicity potential

« Consider empirical data on target chemical or analogue

« Consider evidence from QSAR-based predictions
3. Identify the appropriate Cramer class if nhon-genotoxic

* Apply the genotoxic TTC-based threshold if predicted to be
genotoxic

4. Derive a comparative POD to ensure TTC threshold is protective



Steps in the TTC evaluation NSF

Identifying Excluded TTCs for the following chemical categories were f F R r
Classes determined not to be protective due to high potency, M
endocrine disruption, or bioaccumulation potential and Polyfluorinated
include: compounds

L « High potency carcinogens
Genotoxicity anp y J 0

=

N
Evaluation « Polycyclic aromatic hydrocarbons |
Rl/ \RZ
- Polyhalogenated dibenzodioxins, -dibenzofurans, - Nonitroso
biphenyls, and other bioaccumulating compounds compounds
that have a bioaccumulation factor or
Cramer Class bioconcentration factor = 500 (e.g., perfluoroalkyl

Designations & Conflicts substances) ©_<:/—yu
\_/

« Steroids, and other known endocrine disruptors

Polyhalogenated
- Polyhalogenated organics and terminal alkenes are syl
Calculating also excluded

cPOD

1
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Steps in the TTC evaluation

Identifying Excluded
Classes

Genotoxicity
Evaluation

Cramer Class
Designations & Conflicts

Calculating
cPOD
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Chemical categories, where the database of compounds
to establish the TTCs was not inclusive and thus not
applicable, include the following:

« Inorganics

- Metals and organometallics
« Proteins

« Nanomaterials

- Radioactive substances

« Polymers

« Undefined mixtures

« Organophosphate and carbamate pesticides



Genotoxicity Evaluation

Identifying Excluded
Classes

Genotoxicity

Evaluation

Cramer Class
Designations & Conflicts

Calculating

cPOD
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Is the minimum

Yes

dataset for
genotoxicity met?

No

|

Is the chemical likely

»| to be genotoxic based

on WgoE evaluation?

Yes

T

Yes

Address data gaps using
read-across approach
and QSAR-based
predictions

—

Can areliable prediction
for genotoxicity be
made?

I
No

v

Conduct full
quantitative risk
assessment

No

Apply genotoxic
TTC threshold

Apply Cramer
class TTC

13



Genotoxicity Evaluation

Minimum dataset:
Identifying Excluded

Classes « Mutagenicity: Bacteria reverse mutation assay or cell gene
mutation assay

« Clastogenicity: In vitro chromosome aberration study, in vitro

- micronucleus test, and/or in vivo micronucleus test.
Genotoxicity

Evaluation
QSAR approaches:
« OECD QSAR Toolbox version 4.8 (rules-based)
Cramer Class « VEGA QSAR models (statistical based)

Designations & Conflicts

 ToxTree version 3.1.0 (rules based)
« EPA TEST Model version 5.1.2 (statistical based)

Calculating « Oncologic version 9.0 (rules-based)

cPOD

14
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Assignment of Cramer class

Cramer class assignments made using two software
Classes tools

Identifying Excluded

« OECD QSAR Toolbox v. 4.8

Genotoxicity - Based on original Cramer (1978) publication, including
Evaluation .
33 questions
« ToxTree v. 3.1.0.
Cramer Class « “Cramer rules with extensions” decision tree

Designations & Conflicts
« Based on original Cramer (1978) 33 questions, plus five

additional questions addressing functional groups such
. as phosphates, benzene-like substances, divalent
g sulphurs and unsaturated heteroatom moieties.

cPOD

NSF Confidential



Informative Annex

Identifying Excluded
Classes

Genotoxicity
Evaluation

Cramer Class
Designations & Conflicts

Calculating

cPOD
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QSAR Toolbox 4.8 [Document 1]

QSAR TOOLBOX

P Category definition P Data Gap Filling P Report

Profiling Custom profile

B &E & A

Apply View New Delete

7 1 [target]

Filter endpoint tree...

