NHMRC

Technical Report - Chlorate

Evaluated 2021

Sith

listen. think. deliver.



h

Table of Contents

Table of Contents

Section 1 Technical Report APProach OVEIVIEW .......cccciiieeeeeeeeciiiiiiieermnnseeeieeeseeesnnsssssssssesssnsssssssssssssennnsssssssssssessnnnnns 1
SeCtion 2 RESEArCh QUESTIONS.......ciiiiiiiiiiiiiiiiiiiteieieeiereeeeeenneseeesereesnnssssssssssseesnnssssssssssssessnnsssssssssasssnnssssssssssssannnn 2
Section 3 Evidence Evaluation — Methods & APProaches.........ccciiiiiiieeiiiiiiiiiiieneniieininirresseesssseeesnssssssssssssessnnnsnes 4
3.1 Initial source screening — Identification of the existing gUIdeliNeS .........covveieiiiiieiici e 4
3.2 Data search strategy for the existing UIdEIINES .......coieuiiii i 5
3.3 Review of the existing guidelines against the PECO Criteria ........cccceiecuiieeeiiee ettt e 5
3.4 GUIdEINE rEVIEW @PPIOACK ...eviiciiiie ettt e e ettt e e et e e e e tte e e e eataee e abaaeeastaeeeansaeseansaaaeensseeeanstaeesnsnns 6
3.5 Comparison between existing Drinking Water Guideline doCUmMENtS ........ccueeeeiiiiiiiiieeciiee e e 7
3.6 Guideline derivation and value and year of publication Quality assessment and Evaluation — Existing
GUITRIINES cevveeeeieeietttee ettt e et e e et es e e e e e eeseaata e e e e e eeesasbbaeeeessessbabaaaeeeseassbaaaeeessansbsraseeeesenssrsseeeesesensrnnens 8
3.7 Quality assessment and Evaluation — Key studies in gUIEliNeS ........coccueerieiriiiiiiiiieneeee e 24
3.8 Comparison of guideline derivation and calCulation .........cooocuieeieiiiiiciee e e 26
3.8.1 CritiCal HEAIth AdVEISE EffECES. . .ciiuiiiiiiiiiciiie ettt ettt e e st e e s b e e s bt e e e ataeesabaeeeesbaeaensaeeessbeeesabaeesnsseeeanns 32
3.8.2 (0] 4 (V=T =T L o I 1YY Y o i =Tt - UPPPRRP 32
3.8.3 YT TY ANV Z o Yo T =1 4T o USSR 32
3.9 Supporting Information in factsheet — Addressing research qUESTIONS..........cccceecviieecciieecciie e 32
SeCtion 4 RECENT EVIGENCE SCAN ..u.uiieeeniiieeeiiiiieniirteneiereenesiettsassertessssseessssesssnsssssensssssessssssssnssssssssssssesnssssssnssssesnnnnns 37
4.1 LT ATUIE SEAICN vttt e e e e et e e e e e eeearbbeeeeesse bbb e eeeeeseasssaaeeeeesasssareseeessanssrens 37
41.1 DAtADASE SEIBCLION ..eeiieeiiiieieee et e e e ettt e e ettt e e e teeeeeabeeeebeeeeaseeeeastaeeeasseeeaasaee e saeeeenteeeeaneeeeantaeeeanreeeanraeeereaaaan
4.1.2 Developing literature search strategy
4.1.3 Inclusion and Exclusion criteria of Identified REfErENCES ........ccuviiiiiiiiiii e st 40
4.2 o] 0 ANV Le [ Ao I o= L L EL O | 42
SECLION 5 REFEIEINCES ...ivuriieniiiniiiiniiieeiiteitrntreeerenttaestesssressersssersssesssssessssssssssssssssssansssessesassessssessssesnssssnsssnssssnsssanse 43
Figures
Figure 3-1 ReVIEWEd EXISTING GUILEINES.....cccuiiiiiiiie ittt e e e e e e sab e e e s bt e e e ateeeeabaeesabeeeastaeassseeesabaeessseeannsaeens 4

Tables

Table 1-1 LTl LT Tor TS T=T oo T Y=Yt o T TSP 1
Table 2-1 RESEAICR QUESTIONS ..ttt sttt e s bt e bt e s bt e e bt e sab e e bt e s abesab e e smte e st e e saseeaseesnnesnbeenneeennes 2
Table 3-1 Existing guidelines for chlorate in drinking Water .........cuiii i e sbe e e s e e e e sabee s 4
Table 3-2 Search strategy and SeleCtion Of EVIAENCE .......cccciiii it ettt e et e e e e be e e s ba e e e eateeeebbeeeeabeeessaeaenns 5
Table 3-3 PECO-based guideline document search strategy....

Table 3-4 Existing guidelines reView and COMPATiSON .........iiiiuiieiiieeeciree ettt et e e et eeebeeeetaeeesabeeesbaeesstaeesssseeessbeeassseeennnes
Table 3-5 Evaluation of the two Key animal STUGIES........cuiiiiiiii ettt e e e e e bt e e e teee e eaaeeeeabeeeensaaeennnes 25
Table 3-6 Evaluation of a key controlled CliNiCal STUAY ......ccueeieiriiei ettt ee e e ee e e reesseeeeeesneeenneessnennneens 25
Table 3-7 Guideline derivation — Basis and KeY parameters .........ooceeiieriieriieie sttt sttt st 27

Technical Report - Chlorate Rev3 NHMRC



h

Table of Contents

Table 3-8
Table 4-1
Table 4-2
Table 4-3
Table 5-1
Table 5-2
Table 5-3
Table 5-4
Table 5-5
Table 5-6
Table 5-7
Table 5-8
Table 5-9
Table 5-10

Supporting information review and comparison....

Search strategy for the selected databases..... ..37
PECO-based [iterature SEarch STrat@EY ......cuuiciiii ittt e et e et eeeab e e e e taeeseabeeeebaeessseeeensseeesteeeensaeeannnes 38
RECENT EVIAENCE SCAN FESUILS ....ovveieiiieeieteee ettt h et bbbt s bt et e b e s st e s bt e st e b e sae e b e sneensenbeeneens 42
Study evaluation — DOMaAiN JUABEMENT ..cc.uiiiiiiiieiieerie ettt ettt et e st e sb e s bt e beesabeesbeesaseebeesanesneesnne 48
Animal studies evaluation — instructions to select domain jUdZEMENt.........cccceiiiiiiiiiiieiiie e 48
Epidemiological studies evaluation — instruction to select domain judgement ..........ccccooiiiiieiiiiciiee e 52
PubMed Database Search Results — INCIUAEd STUAIES .........coueriiriirieierieeee ettt st s 59
PubMed Database Search Results — Included as Supplemental material Studies ........cccceeveerieriieniinneencceeeeeen 59
PubMed Database Search Results — EXcluded StUTIES ........coceeiiriiiiiiiiniiniiiiciectet e 65
Wiley Online Library Database Search Results — Included studies (after De-duplication).........cccceevceevcevriesceerennnens 72
Wiley Online Library Database Search Results — Included as Supplemental material studies (after De-duplication)..72
Tox21 Database Search Results — Included as supplemental studies (after De-duplication) ........cccccceevveriieenreecveenen. 74
SciFinder Database Search Results — Included as supplemental studies (after De-duplication) .........ccccceeeceeeeiineeennns 74

Appendices

Appendix A Supplementary INformation........cccccciiiiiiiiiiiiiierre e e s s e eeees 46

Appendix B ReCeNt EVIAENCE SCAN......uuuuuiiiiiiuiittettneenseasieaassaasseaeesaresraesrre sttt r e et st e e seeesseeeseeeseeesseasanesnnenns 58

Technical Report - Chlorate Rev3 NHMRC



Key Terms and Abbreviations

Key Terms and Abbreviations

Abbreviation | Definitions

ADI Acceptable Daily Intake

ADME Absorption, Distribution, Metabolism, and Excretion
ADWG Australian Drinking Water Guidelines (NHMRC 2011)
APHA American Public Health Association

ARfD Acute Reference Dose

AWWA American Water Works Association

BMD Benchmark Dose

BMDL The corresponding lower limit of a one-sided 95% confidence interval on the BMD
BMR Benchmark Response

BW Body Weight

CASRN Chemical Abstracts Service Registry Number

CSIRO The Commonwealth Scientific and Industrial Research Organisation
DBPs Disinfection By-Products

DW Drinking Water

DWC Drinking Water Consumption

EFSA European Food Safety Authority

GV Guideline value

HPLCMS/MS High Performance Liquid chromatography mass spectrometry/mass spectrometry
IC lon Chromatography

IPCS International Program on Chemical Safety

JECFA Joint FAO/WHO Expert Committee on Food Additives
Kg Kilogram

L Litre

LC-MS Liquid chromatography—mass spectrometry

LOAEL Low Observed Adverse Effect Level

LOD Limit of Detection

LoQ Limit of Quantification

MAC Maximum Acceptable Concentration

MDL Method Detection Limit

Mg Milligram

ug Microgram

MOA Mode of Action

MOE Margin of Exposure

MRL Maximum Residue Limit

MS Mass Spectrometry

NHMRC National Health and Medical Research Council
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Key Terms and Abbreviations

Abbreviation | Definitions

NOAEL No Observed Adverse Effect Level

NTP National Toxicology Program

OEHHA California Office of Environmental Health Hazard Assessment
PBPK Physiological Based pharmacokinetic

PECO population, exposure, comparator, outcome
POD Point of Departure

RAIU Radioactive iodide uptake

RfD Reference dose

RSC Relative Source Contribution

TDI Tolerable Daily Intake

UF Uncertainty Factor

US EPA United States Environmental Protection Agency
US FDA United States Food and Drug Administration
uv Ultraviolet

WaterRA Water Research Australia

WHO World Health Organization
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Section 1 Technical Report Approach Overview

Section 1 Technical Report Approach Overview

Existing guideline to

review

US EPA 2006/2016,
WHO 2016, Health
Canada 2008, OEHHA
2002, EFSA 2015

Refer to Table 3-1

Table 1-1 Technical Report Sections

Section

Section 2 Research Question

Section 3 Evidence Evaluation
methods

Section 4 Results

Section 5 References

Appendix A | Supplementary
Information

Appendix B Recent Evidence
Scan

Approach

Health related advice and supporting information for the existing guidelines were summarised based on the
agreed upon criteria outlined in research protocol final version.

- Approach used to identify and retrieve existing guidance or studies: Consistent with search strategy
documentation outlined in Appendix A of Research Protocol.

- Process for selecting studies (i.e. application of inclusion/exclusion criteria) and list of included studies (and
excluded if available): All retrieved studies are documented (consistent with PRISMA approach). Inclusion and
Exclusion criteria is outlined as per PECO criteria.

- Methods for data extraction and completed table of extracted data for each piece of evidence

- Methods of assessing quality of existing guidance/ guidelines (i.e. use of Assessment Tool). Completed copy
of Assessment tool for each guidance/guideline document.

- Methods used to analyse/synthesise/summarise or compare data from different sources. Summary of
findings tables directly comparing data from different sources and uncertainty.

- Methods used for any calculations and explanatory text for any assumptions if used (can have different levels
of information about this in each Report)

Summary of findings tables for each research question or section of factsheet. Easy to compare different
guidelines/studies in Evaluation Report, detailed information in Technical Report

Reference list

Additional technical detail or examples of templates used in methods to be provided as required

Results of the recent evidence scan

Technical Report - Chlorate Rev3 NHMRC
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Section 2 Research questions

The Australian Drinking Water Guidelines (ADWG) factsheets include two main sections of “Health-related advice” and
“Supporting information”. Research questions were designed and identified for health-based recommendation and
supporting information for which updated evidence is sought. To address the research questions, PECO (population,
exposure, comparator, outcome) criteria is applied (Morgan et al. 2018).

The PECO approach to question supports the conduct of a thorough review, including:

= Defining the scope of existing guidelines to potentially adopt/adapt into the ADWG

= Defining the appropriate population

= Exposure assessment over different time periods (e.g. chronic, subchronic, acute) for different routes
= Comparison between the current value (if available) and higher/lower values

= Comparison between different water treatment approaches to assess incremental exposure levels and
observational study results (evidence or relative incidence)

= Comparison to no exposure to demonstrate that a particular level is below the “no observed adverse effect
level”

= The human health and aesthetic outcome of concern from exposure

Thus, the PECO defines the objectives of the review or guideline. Furthermore, the PECO informs the study design or
inclusion and exclusion criteria for a review, as well as facilitating the interpretation of the directness of the findings
based on how well the actual research findings represent the original question (Morgan et al. 2018).

Research questions for health-related advice and supporting information used in this review are shown in Table 2-1
below.

Table 2-1 Research questions

Factsheet Section Research questions

Health-related advice

Health-based guideline - What level of chlorate in drinking water causes adverse health effects? What is the endpoint
value that determines this value?

- Is the proposed guideline value relevant to the Australian context?

- Is there a knowledge gap from the time at which existing guideline values were developed?
Does any recent literature change the guideline value? (e.g. demonstrating a new critical
endpoint?)

Health considerations - What are the key adverse health hazards from exposure to chlorate in Australian drinking
water?

- What is the critical human health endpoint for chlorate?

- What are the justifications for choosing this endpoint?

Typical Australian water - What are the typical levels in Australian drinking water?

levels or exposure profile - Do they vary around the country or under certain conditions?

Risk summary - What are the risks to human health from exposure to chlorate in Australian drinking water?

- Is there evidence of any emerging risks that are not mentioned in the current factsheet that
require review?

Other - Are there studies quantifying health burden (reduced or increased) due to chlorate?

Technical Report - Chlorate Rev3 NHMRC
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Factsheet Section ‘ Research questions

Supporting information

General description

Is this information current?

Measurement

- Is this information current?

- What are the indicators of the risks? How can we measure this exposure?

- Analytical methods — current? Current LODs achieved, with respect to various guideline
values?

Treatment options

Is this information current?

Risk management options

- Is this information current?

- What are the current practices to minimise or manage the risks identified?

Technical Report - Chlorate Rev3 NHMRC
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Section 3 Evidence Evaluation — Methods & Approaches

3.1 Initial source screening — Identification of the existing guidelines

Screened guidelines are indicated in Figure 3-1. These primary sources are screened, and relevant guidelines search
are conducted by content experts, Paolin Caceres Velez and Maryam Moslehi (Table 3-1).

Chlorate

B Health Canada
EFSA
WHO

Bl OEHHA

Powered by Bing

© Australian Bureau of Statistics, GeoNames, Microsoft, Navinfo, TomTom, Wikipedia

Figure 3-1 Reviewed existing guidelines

Table 3-1 Existing guidelines for chlorate in drinking water

Jurisdiction Document title, year Reviewer’s comments
World Health Organization (WHO) Chlorine Dioxide, Chlorite and Chlorate in Drinking-water: None.

Background document for development of WHO Guidelines for

Drinking-water Quality, 2016
Health Canada Guidelines for Canadian Drinking Water Quality: Guideline None.

Technical Document — Chlorite and Chlorate, 2008

California Office of Health and
Hazard Assessment (OEHHA)

Proposed Action Level for Chlorate, 2002

Action level was
established.

European Food Safety Authority
(EFSA)

Scientific Opinion, Risks for public health related to the
presence of chlorate in food, 2015

None.

United States Environmental
Protection Agency (US EPA)

Reregistration Eligibility Decision (RED) for Inorganic Chlorates,
2006.

Six-Year Review 3 Technical Support Document for Chlorate,
2016.
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3.2 Data search strategy for the existing guidelines

Data search and documentation approach is outlined in Table 3-2 below.

Table 3-2

Search terms

Search strategy and selection of evidence

Publication date

Language

Study Type

effect, chlorate AND toxicity

Chlorate, chlorate AND drinking water, chlorate AND disinfect, chlorate AND adverse health

The most recent and relevant guidance documents

English and German

Primary source of guideline documents (National and International)

Inclusion and exclusion criteria PECO (population, Exposure, Comparator and outcome)

Validation methods used

Searching methods

Documentation of search

Search results are checked by senior reviewer, John Frangos

criteria

The most relevant primary guideline documents based on key search terms and PECO

Summary of the key data is recorded (based on PECO criteria)

3.3 Review of the existing guidelines against the PECO criteria

Search strategy is developed using the populations, exposure, comparators and outcomes (PECO) criteria approach.
The PECO defines the objectives of the guideline review. Furthermore, the PECO informs the inclusion and exclusion
criteria for a review, as well as facilitating the interpretation of the directness of the findings based on how well the
actual research findings represent the original question (Morgan et al., 2018).

Table 3-3

Search element

PECO-based guideline document search strategy

| Comments

| Comments

Comparison between the current guideline value and any
different (higher/lower) existing values

Supplementary advice:

Comparison between different water treatment options to assess
incremental exposure levels and incidence results.

Comparison to no observed effects level / no exposure level

Population Sensitive population Based on the mode of action,
R Infants and children the most sensitive population
is identified.
- Pregnant women
- Aboriginal and Torres Strait Islander peoples
- People with pre-existing health conditions identified in peer
reviewed competent authority as possible renal disease
- People who ingest higher than average amount of water e.g. in
tropical locations or outdoor workers
Exposure - Lifetime exposure Data is retrieved from the key
_ Short-term exposure study (ies) for guideline
— . . . . derivation.
- Combination or reaction with substances (e.g. reaction with
ozone)
- Exposure through drinking, cooking, washing, skin contact
- PBPK-based exposure model characteristics
Comparator Health-based advice: Health-based advice and

supplementary information
from the existing guidelines
are summarised.

Technical Report - Chlorate Rev3 NHMRC
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Search element | Comments | Comments

Outcome The human health and aesthetic outcomes of concern from exposure Health adverse effects (critical
to chlorate include: health effects and other
_ Mortality effects) are summarised and

compared between the

- Severe human health outcomes, including incidence of life- . .
existing guidelines.

threatening illness, disability or chronic disease with ongoing
impact on quality of life.

- Less severe or short-term human health outcomes, e.g. irritation.
- Aesthetic outcomes, including taste, smell, colour, clarity, etc.

- Other (bioanalytical assays that support health outcomes, for
example results from Tox21 screening assays)

Consideration regarding these outcomes will be given to:

- The level of chlorate in drinking water considered to be safe or
acceptable to human health over a lifetime

- The level of chlorate in drinking water considered to be safe or
acceptable to human health during a short-term event

- The level of chlorate in drinking water considered to be
acceptable in relation to aesthetic factors, including taste, smell,
colour, clarity, etc.

3.4

Guideline review approach

The review of the existing guideline documents includes:

Initial source screening: this screening allows to limit the following search and evaluation to the guidance
documents that include proposed guideline values for chlorate in drinking water. The following
guideline/guidance sources (advised by NHMRC and the Water Quality Advisory Committee) were screened:

—  World Health Organization (WHO) (including the Joint FAO/WHO Expert Committee on Food Additives
[JECFA])

—  European Food Safety Authority (EFSA)

—  Health Canada

—  United States Environmental Protection Agency (US EPA)

—  US Agency for Toxic Substances and Disease Registry (ATSDR)

—  Californian Office of Health and Hazard Assessment (OEHHA)

—  Food Standards Australia New Zealand (FSANZ)

—  Australian Pesticides and Veterinary Medicines Authority (APVMA).

Comparison between the key parameters in the existing drinking water guidance documents: the studied
parameters were selected based on PECO criteria. The key parameters include critical study that forms the basis
of guideline derivation, study population, chemical of interest and applied doses, route and duration of
exposure, adverse health outcomes, guideline derivation and calculations.

The relevant guidelines identified for inclusion in the review are assessed against an Assessment Tool provided by
NHMRC: key administrative and technical criteria used to develop the guidance were assessed to determine
whether the guidance is suitable for adoption/adaption in the ADWG.

The identified key studies in different guidance documents are assessed by applying a primary study quality
assessment tool: and evaluation process explained in detailed in Technical Report. Briefly, study evaluation is an
encompassing interpretation of a variety of methodological features (e.g., study design, exposure measurement,
study execution, data reporting). It indicates the key evaluation concerns (“Domains”) for animal and

Technical Report - Chlorate Rev3 NHMRC
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3.5

epidemiological studies. For each domain, four different categories of “Good”, “Adequate”, “Deficient” and
“Critically Deficient” are introduced as “Domain Judgement”. Key studies that have been used for guideline
derivation in overseas guidance for chlorate in drinking water are evaluated based on the introduced domain
judgment approach followed by the overall rating (overall study confidence) of “Low”, “Medium” or “High
Confidence”.

Basis of guideline value derivation and calculation approaches are compared. This comparison facilitates the
understanding of the differences in guideline values (based on the similar or different key studies).

Review of the adverse health effects introduced in key studies. The outcome review is a pivotal step as it
determines the necessity for guideline value update/modification.

Review of the health effects introduced in guidance documents. This review helps to understand if the key
adverse health effects need to be updated.

Identification of the knowledge gap and absence of studies for key endpoints. This step is essential for recent
evidence scan and literature search refinement.

Review of the mode of action in the defined route of exposure. This step aids better understanding of the most
sensitive population as well as the most appropriate approach for guideline derivation.

Review of the analytical methods, exposure measurement and limit of detection: this step is to compare and
identify the differences between analytical approaches used by different agencies, identify the knowledge gap
which determine the literature search and recent evidence scan criteria and refinement process.

Comparison between the treatment options in the existing guidance documents: this step aids better
understanding of the limitations, exposure levels and appropriate treatment options.

Comparison between existing Drinking Water Guideline
documents

A chlorate health-based guideline value was not set in the Australian Drinking Water Guidelines (ADWG) due to
insufficient data. Although action to reduce the use of disinfection by-products is encouraged, it must not compromise
disinfection as non-disinfected water poses significantly greater risk. The existing overseas drinking water guidelines
for chlorate are compared using the key parameters that are pivotal to guideline derivation (Table 3-4). As it was
shown, key parameters include:

Critical study

Study population

Experiment substance

Route of exposure

Administered dose

Exposure duration

Critical effects (e.g. adverse effect modelled)
Dose adjustments

Point of Departure (POD)

Safety factors (interspecies, intraspecies, adequacy of database, other factors)
All the studied health effect summary

Mode of action

Technical Report - Chlorate Rev3 NHMRC
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3.6 Guideline derivation and value and year of publication Quality
assessment and Evaluation — Existing Guidelines

Existing guidelines containing potential health-based guideline values for possible adoption/adaptation in Australia
were evaluated using an Assessment Tool provided by NHMRC and outlined in the research protocol for this review.
This Tool evaluates each document against administrative and technical criteria that demonstrate transparent and
robust guideline development and evidence review processes that meet NHMRC standards for guidelines. Further
details on the assessment of each guideline using the Assessment Tool are provided below.