o Documents

% Document 1

Z [C: 1:Md: 0;P: 0] Search chemical (do nof
Structure H;c@

— Additional Ids
T o €S numts
—— CAS-SMILES relation Not applicable
° Profiling methods —— Chemical name(s)
Options 4 1 Selected —— Comment
Select All | Unselect All —— Identity Sources:0
E FrOTEIN DINaINg POTENCy Lys (UFKA 13%0 f
M Protein binding potency GSH —— Molecular formula ICBH‘IO
Il Protein binding potency Lys (DPRA 13%! —— Predefined substance type Mono constituent

|2 Toxic hazard classification by Cramer L— SMILES w

Il Ultimate biodeg Parameters

Bl mni o FRATTATAVY
Physical Chemical Properties

Environmental Fate and Transport
Metabolism/Transformations

Ecotoxicological Information
0 Selected

Human Health Hazards

Intermediate effects - mechanistic information

Options «
Select All
B Documented
M Observed Mammalian metabolism Observed metabolism u
M Observed Microbial metabolism Profiling

Unselect All

I Observed Rat In vivo metabolism
M Observed rat liver metabolism with qua ¥

General Mechanistic

Toxic hazard classification by Cramer _\ntermediate (Class II) J




Assignment of Cramer class

Identifying Excluded

Classes

Genotoxicity
Evaluation

Cramer Class
Designations & Conflicts

Calculating
cPOD
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¥ Toxtree (Estimation of Toxic Hazard - A Decision Tree Approach) v3.1.0-1851-1525442531402
Eile Edit Chemical Compounds Toxic Hazard Method Help

« »  Chemical identifier CC1Cc2cccec12

Cramer rules

Available structure attributes

Toxic Hazard by Cramer rules, with extensions

Low (Class I) » | Estimate

Cramer rules, with extensi...

Low (Class I)

SMILES

CC1Cc2cecccl2

( | Low (Class I)

cdk: Comment

Created from SMILES

cdk: Title

cramer2,categories.Crame...

1N, 2N,3N,43N,5N,6N,42N. ..

toxTree.tree.cramer.Cram...

Intermediate (Class II)
1N, 2N, 3N,5N,6N,7N, 16N, ...

Structure diagram

High (Class III)

@ Verbose explanation

Cramer rules, with extensions

#8 Q1 Normal constituent of the body No  CC1Cc2ececel?

8 Q2 Contains functional groups associated with enhanced toxicity No  CC1Cc2ccecel?

1] Q3.Contams elements other than C,H,0,N,divalent S No CClCc2cccecl2

8 Q43 Possibly harmful divalent sulphur (not detected via Q3)... No  CC1Ccleccecl?

&8 Q5. Simply branched aliphatic hydrocarbon or a common carbohydrate No  CC1Cc2cccecl?

£8 Q6 Benzene derivative with certain substituents No  CC1Cc2ccceel?
&8 Q42 Possibly harmful analogue of benzene... No CClCc2cccecl?2
8 Q7 Heterocyclic No CC1Cc2cceccl?

8 Q16.Common terpene No  CC1Cc2ccceel?

8 Q17 Readily hydrolysed to a common terpene No  CClCc2cccecl?

#8 Q10 Open chain No CClCc2ececel?

8 023 Aromatic Yes CCl1Cc2cceecl?

ih Q27 Rings with substituents Yes CClCc2cceceel?

&8 Q28 More than one aromatic ring No  CC1Cc2ccceel?

8 Q30 Aromatic Ring with complex substituents No  CC1Cc2ccecel?

8 (18.0One of the list (see explanation) No Class Lo | CC1Cc2eccceel?

17



Assignment of Cramer class

Identifying Excluded
Classes

Genotoxicity
Evaluation

Cramer Class
Designations & Conflicts

Calculating
cPOD
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/-methylbicyclo[4.2.0]octa-1,3,5-triene is classified as a Cramer
Class | compound by ToxTree v3.1.0 and a Cramer Class Il
compound by QSAR Toolbox v4.8

The two profilers deviated at question 30, which is the criteria for
aromatic rings with complex substituents.

In order to satisfy this criteria, a compound must have at least
one substituent other than a 1-5 carbon hydrocarbon, aldehyde,
ketone, carboxylic acid, ester, hydroxyl, or methoxy group.

The target chemical has one 3-carbon substituent fused to the
aromatic ring and, thus, the criteria for aromatic rings with
complex constituents is not satisfied.