Assessments were undertaken for the following included guidelines:

e  World Health Organization (WHO) (2016): Chlorine Dioxide, Chlorite and Chlorate in Drinking-water.
Background document for development of WHO Guidelines for Drinking-water Quality.

e Health Canada (2008): Guidelines for Canadian Drinking Water Quality: Guideline Technical Document —
Chlorite and Chlorate.

e (California Office of Health and Hazard Assessment (OEHHA) (2002): Proposed Action Level for Chlorate.

e European Food Safety Authority (EFSA) (2015): Scientific Opinion on the Risks to Public Health Related to the
Presence of Chlorate in Food.

e United States Environmental Protection Agency (US EPA) (2006): Reregistration Eligibility Decision (RED) for
Inorganic Chlorates.

e United States Environmental Protection Agency (US EPA) (2016): Six-Year Review 3 Technical Support
Document for Chlorate.

The assessments for each organisation (WHO, Health Canada, OEHHA, EFSA and US EPA) are provided below.

World Health Organization (WHO)

WHO 2016: Chlorine Dioxide, Chlorite and Chlorate in Drinking-water. Background document for development of
WHO Guidelines for Drinking-water Quality.
Criteria have been colour-coded as follows: ‘Must-have’, ‘Should have’ or ‘May have’.
Criteria IY/N/?/NA I Notes
Overall guidance/advice development process
Are the key stages of the organisation’s advice
development processes compatible with Australian Y
processes?
Are the administrative processes documented and v Brief details on administrative process
publicly available? provided in document reviewed.
Work is overseen by working groups with
Was the work overseen by an expert advisory experts from different regions, details of
committee? Are potential conflicts of interest of v key personnel and contributors are
committee members declared, managed and/or provided in the documents reviewed.
reported? DOI processes were not reported in
document reviewed.
Are funding sources declared? N Not reported.
Was there public consultation on this work? If so, v Document reviewed was available for
provide details. public comment.
. . . . Document reviewed was internationally
Is the advice peer reviewed? If so, is the peer review . .
outcome documented and/or published? Y peer reviewed. The F)eer FEYIEW outcomes
were not made publicly available.

OMh
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Was the guidance/advice developed or updated Document published in 2016.

recently? Provide details. N
Evidence review parameters
Are decisions about scope, definitions and evidence N Not reported in document reviewed.
review parameters documented and publicly available?
Is there a preference for data from studies that follow Not reported in document reviewed.
agreed international protocols or meet appropriate N
industry standards?
Does the organisation use or undertake systematic Not reported in document reviewed.
literature review methods to identify and select data

- . N
underpinning the advice? Are the methods used
documented clearly?
If proprietary/confidential studies or data are Not reported in document reviewed.
considered by the agency, are these appropriately N
described/recorded?
Are inclusion/exclusion criteria used to select or exclude Not reported in document reviewed.
certain studies from the review? If so, is justification N
provided?
Does the organisation use or adopt review findings or Yes. Revision of previous risk assessments
risk assessments from other organisations? What undertaken (e.g. EHC or CICAD

o Y

process was used to critically assess these external monograph, IARC, JECFA) when
findings? developing the guidance.
Can grey literature such as government reports and N Not reported in document reviewed.
policy documents be included?
Is there documentation and justification on the selection Not reported in document reviewed but
of a toxicological endpoint for use as point of departure |Y available in other policy documents.
for health-based guideline derivation?
Evidence search
Are databases and other sources of evidence specified? |N Not reported in document reviewed.
Does the literature search cover at least more than one Not reported in document reviewed.

scientific database as well as additional sources (which |N
may include government reports and grey literature)?
Is it specified what date range the literature search
covers? Is there a justification?

Are search terms and/or search strings specified? N Not reported in document reviewed.
Are there any other exclusion criteria for literature (e.g.
publication language, publication dates)? If so, what are [N
they and are they appropriate?

Critical appraisal methods and tools

Is risk of bias of individual studies taken into
consideration to assess internal validity? If so, what
tools are used? If not, was any method used to assess
study quality?

Does the organisation use a systematic or some other Not reported in document reviewed.
methodological approach to synthesise the evidence

Not reported in document reviewed.

Not reported in document reviewed.

(i.e. to assess and summarise the information provided N

in the studies)? If so, provide details.

Does the organisation assess the overall certainty of the Not reported in the document reviewed.
evidence and reach recommendations? If so, provide N

details.

Derivation of health-based guideline values

Is there justification for the choice of uncertainty and v

safety factors?

OMh
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Are the parameter value assumptions documented and
explained?

Are the mathematical workings/algorithms clearly
documented and explained?

Does the organisation take into consideration non-
health related matters to account for feasibility of
implementing the guideline values (e.g. measurement
attainability)?

Is there documentation directing use of mechanistic,
mode of action, or key events in adverse outcome Y
pathways in deriving health-based guideline values?
What processes are used when expert judgement is Not reported in document reviewed.
required and applied? Is the process documented and N
published?
Is dose response modelling (e.g. BMDL) routinely used? [Y Where data permit.

For genotoxic carcinogens, the DWG
represents an excess lifetime cancer risk of]
Y 1x107 for people drinking water
containing the chemical at the DWG for 70
yrs.

If applicable: For carcinogens, what is the level of cancer 1x10°.

risk used by the organisation to set the health-based Y
guideline value?

What is the organisation’s policy for dealing with
substances for which a non-threshold mode of action
may be applicable in humans? Has the policy been
articulated and recorded?

Health Canada

Health Canada 2008: Guidelines for Canadian Drinking Water Quality: Guideline Technical Document — Chlorite and
Chlorate.

Criteria have been colour-coded as follows: ‘Must-have’, ‘Should have’ or ‘May have’.
Criteria IY/N/?/NA I Notes

Overall guidance/advice development process

Are the key stages of the organisation’s advice

development processes compatible with Australian Y

processes?

Are the administrative processes documented and v

publicly available?
The CDW has members from each

Was the work overseen by an expert advisory jurisdiction in Canada, which represent the|

committee? Are potential conflicts of interest of v authority responsible for drinking water

committee members declared, managed and/or quality in their jurisdiction and observers.

reported? Management of interests is unclear from
the document reviewed.

Are funding sources declared? N Not reported in document reviewed but
assumed to be government funded.
Yes, draft technical support documents
are published on the Health Canada
website for public comment. Following

Was there public consultation on this work? If so, v each consultation, the document is revised

provide details. and posted on the website. A summary of
the comments received and how they
have been addressed is available upon
request.
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Is the advice peer reviewed? If so, is the peer review
outcome documented and/or published?

The guideline technical document is peer
reviewed by external experts. The peer
review outcome is available on request.

Was the guidance/advice developed or updated
recently? Provide details.

Published in 2008.

Evidence review parameters

Are decisions about scope, definitions and evidence
review parameters documented and publicly available?

Not reported in document reviewed.

Is there a preference for data from studies that follow
agreed international protocols or meet appropriate
industry standards?

Not clear from document reviewed.

Does the organisation use or undertake systematic
literature review methods to identify and select data
underpinning the advice? Are the methods used
documented clearly?

Not reported in document reviewed.

If proprietary/confidential studies or data are
considered by the agency, are these appropriately
described/recorded?

Where unpublished information is cited, it
is described and recorded.

Are inclusion/exclusion criteria used to select or exclude
certain studies from the review? If so, is justification
provided?

Not reported in document reviewed.

Does the organisation use or adopt review findings or
risk assessments from other organisations? What
process was used to critically assess these external
findings?

Health Canada cites existing international
agency reviews. Process for critical
appraisal not reported in document
reviewed.

Can grey literature such as government reports and
policy documents be included?

Health Canada uses existing government
reviews (e.g. toxicological reviews) as
primary sources of information in
technical guidance documents.

Is there documentation and justification on the selection
of a toxicological endpoint for use as point of departure
for health-based guideline derivation?

Policies not reported in document
reviewed but justification for endpoints
provided.

Evidence search

Are databases and other sources of evidence specified?

Not reported in document reviewed.

Does the literature search cover at least more than one
scientific database as well as additional sources (which
may include government reports and grey literature)?

Not reported in document reviewed.

Is it specified what date range the literature search
covers? Is there a justification?

Date range is not provided in document
reviewed, but updates to existing technical
guidelines appear to include literature
published after the previous guideline was
set.

Are search terms and/or search strings specified?

No.

Are there any other exclusion criteria for literature (e.g.
publication language, publication dates)? If so, what are
they and are they appropriate?

Not reported in document reviewed.

Critical appraisal methods and tools

Is risk of bias of individual studies taken into
consideration to assess internal validity? If so, what
tools are used? If not, was any method used to assess
study quality?

Does the organisation use a systematic or some other
methodological approach to synthesise the evidence
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(i.e. to assess and summarise the information provided
in the studies)? If so, provide details.

Does the organisation assess the overall certainty of the
evidence and reach recommendations? If so, provide N
details.

Derivation of health-based guideline values

Is there justification for the choice of uncertainty and
safety factors?

Are the parameter value assumptions documented and
explained?

Are the mathematical workings/algorithms clearly
documented and explained?

Does the organisation take into consideration non-
health related matters to account for feasibility of
implementing the guideline values (e.g. measurement
attainability)?

Is there documentation directing use of mechanistic,
mode of action, or key events in adverse outcome N Not clear from document reviewed.
pathways in deriving health-based guideline values?
What processes are used when expert judgement is Not clear from document reviewed.
required and applied? Is the process documented and N
published?
Is dose response modelling (e.g. BMDL) routinely used? | N Not clear from document reviewed.
What is the organisation’s policy for dealing with Not clear from document reviewed.
substances for which a non-threshold mode of action
may be applicable in humans? Has the policy been
articulated and recorded?

If applicable: For carcinogens, what is the level of cancer Not reported in document reviewed.
risk used by the organisation to set the health-based N
guideline value?

Office of Environmental Health and Hazard Assessment (OEHHA)

OEHHA 2002: Proposed Action Level for Chlorate.

Criteria have been colour-coded as follows: ‘Must-have’, ‘Should have’ or ‘May have’.
Criteria IY/N/?/NA I Notes
Overall guidance/advice development process
Are the key stages of the organisation’s advice
development processes compatible with Australian Y
processes?

Are the administrative processes documented and
publicly available?

Was the work overseen by an expert advisory Not specified in document reviewed.
committee? Are potential conflicts of interest of

Not specified in document reviewed.

. N
committee members declared, managed and/or
reported?
. Not reported in document reviewed but
Are funding sources declared? N P
assumed to be government funded.
Was there public consultation on this work? If so, N Not reported in document reviewed.
provide details.
Is the advice peer reviewed? If so, is the peer review N Not reported in document reviewed.
outcome documented and/or published?
CDM
Smith
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Was the guidance/advice developed or updated
recently? Provide details.

Published in 2002.

Evidence review parameters

Are decisions about scope, definitions and evidence
review parameters documented and publicly available?

Not reported in document reviewed.

Is there a preference for data from studies that follow
agreed international protocols or meet appropriate
industry standards?

Not reported in document reviewed.

Does the organisation use or undertake systematic
literature review methods to identify and select data
underpinning the advice? Are the methods used
documented clearly?

Not reported in document reviewed.

If proprietary/confidential studies or data are
considered by the agency, are these appropriately
described/recorded?

Not reported in document reviewed.

Are inclusion/exclusion criteria used to select or exclude
certain studies from the review? If so, is justification
provided?

Not reported in document reviewed.

Does the organisation use or adopt review findings or
risk assessments from other organisations? What
process was used to critically assess these external
findings?

Yes. OEHHA reviews risk assessments

performed and determinations made by

US State or Federal government
organisations but conducts its own risk

assessment for the development of PHGs.

Can grey literature such as government reports and
policy documents be included?

Is there documentation and justification on the selection
of a toxicological endpoint for use as point of departure
for health-based guideline derivation?

Evidence search

Are databases and other sources of evidence specified?

Not reported in document reviewed.

Does the literature search cover at least more than one
scientific database as well as additional sources (which
may include government reports and grey literature)?

Not reported in document reviewed.

Is it specified what date range the literature search
covers? Is there a justification?

Not reported in document reviewed.

Are search terms and/or search strings specified?

Not reported in document reviewed

Are there any other exclusion criteria for literature (e.g.
publication language, publication dates)? If so, what are
they and are they appropriate?

Not reported in document reviewed.

Critical appraisal methods and tools

Is risk of bias of individual studies taken into
consideration to assess internal validity? If so, what
tools are used? If not, was any method used to assess
study quality?

Not reported in document reviewed.

Does the organisation use a systematic or some other
methodological approach to synthesise the evidence
(i.e. to assess and summarise the information provided
in the studies)? If so, provide details.

Not reported in document reviewed.

Does the organisation assess the overall certainty of the
evidence and reach recommendations? If so, provide
details.

Not reported in document reviewed.

Derivation of health-based guideline values

Is there justification for the choice of uncertainty and
safety factors?
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Are the parameter value assumptions documented and
explained?

Are the mathematical workings/algorithms clearly
documented and explained?

Does the organisation take into consideration non-
health related matters to account for feasibility of
implementing the guideline values (e.g. measurement
attainability)?

Is there documentation directing use of mechanistic,
mode of action, or key events in adverse outcome N Not reported in document reviewed.
pathways in deriving health-based guideline values?
What processes are used when expert judgement is Not reported in document reviewed.
required and applied? Is the process documented and N
published?
Is dose response modelling (e.g. BMDL) routinely used? |Y
What is the organisation’s policy for dealing with OEHHA has guidance documents that are
substances for which a non-threshold mode of action publicly available.

may be applicable in humans? Has the policy been
articulated and recorded?

If applicable: For carcinogens, what is the level of cancer The level of cancer risk used in developing
risk used by the organisation to set the health-based Y PHGs is one in one million (1 x 10°®).
guideline value?

European Food Safety Authority (EFSA)

EFSA 2015: Scientific Opinion on the Risks to Public Health Related to the Presence of Chlorate in Food.

Criteria have been colour-coded as follows: ‘Must-have’, ‘Should have’ or ‘May have’.

Criteria |Y/N/?/NA | Notes
Overall guidance/advice development process
Are the key stages of the organisation’s advice
development processes compatible with Australian Y
processes?

Are the administrative processes documented and
publicly available?

The EFSA Panel on Contaminants in the
Food Chain (CONTAM) undertook this
Y work. DOI’s not specified in document
reviewed but are reported and made
publicly available on the EFSA website.
Not reported but assumed to be funded
by member states.

Not specified in document reviewed.

Was the work overseen by an expert advisory
committee? Are potential conflicts of interest of
committee members declared, managed and/or
reported?

Are funding sources declared? N

Was there public consultation on this work? If so,
provide details.

Is the advice peer reviewed? If so, is the peer review
outcome documented and/or published?

Was the guidance/advice developed or updated Published in 2015.
recently? Provide details.

Not specified in document reviewed.

Evidence review parameters

Are decisions about scope, definitions and evidence Terms of reference of review provided
review parameters documented and publicly available? some details of scope.
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Is there a preference for data from studies that follow
agreed international protocols or meet appropriate
industry standards?

Does the organisation use or undertake systematic
literature review methods to identify and select data
underpinning the advice? Are the methods used
documented clearly?

This is not specified in document
reviewed.

If proprietary/confidential studies or data are
considered by the agency, are these appropriately
described/recorded?

Not specified in document reviewed.

Are inclusion/exclusion criteria used to select or exclude
certain studies from the review? If so, is justification
provided?

Does the organisation use or adopt review findings or
risk assessments from other organisations? What
process was used to critically assess these external
findings?

Relevant risk assessments performed by
other EU or international bodies can be
used provided a comprehensive
description of all data, processes and
methods is available. The relevance of the
assessment in light of more recent data is
also considered.

Can grey literature such as government reports and
policy documents be included?

Is there documentation and justification on the selection
of a toxicological endpoint for use as point of departure
for health-based guideline derivation?

Evidence search

Are databases and other sources of evidence specified?

Does the literature search cover at least more than one
scientific database as well as additional sources (which
may include government reports and grey literature)?

Is it specified what date range the literature search
covers? Is there a justification?

Are search terms and/or search strings specified?

Not specified in document reviewed.

Are there any other exclusion criteria for literature (e.g.
publication language, publication dates)? If so, what are
they and are they appropriate?

Critical appraisal methods and tools

Is risk of bias of individual studies taken into
consideration to assess internal validity? If so, what
tools are used? If not, was any method used to assess
study quality?

Systematic review not undertaken for
document reviewed. However, data
provided by member states was evaluated
to determine their quality and relevance
to the assessment. This is reflected in the
relative weight given to the data in the
assessment and taken into account in the
overall evaluation of uncertainty.

Does the organisation use a systematic or some other
methodological approach to synthesise the evidence
(i.e. to assess and summarise the information provided
in the studies)? If so, provide details.

EFSA risk assessment guidance documents
referenced.

Does the organisation assess the overall certainty of the
evidence and reach recommendations? If so, provide
details.

Derivation of health-based guideline values
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Is there justification for the choice of uncertainty and
safety factors?

explained?

Are the parameter value assumptions documented and

Are the mathematical workings/algorithms clearly
documented and explained?

Does the organisation take into consideration non-
health related matters to account for feasibility of
implementing the guideline values (e.g. measurement
attainability)?

Not reported in document reviewed.

Is there documentation directing use of mechanistic,
mode of action, or key events in adverse outcome
pathways in deriving health-based guideline values?

Not reported in document reviewed.

What processes are used when expert judgement is
required and applied? Is the process documented and
published?

Not specified in document reviewed.

Is dose response modelling (e.g. BMDL) routinely used?

What is the organisation’s policy for dealing with
substances for which a non-threshold mode of action
may be applicable in humans? Has the policy been
articulated and recorded?

EFSA has employed a margin of exposure
(MOE) approach using a BMDL;, for cancer
incidence in animals or humans.

risk used by the organisation to set the health-based
guideline value?

If applicable: For carcinogens, what is the level of cancer

In general, an MOE of 10,000 or higher, if
based on the BMDL;o from an animal
study, is considered to be of low concern
from a public health point of view and a
low priority for risk management.

United States Environmental Protection Agency (US EPA)

Criteria have been colour-coded as follows: ‘Must-have’, ‘Should have’ or ‘May have’.

US EPA 2006: Reregistration Eligibility Decision (RED) for Inorganic Chlorates.

US EPA 2016: Six-Year Review 3 Technical Support Document for Chlorate.

7

Criteria

| Y/N/2/NA | Notes

Overall guidance/advice development process

Are the key stages of the organisation’s advice
development processes compatible with Australian
processes?

Are the administrative processes documented and
publicly available?

Was the work overseen by an expert advisory
committee? Are potential conflicts of interest of
committee members declared, managed and/or
reported?

MDBP Advisory Committee oversees 6
year review of DBPs.

Board and Committee members are
subject to many Federal requirements
including those dealing with conflict-of-
interest and ethics statutes. An evaluation
of each nominee for the Committee is
undertaken with regards to expertise and
experience, potential conflicts of interest
and bias.

Are funding sources declared?

Not reported but assumed to be
government funded.
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Unclear from document reviewed,

N although information on public
consultation provided in DBP document.
Not reported in document reviewed.

Y Details on peer review provided in DBP
document.

Was the guidance/advice developed or updated Published in 2016 alongside 6 year review
recently? Provide details. of DBPs.

Was there public consultation on this work? If so,
provide details.

Is the advice peer reviewed? If so, is the peer review
outcome documented and/or published?

Evidence review parameters
Are decisions about scope, definitions and evidence Not clear in document reviewed.
review parameters documented and publicly available?
Is there a preference for data from studies that follow Not clear in document reviewed.
agreed international protocols or meet appropriate N
industry standards?
Does the organisation use or undertake systematic Not reported in document reviewed.
literature review methods to identify and select data
underpinning the advice? Are the methods used
documented clearly?

If proprietary/confidential studies or data are Not reported in document reviewed.
considered by the agency, are these appropriately N
described/recorded?
Are inclusion/exclusion criteria used to select or exclude Not reported in document reviewed.
certain studies from the review? If so, is justification N
provided?
Does the organisation use or adopt review findings or Not reported in document reviewed.
risk assessments from other organisations? What
process was used to critically assess these external
findings?

Can grey literature such as government reports and
policy documents be included?

Is there documentation and justification on the selection
of a toxicological endpoint for use as point of departure | Y
for health-based guideline derivation?
Evidence search

Are databases and other sources of evidence specified? |Y
Does the literature search cover at least more than one
scientific database as well as additional sources (which Y
may include government reports and grey literature)?
Is it specified what date range the literature search

6 year review, cut off date specified at

e Y
covers? Is there a justification? start of document.
Are search terms and/or search strings specified? N
Are there any other exclusion criteria for literature (e.g. Not reported in document reviewed.

publication language, publication dates)? If so, what are | N
they and are they appropriate?
Critical appraisal methods and tools
Is risk of bias of individual studies taken into Not reported in document reviewed.
consideration to assess internal validity? If so, what
tools are used? If not, was any method used to assess
study quality?

Does the organisation use a systematic or some other Not clear from document reviewed.
methodological approach to synthesise the evidence
(i.e. to assess and summarise the information provided
in the studies)? If so, provide details.
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Does the organisation assess the overall certainty of the
evidence and reach recommendations? If so, provide
details.

Not clear from document reviewed.

Derivation of health-based guideline values

Is there justification for the choice of uncertainty and
safety factors?

Are the parameter value assumptions documented and
explained?

Are the mathematical workings/algorithms clearly
documented and explained?

Does the organisation take into consideration non-
health related matters to account for feasibility of
implementing the guideline values (e.g. measurement
attainability)?

Is there documentation directing use of mechanistic,
mode of action, or key events in adverse outcome
pathways in deriving health-based guideline values?

Cites EPA guidance documents.

What processes are used when expert judgement is
required and applied? Is the process documented and
published?

Not reported in document reviewed.

Is dose response modelling (e.g. BMDL) routinely used?

What is the organisation’s policy for dealing with
substances for which a non-threshold mode of action
may be applicable in humans? Has the policy been
articulated and recorded?