The Cramer Class | classification as identified by Toxtree v3.1.0 is
the most appropriate classification, which correspondstoa TTC
S5th% NOAEL of 3 mg/kg-day.



cPOD derivation

Identifying Excluded
Classes

Genotoxicity
Evaluation

Cramer Class
Designations & Conflicts

Calculating
cPOD
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Objective: To verify that the assigned Cramer class
criteria are adequately protective based on empirical
data

Relevant studies (oral):
 Repeated dose, = 28 days
* Prenatal developmental studies
« Single generation reproduction studies
« Screening studies, such as OECD 421 and 422

Effect levels (NOAEL and LOAEL) assigned to each
study.

The lowest POD, modified by appropriate uncertainty
factor(s), should be higher than the corresponding TTC
level.



cPOD derivation

Identifying Excluded
Classes

Genotoxicity

Evaluation

Cramer Class
Designations & Conflicts

Calculating

cPOD
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gPOD Summary

Study Type NOAEL | LOAEL Critical Effect Adjustment

cRon.
{Species) img/kg-day) Factor’ (mog/kg-day) Source

[Target Chemical] _p—

1x
(chronic,
developmental

or reproductive)
Jx

(subchronic)
10x

{short-term)

AND
[Analogue, if applicable]

Jx or10x
(LOAEL to /
NDAEL}

1 Study types for application of the adjustment factor are as defined in Section 2 of NSFIANSI!CAN G600
[* Insert footnote text here where alternative PODs are identified by the criteria author as compared to the original study author
ar as provided by the secondary source of the data]

« Thelowest cPOD is selected for comparison to the TTC

« NOAEL/LOAEL values are consistent with those identified by
the study author

- If no data available for the target compound, incorporate
data from closest analogue compound.

20



cPOD derivation

Identifying Excluded

Classes

Genotoxicity
Evaluation

Cramer Class
Designations & Conflicts

Calculating
cPOD
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NSE

Unpublished
28-Day Oral Study % % Hematology results regcértﬁg%\lg
(rats) consistent with hemolytic 10x /\
. ECHACHEM | EcHA |  @nemiawith increased (short-term) 5 > As cited by
Rimilaro OECD TG 50 CHEM | _ extramedufary N_“| OECD (2004)
150 ematopoiesis in the spleen. ECHA CHEM
(2023)
PO & F1 Adults
Hematology consistent with
hemaolytic anemia. Unpublished
Histopathology of spleen 1x report
and bone marrow consistent (chronic, (2022)
Ginn:?:h?gn?:a;} 52&3&?;;3" 150 adaptations resulting from developmental 50
anemia. or reproductive) As cited by
ECHA CHEM
F1 Pups (2023)
Mo developmental effects
reported
Unpublished
Mat | Matern Maternal r:pﬁrtt_b},r
% al Decreased body weight gain 1x Pharr::??ﬁg;[@gg
Prenatal 135 (-15%) (chronic, (2004)
Developmental developmental 45
Toxicity Study Fetus or reproductive) .
Fetus Fetus | Mo effects at maximum dose As cited by
=135 =135 tested OECD (2004)
ECHA CHEM
{2023)

The lowest study-specific value is 5 mg/kg-day and would be selected
as the cPOD.



TTC Approach
Comparative Point Of Departure (cPOD) Calculation

To confirm that the identified Cramer class
TTC is health protective, a cPOD should be
calculated to assess against the 5t
percentile (%ile) NOAEL for the specified
Cramer category

« |f cPOD < 5™ %ile NOAEL: quantitative
risk assessment required

« |f cPOD = 5% %ile NOAEL: TTC-derived
criteria may be applied

« If available toxicity data are insufficient to
calculate cPOD: TTC-derived criteria may
be applied

Not applicable

0.15

0.91

3.0
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TTC Paradigm

Sufficient data on target
compound to assess
genotoxicity?

|s the compound
excluded from TTC?

Yes

Conduct full

—— | quantitative risk

4

Yes

Evidence of genotoxicity?

3

Derive ¢PQD using

relevant studies on

Yes

Use read-across
approach and QSAR-
based predictions

assessment

Use TTC-based drinking water
criteria for genotoxic compounds
TAC: 0.3 ppb
SPAC: 0.03 ppb

the target chemical
or analogue

Is the gPQD = the 5%
percentile NOAEL for the
assigned Cramer class?

Mo

Yes

k J

Apply Cramer
class TTC

Conduct full
quantitative risk
assessment
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