EPA approaches outlined in cited
documents. In the absence of sufficiently,
scientifically justifiable mode of action
information, US EPA generally takes the
default position that animal tumour
findings are judged to be relevant to
humans and cancer risks are assumed to
conform with low dose linearity. It is
noted this is a divergence from other
agencies, and Australia, where a genotoxic
MOA drives use of linear dose response
modelling.

If applicable: For carcinogens, what is the level of cancer
risk used by the organisation to set the health-based
guideline value?

US EPA target cancer risk is typically

1 x10° (1 in a million). Guideline values
for 10° 10 and 10 lifetime cancer risks
are provided.

Technical Report - Chlorate Rev3 NHMRC




h

Section 3 Evidence Evaluation — Methods & Approaches

Table 3-4

Parameters

Study
(Key/critical)

Study
Population

Substance

Route of
Exposure

Administered
Dose

Exposure
Duration

Critical Effects
(e.g. Adverse
effect) Modelled

Dose
adjustments

POD (Point of
departure)

NHMRC 2011

Not available (NA)

Existing guidelines review and comparison

US EPA 2006 & 2016
NTP (2005)

WHO 2016
NTP (2005)

EFSA 2015

Greer et al. (2002) — based on
perchlorate toxicity (chronic)

Lubbers et al. (1981) - Controlled
clinical study

OEHHA 2002 Health Canada 2008

McCauley et al. (1995)

NA 50 male and 50 female F344/N rats 37 male and female volunteers Impact on normal subjects Male and female Sprague-Dawley rats (10/sex/group)
(10/group)

NA Sodium chlorate Perchlorate Chlorate

NA Ingestion in drinking water

NA 0, 125, 1,000, or 2,000 mg/L sodium chlorate (equivalent to average daily doses of approximately | 0.007, 0.02, 0.1, or 0.5 mg/kg- 500 mL water containing 5 mg/L 3, 12 or 48 mmol/litre (equivalent to 30, 100 or 510 mg/kg of body weight

5, 35, and 75 mg/kg per day for male rats and 5, 45, and 95 mg/kg per day for female rats). day sodium chlorate (equivalentto 36 | per day in males and 42, 164 or 800 mg/kg of body weight per day in
ug chlorate/kg bw/day). females, based on measured water consumption of each group)

NA 2 years (105 to 106 weeks) 14 days 12 consecutive weeks 90-day study (subchronic)

NA Thyroid hypertrophy in adult rats Considering all the information above, the most Inhibition of thyroid iodine Based on the controlled clinical Pituitary lesions (vacuolization in the cytoplasm of the pars distalis) and
sensitive effects were changes to the thyroid uptake studies with adult volunteers, thyroid gland colloid depletion were observed in both the mid- and high-
gland of male rats. Rats are highly sensitive Impact on RAIU and serum acute haematological and renal dose groups of both sexes. A NOAEL of 30 mg/kg bw per day was
(more so than humans) to the effects of agents thyroid hormone levels of oral toxicity of chlorate in humans identified.
that disrupt thyroid hormone homeostasis. exposure to perchlorate were considered as critical effects.

NA Not specified

NA RfD of 0.03 mg/kg bw day for chlorate ADI of 0 — 0.01 mg/kg bw for chlorate based on the BMDL10 of EFSA CONTAM Based on the acute NOAEL of 30 mg chlorate/kg-day in males and 42 mg chlorate/kg-day in

based on benchmark dose level of 28 mg/L 1.1 mg/kg bw per day for non-neoplastic effects on the thyroid Panel (2014) haematological and renal toxicity females can be established (mean water consumption differed
as sodium chlorate (22 mg/L of chlorate), of | of male rats in a carcinogenicity study. based the of chlorate in humans, ARfD has considerably between males and females):
which the 22 mg/L of chlorate corresponded hazard been established. Because of the

to a dose of 0.9 mg/kg bw per day.

The RfD was achieved by using the
benchmark dose (BMD) and establishment
of a benchmark dose level (BMDL) for
increased follicular cell hypertrophy in rats.

Because a NOAEL was not identified in the study, JECFA applied
a benchmark dose (BMD) approach to derive a point of

departure on the dose-response curve.

The US EPA BMD software version 1.4.1 was used for modelling
the rat thyroid gland follicular cell hypertrophy data. The
calculated BMD values for a 10% increase in thyroid gland
follicular cell hypertrophy in the male rats (BMDp) ranged from
1.9 to 5.9 mg/kg bw per day, expressed as chlorate. The values
of the lower 95% confidence limit for the BMD10 (BMDL,o)
ranged from 1.1 to 4.4 mg/kg bw per day, expressed as chlorate.
JECFA used the lowest BMDL10 of 1.1 mg/kg bw per day,
expressed as chlorate, which was derived from the model giving
the best fit to the data, for its further evaluation of chlorate. For
female rats, the BMDyg values ranged from 4.7 to 12.6 mg/kg bw
per day, and the BMDLy values ranged from 3.0 to 6.4 mg/kg

bw per day.

characterization
of perchlorate
on the available
human data and
selected the
human
volunteer study
of Greer et al.
(2002) as the
pivotal study for
the dose-
response
assessment.
They both
considered the
inhibition of
thyroid iodine
uptake as the
critical effect for
the dose-
response
assessment. The
CONTAM Panel
established a
TDI of 0.3 pg/kg
bw per day for
perchlorate on
basis of the
reference point

acute haematological and renal
toxicity of chlorate in humans, the
NOEL was 36 pg chlorate/kg bw
per day. Considering this value, an
ARfD of 36 ug chlorate/kg bw was
established.

This ARfD covers the more
vulnerable individuals (e.g.
Glucose-6-phosphate
dehydrogenase deficient
individuals or hereditary
methaemoglobinaemia).

-Body weight gain was sharply curtailed in both sexes at the highest
concentration.

-These effects were generally paralleled by lower organ weights (except for
brain and testes).

-Some decreases in haemoglobin, haematocrit and red blood cell counts
were observed at this same dose.

-Pituitary lesions (vacuolation in the cytoplasm of the pars distalis) and
thyroid gland colloid depletion were observed in both the mid- and high
dose groups of both sexes.
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Parameters

Interspecies

Intraspecies

Adequacy of
database

Other

Composite
Factor

Health effect
summary (other
effects)

NHMRC 2011 US EPA 2006 & 2016 WHO 2016 EFSA 2015 ‘ OEHHA 2002 ‘ Health Canada 2008
(RP) of 0.0012
mg/kg bw per
day, based on a
BMDLos for
thyroid iodine
uptake
inhibition and
applying an
overall
uncertainty
factor of 4 to
the RP (EFSA
CONTAM Panel,
2014).
NA 3 JECFA considered that humans are likely to be less sensitive than | Not specified Not specified 10
rats to these effects and that a safety factor for interspecies
variation was not required.
NA 10 10 (The rationale for selection of a tenfold uncertainty factor (as | 4 (for sensitive 1 10
opposed to, for example, a threefold uncertainty factor) was not | population)
additionally specified by JECFA).
NA 1 Not specified.
NA 1 10 (to allow for the deficiencies in the database i.e. the absence 1 1 10 (to account for the short duration of the study)
of neurodevelopmental studies)
NA 30 100 4 1 1000
NA In addition to the stipulated critical effect: In addition to the critical effects, other health In addition to the critical studies, Other human health effect studies In addition to the critical study, other health effect studies showed that:

Negative result for mutagenic effects from
in-vitro and in vivo gene mutation assays.

Potential effects to sensitive populations
including children, based on effect of
inorganic chlorate on thyroid function in
rats. However, two generational
reproductive studies did not show pre or
post-natal effects on sensitivity or
susceptibility in rats or rabbits.

Haemolysis at doses greater that the RfD,
may cause effect in persons with low red
blood cell (RBC) counts. Several studies
suggest that individuals with co-exposure to
other compounds that inhibit iodine uptake
by the thyroid or cause methemoglobinemia
and low RBC counts may be more sensitive
to chlorate that the general population.

effects include:

effects on haematological parameters and on
body weight gain.

As is commonly seen with substances that affect
thyroid function, male rats were more sensitive
than females.

In 90-day study, thyroid hypertrophy and
decreased colloid were observed in male rats
given sodium chlorate at drinking water
concentrations of 1 mg/L as chlorate (equivalent
to about 0.1 mg/kg bw per day as chlorate) and
above.

Effects including incidence and severity of
follicular cell hyperplasia were dose related and
more consistently observed at chlorate doses of
75 mg/kg bw per day and above.

Regarding carcinogenicity and mutagenicity,
sodium chlorate produced positive results in
some in vitro assays, but not for induction of
bone marrow micronuclei or chromosome
aberrations following oral administration to
mice. There was some evidence of carcinogenic
activity in male and female F344/N rats based on

increased incidences of thyroid gland neoplasms.

Administration of sodium chlorate to pregnant
rats resulted in no maternal or developmental
effects at the highest dose tested (1000 mg/kg
bw per day).

showed that:

A 29-year-old man who had ingested about 20 g sodium chlorate
(equivalent to 230 mg chlorate/kg bw) who became cyanotic, had a
severe drop in haemoglobin, and methaemoglobin and
methaemoalbumin were detected in his plasma.

A case of severe sodium chlorate poisoning was also observed within
5 hours after suicidal ingestion of 150-200 g sodium chlorate (117—
156 mg chlorate/kg bw) (Knight et al. 1967). Methaemoglobinaemia
was the early symptom of the intoxication.

14 cases of sodium chlorate poisoning, with ingested amounts (1-2 g
to 300 g) known in 12 of the cases. The patient who had ingested the
lowest amount (1-2 g, which corresponds to 11-23 mg chlorate/kg
bw) survived. Methaemoglobinaemia was seen in 13 of the 14
patients.

Persons with pre-existing blood conditions, especially anaemia, or
those with kidney diseases, might be more sensitive. Persons with
genetic diseases such as hereditary methaemoglobinaemia and
glucose-6-phosphate dehydrogenase deficiency (which increases the
haemolytic susceptibility of humans to oxidizing agents), and other
persons who may be unusually susceptible to oxidants may also be at
greater risk than the general population.

In 90-day study, significant biological changes (reduction in organ and body
weights, and haematological effects) in male and female rats exposed to
mean doses of 100 and 158 mg/kg-day chlorate in drinking water,
respectively.

The Department of Health Services’ proposed action level of 0.5 mg/L (500
ug/L) for chlorate is derived from a subchronic study in which Sprague-
Dawley rats were administered 0, 10, 100 or 1,000 mg/kg-day sodium
chlorate by gavage for 90 days (15/sex/group). The most significant finding
was anaemia, especially in female rats, which exhibited lower blood cell
counts, haematocrit and haemoglobin levels than controls. A slight
decrease (p<0.05) in adrenal weight was found for high-dose animals when
compared to controls. Although not statistically significantly different from
control values, there was also a trend toward a decrease in the adrenal to
body weight ratio for high-dose animals, with males more affected than
females. A NOAEL of 100 mg/kg-day sodium chlorate (or 78 mg/kg-day
chlorate) was derived from this study. The proposed action level
calculation included an uncertainty factor of 1,000.

- A 25-week study reported a significant reduction in body weights, and
significant increases in kidney weights in male rats exposed to mean doses
of 654-686 mg/kg-day sodium or potassium chlorate in drinking water for
25 weeks (range 445-535 mg/kg-day chlorate).

- A subchronic oral toxicity study of sodium chlorate in beagle dogs
reported some emesis (one female dog only during the first three weeks of
dosing), along with a notation from a range-finding study that doses of 360
mg/kg-day were emetic. DPR reported a NOEL of 60 mg/kg-day for this
study.

- A 90-day study reported anaemia, especially in female rats, which
exhibited slightly lower blood cell counts, haematocrit and haemoglobin

h
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Parameters NHMRC 2011 US EPA 2006 & 2016 WHO 2016 EFSA 2015 OEHHA 2002 ‘ Health Canada 2008

Due to the absence of studies, levels. The dose of 100 mg/kg-day was identified as a no-observed effect

neurodevelopmental end-points were not level (NOEL) for sodium chlorate (or 78 mg/kg-day chlorate) from this

investigated and no multigeneration study was study.

available. WHO considered that the thyroid - Administration of 1 percent potassium or sodium chlorate (mean

carcinogenesis raises concerns about possible consumption of NaClO3 and KCIO3 ranged between 654 and 686 mg/kg-

neurodevelopmental effects, as thyroid hormone day) in the drinking water of male F344 rats for 25 weeks resulted in a

status is critical to normal brain development. significant decrease in mean body weights relative to the controls. Relative

WHO accounted for this within the uncertainty kidney weights of the group dosed with potassium chlorate were

factors. significantly increased compared with the control group, which may

Other in vivo studies on nephrotoxicity, immune indicate some renal toxicity.

function and sperm quality indicated that such - Male Sprague-Dawley rats (usually four animals per group) were exposed

effects would not be critical to the safety to relatively low concentrations of these chemicals in drinking water for up

assessment. to 11 months. Several different effects were reported at both CIO3 - doses,

With regard to human studies, WHO stated that including decreased blood glutathione (at two and nine months),

no clear treatment related effects on blood, decreased osmotic fragility of erythrocytes (increasing with time),

urine analysis or physical examination were inhibition of incorporation of tritiated thymidine into nuclei in rat testes

observed at 0.036 mg/kg bw per day of chlorate. (determined at three months only), decreased RBC count and haematocrit

The absence of detrimental physiological (at nine months), and decreased body weight throughout treatments. It

responses within the limits of the study should be noted that the reported LOAEL of 1.5 mg/kg-day for chlorate for

demonstrated the relative safety of oral these studies is far lower than reported in any other toxicity studies.

ingestion of chlorate. - Little data exist on the carcinogenic potential of any of the chlorates in

Considering all the information above, WHO either humans or experimental animals. No lifetime cancer bioassays have

concluded that the most sensitive effects were been identified for chlorates. the results of the tests can be considered as

changes to the thyroid gland of male rats. Rats mostly negative, with little indication of carcinogenic potential.

are highly sensitive (more so than humans) to - Data No reproductive studies were found for chlorate in humans.

the effects of agents that disrupt thyroid . .

hormone homeostasis. WHO considered that - ngh .chlor‘ate levels were found in the te§t§s of rats afte.r oral

. g administration of potassium chlorate, but it is not known if chlorate can

humans are likely to be less sensitive than rats to . . X

these effects and that a safety factor for affect male feltt|||ty: The chls)rat'eé |'n gen.eral induce extracellular

interspecies variation was not required. methemoglobinemia following initial lysis of erthrocyt?s. As such,
Hazardous Substances Data Bank (HSDB, 2001) lists sodium chlorate as a
Class A (unconfirmed human reproductive hazard) for reproductive hazard
because it is unclear whether extracellular methemoglobin induction
following erythrocyte lysis carries the same theoretical foetal risk as does
intracellular methemoglobin induction. Potassium chlorate, on the other
hand, is listed in Class E (known not to affect animal reproduction but no
human data) for reproductive hazard.
- A small number of subjects with glucose-6-phosphate dehydrogenase
deficiencies which might make them more susceptible to oxidative stress
caused by the chlorine disinfectants was exposed to the same dose of
chlorite daily for 12 weeks. Some statistically significant trends in
biochemical or physiological parameters (albumin/globulin ratio, thyroid
hormone levels, mean corpuscular haemoglobin, and methemoglobin
values) were observed, but were judged to be of no clinical significance.
Chlorite and chlorate can be expected to have similar biochemical effects,
but do not appear to be absorbed and distributed in the same fashion and
are not interconvertible in vivo, according to the data from rat studies.

Aesthetic NA Not specified Not specified. Not specified. Not specified.

outcome

Mode of Action NA

In accordance with EPA policy (EPA 1998),
sodium chlorate was ‘not likely to be
carcinogenic to humans at doses that do not
alter thyroid hormone homeostasis’. As
such an non-threshold mode of action was
considered, where the RfD was considered
to be protective of cancer.

Based on the negative in vivo genotoxicity data
and the nature of the histopathological
observations, JECFA concluded that a non-
genotoxic mode of action was likely for the
induction of thyroid tumours by sodium chlorate.

Most of the potential acute adverse health effects of exposure
towards NaClO3 are associated with blood oxidation. The primary
mechanism of chlorate toxicity is rupture of the red blood cell
membranes with intravascular haemolysis. Steffen and Wetzel (1993)
proposed that subsequent to initial formation of methaemoglobin,
chlorate inactivates glucose-6-phosphate dehydrogenase and
glyceraldehyde phosphate dehydrogenase and thus interrupts the
capacity of the erythrocyte to generate nicotinamide adenine
dinucleotide phosphate (NADPH), which is also a cofactor required for

The primary mechanism of chlorate toxicity is rupture of the red blood cell
membranes with intravascular haemolysis. The formation of
methemoglobin is secondary to lysis of red blood cells and is caused by
autooxidation of the free haemoglobin. The formation of methemoglobin
from free haemoglobin is irreversible and may cause life-threatening
effects. (Within the red blood cells, methemoglobin is rapidly reduced by
methemoglobin reductase, but this activity is lost with cell lysis).
Potassium chlorate is also a relatively powerful irreversible inhibitor of
catalase.
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Parameters NHMRC 2011

US EPA 2006 & 2016

WHO 2016

EFSA 2015

methaemoglobin reductase. Without cellular NADPH a cascade of
protein denaturation and a crosslinking of erythrocyte membrane
proteins occurs, finally resulting in erythrocyte haemolysis. Chlorate is
chemically similar to perchlorate, which is a well-known thyroid gland
toxicant and chemical oxidant. Chlorate inhibits the active transport
of iodine from the blood to the follicular cells of the thyroid via the
sodium iodine symporter (NIS). This can result in decreased serum
thyroid hormones, increased release of TSH and consequent
stimulation of thyroid cell proliferation and thyroid gland growth
(ATSDR, 2008). It is unlikely that chlorate induces thyroid gland
follicular cell tumours through a direct genotoxic mode of action.
Nevertheless, chlorate might cause oxidative damage.

Chlorate-induced methaemoglobin formation is most likely caused by
an autocatalytic reaction. Subsequently, chlorate disturbs the
capacity of the erythrocyte to form nicotinamide adenine dinucleotid
phosphate (NADPH), resulting in a cascade of protein denaturation,
crosslinking of membrane proteins and finally haemolysis.

Chlorate-induced renal failure appears to be secondary to haemolysis.

Like perchlorate, the chlorate ion is a competitive inhibitor of iodine
uptake via the sodium iodine symporter (NIS) in the thyroid resulting
in decreased serum thyroid hormones T4 and T3 and increased
release of TSH. Persistent stimulation of the thyroid gland by elevated
levels of TSH results in increases in thyroid gland size and weight,
decreased colloid, hypertrophy and hyperplasia of thyroid follicle cells
and thyroid tumours in rats.

‘ OEHHA 2002

‘ Health Canada 2008

NA

Malignancy

Not specified

Guideline NA
Derivation

Method,

variables and

calculation

mg
0.21—
L

<0.03 r;_gg of body weight per day x 70kg
x 0.2

)

L
day
A chronic non-threshold health reference
level (HRL) of 0.21 mg/L was derive, based
on the RfD of 0.03 mg/kg bw per day, an
adult body weight of 70 kg, a 2 L per day
drinking water consumption rate and a
default RfD contribution from drinking
water pathways of 20%.

1.1 :—gg of body weight )

03@_ (perday X 60kg x 0.8

L 2-2 %100
day

Using the upper bound of the BMDL of 1.1 mg/kg |_

bw, a typical human body weight of 60 kg, the
assumption that drinking water contributes 80%
(default ceiling value based on drinking water as
the predominant source of exposure) of the total
exposure and a typical consumption of 2 L of
water per day, a health-based value of 0.3 mg/L
(rounded figure) could be calculated.

Control of storage conditions is most difficult in
small, resource-limited water supplies, and so
the potential for the health-based value to be
exceeded is also greater under these
circumstances. In view of the above
considerations, the previous provisional guideline
value of 0.7 mg/L is retained.

mg
T —
0 L
(30%0}‘ body weight per day X 60kg)
x 0.8

2-5 %1000
day

Application of an uncertainty factor of 1000 to
this NOAEL (10 each for inter- and intraspecies
variation and 10 for the short duration of the
study) gives a TDI of 30 ug/kg of body weight.
This TDI is also supported by the human
volunteer studies.

mg mg
0.07 — 0.8 —
L L

0.0012 T:—gg of body weight per 0.036 r;_gg of body weight per

day X day X 60kg

60kg x 0.8x 10

X 0.8
L

2-L x4 —

day

day
Acute: Formation of
methaemoglobin was identified
as the critical acute effect of
chlorate. An acute reference
dose (ARfD) of 36 ug
chlorate/kg bw was derived
from a no-observed effect-level
for chlorate in a controlled
clinical study.

Chronic: A tolerable daily intake
(TDI) of 3 ug chlorate/kg body
weight (bw) was set by read
across from a TDI of 0.3 pg/kg bw
derived for this effect for
perchlorate, multiplied by a
factor of 10 to account for the
lower potency of chlorate.

Protective concentration (C):
= 0.2mg
(301:—:0f body weight per day X >
70kg x 0.2

/L L
2—x 1000
day

Where:

NOAEL = 30 mg/Kg-day (pituitary
gland vacuolization and thyroid gland
colloid depletion),

BW = 70kg (adult body weight),

RSC = 0.2 (relative source
contribution),

UF = 1000 (uncertainty factor),

DWC = 2L/day (adult drinking water
consumption).

The relative source contribution of
0.2 is intended to acknowledge
potential co-exposures to the related
drinking water disinfection by-
products chlorite and chlorine
dioxide, which have toxic effects
similar to chlorate. Due to differences
in water consumption, male rats were
consistently exposed to a lower dose
than were females in this study. The
health-protective levels for chlorate
would be 210 and 290 ug/L (ppb) for
males and females, respectively.

In addition, in human volunteers,
a chlorate dose of 0.036 mg/kg
bw per day for 12 weeks did not
result in any adverse effects
(Lubbers et al., 1981). Although
the database for chlorate is less
extensive than that for chlorite, a
well-conducted 90-day study in
rats was available, which
identified a NOAEL of 30 mg/kg
bw per day based on thyroid
gland colloid depletion at the
next higher dose of 100 mg/kg
bw per day (McCauley et al.,
1995).

A TDI for chlorate can therefore
be derived as follows:

TDI =
(30%0}‘ body weight per day)

1000
0.03mg/Kg bw

where:

- 30 mg/kg bw per day is the
NOAEL based on thyroid gland
colloid depletion in a 90-day
study in rats,

- 1000 is the uncertainty factor
(x10 for interspecies variation;
x10 for intraspecies variation;
x10 to account for the short
duration of the study).
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Parameters NHMRC 2011 US EPA 2006 & 2016 WHO 2016 EFSA 2015 ‘ OEHHA 2002 Health Canada 2008

This TDI is consistent with results
from human volunteer studies.
Because chlorate is classified in
Group VIB, the MAC for chlorate
in drinking water is calculated
from the TDI as follows:

MAC
ng
(0.03601‘ bw x 70kg x 0.8)
L

" day

_ mg mg
=1.12 L (rounded to1l L )

where:

- 0.03 mg/kg bw is the TDI, as
calculated above,

- 70 kg bw is the average body
weight of an adult,

- 0.80 is the proportion of total
daily intake allocated to drinking
water (as drinking water is the
major source of exposure),

- 1.5 L/day is the average daily
consumption of drinking water

for an adult.
Guideline value NA 0.21 mg/L 0.7 mg/L 0.07 mg/L (Based on perchlorate 0.8 0.2 mg/L MAC: 1 mg/L.
TDI)

Endorsed (Year) NA 2016 2016 2015 2002 2008
:m:m:_al T NA Based on RFD of 0.03 mg/kg bw/day, 70 kg Based on NOAEL with UF 1000 derived ADI of Based on perchlorate RFD of 0.0003 mg/kg bw/day (multiplied by a Based on TDI of 0.03 mg/kg bw/day, Based on TDI of 0.03 mg/kg
b::erdag':;eﬁ:e : body weight, 2 L per day drinking water 0.03 mg/kg bw, 70 kg body weight, 2 L per day factor of 10 to account for the lower potency of chlorate) (0.003), 70 70 kg body weight, 2 L per day bw/day, 70 kg body weight, 2 L
value if consumption and a 20% allocation of RfD to | drinking water consumption and a 20% kg body weight, 2 L per day drinking water consumption and a 20% drinking water consumption and a per day drinking water
adopted/adapted” drinking water. allocation of RfD to drinking water. allocation of RfD to drinking water. 20% allocation of RfD to drinking consumption and a 20%

0.2mg/L=0.03x70x0.2/2 0.2mg/L=0.03x70x0.2/2 0.02 mg/L=0.003x70x0.2/2 water. allocation of RfD to drinking

0.2mg/L=0.03x70x0.2/2 water.

0.2 L=0.03x70x0.2/2
Based on the BMDL of 1.1 mg/kg bw and UF of Based on chlorate RFD of 0.036 mg/kg bw/day, 70 kg body weight, 2 L me/ x70x0.2/

100, 70 kg body weight, 2 L per day drinking per day drinking water consumption and a 20% allocation of RfD to
water consumption and a 20% allocation of RfD drinking water.
to drinking water. 0.25 mg/L=0.036 x 70 x 0.2/ 2

0.08 mg/L=1.1x70x0.2/2x 100

A For non-carcinogenic endpoints a 20% allocation of TDI has been retained consistent with other jurisdictions (US EPA 2006, US EPA 2016, OEHHA 2002) noting that there are commercial/industrial uses listed based on a high-level review of Inventory Multi-tiered
Assessment and Prioritisation (IMAP) risk assessment that may attribute to background exposure. IMAP assessment available at IMAP_1820 - IMAP Assessment - 03 July 2015.pdf.
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3.7 Quality assessment and Evaluation — Key studies in guidelines

Key studies refer to the studies that were used to derive guideline values in different guidance documents. Existing
guidelines review indicates that:

= Key study in WHO 2016 and US EPA 2006/2016 corresponds to NTP (2005) toxicology and carcinogenesis studies
of chlorate in rats.

= Summary of all assessments that led to WHO 2016 guideline derivation (previous and current assessments). TDI
calculation by WHO is supported by the results of human volunteer studies in which repeated administration of
chlorate at 36 ug/kg bw per day did not results in any adverse effects (Lubbers et al. 1981).

= EFSA 2015 used the chronic TDI for perchlorate which is based on the controlled human study by Greer et al.
2002.

= OEHHA 2002 and Health Canada 2008 both applied the same key study, McCauley et al. 1995 on the effects of
Subchronic chlorate exposure in rats.

= No guideline value for chlorate level in drinking water in Australia was derived.

Table 3-5 and Table 3-6 evaluated the key studies introduced in the existing guidance documents. Study evaluation is
a broad term encompassing interpretation of a variety of methodological features (e.g., study design, exposure
measurement, study execution, data reporting).

Table 5-1 in supplementary information section (Appendix A) outlined the key evaluation concerns (“Domains”) for
animal and epidemiological studies. For each domain, four different categories of “Good”, “Adequate”, “Deficient”
and “Critically Deficient” are introduced as “Domain Judgement”. Core and prompting questions that aid selection of
the appropriate domain judgement for animal and epidemiological studies are shown in Table 5-2 and Table 5-3,
respectively.

Key studies that have been used for guideline derivation in overseas guidance for chlorate in drinking water are
evaluated based on the introduced domain judgment approach for animal studies and human study. Overall rating
(overall study confidence) is for animal and human key studies indicated below in Table 3-5 and Table 3-6,
respectively. Based on the study evaluation, these key studies show high confidence (overall rating).
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Table 3-5 Evaluation of the two key animal studies
Author, Evaluation parameter Evaluation of Overall rating Comments
year each parameter
NTP 2005 Risk of bias High confidence | Chronic study,
(used in Selection and performance (allocation, observational using a suitable
WHO 2016, | bias/blinding) COZOf” °f|ma'e
and female rats
US EPA Confounding/variable control
2006/2016) . . . (50 per sex per
Selective reporting and attrition dose group).
Sensitivity Drinking water
) o ) exposure
Exposure methods (chemical administration and relevant to
chara.cterisationt exposure timing, frequency and derivation of
duration, endpoint) drinking water
Reporting quality standards.
Outcome measures and Results presentation
McCauley Risk of bias High Confidence | Subchronic not
etal. 1995 Selection and performance (allocation, observational chronic study —
(used in bias/blinding) 90 cliays.d
Male an
OEHHA Confounding/variable control f
2002, emale cohort,
Health Selective reporting and attrition with 10 per sex
Canada Sensitivity Adequate per dose group.
2008) Exposure methods (chemical administration and Drinking water
characterisation, exposure timing, frequency and exlposure
duration, endpoint) re e.van.t to
derivation of
Reporting quality drinking water
Outcome measures and Results presentation standards.
Table 3-6 Evaluation of a key controlled clinical study
Author, year Evaluation parameter Evaluation | Overall rating Comments/Rational
of each
parameter
Lubbers et al. Risk of bias Adequate Medium to high | Only male volunteers.
1981 Participant selection confidence
(used in WHO Confounding
2016) . .
Selective reporting
Sensitivity Adequate Sensitivity (exposure range):
Exposure measurement Dose levels (what’s the basis of
Sensitivit vsi highest applied dose?) = 300 fold
ensitivity analysis lower than the reported lethal
poisoning (50 mg/kg bw)
Reporting quality -
Outcome ascertainment
Greer et al. Risk of bias High confidence | Both male and female volunteers
2002 Participant selection
(used in EFSA Confounding
2015) . .
Selective reporting

Technical Report - Chlorate Rev3 NHMRC



h

Section 3 Evidence Evaluation — Methods & Approaches

Author, year Evaluation parameter Evaluation | Overall rating Comments/Rational

of each
parameter

Sensitivity Adequate Short exposure duration (14

Exposure measurement days)

Sensitivity analysis

Reporting quality Good -

Outcome ascertainment

3.8 Comparison of guideline derivation and calculation

Tolerable Daily Intake (TDI) value can be calculated by dividing the point of departure (i.e. NOAEL or BMD) with
corresponding uncertainty factors (or safety factors).

Uncertainty factors and modifying factors are used to address the differences between the experimental data and the
human situation, taking into account the following uncertainties in the extrapolation procedure:

] Interspecies differences,

] Intraspecies differences,

= Differences in duration of exposure,

= Issues related to dose-response,

= Quality of whole database.

Based on the point of departures from the key studies, TDl is calculated as below:

Point of Departure (POD)[Modification if necessary]
Uncertainty factor [Modifying Factor if necessary]|

TDI (ADI or RfD) =

Applying TDI to the assumption of human body weight, contribution of the drinking water to the total exposure and
daily consumption of water, guideline value (GV) can be calculated.

m

TDI(ADI or RfD) (k—g of body weight per day) * body weight(kg) * contribution of DW
GV (mg/L) = .

Daily water consumption (dny)

Summary of the applied parameters and assumptions in guideline derivation based on the tolerable daily intake, TDI
(or acceptable daily intake (ADI) or reference dose (RfD)) is shown in Table 3-7. Different overseas agencies applied
the key studies to derive the chlorate daily intake.
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Table 3-7 Guideline derivation — Basis and key parameters
Agency US EPA (2006/ | WHO (2016) Health Canada OEHHA (2002) EFSA (2015)
2016) (2008)
Key study NTP (2005) NTP (2005) McCauley (1995) McCauley (1995) | Acute: Chronic:
Lubbers Greer et al.
(1981) (2002) -

perchlorate
study

POD (mg/kg BMDLjp: 1.1 BMDLjp: 1.1 NOAEL: 30 NOAEL: 30 NOAEL: BMDLgs

bw/day) 0.036 (Reference
point for
perchlorate)
:0.0012

Interspecies 3 1 10 10 1

Intraspecies 10 10 10 10 1

Other safety factors 1 10 (database 10 (short 10 (short 1 4

deficiency) duration) duration)

TDI, ADI, RfD mg/kg  [ON¢E] 0.011 0.03 0.03 0.036 0.003

bw/day (chlorate
TDI =10X
perchlorate
TDI of
0.0003)

Human body weight [fe] 60 70 70 60

(kg)

Drinking water 0.2 0.8 0.8 0.2 0.8

contribution to total

exposure

Water consumption 2 2 1.5 2 2

(L/day)

Guideline value Health Health-based: | Maximum Health protective | 0.8 0.07

(mg/L) reference 0.3 acceptable level: 0.2

level: 0.2 concentration
(MAC): 1
(rounded)

Provisional health- - 0.7 - - 0.7

based guideline

value

= US EPA (2006/2016): The US Environmental Protection Agency (US EPA) has published a Reregistration Eligibility
Decision (RED) for inorganic chlorates. A 95 % lower confidence limit for the benchmark dose response of 10%
extra effect (BMDLyo) for chlorate of 0.9 mg/kg per day was calculated for increased thyroid gland follicular cell
hypertrophy and follicular cell mineralisation in the National Toxicology Program (NTP) carcinogenicity study of

sodium chlorate in rats (NTP, 2005). The US EPA applied an uncertainty factor of 30 (3 for interspecies and 10 for
intraspecies differences) and established a chronic reference dose (RfD) of 0.03 mg/kg bw per day. The selection
of the interspecies uncertainty factor of three, rather than the default factor of 10, was due to the quantitative
dynamic differences between rats and humans with respect to thyroid function. The US EPA noted that the half-
life of thyroid hormone thyroxine (T4) in rats is approximately 12 hours, whereas it is five to 9 days in humans.
The shorter half-life in rats is likely related to a high-affinity binding globulin for T4 that is present in humans but
absent in rodents. In the absence of a functional thyroid gland, a rat requires approximately 10-times more T4
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than an adult human for full reconstitution. Constitutive thyroid stimulating hormone (TSH) levels are nearly 25-
times higher in rats than in humans, reflecting the increased activity of the thyroid-pituitary axis in rats. An Acute
Reference Dose (ARfD) was not established because effects attributable to a single dose were not seen in the
available data.

The chronic NTP (2005) study was identified as the critical study for establishing a reference dose (RfD) of 0.03
mg/kg/day for chlorate (US EPA, 2006). The RfD was derived by using the Benchmark Dose (BMD) method and
based on a Benchmark Dose Level (BMDL) of 28 mg/L as sodium chlorate (22 mg/L as chlorate) for increased
follicular cell hypertrophy as the critical effect. The 22 mg/L concentration corresponds to a dose of 0.9
mg/kg/day for chlorate ion (US EPA, 2006). A net uncertainty factor (UF) of 30 was applied when deriving the
RfD. This consisted of a UF of 10 for inter-human variability for potentially sensitive individuals in the absence of
information on the variability of response in humans and a UF of 3 for interspecies uncertainty because there is
increased activity of the thyroid-pituitary axis in rats (Dohler et al., 1979; McClain, 1992) modulating the
applicability of the thyroid effects in rats when extrapolated to humans. A UF of 1 was assigned for LOAEL-to-
NOAEL adjustment because the BMDL approach was used to set the RfD; a UF of 1 for subchronic to chronic
extrapolation because a chronic study was used; and a UF of 1 for database uncertainties because the database
of chlorate includes subchronic, chronic, developmental and reproductive studies.

Chlorate is able to cause haemolysis at doses greater than the RfD. Thus, persons with low red blood cell (RBC)
counts, such as those with anaemia, may be particularly sensitive to sodium chlorate. However, it is not clear
whether newborns are more sensitive to the haemolytic effect of chlorate than adults (CalEPA, 2002) because of
age alone. Individuals co-exposed to other ions that decrease iodine uptake by the thyroid (e.g., perchlorate) or
cause methemoglobinemia and low RBC counts (e.g., nitrate or nitrite) could be more sensitive to chlorate
exposure (Khan et al., 2005) than the general population.

To evaluate the systems and populations exposed to chlorate in drinking water from public water systems
(PWSs), monitoring data were compared to a concentration in drinking water that is termed the health reference
level (HRL). The HRL is a risk-derived concentration against which to compare the occurrence data from PWSs to
determine if chlorate occurs with a frequency and at levels of public health concern. HRLs are not final
determinations about the level of a contaminant in drinking water that is necessary to protect any particular
population and they are derived prior to development of a complete exposure assessment.

US EPA 2016 calculated a long-term non-cancer HRL of 210 pg/L for chlorate, using the RfD of 0.03 mg/kg/day for
a 70-kg adult ingesting 2 L of drinking water per day and a default relative source contribution (RSC) of 20
percent (US EPA, 2014). The agency anticipates evaluating health effects related to short-term exposures as part
of potential future regulatory actions.

EPA derived the HRL for chlorate using the RfD approach as follows:

mg) _ (RfD X BW

HRL (— o

I )*RSC

Where:
RfD = Reference Dose (mg/kg/day)
BW = Body Weight for an adult, assumed to be 70 kilograms (kg); for a child, assumed to be 10 kg

DWI = Drinking Water Intake for an adult, assumed to be 2 L/day (90th percentile); for a child, assumed to be
1L/day (90th percentile)

RSC = Relative Source Contribution, or the level of exposure believed to result from drinking water when
compared to other sources (e.g., food, ambient air). In the absence of a complete exposure assessment, a default
RSC value is used in the calculation of the HRL. Default values are based on the Exposure Decision Tree (US EPA,
2000). 20 percent is the most conservative RSC used in the derivation of a maximum contaminant level goal
(MCLG) for drinking water.

Technical Report - Chlorate Rev3 NHMRC



OMh

Section 3 Evidence Evaluation — Methods & Approaches

The RfD for chlorate is protective against acute alterations in thyroid homeostasis and, therefore, considered to
also be protective of tumorigenicity as well as other chronic and subchronic adverse health effects discussed in
the literature (Khan et al., 2005; NTP, 2005).

WHO 2016: For chlorate, JECFA concluded that the most sensitive effects were changes to the thyroid gland of
male rats, noting that rats are highly sensitive to the effects of agents that disrupt thyroid hormone homeostasis.
A BMDL;o (95% lower confidence limit of the BMDjo, for an extra 10% increase in incidence of tumours compared
with the background incidence in controls) of 1.1 mg/kg bw per day was calculated for non-neoplastic effects on
the thyroid of male rats in the carcinogenicity study of sodium chlorate conducted by the National Toxicology
Program (NTP, 2005). JECFA considered that humans are likely to be less sensitive than rats to these effects and
that a safety factor for interspecies variation was not required. However, in addition to the safety factor of 10 to
allow for intraspecies variability, an additional factor of 10 was required to allow for the deficiencies in the
database, particularly with respect to investigation of possible neurodevelopmental effects. JECFA therefore
established an acceptable daily intake (ADI) of 0-0.01 mg/kg bw for chlorate. JECFA noted that the estimated
dietary exposure of 0.6 pg/kg bw per day, representing high consumers including children, was less than 10 % of
the ADI and compatible with the exposure allocated to other sources within the WHO drinking water guidelines
for chlorate.

Sodium chlorite was not carcinogenic following a number of long-term studies, although these were not
conducted to current standards. The International Agency for Research on Cancer concluded in 1991 that sodium
chlorite was not classifiable with respect to carcinogenicity to humans. Sodium chlorite has given positive results
in some, but not all, in vitro genotoxicity assays and in one of the two available in vivo mouse micronucleus
assays involving intraperitoneal administration. Negative results were obtained in several in vivo assays, for
induction of bone marrow micronuclei, chromosomal aberrations and sperm head abnormalities, involving oral
administration of sodium chlorite to mice.

Sodium chlorate has been tested for carcinogenicity in rats and mice under the United States National Toxicology
Program; results of these studies were not available at the time WHO set the TDI for chlorate. There was no
evidence of carcinogenic activity in male B6C3F1 mice and equivocal evidence in female mice based on
marginally increased incidences of pancreatic islet neoplasms.

Sodium chlorate produced positive results in some in vitro assays, but not for induction of bone marrow
micronuclei or chromosomal aberrations following oral administration to mice. There was some evidence of
carcinogenic activity in male and female F344/N rats based on increased incidences of thyroid gland neoplasms.
The incidence of thyroid gland follicular hypertrophy was enhanced compared with control groups at doses lower
than those resulting in increased tumour incidences and was significantly greater than control in the male rats at
all tested doses. Therefore, the lowest dose, equivalent to approximately 5 mg/kg bw per day, expressed as
chlorate, was the LOAEL. Because a NOAEL was not identified in the study, the Committee decided to apply a
BMD approach to derive a point of departure on the dose-response curve.

The US EPA BMD software version 1.4.1 was used for modelling the rat thyroid gland follicular cell hypertrophy
data. The calculated BMD10 values for a 10% increase in thyroid gland follicular cell hypertrophy in the male rats
ranged from 1.9 to 5.9 mg/kg bw per day, expressed as chlorate. The values of the 95% lower confidence limit for
the BMD (BMDL;o) ranged from 1.1 to 4.4 mg/kg bw per day, expressed as chlorate. The Committee used the
lowest BMDL;o of 1.1 mg/kg bw per day, expressed as chlorate, which was derived from the model giving the
best fit to the data, for its further evaluation of chlorate. For female rats, the BMDyo values ranged from 4.7 to
12.6 mg/kg bw per day, and the BMDLyovalues ranged from 3.0 to 6.4 mg/kg bw per day.

Based on the negative in vivo genotoxicity data and the nature of the histopathological observations, the
Committee concluded that a non-genotoxic mode of action was likely for the induction of thyroid tumours by
sodium chlorate. This mode of action is likely to be mediated via decreased serum thyroid hormones, leading to
increased release of TSH and consequent stimulation of thyroid cell proliferation and thyroid gland growth,
which can lead to thyroid tumours in rodents.
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In addition to thyroid carcinogenesis, this mode of action raises concerns about possible neurodevelopmental
effects, since thyroid hormone status is critical to normal brain development.

Reproductive toxicity studies have shown no adverse effects of ASC or sodium chlorite on fertility. A
multigeneration study of reproduction and developmental neurotoxicity was available in which sodium chlorite
was administered to rats in drinking water at a concentration of 35, 70 or 300 mg/I.

Administration of sodium chlorate to pregnant rats resulted in no maternal or developmental effects at the
highest tested dose of 1000 mg/kg bw per day. Neurodevelopmental end-points were not investigated in this
study, and no multigeneration study was available.

The BMD approach has been put forward as an alternative to the no observed-adverse-effect level (NOAEL) and
lowest-observed-adverse-effect level (LOAEL) approach for health effects because it provides a more
quantitative alternative point of departure for the first step in the dose—response assessment (International
Programme on Chemical Safety, in press). The BMD approach is based on a mathematical model being fitted to
the experimental data within the observable range and estimates the dose that causes a low but measurable
response (the benchmark response) typically chosen at a 5% or 10% incidence above the control. The BMD lower
limit (BMDL) refers to the corresponding lower limit of a one-sided 95% confidence interval on the BMD. Using
the lower bound takes into account the uncertainty inherent in a given study and assures (with 95% confidence)
that the chosen benchmark response is not exceeded.

Health Canada (2008): Health Canada (2008) set a TDI of 30 pg/kg bw for chlorate, with the same justification as
WHO (2005). A no-observed-adverse-effect level (NOAEL) of 30 mg/kg body weight (bw) per day expressed as
chlorate, from a 90-day study of sodium chlorate in rats, in which thyroid gland colloid depletion was reported at
the next higher dose of 100 mg/kg bw per day (McCauley et al., 1995). Application of an uncertainty factor of
1000 to this NOAEL (10 each for inter- and intraspecies variation and 10 for the short duration of the study)
resulted in a TDI of 30 pg/kg bw per day. WHO noted that this TDI was supported by the results of human
volunteer studies, in which repeated administration of chlorate at 36 pug/kg bw per day did not result in any
adverse effects (including blood and urine analysis, electrocardiograms and physical examination, e.g. blood
pressure, respiration rate, pulse and temperature) (Lubbers et al., 1981). Assuming that drinking water
contributes 80 % of the total exposure and a typical consumption of 2 litres (L) of water per day by a 60 kg
person, the WHO proposed a provisional guideline value of 0.7 mg/L. This guideline value was designated as
provisional ‘because use of chlorine dioxide as a disinfectant may result in the chlorate guideline value being
exceeded, and difficulties in meeting the guideline value must never be a reason for compromising adequate
disinfection’. It was noted that a long-term study was in progress that should provide more information on the
effects of chronic exposure to chlorate.

OEHHA (2002): The Office of Environmental Health Hazard Assessment (2002) set a TDI of 30 pg/kg bw for
chlorate. As with Health Canada (2008), this considered a no-observed-adverse-effect level (NOAEL) of 30 mg/kg
body weight (bw) per day expressed as chlorate, from a 90-day study of sodium chlorate in rats conducted by
McCauley (1995). Assuming that drinking water contributes 20 % of the total exposure and a typical consumption
of 2 litres (L) of water per day by a 70 kg person and an uncertainty factor of 1000, OEHHA proposed a
provisional guideline value of 0.2 mg/L. The drinking water source contribution of 20% is intended to account for
potential presence of disinfection byproducts such as chlorine dioxide and chlorite

EFSA (2015): Panel on Contaminants in the Food Chain (CONTAM) of the European Food Safety Authority (EFSA)
established:

—  Acute Reference dose: based on controlled human trial (Lubbers et al. 1981) and
—  Chronic TDI: based on TDI for perchlorate derived from Greer et al. 2002 study.

Acute RfD: Formation of methaemoglobin is the critical acute toxic effect which was identified in cases of
poisoning. Infants (and presumably the foetus) are much more sensitive than adults to intracellular
methaemoglobin inducers. This is due to a relative deficiency in methaemoglobin reductase in red blood cells of
newborns, because the foetal form of haemoglobin is more sensitive to reducing agents, and because the foetus
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has a greater oxygen demand. A large proportion of haemoglobin in neonates and infants is in the form of foetal
haemoglobin, which is more readily oxidized to methaemoglobin than adult haemoglobin (Steinberg and Benz,
1991; Mensinga et al., 2003; Sadeq et al., 2008). Persons with pre-existing blood conditions, especially anaemia,
or those with kidney diseases, might be more sensitive. Persons with genetic diseases such as hereditary
methaemoglobinaemia and glucose-6-phosphate dehydrogenase deficiency (which increases the haemolytic
susceptibility of humans to oxidizing agents), and other persons who may be unusually susceptible to oxidants
may also be at greater risk than the general population. The only controlled clinical study available is the study of
Lubbers et al. (1981) who considered the impact on normal subjects (10/group) of daily ingestion of 500 mL
water containing 5 mg/L sodium chlorate (equivalent to 36 pg chlorate/kg bw per day) for 12 consecutive weeks.
The subjects were followed for 8 weeks following cessation of treatment. A control group received untreated
water. An extensive battery of parameters was monitored to assess the biochemical and physiological response
to the oral ingestion of sodium chlorate. No adverse physiological effects were identified. The NOEL was 36 ug
chlorate/kg bw per day. The CONTAM Panel considers that this study can be the basis for the establishment of an
ARfD. Lethal poisonings have been reported to occur at doses of approximately 50 mg chlorate/kg bw The NOEL
from the controlled clinical study (Lubbers et al., 1981) is about 1 400-fold lower than the lowest lethal dose.
Furthermore, it is at least 300 fold lower than the toxic level in a poisoning case (11-23 mg chlorate/kg bw/day)
where induction of methaemoglobinaemia was not reported. Taking into account also that the NOEL was the
highest dose tested in a study with administration daily for 12 weeks, the CONTAM Panel concluded that these
differences are sufficiently large that no uncertainty factor is required for more vulnerable individuals (e.g.
glucose-6-phosphate dehydrogenase-deficient individuals or hereditary methaemoglobinaemia) and establishes
an ARfD of 36 ug chlorate/kg bw.

Chronic health based guideline value: based its TDI for chlorate on that for perchlorate, noting that chlorate also
acts by inhibition of iodide uptake into the thyroid, but that the human database on chlorate is much more
limited. EFSA did not consider the toxicity studies of chlorate in rats to be relevant for deriving a human exposure
limit, due to differences in thyroid hormone physiology; EFSA did, however, consider the rodent data useful for a
comparative analysis of the potency of perchlorate and chlorate. EFSA (2015) estimated that perchlorate is about
10 times more potent than chlorate.

There are no in vivo human studies on the inhibition of iodine uptake by chlorate. However, perchlorate has a
similar mode of action, and there are several observations in humans, including clinical studies and case reports
from the medicinal use of perchlorate, volunteer studies and both occupational and ecological epidemiological
studies on the effects of exposure to perchlorate (EFSA CONTAM Panel, 2014). Both JECFA (FAO/WHO, 2011) and
EFSA CONTAM Panel (2014) based the hazard characterization of perchlorate on the available human data and
selected the human volunteer study of Greer et al. (2002) as the pivotal study for the dose-response assessment.
They both considered the inhibition of thyroid iodine uptake as the critical effect for the dose-response
assessment. The CONTAM Panel established a TDI of 0.3 pg/kg bw per day for perchlorate on basis of the
reference point (RP) of 0.0012 mg/kg bw per day, based on a BMDLgs for thyroid iodine uptake inhibition and
applying an overall uncertainty factor of 4 to the RP (EFSA CONTAM Panel, 2014).

In order to establish a chronic health based guidance value for chlorate, and as the toxicity of chlorate and
perchlorate are both related to the inhibition of iodine uptake, the CONTAM Panel decided to use the TDI
established for perchlorate and to apply an extrapolation factor for the difference in potency between chlorate
and perchlorate. When comparing the NOAEL and LOAEL for thyroid follicular cell hypertrophy in rats,
perchlorate is about 10 times more potent than chlorate. On this basis, the CONTAM Panel established a TDI for
chlorate of 3 ug/kg bw per day, based on the TDI established for perchlorate (0.3 pg/kg bw per day) and by
multiplying by a factor of 10 for the difference in potency between the two substances.
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3.8.1 Critical Health Adverse Effects

Key health effects include changes in the thyroid glands (thyroid hormone homeostasis), changes in total bilirubin,
iron and methaemoglobin, anaemia, Pituitary lesions (vacuolization in the cytoplasm of the pars distalis) and thyroid
gland colloid depletion.

3.8.2 Other health Adverse Effects

There is some evidence of carcinogenic activities in male and female F344/N rats based on increased incidences of
thyroid gland neoplasms.

Neurodevelopmental end-points were not investigated (due to absence of studies), and no multigeneration study was
available. WHO considered that the thyroid carcinogenesis raises concerns about possible neurodevelopmental
effects, as thyroid hormone status is critical to normal brain development. WHO accounted for this within the
uncertainty factors.

3.8.3 Sensitive population

Persons with pre-existing blood conditions, especially anaemia, or those with kidney diseases, might be more
sensitive. Persons with genetic diseases such as hereditary methaemoglobinaemia and glucose-6-phosphate
dehydrogenase deficiency (which increases the haemolytic susceptibility of humans to oxidizing agents), and other
persons who may be unusually susceptible to oxidants may also be at greater risk than the general population.

Moreover, younger age groups of the population with mild to moderate iodine deficiency, foetuses, neonates, and
individuals with low iodine intake or genetically predisposed to develop hypothyroidism are likely to be more sensitive
to the effects of exposure to chlorate.

3.9 Supporting Information in factsheet — Addressing research
questions

Supporting information provided in overseas guidance documents are presented in Table 3-8.
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Table 3-8

Factsheet

Level of chemical in
drinking water that
causes adverse
health effects

Knowledge gap
from the time of
development of
the existing
guideline

Typical levels of
chemical in
Australian drinking
water

Do they vary
around the country
or under certain
conditions (e.g.
brominated water,
desalination etc)

NHMRC 2011

Health-related advice

Supporting information review and comparison

US EPA 2006 & 2016

WHO 2016

EFSA 2015

OEHHA 2002

Health Canada 2008

Data are insufficient to set a guideline
value in drinking water.

High doses of chlorate might interfere

with thyroid function (>30 mg/kg).

High doses of chlorate might interfere

with thyroid function (>30 mg/kg).

High doses of chlorate might interfere with
thyroid function (>30 mg/kg).

High doses of chlorate can also interfere
with thyroid function (>30 mg/kg).

High doses of chlorate can also interfere with
thyroid function (>30 mg/kg).

Few data are available on chlorate
levels in Australian water supplies.

Monitoring data was collected at water
treatment plans servicing over 100,000
people. So exposure concentrations
and risk characterisation may not be
representative of smaller (or all)
wastewater treatment systems in the
us.

Fluctuations in concentrations are not
likely to be captured due to quarterly
sampling requitements.

- This guideline value is designated
as provisional.

- Limited information on the
adverse effects of chronic
exposure to chlorate.

- Absence of information on
neurodevelopmental studies.

Assessment of the chronic and acute (if
applicable) human health risks as the
consequence of the presence of chlorate in
in drinking water, with attention to
sensitive population (i.e. children, pregnant
women, iodine deficient people).

- Lack of a cancer bioassay and the
potential for extra sensitivity of
neonates and newborns to chlorates.

- There is a paucity of data concerning
postnatal reproductive/developmental
effects in animals and humans, and no
multi-generation reproductive study
exists for these compounds.

- The chronic and carcinogenicity studies,
and the developmental and reproductive
studies do not provide sufficient
information to derive a guideline for
chlorate.

- In addition, in human volunteers, highest
dose does not show any adverse effects.

Typical Australian exposure levels

Not specified. Few data are available
on chlorate levels in Australia water
supplies. Further information on the
occurrence and sources of chlorate in
Australian waters is needed before a
guideline value can be developed.

For systems using hypochlorite
maximum chlorate concentrations
were 502 pg/L. For systems using
chlorine dioxide (or a mixture with
hypochlorite) the maximum
concentration was 691 ug/L. The 90t
percentiles were 239 pg/L
(hypochlorite), 264 pg/L (chlorine
dioxide) and 242 pg/L (mixture of
hypochlorite and chlorine dioxide).

Not specified per country.

Chlorate concentrations above 1 mg/I
have been reported when hypochlorite
was used, but such high concentrations
would be unusual unless hypochlorite
is stored under adverse conditions.

A 1996 Information Collection Rule
survey of chlorate in disinfected
drinking water in the USA reported
that in water treatment plants using
hypochlorite, the median chlorate
concentration was 99 pg/L, the 90th
percentile concentration was 239 pg/L
and the maximum concentration was
502 pg/L (US EPA, 2006). Chlorate
concentrations above 1 mg/L have
been reported when hypochlorite was
used (Stanford et al., 2011), but such
high concentrations would be unusual
unless hypochlorite is stored under
adverse conditions (see Section 4.2 for
more information). In water treatment
plants using chlorine dioxide, the
median chlorate concentration was
129 pg/L, the 90th percentile
concentration was 264 pg/L and the
maximum concentration was 691 pg/L
(US EPA, 2006).

Not specified.

Not specified.

Treatment plants using chlorine dioxide as
primary disinfectant should not exceed a
maximum feed dose of 1.2 mg/L, which will
ensure that the chlorite and chlorate
guidelines can be met, and that consumers
are not exposed to concentrations of chlorine
dioxide that could pose health risks.

The maximum levels of chlorate in the
distribution system usually occur in the end
locations.

Not specified.

The formation of chlorate can depend
on disinfection processes including
chemicals (hypochlorite or chlorine
dioxide), processes and storage.

Use of chlorine dioxide as a
disinfectant may result in the chlorite
and chlorate guideline values being
exceeded.

The formation of chlorate ion in a
hypochlorite solution is influenced by
storage conditions.

Not specified.

Not specified.

The formation of chlorate ionin a
hypochlorite solution is influenced by storage
conditions such as pH, temperature, length of
time in storage, presence of ultraviolet light,
concentration of solution and presence of
transition metals (Gordon et al., 1995).

In order to control this persistent by-product,
it is important to minimize its formation

Technical Report - Chlorate Rev3 NHMRC



h

Section 3 Evidence Evaluation — Methods & Approaches

Factsheet

Risks to human
health from
exposure to the
chemical in
Australian drinking
water

Date of general
description
information
publication

Risk indicators

Exposure
measurements*

NHMRC 2011

US EPA 2006 & 2016

WHO 2016

EFSA 2015

| OEHHA 2002

Health Canada 2008

during the chlorine dioxide generation
process and/or to remove the chlorite ion
before adding secondary disinfection with
chlorine (Gallagher et al., 1994).

Risk summary

The primary concern with chlorate is
oxidative stress resulting in changes
in red blood cells. This endpoint is
seen in laboratory animals and, by
analogy with chlorate, in humans
exposed to high doses in poisoning
incidents.

Adverse effects of exposure from
chronic and subchronic exposure are
to the thyroid and blood. Persons with
low red blood cell counts/anaemia
may be more susceptible to chlorate.

A chlorate dose of 36 ug/kg bw per day
for 12 weeks did not result in any
adverse effects in human volunteers.

High doses of chlorate could also
interfere with thyroid function.

- Chronic dietary exposure to chlorate is of
potential concern in particular for the high
consumers in the younger age groups of the
population with mild to moderate iodine
deficiency.

-The information on the toxic effects of
chlorate in humans comes from reports on
cases of poisoning after oral intake. Sodium
chlorate typically induces local irritation of
the gastrointestinal mucous membranes in
humans after acute exposure, which has
not been reported in studies with
laboratory rodents performed with
comparable doses.

High doses of chlorate could also interfere
with thyroid function.

A chlorate dose of 36 pg/kg bw per day for 12
weeks did not result in any adverse effects in
human volunteers.

High doses of chlorate could also interfere
with thyroid function.

As sodium chlorate is used as a herbicide,
several cases of chlorate poisoning in humans
have been reported.

General description

Endorsed in 2011.

The last version of the Australian
Drinking Water Guidelines was

Updated in March 2021 (Version 3.6).

RED for inorganic chlorates dated July
2006.

3-year review endorsed in 2016 (US
EPA 2016).

WHO (2016). Chlorine dioxide, chlorate
and chlorite in drinking water.

EFSA Journal 2015;13(6):4135.

Office of Environmental Health Hazard
Assessment, 2002.

Guidelines for Canadian Drinking Water
Quality: Guideline Technical Document
Chlorite and Chlorate. 2008.

Measurement

High doses of chlorate can also
interfere with thyroid function.

High doses of chlorate can also
interfere with thyroid function.

High doses of chlorate can also
interfere with thyroid function.

High doses of chlorate can also interfere
with thyroid function.

High doses of chlorate can also interfere
with thyroid function.

High doses of chlorate can also interfere with
thyroid function.

Chlorate data was available in the US
from two main sources (Information
Collection Rule (ICR) and America
Water Works Association Research
Foundation (AwwaRF)). Chlorate
monitoring was required for water
treatment plants using chlorine dioxide
or hypochlorite solutions for
treatment, where chlorate is a
disinfection byproduct.

For systems using hypochlorite
maximum chlorate concentrations
were 502 pg/L. For systems using
chlorine dioxide (or a mixture with
hypochlorite) the maximum
concentration was 691 ug/L. The 90t
percentiles were 239 pg/L
(hypochlorite), 264 pg/L (chlorine
dioxide) and 242 pg/L (mixture of
hypochlorite and chlorine dioxide).
Maximum concentrations were below
the chronic population adjusted dose
(cPAD) for all age groups except infants
less than a year old. (<1 year old). The
90t percentile and median
concentrations were below cPAD for

In section 2 (Environmental Levels and
Human Exposure):

Water: In water treatment plants using
chlorine dioxide, the median chlorate
concentration was 129 pg/L, the 90th
percentile concentration was 264 ug/L
and the maximum concentration was
691 pg/L (US EPA, 2006). More details
page 3 and 4.

Food: chlorate may occur in foods
because of the uses of chlorine
dioxide, sodium chlorate or sodium
chlorite in flour processing (US EPA,
1983; CMA, 1989; USFDA, 1990). More
details page 3 and 4.

Residues of chlorate in food and drinking
water: Data indicated that chlorate residues
are present at levels that frequently exceed
the default MRL of 0,01 mg/kg and that the
levels vary depending on the source and the
product. It follows from those findings that
even if good practices are used, it is currently
not possible to achieve levels of chlorate
residues compliant with the current MRL of
0,01 mg/kg.

https://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32020R07
49&from=EN / PO7

-Default MRL value of 0.01 mg/kg is
applicable to all food products listed in
Annex | of that Regulation. For chlorate no
specific MRLs were set, thus the default MRL
is applicable.

EFSA Journal 2015 / P13

Not specified.

The major route of environmental exposure
to chlorite and chlorate is through drinking
water. Chlorite and chlorate ions are often
found in drinking water where chlorine
dioxide is used in the treatment process. It is
the generation technology and, to a lesser
degree, the generator “tuning” that will
determine the types and quantities of by-
products or unreacted precursors, such as
chlorite, chlorate and perchlorate (ClO4 -)
ions, that may be found in the final chlorine
dioxide feed (Gordon, 2001). Formation of
chlorate ion in water may also occur through
the photolytic decomposition of pre-existing
chlorine dioxide and chlorite by sunlight and
fluorescent lighting (Griese et al., 1992).

The concentrations of chlorine dioxide,
chlorite and chlorate ions were measured in 8
systems in Quebec (Aranda-Rodriguez et al.,
2004; Health Canada, 2005) in winter and
summer 2003.

More details in Guidelines for Canadian
Drinking Water Quality: Guideline Technical
Document Chlorite and Chlorate/P6.
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Factsheet NHMRC 2011

US EPA 2006 & 2016

WHO 2016

EFSA 2015

Health Canada 2008

all age groups.

ICR data also reported chlorate in
untreated water likely to be the result
of agriculture or other uses of sodium
chlorate.

| OEHHA 2002

Analytical Method 4500, chlorine. In: Standard - EPA 300.0 — Determination of Guidance document (WHO, 2016), - High performance liquid Not specified. lon chromatograph/ Conductivity and Flow
methods, date of Methods for the examination of Inorganic Anions by lon Table 3, page 10: chromatography (HPLC) was the injection analysis — iodometric.
publication water and wastewater, 21st Edition Chromatography R Amperometric (Standard Method separation method selected for almost For more details see Appendix A: Analytical
(APHA, 2005a). - EPA300.1 - Determination of 4500-Cl02-E, APHA, AWWA & all samples that provided information methods for chlorite and chlorate in drinking
Inorganic Anions in Drinking WEF (1998)) on the analytical method used. water. Guidelines for Canadian Drinking
Method 4500, chlorine dioxide. In: Water by lon Chromatography _ lon chromatograph/ conductivity - lon chromatography with suppressed Water Quality: Guideline Technical Document
Standard Methods for the - EPA Method 317.0 Determination (US EPA Method 300.0 (19938 conductivity detection. Chlorite and Chlorate/ P37.
examination of water and of Inorganic Oxyhalide Revision 2.2), US EPA (1999)) - Other option for detections were
wastewater, 21st Edition (APHA, Disinfection By-Products in . lon chromatograph/ conductivity tandem mass spectrometry (MS/MS)
2005b). Drinking Water Using lon (US EPA Method 300.1 (1997E electrical conductivity detection (ECD)
Chromatography with the Revision 1.0), US EPA (1998)) and mass spectrometry detection
Addition of a Post column i (MS).
Reagent for Trace Bromate - lon chrom.atogra.ph/ conductivity
Analysis. and ultraviolet/visible detectors
(US EPA Method 317.0 (Revision In complex matrices of animal origin, liquid
- EPAMethod 326.0, Revision 1.0, 2.0*), US EPA (2001)) chromatography-mass spectrometry (LC-
Determ.inati_oh of In_organic - Ultraviolet/visible MS) utilising a CI1803 - internal standard
Oxyhalldg D|S|r1fe.ct|on By- . spectrophotometric Lissamine has been demonstrated to be applicable to
Products in Drinking Water Using Green B (US EPA Method 327.0 quantify chlorate at low levels.
lon Chromatography o *
Incorporating the Addition of a (Revision 1.0*), US EPA (2003)) EFSA Journal 2015 / P58
Suppressor Acidified Post column | - Flow injection analysis —
Reagent for Trace Bromate iodometric (Novatek (1991))
Analysis.
Limit of detection Not specified. MRL = 20 pg/L. The limits of detection for the methods | HPLCMS/MS: LOQ of 2 pg/kg in the analysis Not specified. MDLs: 0.78 pg/L for IC with

are generally below 0.1 mg/L.

MDLs as low as 0.45 pg/| for chlorite
and 0.78 pg/I for chlorate (IC with

conductivity detection); 78 pg/| for
chlorine dioxide (UV/visible

spectrophotometric method); 20 ug/I
for Flow injection analysis

of Fruit and fruit products.
EFSA Journal 2015 / P16.

conductivity detection; and

20 pg/L for Flow injection analysis

Treatment options

Endorsed 2011.

Chlorine dioxide can be removed
from drinking water by the addition
of reducing agents such as sodium
bisulfite (although some studies
indicate that the chlorate
concentration increases as a result),
by exposure to sunlight, or by the use
of granular activated carbon.

Treatment option

- Reduction of disinfection demand.

Can include pre-treatment of
water to lower disinfection dose
with powdered activated carbon
(PAC) or removal or organic
material using granular activated
carbon (GAC).

- Modification of disinfection

practices

- Removal of chlorate. Gonce and

Voudrias (1994) showed limited
success with GAC. Westerhoff and
Johnson (2001) showed slow
improvement in groundwater
with zero valent iron, likely to
removed up to 30% chlorate with

WHO, 2016

Currently, there is no readily available
and low-cost treatment available to
remove chlorate ion once it has been
formed in drinking water. Although
anion exchange and reverse osmosis
are possible technologies for the
removal of chlorate (Alfredo et al.,
2015), they are high-cost treatment
options. Granular activated carbon is
generally not effective, as chlorate is
reversibly adsorbed on granular carbon
(Gonce & Voudrias, 1994).

Not specified.

Not specified.

Currently, there is no known practical and
economical treatment available to remove
chlorate ion once it has been formed in
drinking water. As much as 35% of the
chlorate found in a distribution system can be
attributed to the performance (tuning) of the
chlorine dioxide generator. If chlorite ion is
present in water and is not removed, it will
react with any applied free chlorine to
produce chlorate and chloride ions. To
control this persistent by-product, it is
important to minimize its formation during
the chlorine dioxide generation process
and/or to remove the chlorite ion before
adding secondary disinfection with chlorine
(Gallagher et al., 1994).
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Factsheet

NHMRC 2011

US EPA 2006 & 2016

WHO 2016

EFSA 2015

| OEHHA 2002

| Health Canada 2008

Is it current
practices to
minimise or
manage the risks
identified?

20 minute contact time at 28
degree Celsius.

Sivasubramanian (2015) showed
limited success due to inhibitory
effects of nitrate with reducing
agents and UV light sources.

No practical methods to remove
chlorate, prevention likely to be the
most practical method to reduce
exposure.

Risk management

Chlorate levels can be minimised by
restricting storage times for
hypochlorite solution (7 days
maximum storage is recommended)
and storing the solution under cool
dark conditions.

No data are available on taste and
odour thresholds for chlorite and
chlorate.

Best management practices (BMP)
introduced to help reduce exposure to
chlorate. BMPs include:

Production modification and
operational changes.

Materials substitution.

Purchase of high quality
hypochlorite and careful storage
and use (with optimal pH,
temperature and light).

High efficiency in the operation of
chlorine dioxide generators

Reducing chlorite ions prior to the
addition of free chlorine.

When using hypochlorite, the following
control approach is recommended to
minimize formation of chlorite and
chlorate:

purchase fresh solutions that are
of an appropriate quality,

store them in a cool place and out
of direct sunlight, and

use the hypochlorite as soon as
possible after purchase (e.g.
within a month, if possible).

Further, new hypochlorite
solutions should not be added to
containers containing old
hypochlorite solutions, as this will
accelerate chlorate formation.

As there is no low-cost option for
reducing concentrations of chlorate
once it is formed, control of chlorate
concentration must rely on preventing
its addition (from sodium hypochlorite)
or formation (from chlorine dioxide).

Where possible, without compromising
disinfection, shall strive for a lower value
(lower that guideline value). This parameter
shall be measured only if such disinfection
methods are used. EFSA Journal 2015 / P8.

An action level for chlorate is needed
because of concerns about its presence in

Southern California in water associated with

hazardous waste clean-up activities that
may find its way into drinking water
supplies. The origin of the chlorate in the
raw water samples is unclear.

Exposure to chlorate may also be linked to
the use of hypochlorite solutions as a source
of chlorine in municipal treatment plants. This
exposure can be reduced through appropriate
storage/use of hypochlorite solutions at the
treatment plant.

The maximum levels of chlorite and chlorate
in the distribution system usually occur in the
mid-system and end locations, respectively. A
minimum quarterly monitoring of chlorite

and chlorate is recommended, ideally at
representative locations for chlorite and
chlorate in the distribution system. For
systems using hypochlorite solutions, levels of
chlorate should be monitored in the treated
water at the plant.

Guidelines for Canadian Drinking Water
Quality: Guideline Technical Document
Chlorite and Chlorate. P2

* Korn et al. (2002) developed empirical equations to model the disappearance of chlorine dioxide and the formation of chlorite and chlorate. The models were validated against measurements of these species from water systems.
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4.1

Literature Search

The followings are the key components in the literature search process:

= Selecting databases

= Developing literature search strategy

. Documenting

4.1.1

CDM Smith team and NHMRC committee have agreed to use the following electronic databases to conduct literature

search:

Database selection

= MEDLINE/PubMed/TOXLINE

= SciFinder

= Wiley (and Science Direct)

In addition to the primary databases, secondary search methods include:

= Data from government/ intergovernmental agencies [Water Research Australia (waterRA), CSIRO)]

Literature search is limited to the peer reviewed, published, in press and ongoing studies. Abstract and conferences

proceedings and studies in languages other than English are not included.

Table 4-1

Search strategy

Field of search

Limit of publication date

Search by CASRN (and
synonyms)

Refined search using
Boolean operators

Key search terms

Language limit
Publication type

Grey literature limitation

Search for cited reference or
related reference

Important note

Search strategy for the selected databases

Comments

Medical, biology, and other life sciences journals (with coverage back to 1946) — Medical
Subject Heading (MeSH) terms

2016 — present (based on the recent WHO 2016 guideline document)

Yes

Yes

Chlorate, chlorate AND drinking water, chlorate AND disinfect, chlorate AND adverse
health effect, chlorate AND toxicity

Yes - English

Peer reviewed, published, in press and ongoing studies

Yes — limited to technical reports from government agencies or scientific research groups,
unpublished laboratory studies conducted by industry, working papers from research
groups or committees

Yes — may use as “link to similar article”.

PubMed is the primary search database as recently published articles may be in PubMed
but not indexed for Medline for several weeks or months.
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4.1.2 Developing literature search strategy

The efficient literature search strategy balances the needs for identification of the relevant and non-relevant studies
using a process that is reproducible.

Key studies from the existing guidelines are used to serve as a starting point that can be used as “seed” studies
for literature search and screening process.

Date of the literature search start from the date of the most recent existing guidelines.

The search strategy may focus on updating the existing literature search and considering whether any
refinements or supplemental searches are needed to address assessment needs.

Targeted search strings are designed and incorporate supplemental searches for other informative materials
such as mechanistic information (e.g., to identify studies relevant to a perturbed biological pathway that are not
specific to the chemical).

Since standard search strings are not available, literature search strategies are developed using key words
related to the populations, exposure, comparators and outcomes (PECO) criteria. Development of the search
strategy can include identifying relevant search terms through:

- Review of PubMed’s search

—  Extracting key word terminology from relevant reviews and a set of previously identified primary data
studies that are known to be relevant to the topic (“seed” studies) and,

—  Reviewing search strategies presented in other reviews.

Table 4-2 PECO-based literature search strategy

Search Comments
element
Population Sensitive population
- Infants and children
- Pregnant women
- Aboriginal and Torres Strait Islander peoples
- People with pre-existing health conditions identified in peer reviewed competent authority as possible
renal disease
- People who ingest higher than average amount of water e.g. in tropical locations or outdoor workers
Exposure - Lifetime exposure
- Short-term exposure
- Combination or reaction with substances
- Exposure through drinking, cooking, washing, skin contact
- PBPK-based exposure model characteristics
Comparator Health-based advice:
- Comparison between the current guideline value and any different (higher/lower) existing values
Supplementary advice:
- Comparison between different water treatment options to assess incremental exposure levels and
incidence results.
- Comparison to no observed effects level / no exposure level

Technical Report - Chlorate Rev3 NHMRC




h

Section 4 Recent Evidence scan

Search
element

Outcome

Comments

The human health and aesthetic outcomes of concern from exposure to chlorate include:
- Mortality

- Severe human health outcomes, including incidence of life-threatening iliness, disability or chronic
disease with ongoing impact on quality of life.

- Less severe or short-term human health outcomes, e.g. irritation.
- Aesthetic outcomes, including taste, smell, colour, clarity, etc.

- Other (bioanalytical assays that support health outcomes, for example results from Tox21 screening
assays)

Consideration regarding these outcomes will be given to:

- The level of chlorate in drinking water considered to be safe or acceptable to human health over a
lifetime

- The level of chlorate in drinking water considered to be safe or acceptable to human health during a
short-term event

- The level of chlorate in drinking water considered to be acceptable in relation to aesthetic factors,
including taste, smell, colour, clarity, etc.

Expand the chemical-specific search terms. Specification of chemical form(s), active metabolite(s), mixtures, or
valence/oxidation state (for metals) can be drawn from work in the scoping.

Ambiguous terms including short alphanumeric sequences that could be confused with arbitrary acronyms or
abbreviations are removed.

The goal of the search is to identify primary studies as original data source of health effects pertaining to key
assessment questions.

In addition to primary studies, grey literature including technical reports from government agencies or scientific
research groups, unpublished laboratory studies conducted by industry and working papers from research
groups or committees are identified.

4.1.2.1

Literature search refinement

Assessor Identifies a small set (10-20) of key validation set or test papers that the search would be expected to
capture (e.g., papers identified in scoping and problem formulation). This study set can be used to test the
sensitivity (error rate for missed studies) of the search.

Develop an initial search strategy, which can be informed by how the test studies are indexed in PubMed and
other databases. Test search strings in each source database.

If one of the seed or test studies was missed, determine the reason., i.e., was the paper not in the database (or is
it incorrectly indexed in the database) or because of a limitation of the search string? All the test papers that
could be found in a database need to be found with the search string; if any paper is missed, the search string
should be re-evaluated.

Remove/minimise the off-topic citations from the search.

Removing duplicates identified during literature search process

This search strategy and database selection are conducted in a way to minimise the possibility of missing key
publications. However, some publications might not be included as:

They have no proper indexing systems.

Old papers with no abstracts that might be missed in the initial screening process.

Supplemental search strategy is used:
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—  Searching the reference list of primary data papers to look for citations that may have been missed during
database searching.

—  Additional search strategies that can be employed through a database (e.g., Web of Science) to include
“forward” and “backward” searching from articles identified as key studies. Forward searching identifies
articles that cite the key study, and backward searching identifies articles cited in the key study. Backward
searches can be done manually by reviewing the cited references, typically in the introduction and
discussion sections of a paper, for studies that were not identified in the database search. This type of
searching is done on a case-by-case basis depending on factors such as whether the PECO has a targeted
evidence type or health outcome focus, amount of the evidence, and use of other assessments to serve as a
starting point. In general, the feasibility of conducting backward and forward searches is reduced when the
PECO is broad, and the number of included studies is large.

—  Searching of ToxCast/Tox21 high throughput screening data or bioinformatic databases for mechanistic
evidence.

—  The public, stakeholders, and technical experts may provide additional publications.

—  Targeted searches focused on a specific health effect question (e.g., reproductive toxicity, cancer,
pulmonary function, or even finer divisions such as autoimmunity within the broader area of
immunotoxicity), a particular exposure scenario of interest (e.g., exposure during pregnancy; exposure to a
specific formulation of the agent), or on potentially susceptible subpopulations and lifestages.

—  Search strings to identify studies using descriptions of exposure to the agent of interest that do not include
the chemical name (e.g., epidemiology studies of a broad chemical class or occupation may provide useful
information).

—  Targeted searches to identify absorption, distribution, metabolism, and excretion (ADME) and mechanistic
studies, or studies of PBPK models; searches using the parent chemical name and CASRN alone may be too
limiting for these types of data.

The literature search is developed by CDM Smith team in conjunction with epidemiology expert. Our team developed
an inventory of the identified studies, abstracting key elements e.g., route of exposure, categorization of the exposure
or outcome measures.

The literature screening process focuses on categorizing (or “tagging”) studies into those that provide data that inform
whether exposure to the chemical might cause toxicity (based on the PECO criteria and the supplemental tagging
structure) and those that are irrelevant for the purposes of the assessment. It is important to emphasize that during
the screening process neither the quality nor the results of the study are considered.

4.1.3 Inclusion and Exclusion criteria of Identified References

The PECO criteria are used to determine the inclusion or exclusion of identified references, focusing on capturing
primary sources of health effects data. During the screening process, studies containing potentially relevant
supplemental material will likely be identified and should be tagged as such as they may provide useful, and
sometimes critical, information.

Although they do not meet the PECO criteria, these studies are not necessarily excluded and often meet most, but not
all, of the individual “P,” “E,” “C,” “O” elements. Ultimately, they (1) may not be cited or considered in the assessment,
(2) may be cited to provide context, or (3) may be carefully considered and cited in the assessment based on the
results of analysing the literature inventory, refining the evaluation plan and organizing the hazard review. In many
cases, these studies can be highly influential to specific assessment decisions.
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[ Does the article meet PECO criteria? ]

Yes .
Potentiall
Type of evidence: / l No \ otentiallyyes

Human ﬂ’otentially relevant supplemental mater%
Animal (mammalian Irrelevant studies— - Mechanistic
models) Excluded from - Non-mammalian model
PBPK model screening list - ADME/toxicokinetics
In vitro/ex vivo/in - Exposure characteristics
silico/non-mammalian - Susceptible population
models - Mixture studies
- Records with no original data reviews,

\ editorial, commentaries /

Mechanism of Carcinogenic
effects/Mode of Action

Health outcomesto consider:

- Hepatic : : '

- Renal - Carcinogenic mechanism of

- Bladder function

- Immune - Genotoxic

- Reproductive/Developmental / - Genomicinstability

- Lymphatic - Cell proliferation/Death
Metabolic - Immunomodulation

Any uncertainties

Screening is done at the title and/or abstract level. All decisions (inclusion/exclusion) are listed in Table 5-4 to
Table 5-10 in Appendix B including the list of all studies considered and categorised as included or excluded and those
marked as supplemental material according to the PECO relevance.

Studies that considered as “exclude studies” are screened by the second reviewer to confirm the logic/approach.

Literature Search (date range)

[ PubMed (n = x)] ( ToxLine (n = x) ] [ SciFinder (n = x)} { Tox21 (n =x) J

|

Screening

( Title & Abstract Screening (x records after duplicate removal) ’

1 1 1

Included (n = x) Meet PECO Excluded (n =x) Included (n = x) as supplemental
- Human health effect studies (n=x) - Not relevantto PECO - Mechanistic or MOA (n=x)
- Animal health effect studies (n=x) - Not considered - ADME (n=x)
- Carcinogenic studies (n= x) supplemental - Mixture studies (n=x)
- Reproductive studies(n=x) - Conference abstract - Non-PECO exposure route (n= x)
- Genotoxicitystudies (n=x) - Unable to obtain fulltext| | - Review, commentary or letter (n=x)
- PBPKmodels (n=x) (n=x)
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4.2 Recent evidence scan results

Applying the search strategy, refinement and inclusion/exclusion criteria, list of “included”, “excluded” and

“potentially relevant supporting information” results are summarised in Table 4-3 below and presented in detail in

Appendix B.

Table 4-3

Database

Scanning result (for
each key search term)

Number of “Included”
studies

Number of “Included
as supplemental”
studies

Excluded studies

“after de-duplication

Recent evidence scan results

PubMed Wiley Online Library Tox21 SciFinder
Chlorate 296 899 5 36
Chlorate AND drinking 29 213 141 36
water
Chlorate AND disinfect | 51 171 9 36
Chlorate AND adverse 1 142 16 36
health effect
Chlorate AND toxicity 38 434 369 36
Sodium Chlorate 57 884 3 5
Human health effect 5 4*+3 - -
Animal health effect 4 4* - -
Carcinogenic - - - -
Reproductive - - - -
Genotoxicity 2 2% - -
PBPK models - - - -
Mechanistic 40 5* 1* 1*
Non-mammalian effect | 8 - - -
ADME/Toxicokinetics 1 - - -
Exposure 28 10* - 1*
characteristics
Human case report - - - -
Records with no 1 - - -
original data review,
editorial
Mixture studies 13 - - -
Methods 27 10 - 4

168# 855 368 25

“Excluded studies from PubMed database are listed in Appendix B.
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Study Evaluation

Study evaluation, as defined herein, is a broad term encompassing interpretation of a variety of methodological
features (e.g., study design, exposure measurement, study execution, data reporting). Study evaluation is analogous
to other approaches that evaluate “study quality” or “utility” in that a wider set of issues are addressed in addition to
risk of bias, including the rigor of study execution, study sensitivity, and reporting.

Table 5-1 outlined the key evaluation concerns (“Domains”) for animal and epidemiological studies. For each domain,
four different categories of “Good”, “Adequate”, “Deficient” and “Critically Deficient” are introduced as “Domain
Judgement”.

Table 5-2 and Table 5-3 present core and prompting questions that aid selection of the appropriate domain
judgement.
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Table 5-1

Key study evaluation
concern

Study evaluation — Domain judgement

Animal Studies

Epidemiological studies

Judgement

Good

Adequate

Deficient

Critically Deficient

- Chemical administration and
characterisation

- Endpoint sensitivity

- Exposure timing, frequency and duration

Sensitivity analysis

Other sensitivity

deficiencies not expected to influence
results.

severe or to have a notable impact on
results.

interpreted as likely to have had a
notable impact on the results or
prevent reliable interpretation of
study findings.

Risk of bias Selection and performance: Participant selection Appropriate conduct and minor Some limitations but not likely to be Identified biases or deficiencies A serious flaw identified that makes the
- Allocation deficiencies not expected to influence severe or to have a notable impact on | interpreted as likely to have had a observed effects uninterpretable. Studies
. . - results. results. notable impact on the results or with a critical deficiency are considered
- Observational bias/blinding . . . “ .
prevent reliable interpretation of uninformative” overall.
Confounding/variable control Confounding study findings.
Selective reporting and attrition Selective reporting
Study sensitivity Exposure methods sensitivity Exposure measurement Appropriate conduct and minor Some limitations but not likely to be Identified biases or deficiencies A serious flaw identified that makes the

observed effects uninterpretable. Studies
with a critical deficiency are considered
“uninformative” overall.

Reporting quality

- Results presentation

Outcome measures and results display

Outcome ascertainment

Appropriate conduct and minor
deficiencies not expected to influence
results.

Some limitations but not likely to be
severe or to have a notable impact on
results.

Identified biases or deficiencies
interpreted as likely to have had a
notable impact on the results or
prevent reliable interpretation of
study findings.

A serious flaw identified that makes the
observed effects uninterpretable. Studies
with a critical deficiency are considered
“uninformative” overall.

Table 5-2

Evaluation
concern

Reporting quality

Core questions

Does the study report information for
evaluating the design and conduct of the
study for the endpoint(s)/outcome(s) of
interest?

Notes:

Reviewers should reach out to authors to
obtain missing information when studies are
considered key for hazard evaluation and/or
dose-response.

This domain is limited to reporting. Other
aspects of the exposure methods,
experimental design, and endpoint
evaluation methods are evaluated using the
domains related to risk of bias and study
sensitivity.

Animal studies evaluation - instructions to select domain judgement

Prompting Qs for different category

Does the study report the following?

Critical information necessary to perform study evaluation:

Species, test article name, levels and duration of exposure, route
(e.g., oral; inhalation), qualitative or quantitative results for at

least one endpoint of interest.

Important information for evaluating the study methods:

Test animal: strain, sex, source, and general husbandry

procedures.

Exposure methods: source, purity, method of administration.

Experimental design: frequency of exposure, animal age and life
stage during exposure and at endpoint/outcome evaluation.

Endpoint evaluation methods: assays or procedures used to
measure the endpoints/outcomes of interest.

Domain judgement

Good

All critical and important
information is reported or
inferable for the
endpoints/outcomes of interest.

Adequate

All critical information is

the study evaluation.

reported but some important
information is missing. However,
the missing information is not
expected to significantly impact

Deficient/Not reported

All critical information is
reported but important
information is missing that is

expected to significantly reduce
the ability to evaluate the study.

Critically deficient

Study report is missing any pieces
of critical information. Studies
that are critically deficient for
reporting are uninformative for
the overall rating and not
considered further for evidence
synthesis and integration.
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Evaluation
concern

Risk of bias /
Selection and
performance bias

Core questions

Allocation

Were animals assigned to experimental
groups using a method that minimizes
selection bias?

Observational bias/blinding

Did the study implement measures to reduce
observational bias?

Prompting Qs for different category

For each study:

Did each animal or litter have an equal chance of being assigned to
any experimental group (i.e., random allocation)?

Is the allocation method described?

Aside from randomization, were any steps taken to balance
variables across experimental groups during allocation?

For each endpoint/outcome or grouping of endpoints/outcomes in
a study:

Does the study report blinding or other methods/procedures for
reducing observational bias?

If not, did the study use a design or approach for which such
procedures can be inferred?

What is the expected impact of failure to implement (or report
implementation) of these methods/procedures on results?

Domain judgement
Good

Measures to reduce
observational bias were
described (e.g., blinding to
conceal treatment groups during
endpoint evaluation; consensus-
based evaluations of
histopathology-lesions).

Adequate

Methods for reducing
observational bias (e.g., blinding)
can be inferred or were reported
but described incompletely.

| Deficient/Not reported

Not reported:

Measures to reduce
observational bias were not
described.

- (Interpreted as adequate)
The potential concern for
bias was mitigated based on
use of automated/computer
driven systems, standard
laboratory kits, relatively
simple, objective measures
(e.g., body or tissue weight),
or screening-level
evaluations of
histopathology.

- (Interpreted as deficient)
The potential impact on the
results is major (e.g.,
outcome measures are
highly subjective).

‘ Critically deficient

Strong evidence for
observational bias that impacted
the results.

Risk of
bias/Confounding/
variable control

Confounding

Are variables with the potential to confound
or modify results controlled for and
consistent across all experimental groups?

For each study:

Are there differences across the treatment groups (e.g.,
coexposures, vehicle, diet, palatability, husbandry, health status)
that could bias the results?

f differences are identified, to what extent are they expected to
impact the results?

Outside of the exposure of
interest, variables that are likely
to confound or modify results
appear to be controlled for and
consistent across experimental
groups.

Some concern that variables that
were likely to confound or
modify results were uncontrolled
or inconsistent across groups but
are expected to have a minimal
impact on the results.

Notable concern that potentially
confounding variables were
uncontrolled or inconsistent
across groups and are expected
to substantially impact the
results.

Confounding variables were
presumed to be uncontrolled or
inconsistent across groups and
are expected to be a primary
driver of the results.

Risk of
bias/Selective
reporting and
attrition bias

Selective reporting and attrition

Did the study report results for all
prespecified outcomes and tested animals?

Note:

This domain does not consider the
appropriateness of the analysis/results
presentation. This aspect of study quality is
evaluated in another domain.

For each study:
Selective reporting bias:

Are all results presented for endpoints/outcomes described in the
methods (see note)?

Attrition bias:

Are all animals accounted for in the results?

If there are discrepancies, do authors provide an explanation (e.g.,
death or unscheduled sacrifice during the study)?

If unexplained results omissions and/or attrition are identified,
what is the expected impact on the interpretation of the results?

Quantitative or qualitative
results were reported for all
prespecified outcomes (explicitly
stated or inferred), exposure
groups and evaluation time
points. Data not reported in the
primary article is available from
supplemental material. If results
omissions or animal attrition are
identified, the authors provide an
explanation, and these are not
expected to impact the
interpretation of the results.

Quantitative or qualitative results
are reported for most
prespecified outcomes (explicitly
stated or inferred), exposure
groups and evaluation time
points. Omissions and/or
attrition are not explained but
are not expected to significantly
impact the interpretation of the
results.

Quantitative or qualitative results
are missing for many
prespecified outcomes (explicitly
stated or inferred), exposure
groups and evaluation time
points and/or high animal
attrition; omissions and/or
attrition are not explained and
may significantly impact the
interpretation of the results.

Extensive results omission and/or
animal attrition are identified
and prevents comparisons of
results across treatment groups.
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Evaluation
concern

Sensitivity/Exposu
re methods
sensitivity

Core questions

Chemical administration and
characterization

Did the study adequately characterize
exposure to the chemical of interest and the
exposure administration methods?

Note:

Consideration of the appropriateness of the
route of exposure is not evaluated at the
individual study level. Relevance and utility of
the routes of exposure are considered in the
PECO criteria for study inclusion and during
evidence synthesis.

Prompting Qs for different category

For each study:

Are there concerns [specific to this chemical] regarding the source
and purity and/or composition (e.g., identity and percent
distribution of different isomers) of the chemical? If so, can the
purity and/or composition be obtained from the supplier (e.g., as
reported on the website)?

Was independent analytical verification of the test article purity
and composition performed?

Did the authors take steps to ensure the reported exposure levels
were accurate?

Are there concerns about the methods used to administer the
chemical (e.g., inhalation chamber type, gavage volume)?

For inhalation studies:

Were target concentrations confirmed using reliable analytical
measurements in chamber air?

For oral studies:

If necessary based on consideration of chemical specific-
knowledge (e.g., instability in solution; volatility) and/or exposure
design (e.g., the frequency and duration of exposure), were
chemical concentrations in the dosing solutions or diet analytically
confirmed?

Domain judgement
Good

Chemical administration and
characterization is complete (i.e.,
source, purity, and analytical
verification of the test article are
provided). There are no concerns
about the composition, stability,
or purity of the administered
chemical, or the specific methods
of administration. For inhalation
studies, chemical concentrations
in the exposure chambers are
verified using reliable analytical
methods.

Adequate

Some uncertainties in the
chemical administration and
characterization are identified
but these are expected to have
minimal impact on interpretation
of the results (e.g., source and
vendor reported-purity are
presented, but not
independently verified; purity of
the test article is suboptimal but
not concerning; For inhalation
studies, actual exposure
concentrations are missing or
verified with less reliable
methods).

Deficient/Not reported

Uncertainties in the exposure
characterization are identified
and expected to substantially
impact the results (e.g., source of
the test article is not reported;
levels of impurities are
substantial or concerning;
deficient administration
methods, such as use of static
inhalation chambers or a gavage
volume considered too large for
the species and/or lifestage at
exposure).

‘ Critically deficient

Uncertainties in the exposure
characterization are identified
and there is reasonable certainty
that the results are largely
attributable to factors other than
exposure to the chemical of
interest (e.g., identified
impurities are expected to be a
primary driver of the results).

Exposure timing, frequency and duration

Was the timing, frequency, and duration of
exposure sensitive for the
endpoint(s)/outcome(s) of interest?

For each endpoint/outcome or grouping of endpoints/outcomes in
a study:

Does the exposure period include the critical window of
sensitivity?

Was the duration and frequency of exposure sensitive for
detecting the endpoint of interest?

The duration and frequency of
the exposure was sensitive, and
the exposure included the critical
window of sensitivity (if known).

The duration and frequency of
the exposure was sensitive, and
the exposure covered most of
the critical window of sensitivity
(if known).

The duration and/or frequency of
the exposure is not sensitive and
did not include most of the
critical window of sensitivity (if
known). These limitations are
expected to bias the results
towards the null.

The exposure design was not
sensitive and is expected to
strongly bias the results towards
the null. The rationale should
indicate the specific concern(s).
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Evaluation
concern

Sensitivity/Outco
me measures and
results display

Core questions

Endpoint sensitivity and specificity
Are the procedures sensitive and specific for

evaluating the endpoint(s)/outcome(s) of
interest?

Note:

Sample size alone is not a reason to conclude
an individual study is critically deficient.

Considerations related to
adjustments/corrections to endpoint
measurements (e.g., organ weight corrected
for body weight) are addressed under results
presentation.

Prompting Qs for different category

For each endpoint/outcome or grouping of endpoints/outcomes in
a study:

Are there concerns regarding the sensitivity, specificity, and/or
validity of the protocols?

Are there serious concerns regarding the sample size?

Are there concerns regarding the timing of the endpoint
assessment?

Domain judgement

Good Adequate

‘ Critically deficient

| Deficient/Not reported

Considerations for this domain are highly variable depending on the endpoint(s)/outcome(s) of interest and must be refined by assessment
teams. A judgment and rationale for this domain should be given for each endpoint/outcome or group of endpoints/outcomes investigated in
the study.

Examples of potential concerns include:
Selection of protocols that are insensitive or nonspecific for the endpoint of interest.
Evaluations did not include all treatment groups (e.g., only control and high dose).

Use of unreliable methods to assess the outcome.

Assessment of endpoints at inappropriate or insensitive ages, or without addressing known endpoint variation (e.g., due to circadian rhythms,
oestrous cyclicity).

Decreased specificity or sensitivity of the response due to the timing of endpoint evaluation, as compared to exposure (e.g., short acting
depressant or irritant effects of chemicals; insensitivity due to prolonged period of non-exposure prior to testing).

Results presentation

Are the results presented in a way that makes
the data usable and transparent?

For each endpoint/outcome or grouping of endpoints/outcomes in
a study:

Does the level of detail allow for an informed interpretation of the
results?

Are the data analyzed, compared, or presented in a way that is
inappropriate or misleading?

Considerations for this domain are highly variable depending on the outcomes of interest and must be refined by assessment teams.

A judgment and rationale for this domain should be given for each endpoint/outcome or group of endpoints/outcomes investigated in the
study.

Examples of potential concerns include:

Nonpreferred presentation (e.g., developmental toxicity data averaged across pups in a treatment group, when litter responses are more
appropriate; presentation of absolute organ-weight data when relative weights are more appropriate).

Failing to present quantitative results either in tables or figures.

Pooling data when responses are known or expected to differ substantially (e.g., across sexes or ages).

Failing to report on or address overt toxicity when exposure levels are known or expected to be highly toxic.

Lack of full presentation of the data (e.g., presentation of mean without variance data; concurrent control data are not presented).

Overall confidence

Overall confidence

Considering the identified strengths and
limitations, what is the overall confidence
rating for the endpoint(s)/outcome(s) of
interest?

Note:

Reviewers should mark studies that are rated
lower than high confidence only due to low
sensitivity (i.e., bias towards the null) for
additional consideration during evidence

For each endpoint/outcome or grouping of endpoints/outcomes in
a study:

Were concerns (i.e., limitations or uncertainties) related to the
reporting quality, risk of bias, or sensitivity identified?

If yes, what is their expected impact on the overall interpretation
of the reliability and validity of the study results, including (when
possible) interpretations of impacts on the magnitude or direction
of the reported effects?

The overall confidence rating considers the likely impact of the noted concerns (i.e., limitations or uncertainties) in reporting, bias and sensitivity
on the results.

A confidence rating and rationale should be given for each endpoint/outcome or group of endpoints/outcomes investigated in the study.
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Evaluation
concern

Core questions

synthesis. If the study is otherwise well
conducted and an effect is observed, the
confidence may be increased.

Prompting Qs for different category

Domain judgement

Good

Adequate

‘ Deficient/Not reported

‘ Critically deficient

Table 5-3

Domain

Population
(participant)

Epidemiological studies evaluation — instruction to select domain judgement

Core question

Is there evidence that
selection into or out of
the study (or analysis
sample) was jointly
related to exposure
and to outcome?

Longitudinal cohort :

Did participants volunteer
for the cohort based on
knowledge of exposure
and/or preclinical disease
symptoms? Was entry into
the cohort or continuation
in the cohort related to
exposure and outcome?

Prompting Q for different category

Occupational cohort :

Did entry into the cohort begin
with the start of the exposure?

Was follow-up or outcome
assessment incomplete, and if
so, was follow-up related to
both exposure and outcome
status?

Could exposure produce
symptoms that would result in
a change in work
assignment/work status
(“healthy worker survivor
effect”)?

Case-control study :

Were controls representative
of population and time periods
from which cases were drawn?

Are hospital controls selected
from a group whose reason for
admission is independent of

exposure?

Could recruitment strategies,

eligibility criteria, or

participation rates result in

differential participation

relating to both disease and

exposure?

Population-based survey:
Was recruitment based on
advertisement to people
with knowledge of
exposure, outcome, and
hypothesis?

Domain judgement
Good

Minimal concern for selection bias
based on description of recruitment
process (e.g., selection of
comparison population, population-
based random sample selection,
recruitment from sampling frame
including current and previous
employees).

Exclusion and inclusion criteria for
participants specified and would not
induce bias.

Participation rate is reported at all
steps of study (e.g., initial enrolment,
follow-up, selection into analysis
sample). If rate is not high, there is
appropriate rationale for why it is
unlikely to be related to exposure
(e.g., comparison between
participants and nonparticipants or
other available information indicates
differential selection is not likely).

Adequate

Enough of a description of
the recruitment process
to be comfortable that
there is no serious risk of
bias.

Inclusion and exclusion
criteria for participants
specified and would not
induce bias.

Participation rate is
incompletely reported
but available information
indicates participation is
unlikely to be related to
exposure.

Deficient

Little information on
recruitment process,
selection strategy,
sampling framework
and/or participation OR
aspects of these
processes raises the
potential for bias (e.g.,
healthy worker effect,
survivor bias).

Critically deficient

Aspects of the
processes for
recruitment, selection
strategy, sampling
framework, or
participation result in
concern that selection
bias is likely to have
had a large impact on
effect estimates (e.g.,
convenience sample
with no information
about recruitment
and selection, cases
and controls are
recruited from
different sources with
different likelihood of
exposure, recruitment
materials stated
outcome of interest
and potential
participants are aware
of or are concerned
about specific
exposures).
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Domain Core question Prompting Q for different category Domain judgement
Good ‘ Adequate ‘ Deficient ‘ Critically deficient

Exposure Does the exposure For all: Case-control studies of occupational Biomarkers of exposure and other Valid exposure assessment methods Valid exposure Valid exposure Exposure
measure reliably Does the exposure measure capture the | exposures: analytic measures of exposure: used, which represent the assessment methods assessment methods measurement does
distinguish between variability in exposure among the Is exposure based on a comprehensive Is a standard assay used? Is the measure etiologically relevant time period of used, which represent the | used, which represent not characterize the
levels of exposureina | participants, considering intensity, job history describing tasks, setting, valid and precise? What are the intra- interest. etiologically relevant time | the etiologically etiologically relevant
time.window frequency, and duration of exposure? time period, and use of specific and interassay coefficients of variation? period of interest. .relevant time.p.eriod of | time period f’f
:slr;f;:s:?grrzc;itusal materials? Is the as.sayllikily to belaffelcted ﬁy X Exposure misclassification is Ln:s\;iztagsenggst e s:lri)g.sure or is not
effect with respect to Does the exposure measure reflect a c.othamlnatlorT. Are va ues essthanthe | aypected to be minimal. Exposure misclassification exposure and outcome

) . limit of detection dealt with ist but is not P
the development of the | relevant time window? If not, can the adequately? may exis raise concerns about L
outcome? relationship between measures in this expected to greatly reverse causality, but There is eV|der.1ce.that
time and the relevant time window be cha.nge the effect there is uncertainty reverse causality is
estimated reliably? What exposure time period is reflected estimate. whether it is very likely to account
by the biomarker? If the half-life is influencing the effect for th? c?bserved
Was the exposure measurement likely short, what s the correlation between estimate. association.
serial measurements of exposure?
to be affected by a knowledge of the
outcome? Exposed groups are Exposure
expected to contain a .measurement was not
. independent of
Was the exposure measurement likely notable proportion of outcome status.
to be affected by the presence of the urTe?(posed or
outcome (i.e., reverse causality)? minimally exposed
individuals, the method
did not capture
important temporal or
spatial variation, or
there is other evidence
of exposure
misclassification that
would be expected to
notably change the
effect estimate.

Outcome Does the outcome For all: For case-control For mortality For diagnosis of For laboratory-based High certainty in the outcome Moderate confidence that | Outcome definition Invalid/insensitive
measure reliably Is outcome studies: measures: disease measures: measures (e.g., definition (i.e., specificity and outcome definition was was not specific or marker of outcome.
distinguish the ascertainment likely to | Is the comparison How well does cause Is the diagnosis based hormone levels): sensitivity), minimal concerns with specific and sensitive, sensitive.
presence or absenc_e be affected by group without the of death data reflect on standard clinical Is a standard assay respect to misclassification. some uncertainty with Outcome
(()?crtﬁzgorjfcg:ns:;/e”ty) knowledge of, or outcome.(e.g., occurrence of the criteria? If it is based used? Does the assay :EISSF;T:ststi?ication bt ot Uncertainty regarding ascertainment is very

presence of, exposure controls in a case- disease in an on self-report of the have an acceptable Assessment instrument was validity of assessment likely to be affected
(e.g., consider access control study) based individual? How well diagnosis, what is the level of interassay validated in a population comparable expected to greatly instrument. by knowledge of, or
to health care, if based | on objective criteria do mortality data validity of this variability? Is the to the one from which the study cha.nge the effect presence of,
on self-reported with little or no reflect incidence of the | measure? sensitivity of the assay | group was selected. estimate. exposure.
history of diagnosis)? likelihood of inclusion disease? appropriate for the
of people with the outcome measure in Assessment instrument
disease? this study population? was validated but not
necessarily in a
population comparable to
the study group.
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Domain

Confounding

Core question

Is confounding of the
effect of the exposure
likely?

Prompting Q for different category

Is confounding adequately addressed by considerations in:
- Participant selection (matching or restriction)?

- Accurate information on potential confounders and
statistical adjustment procedures?

- Lack of association between confounder and outcome, or
confounder and exposure in the study?

- Information from other sources?

Is the assessment of confounders based on a thoughtful
review of published literature, potential relationships (e.g., as
can be gained through directed acyclic graphing), and
minimizing potential overcontrol (e.g., inclusion of a variable
on the pathway between exposure and outcome)?

Domain judgement
Good

Conveys strategy for identifying key
confounders. This may include a
priori biological considerations,
published literature, causal
diagrams, or statistical analyses; with
recognition that not all “risk factors”
are confounders.

Inclusion of potential confounders in
statistical models not based solely on
statistical significance criteria (e.g., p
< 0.05 from stepwise regression).

Does not include variables in the
models that are likely to be
influential colliders or intermediates
on the causal pathway.

Key confounders are evaluated
appropriately and considered to be
unlikely sources of substantial
confounding. This often will include:

- Presenting the distribution of
potential confounders by levels
of the exposure of interest
and/or the outcomes of interest
(with amount of missing data
noted);

- Consideration that potential
confounders were rare among
the study population, or were
expected to be poorly
correlated with exposure of
interest;

- Consideration of the most
relevant functional forms of
potential confounders;

- Examination of the potential
impact of measurement error or
missing data on confounder
adjustment;

- Presenting a progression of
model results with adjustments
for different potential
confounders, if warranted.

‘ Adequate

Similar to good but may
not have included all key
confounders, or less
detail may be available on
the evaluation of
confounders (e.g., sub-
bullets in good). It is
possible that residual
confounding could
explain part of the
observed effect, but
concern is minimal.

Deficient

Does not include

variables in the models

that are likely to be
influential colliders or
intermediates on the
causal pathway.

And any of the
following:

The potential for bias
to explain some of the

results is high based on

an inability to rule out
residual confounding,
such as a lack of

demonstration that key

confounders of the
exposure-outcome
relationships were
considered;

Descriptive information

on key confounders

(e.g., their relationship

relative to the
outcomes and
exposure levels) are
not presented; or

Strategy of evaluating

confounding is unclear
or is not recommended

(e.g., only based on
statistical significance
criteria or stepwise

regression [forward or
backward elimination]).

Critically deficient

Includes variables in
the models that are
colliders and/or
intermediates in the
causal pathway,
indicating that
substantial bias is
likely from this
adjustment; or

Confounding is likely
present and not
accounted for,
indicating that all of
the results were most
likely due to bias.
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Domain

Analysis

Core question

Does the analysis
strategy and
presentation convey
the necessary
familiarity with the
data and assumptions?

Prompting Q for different category

Are missing outcome, exposure, and covariate data recognized, and if necessary, accounted for in the analysis?

Does the analysis appropriately consider variable distributions and modeling assumptions?

Does the analysis appropriately consider subgroups of interest (e.g., based on variability in exposure level or duration or
susceptibility)?

Is an appropriate analysis used for the study design?

Is effect modification considered, based on considerations developed a priori?

Does the study include additional analyses addressing potential biases or limitations (i.e., sensitivity analyses)?

Domain judgement
Good

Use of an optimal characterization of
the outcome variable.

Quantitative results presented
(effect estimates and confidence
limits or variability in estimates; i.e.,
not presented only as a p-value or
“significant”/”not significant”).

Descriptive information about
outcome and exposure provided
(where applicable).

Amount of missing data noted and
addressed appropriately (discussion
of selection issues—missing at
random vs. differential).

Where applicable, for exposure,
includes LOD (and percentage below
the LOD), and decision to use log
transformation.

Includes analyses that address
robustness of findings, e.g.,
examination of exposure-response
(explicit consideration of nonlinear
possibilities, quadratic, spline, or
threshold/ceiling effects included,
when feasible); relevant sensitivity
analyses; effect modification
examined based only on a priori
rationale with sufficient numbers.

No deficiencies in analysis evident.
Discussion of some details may be
absent (e.g., examination of
outliers).

‘ Adequate

Same as good, except:

Descriptive information
about exposure provided
(where applicable) but
may be incomplete; might
not have discussed
missing data, cut-points,
or shape of distribution.

Includes analyses that
address robustness of
findings (examples in
good), but some
important analyses are
not performed.

‘ Deficient

Does not conduct
analysis using optimal
characterization of the
outcome variable.

Descriptive information
about exposure levels
not provided (where
applicable).

Effect estimate and p-
value presented,
without standard error
or confidence interval.

Results presented as
statistically
“significant”/“not
significant.”

‘ Critically deficient

Results of analyses of
effect modification
examined without
clear a priori rationale
and without providing
main/principal effects
(e.g., presentation
only of statistically
significant
interactions that were
not hypothesis
driven).

Analysis methods are
not appropriate for
design or data of the
study.
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Domain

Selective
reporting

Core question

Is there reason to be
concerned about
selective reporting?

Prompting Q for different category

Were results provided for all the primary analyses described in the methods section?

Is there appropriate justification for restricting the amount and type of results that are shown?

Are only statistically significant results presented?

Domain judgement
Good

The results reported by study
authors are consistent with the
primary and secondary analyses
described in a registered protocol or
methods paper.

‘ Adequate

The authors described
their primary (and
secondary) analyses in
the methods section and
results were reported for
all primary analyses.

Deficient

Concerns were raised
based on previous
publications, a
methods paper, or a
registered protocol
indicating that analyses
were planned or
conducted that were
not reported, or that
hypotheses originally
considered to be
secondary were
represented as primary
in the reviewed paper.

Only subgroup analyses
were reported
suggesting that results
for the entire group
were omitted.

Only statistically
significant results were
reported.

‘ Critically deficient
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Domain

Core question

Prompting Q for different category

Domain judgement

Good

Adequate

Sensitivity

Is there a concern that
sensitivity of the study
is not adequate to
detect an effect?

Is the exposure range adequate?

Was the appropriate population included?

Was the length of follow-up adequate? Is the time/age of outcome ascertainment optimal given the interval of exposure and
the health outcome?

Are there other aspects related to risk of bias or otherwise that raise concerns about sensitivity?

The range of exposure
levels provides adequate
variability to evaluate
primary hypotheses in
study.

The population was
exposed to levels

expected to have an
impact on response.

The study population was
sensitive to the
development of the
outcomes of interest
(e.g., ages, lifestage, sex).

The timing of outcome
ascertainment was
appropriate given
expected latency for
outcome development
(i.e., adequate follow-up
interval).

The study was adequately
powered to observe an
effect.

No other concerns raised
regarding study
sensitivity.

‘ Deficient

Concerns were raised
about the issues
described for good that
are expected to notably
decrease the sensitivity
of the study to detect
associations for the
outcome.

‘ Critically deficient
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Database Search Results

PubMed Search Results

Table 5-4 PubMed Database Search Results — Included studies

Included Studies — Meet PECO criteria

Human health effect | Animal health effect | Carcinogenic Reproductive Genotoxicity PBPK model | Full list of Included studies Search Date
(mammalian)

Haber, L.T.; Schoeny, R.S.; Allen, B.C. (2021). Impact of updated BMD modeling methods on perchlorate and chlorate assessments of human 8/31/2021
health hazard. 340:89-100. Toxicol Lett

Djam, S.; Najafi, M.; Ahmadi, S.H.; Shoeibi, S. (2020). Bottled water safety evaluations in IRAN: determination of bromide and oxyhalides 8/31/2021
(chlorite, chlorate, bromate) by ion chromatography. 18(2):609-616. J Environ Health Sci Eng

Rozanec, J.J.; Secin, F.P. (2020) Epidemiologia, etiologia, prevencion del cancer vesical [Epidemiology, etiology and prevention of bladder 9/3/2021
cancer.]. 73(10):872-878. Arch Esp Urol

©© O

Vargas-Bello-Pérez, E.; Dhakal, R.; Nielsen, M.O.; Ahrné, L.; Hansen, H.H. (2020). Corrigendum to: "Short communication: Electrochemical 8/31/2021
activated drinking water effects on bovine milk production and composition, including chlorate, perchlorate, and fatty acid profile" (J. Dairy Sci.
103:1208-1214). 103(5):4892-4893. J Dairy Sci

Vargas-Bello-Pérez E, Dhakal R, Nielsen MO, Ahrné L, Hansen HH. Short communication: Effects of electrochemically activated drinking water on | 8/31/2021
bovine milk production and composition, including chlorate, perchlorate, and fatty acid profile. J Dairy Sci. 2020 Feb;103(2):1208-1214.

Ali, S.N.; Arif, H.; Khan, A.A.; Mahmood, R. (2018). Acute renal toxicity of sodium chlorate: Redox imbalance, enhanced DNA damage, metabolic 9/5/2021
alterations and inhibition of brush border membrane enzymes in rats. 33(11):1182-1194. Environ Toxicol

@O ©

Ali, S.N.; Ansari, F.A.; Arif, H.; Mahmood, R. (2017). Sodium chlorate induces DNA damage and DNA-protein cross-linking in rat intestine: A dose 9/7/2021
dependent study. 177:311-316. Chemosphere

©©

Ali, S.N.; Ansari, F.A.; Khan, A.A.; Mahmood, R. (2017). Sodium chlorate, a major water disinfection by-product, alters brush border membrane 9/7/2021
enzymes, carbohydrate metabolism and impairs antioxidant system of Wistar rat intestine. 32(5):1607-1616. Environ Toxicol

©

Weterings, P.J.; Loftus, C.; Lewandowski, T.A. (2016). Derivation of the critical effect size/benchmark response for the dose-response analysis of 9/7/2021
@ the uptake of radioactive iodine in the human thyroid. 257:38-43. Toxicol Lett.

Radwan, E.K.; Barakat, M.H.; Ibrahim, M.B.M. (2021). Hazardous inorganic disinfection by-products in Egypt's tap drinking water: Occurrence 9/8/2021
@ and human health risks assessment studies. 797:149069. Sci Total Environ

Table 5-5 PubMed Database Search Results — Included as Supplemental material studies

Potentially relevant supplemental material
Mechanistic Non- ADME/toxicokinetics Exposure Human case | Records with | Mixture Methods Full list (citation) Search Date
mammalian characteristics | report no original studies
model data reviews
Spero, M.A. & Newman, D.K. (2018).Chlorate Specifically Targets Oxidant-Starved, Antibiotic-Tolerant Populations of Pseudomonas 8/27/2021
@ aeruginosa Biofilms. 9(5):e01400-18. mBio
Youngblut, M.D.; Wang, O.; Barnum, T.P.; Coates, J.D. (2016). (Per)chlorate in Biology on Earth and Beyond. 70:435-57. Annu Rev 8/27/2021
@ Microbiol
McCarthy, W.P.; O'Callaghan, T.F.; Danahar, M.; Gleeson, D.; O'Connor, C.; Fenelon, M.A.; Tobin, J.T. (2018). Chlorate and Other 8/27/2021
@ Oxychlorine Contaminants Within the Dairy Supply Chain. 17(6):1561-1575. Compr Rev Food Sci Food Saf
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Panseri, S.; Nobile, M.; Arioli, F.; Biolatti, C.; Pavlovic, R.; Chiesa, L.M. (2020). Occurrence of perchlorate, chlorate and polar 8/27/2021
herbicides in different baby food commodities. 330:127205.Food Chem

©

Ma, L.; Wen, S.; Yuan, J.; Zhang, D.; Lu, Y.L.; Zhang, Y.; Li, Y.; Cao, S. (2020). Detection of chlorite, chlorate and perchlorate in 8/27/2021
@ ozonated saline. 20(3):2569-2576. Exp Ther Med

Levanov, A.V.; Isaikina, 0.Y.; Gasanova, R.B.; Uzhel, A.S.; Lunin, V.V. (2019) Kinetics of chlorate formation during ozonation of 8/27/2021
@ aqueous chloride solutions. 229:68-76. Chemosphere

Zhang, W.; Hua, Y.; Lu, Q.; Qiu, W.; Li, Y. (2021). Determination of chlorate and perchlorate in infant formula by ultra-high 8/31/2021
performance liquid chromatography-tandem mass spectrometry. 50(4):625-632. 10.19813/j.cnki.weishengyanjiu.2021.04.015

Radwa,n E.K.; Barakat, M.H.; Ibrahim, M.B.M. (2021). Hazardous inorganic disinfection by-products in Egypt's tap drinking water: 8/31/2021
Occurrence and human health risks assessment studies.797:149069. Sci Total Environ

Suryanarayanan, V.; Pattanayak, D.K.; Senthil, K. R.; Kilpatrick, L.; Chopra, S.; Xu, G.; Fei, L.; Dogo-Isonagie, C.; Johansson, P. (2021). 8/31/2021
Electrochemical mineralization of iron-tannate stain on HAp and bovine enamel-A non-peroxide approach. 7(6):e07296. Heliyon

Kong, Q.; Fan, M.; Yin, R.; Zhang, X.; Lei, Y.; Shang, C.; Yang, X. (2021). Micropollutant abatement and by-product formation during 8/31/2021
the co-exposure of chlorine dioxide (ClIO2) and UVC radiation. 419:126424. ) Hazard Mater

©0O 0

Schaberg, E.; Theocharidis, U.; May, M.; Lessmann, K.; Schroeder, T.; Faissner, A. (2021). Sulfation of Glycosaminoglycans Modulates 8/31/2021
@ the Cell Cycle of Embryonic Mouse Spinal Cord Neural Stem Cells. 9:643060. Front Cell Dev Biol

Huang, S.; Han, D.; Wang, J.; Guo, D.; Li, J. (2021). Floral Induction of Longan (Dimocarpus longan) by Potassium Chlorate: Application, | 8/31/2021
Mechanism, and Future Perspectives. 12:670587.Front Plant Sci

©

Liu, R.; Zhang, Y.; Kumar, A.; Huhn, S.; Hullinger, L.; Du, Z. (2021). Modulating tyrosine sulfation of recombinant antibodies in CHO cell | 8/31/2021
@ culture by host selection and sodium chlorate supplementation. e2100142. Biotechnol J.

Petri, E.; Virto, R. (2021). Comparison of peracetic acid and chlorine effectiveness during fresh-cut vegetables processing at industrial 8/31/2021
scale. J Food Prot. doi: 10.4315/JFP-20-448.

Sanz, R. E.; Lam, S.; Smith, G.G.; Haddad, P.R.; Paull, B. (2021). Ultra-trace determination of oxyhalides in ozonated aquacultural 8/31/2021
marine waters by direct injection ion chromatography coupled with triple-quadrupole mass spectrometry. 7(4):e06885. Heliyon

©©

Clark JA, Yang Y, Ramos NC, Hillhouse HW. Selective oxidation of pharmaceuticals and suppression of perchlorate formation during 8/31/2021
@ electrolysis of fresh human urine. Water Res. 2021 Jun 15;198:117106.

Dias, J.; Lopez, S.H.; Mol, H.; de Kok, A. (2021). Influence of different hydrophilic interaction liquid chromatography stationary phases | 8/31/2021
on method performance for the determination of highly polar anionic pesticides in complex feed matrices. 44(11):2165-2176. J Sep
Sci

Norra, G.F.; Radjenovic, J. (2021). Removal of persistent organic contaminants from wastewater using a hybrid electrochemical- 8/31/2021
granular activated carbon (GAC) system. 415:125557. J Hazard Mater

Gormez, E.; Golge, O.; Kabak, B. (2021). Quantification of fosetyl-aluminium/phosphonic acid and other highly polar residues in 8/31/2021
pomegranates using Quick Polar Pesticides method involving liquid chromatography-tandem mass spectrometry measurement.
1642:462038. J Chromatogr A

©
QO ©

Sharma, S.K.; Howe, B.M.; Misra, A.K.; Rognstad, M.R.; Porter, J.N.; Acosta-Maeda, T.E.; Egan, M.J. (2021). Underwater Time-Gated 8/31/2021
Standoff Raman Sensor for In Situ Chemical Sensing. 75(6):739-746. Appl Spectrosc

©

Jackson, W.A.; Brundrett, M.; Bohlke, J.K.; Hatzinger, P.B.; Mroczkowski, S.J.; Sturchio, N.C. (2021). Isotopic composition of natural 8/31/2021
@ and synthetic chlorate (6180, A170, §37Cl, 36CI/Cl): Methods and initial results. 274:129586. Chemosphere
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Lin, H.; Peng, H.; Feng, X.; Li, X.; Zhao, J.; Yang, K.; Liao, J.; Cheng, D.; Liu, X.; Lv, S.; Xu, J. (2021). Huang Q. Energy-efficient for 8/31/2021
@ advanced oxidation of bio-treated landfill leachate effluent by reactive electrochemical membranes (REMs): Laboratory and pilot

scale studies. 190:116790. Water Res

Zerva |, Remmas N, Kagalou I, Melidis P, Ariantsi M, Sylaios G, Ntougias S. Effect of Chlorination on Microbiological Quality of Effluent | 8/31/2021
@ of a Full-Scale Wastewater Treatment Plant. Life (Basel). 2021 Jan 19;11(1):68. doi: 10.3390/Iife11010068.

Lee, M.Y.et al (2021). Applications of UV/H202, UV/persulfate, and UV/persulfate/Cu2+ for the elimination of reverse osmosis 8/31/2021
concentrate generated from municipal wastewater reclamation treatment plant: Toxicity, transformation products, and disinfection
by-products. 762:144161. Sci Total Environ

©

Kurajica, L.; Ujevié, B. M.; Kinsela, A.S.; Stigli¢, J.; Waite, T.D.; Capak, K.; Pavli¢, Z. (2021). Effects of changing supply water quality on 8/31/2021
drinking water distribution networks: Changes in NOM optical properties, disinfection by-product formation, and Mn deposition and
release. 762:144159. Sci Total Environ

©

Yin, X.; Cui, H.; Li, S.; Niu, S. (2020). Simultaneous determination of chlorite, chlorate, perchlorate and bromate in ozonated saline by 8/31/2021
@ using IC-MS. 12(48):5916-5921. Anal Methods

Zhao, J.; Shang, C.; Zhang, X.; Yang, X.; Yin, R. (2021). The multiple roles of chlorite on the concentrations of radicals and ozone and 8/31/2021
formation of chlorate during UV photolysis of free chlorine. 190:116680. Water Res

Qiao, Q.; Singh, S.; Lo, S.L.; Jin, J.; Yu, Y.C.; Wang, L. (2021). Effect of current density and pH on the electrochemically generated 8/31/2021
active chloro species for the rapid mineralization of p-substituted phenol.275:129848. Chemosphere

Wang, J.; Wu, Y.; Bu, L.; Zhu, S.; Zhang, W.; Zhou, S.; Gao, N. (2021). Simultaneous removal of chlorite and contaminants of emerging 9/3/2021
concern under UV photolysis: Hydroxyl radicals vs. chlorate formation. 190:116708. Water Res

Zhang, Y.; Ji, Y.; Li, J.; Bai, J.; Chen, S.; Li, L.; Wang, J.; Zhou, T.; Jiang, P.; Guan, X.; Zhou, B. (2021) Efficient ammonia removal and toxic | 9/3/2021
chlorate control by using BiVO4/WO3 heterojunction photoanode in a self-driven PEC-chlorine system. 402:123725. J Hazard Mater

Fang, F.; Zhang, Y.; Bai, J.; Li, J.; Mei, X.; Zhou, C.; Zhou, M.; Zhou, B. (2020). Efficient urine removal, simultaneous elimination of 9/3/2021
emerging contaminants, and control of toxic chlorate in a photoelectrocatalytic-chlorine system. 267:115605. Environ Pollut

Levakov, I.; Han, J.; Ronen, Z.; Dahan, O. (2021) Inhibition of perchlorate biodegradation by ferric and ferrous iron. 410:124555. ) 9/3/2021
Hazard Mater

QRoNcliollole

Krauss, S.T.; Forbes, T.P.; Jobes, D. (2021). Inorganic oxidizer detection from propellants, pyrotechnics, and homemade explosive 9/3/2021
@ powders using gradient elution moving boundary electrophoresis. 42(3):279-288. Electrophoresis
Lin, X.; Chen, G.; Jin, T.Z.; Wen, M.; Wu, J.; Wen, J.; Xu, Y.; An, K.;Yu, Y. (2021) Extension of shelf life of semi-dry longan pulp with 9/3/2021
@ gaseous chlorine dioxide generating film. 337:108938. Int J Food Microbiol
Hidalgo-Ruiz, J.L.; Romero-Gonzalez, R.; Martinez Vidal, J.L.; Garrido Frenich, A. (2021). Monitoring of polar pesticides and 9/3/2021
@ contaminants in edible oils and nuts by liquid chromatography-tandem mass spectrometry. 343:128495. Food Chem

Chen, T.; Yu, Z.; Xu, T.; Xiao, R.; Chu, W.; Yin, D. (2021). Formation and degradation mechanisms of CX3R-type oxidation by-products 9/3/2021
during cobalt catalyzed peroxymonosulfate oxidation: The roles of Co3+ and SO4-. 405:124243. ) Hazard Mater

Guan, Y.H.; Chen, J.; Chen, L.J.; Jiang, X.X.; Fu, Q. (2020). Comparison of UV/H202, UV/PMS, and UV/PDS in Destruction of Different 9/3/2021
Reactivity Compounds and Formation of Bromate and Chlorate. 8:581198. Front Chem

Han, J.; Zhang, X.; Li, W.; Jiang, J. (2021). Low chlorine impurity might be beneficial in chlorine dioxide disinfection. 188:116520. 9/3/2021
Water Res

Zhang, R.; Klaine, S.; Alcantar, C.; Bratcher, F. (2020). Visible light generation of high-valent metal-oxo intermediates and mechanistic | 9/3/2021
insights into catalytic oxidations. 212:111246. J Inorg Biochem

© O
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Cao, N.; Yang, J. (2020). [Proficiency test for determination of chlorate in drinking water]. 49(4):630-634. Wei Sheng Yan Jiu 9/3/2021
Kurajica, L.; Ujevié, M.; Novak, M.; Kinsela, A.S.; Stigli¢, J.; Waite, D.T.; Capak, K. (2020). Disinfection by-products in Croatian drinking 9/3/2021
@ water supplies with special emphasis on the water supply network in the city of Zagreb. 276:111360. J Environ Manage

Li, Z.Y.; Li, X.; Tan, B.; Lv, P.L.; Zhao, H.P. NC10 bacteria promoted methane oxidation coupled to chlorate reduction. 31(4-6):319-329. | 9/3/2021
Biodegradation

Lin, M.H.; Bulman, D.M.; Remucal, C.K.; Chaplin, B.P. (2020). Chlorinated By-product Formation during the Electrochemical Advanced 9/3/2021
Oxidation Process at Magnéli Phase Ti407 Electrodes. 54(19):12673-12683. Environ Sci Technol

Kim, T.K.; Kim, T.; Cha, Y.; Zoh, K.D. (2020). Energy-efficient erythromycin degradation using UV-LED (275 nm)/chlorine process: 9/3/2021
Radical contribution, transformation products, and toxicity evaluation. 185:116159. Water Res.

©© O

Yin, Z.J.; Zhang, Y.N.; Guan, F.J.; Yu, H.; Ma, Y.J. (2020). Simultaneous separation and indirect ultraviolet detection of chlorate and 9/3/2021
perchlorate by pyridinium ionic liquids in reversed-phase liquid chromatography. 43(20):3868-3875. J Sep Sci

Ma, L.; Wen, S.; Yuan, J.; Zhang, D.; Lu, Y.L.; Zhang, Y.; Li, Y.; Cao, S. (2020). Detection of chlorite, chlorate and perchlorate in 9/3/2021
ozonated saline. 20(3):2569-2576. Exp Ther Med

Lépez-Ruiz, R.; Romero-Gonzalez, R.; Garrido Frenich, A. (2020). Simultaneous determination of polar pesticides in human blood 9/3/2021
serum by liquid chromatography coupled to triple quadrupole mass spectrometer. 190:113492. J Pharm Biomed Anal

Torres-Rojas, F.; Mufioz, D.; Tapia, N.; Canales, C.; Vargas, |.T. (2020). Bioelectrochemical chlorate reduction by Dechloromonas 9/3/2021
agitata CKB.315:123818. Bioresour Technol.

©0 0

Gadelha, J.R.; Allende, A.; Lopez-Galvez, F.; Fernandez, P.; Gil, M.1.; Egea, J.A. (2019). Chemical risks associated with ready-to-eat 9/3/2021
@ vegetables: quantitative analysis to estimate formation and/or accumulation of disinfection by-products during washing. 17(Suppl
2):e170913. EFSA )

Panseri, S.; Nobile, M.; Arioli, F.; Biolatti, C.; Pavlovic, R.; Chiesa, L.M. (2020). Occurrence of perchlorate, chlorate and polar 9/3/2021
@ herbicides in different baby food commodities. 330:127205. Food Chem.

Lakhian, V.; Dickson-Anderson, S.E. (2020) Reduction of bromate and chlorate contaminants in water using aqueous phase corona 9/3/2021
discharge. 255:126864. Chemosphere

Absalon, D.; Matysik, M.; Woznica, A.; tozowski, B.; Jarosz, W.; Ulanczyk, R.; Babczynska, A.; Pasierbinski, A. (2020). Multi-Faceted 9/3/2021
Environmental Analysis to Improve the Quality of Anthropogenic Water Reservoirs (Paprocany Reservoir Case Study). 20(9):2626.
Sensors (Basel)

©©

Smith, D.J.; Scapanski, A. (2020). Distribution and Chemical Fate of [36Cl]Chlorine Dioxide Gas on Avocados, Eggs, Onions, and Sweet 9/3/2021
@ Potatoes. 68(17):5000-5008. J Agric Food Chem

Isidro, J.; Brackemeyer, D.; Sdez, C.; Llanos, J.; Lobato, J.; Cafiizares, P.; Matthée ,T.; Rodrigo, M.A. (2020). How to avoid the formation | 9/3/2021
@ of hazardous chlorates and perchlorates during electro-disinfection with diamond anodes?. 265:110566. J Environ Manage

Barros, TL.; Beer, L.C.; Tellez, G.; Fuller, A.L.; Hargis, B.M.; Vuong, C.N. (2020). Research Note: Evaluation of dietary administration of 9/3/2021
sodium chlorate and sodium nitrate for Histomonas meleagridis prophylaxis in turkeys. 99(4):1983-1987. Poult Sci

Barnum TP, Cheng Y, Hill KA, Lucas LN, Carlson HK, Coates JD. Identification of a parasitic symbiosis between respiratory metabolisms | 9/3/2021
@ in the biogeochemical chlorine cycle. ISME J. 2020 May;14(5):1194-1206.

Ma, X.; Li, M.; Feng, C.; He, Z. (2020). Electrochemical nitrate removal with simultaneous magnesium recovery from a mimicked RO 9/3/2021
@ brine assisted by in situ chloride ions. 388:122085. J Hazard Mater

Nagase, H.; Katagiri, Y.; Oh-Hashi, K.; Geller, H.M.; Hirata, Y. (2020). Reduced Sulfation Enhanced Oxytosis and Ferroptosis in Mouse 9/3/2021
@ Hippocampal HT22 Cells. 10(1):92. Biomolecules
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Zhou, X.; LU, X.; Wan, J.; Guo, P.; Guo, D.; Xi, H. (2019). Determination of chlorate and perchlorate in milk power by high-performance | 9/3/2021
@ liquid chromatography-tandem mass spectrometry. 37(10):1064-1070. Se Pu

Busch, M.; Simic, N.; Ahlberg, E. (2019). Exploring the mechanism of hypochlorous acid decomposition in aqueous solutions. 9/3/2021
@ 21(35):19342-19348. Phys Chem Chem Phys

Bruzzoniti et al. (2019). Towards the revision of the drinking water directive 98/83/EC. Development of a direct injection ion 9/3/2021
chromatographic-tandem mass spectrometric method for the monitoring of 15 common and emerging disinfection by-products
along the drinking water supply chain. 1605:360350. J Chromatogr A

©

Paludetti, L.F.; Kelly, A.L.; O'Brien, B.; Gleeson, D. (2019). Monitoring residue concentrations in milk from farm and throughout a milk 9/3/2021
powder manufacturing process. 86(3):341-346. J Dairy Res

Zhong, Y.; Gan, W.; Du, Y.; Huang, H.; Wu, Q.; Xiang, Y.; Shang, C.; Yang, X. (2019). Disinfection by-products and their toxicity in 9/3/2021
@ wastewater effluents treated by the mixing oxidant of CIO2/CI2. 162:471-481. Water Res

Constantinou, P.; Louca-Christodoulou, D.; Agapiou, A. (2019). LC-ESI-MS/MS determination of oxyhalides (chlorate, perchlorate and 9/3/2021
bromate) in food and water samples, and chlorate on household water treatment devices along with perchlorate in plants. 235:757-
766. Chemosphere

©

Melton, L.M.; Taylor, M.J.; Flynn, E.E. (2019). The utilisation of ion chromatography and tandem mass spectrometry (IC-MS/MS) for 9/3/2021
the multi-residue simultaneous determination of highly polar anionic pesticides in fruit and vegetables. 298:125028. Food Chem

Wang, C.; Moore, N.; Bircher, K.; Andrews, S.; Hofmann, R. (2019). Full-scale comparison of UV/H202 and UV/CI2 advanced 9/3/2021
oxidation: The degradation of micropollutant surrogates and the formation of disinfection by-products. 161:448-458. Water Res.

Girenko, D.V.; Gyrenko, A.A.; Nikolenko, N.V. (2019). Potentiometric Determination of Chlorate Impurities in Hypochlorite Solutions. 9/3/2021
2019:2360420. Int J Anal Chem

Chen, J.; Li, J.; Zhang, X.; Wu, Z., Tyagi, R.D. (2020). Ultra-sonication for controlling the formation of disinfection by-products in the 9/3/2021
ClO2 pre-oxidation of water containing high concentrations of algae. 42(3):849-861. Environ Geochem Health
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Levanov, A.V.; Isaikina, 0.Y.; Gasanova, R.B.; Uzhel, A.S.; Lunin, V.V. (2019). Kinetics of chlorate formation during ozonation of 9/3/2021
@ aqueous chloride solutions. 229:68-76. Chemosphere

Savini, S.; Bandini, M.; Sannino, A. (2019). An Improved, Rapid, and Sensitive Ultra-High-Performance Liquid Chromatography-High- 9/3/2021
Resolution Orbitrap Mass Spectrometry Analysis for the Determination of Highly Polar Pesticides and Contaminants in Processed
Fruits and Vegetables. 67(9):2716-2722. ) Agric Food Chem

©

Krishnaraj, P.; Chang, Y.; Ho, T.J.; Lu, N.C.; Lin, M.D.; Chen, H.P. (2019). In vivo pro-angiogenic effects of dracorhodin perchlorate in 9/3/2021
@ zebrafish embryos: A novel bioactivity evaluation platform for commercial dragon blood samples. 27(1):259-265. J Food Drug Anal

Ye, B.; Cang, Y.; Li, J.; Zhang, X. (2019). Advantages of a CI02/NaClO combination process for controlling the disinfection by-products 9/3/2021
(DBPs) for high algae-laden water. 41(3):1545-1557. Environ Geochem Health

Padhi, R.K.; Subramanian, S.; Satpathy, K.K. (2019). Formation, distribution, and speciation of DBPs (THMs, HAAs, ClO2-,andClO3-) 9/3/2021
@ during treatment of different source water with chlorine and chlorine dioxide. 218:540-550. Chemosphere
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Zapata, F.; Ortega-Ojeda, F.; Garcia-Ruiz, C.; Gonzalez-Herrdez, M. (2018). Selective Monitoring of Oxyanion Mixtures by a Flow 9/5/2021
System with Raman Detection. 18(7):2196. Sensors (Basel)
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