The Australasian College of

Toxicology & Risk Assessment (ACTRA)

eNewsletter

2021 Autumn Edition

Acknowledgement of Country

We in ACTRA acknowledge the Traditional Custodians and their Ancestors of the unceded lands and
waters  across  Australia  where we  conduct the business of the society.
We also respectfully acknowledge their Ancestors and Elders, past, present and emerging.

President’s Report

Welcome to the Autumn 2021 edition of the ACTRA Newsletter — the first edition for this year. Since our
last newsletter in Spring 2020, there have been many changes (both up and down) to the levels of isolation
restrictions in different parts of Australia and New Zealand, which have helped control the spread of
coronavirus infections in our communities. The progressive roll-out of the COVID-19 vaccine in Australia
has commenced with priority groups, emphasising the need for each person to continue to help reduce the
risk of infection by wearing a mask and maintaining physical distancing where appropriate.

ACTRA Management Committee Update

Since my last report, ACTRA Management Committee meetings were held on 7 October, 1 December 2020
and 2 February 2021. | sincerely thank the committee for their ongoing dedication and input into the running
of our society, i.e. Peter Di Marco (Immediate Past President), Gordon Reidy (Vice President), Andrew
Harman (Treasurer; Governance & Finance Chair), Tarah Hagen (Secretary; Marketing & Communications
Chair), lan Delaere (Membership Officer), Ordinary Members Effi Liden (ASM Chair) and Maryam Moslehi
(Education Committee Chair) and co-opted coordinator members Mirella Goetzmann (WA Health) and Len
Turczynowicz (Adelaide University), with support from Paul Lumsden (Secretariat).

ACTRA is tracking well financially and we continue to provide value for membership with ongoing updates
to the ACTRA website and communications, such as the monthly bulletins to keep our members informed
of activities. Please note that the “Members’ Area” webpages also provide free access to major information
resources for ACTRA members. ACTRA also featured in the Global Gallery Poster Session for the virtual
March 2021 conference of the Society of Toxicology USA (SOT), with a poster highlighting current
membership demographics, ACTRA'’s objectives, recent activities, and Award of Merit recipients (see last
page of this Newsletter).

Membership/Registration

We continue to welcome new members to ACTRA, with the membership currently at a total of 142, including
27 registered members (14 RACTRA and 13 FACTRA). The new ACTRA Re-registration Handbook has
been adopted, thanks to the efforts of lan Delaere (SA Health), and current registrants/fellows will be
contacted about this process.

ACTRA Secretariat

ACTRA has signed a 3-year agreement to continue with The Association Specialists (TAS) as the providers
of ACTRA’s Secretariat. Many thanks to Andrew Harman (Harman Legal) and Tarah Hagen (SLR
Consulting) for their thorough work in the subcommittee tasked with reviewing the documentation. Recent
structural changes within TAS in early 2021 will also bring other TAS staff into our Secretariat support team,
l.e. Paul Lumsden is still our main contact person in the Secretariat, supported by Caroline Caneva, while
the webinar program will be supported by event managers based at TAS head office in Sydney. Many
thanks to the Secretariat at TAS for their ongoing help and support to ACTRA and the Management
Committee.

ACTRA'’s Online Webinar Series

The role of co-ordinating the very successful ACTRA webinar program was recently handed to Maryam
Moslehi (CDM Smith) as the new Chair of the ACTRA Education Committee, by Selma Kaasinen (APVMA)
as the outgoing Chair. Many thanks again to Selma and the previous members of the Education Committee,
whose efforts have established an important monthly activity for ACTRA members.

There have been four webinars presented since the last newsletter, with interactive Q&A sessions well-
moderated by Tarah Hagen and Maryam Moslehi, including two excellent presentations by Adjunct
Associate Professor Roger Drew (PhD DABT, FACTRA; Monash University) on the Threshold of
Toxicological Concern (TTC) — “History and derivation of TTC values” (5 November) and “Applications of
TTC in risk assessment” (3 December). John Frangos (DABT, FACTRA; CDM Smith) followed this with
very informative presentations on “Dose response assessment - Importance within standard setting and
human health risk assessment (HHRA)” (4 February) and “Key concepts of bioavailability” (4 March).
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President’s Report (cont.)

We look forward to John’s upcoming webinar on April 8, 2021 about “Bioavailability — Case studies and worked examples” — you can register to attend the
combined webinar and Q&A session via the ACTRA website or the email notice from the Secretariat.

If you have suggestions of topics that you would like to see in future online webinar sessions, please send these to us via the Member’s Suggestion Box in the
“‘Members’ Area” of the ACTRA website.

ACTRA ASM & CE 2021

Many members in our society are looking forward to the opportunity for getting together at the ACTRA Annual Scientific Meeting (ASM) with Continuing Education
(CE) Day, scheduled for 25-27 August 2021. A hybrid conference allowing for a mixture of face-to-face and virtual delegates and speakers is being considered,
given the current uncertainties in forecasting the situation for international/local travel and face-to-face meetings in 6 months’ time.

The ASM Organising Committee has been meeting fortnightly since 9 February with Conference Chair Effi Liden (Vic. Dept Health) and Rhian Cope (APVMA),
Peter Di Marco (IUTOX President & Benchmark Toxicology Services), Mirella Goetzmann, Tarah Hagen, Selma Kaasinen, Jen Martin (Vic EPA), Antti Mikkonen
(CDM Smith), Maryam Moslehi, Kerry Nugent (AICIS), Katie Richardson (Senversa), Jackii Shepherd (Safe Work Australia) and Paul Wright (RMIT University).
An exciting ASM and CE program focusing on the advances in assessment and understanding of petroleum toxicology, neurotoxicology and their application in
risk assessment has been organised. There is also the opportunity for oral and poster presentations in all areas of toxicology and risk assessment — a “Call for
Abstracts” notice will be sent out soon.

Highlighting Exposure Science Within ACTRA

As both toxicology and exposure science are essential components of risk assessment, Len Turczynowicz has been co-opted onto the ACTRA Management
Committee to look into options for a specialty group in exposure science to be formed within ACTRA. This will help to raise the profile of exposure science within
ACTRA via its conferences, newsletters and communications, as well as generally throughout Australasia. Len is also investigating potential interactions with the
International Society of Exposure Science (ISES) in the future. If you are interested in exposure science, being involved in this initiative, or would like to know
more about the activities of ISES, please email Len (leonid.turczynowicz@adelaide.edu.au). You can also read Len’s Introduction to Exposure Science later in
this newsletter.

Finally, all of us greatly appreciate the exceptional efforts of Tarah Hagen as ACTRA Secretary and for also delivering us another excellent edition as the Editor
of the ACTRA Newsletter.

On behalf of our whole society, | thank everyone contributing to the ongoing activities of ACTRA in 2021 — you help to keep ACTRA vibrant, relevant and responsive
to the needs of members, the society and the community.

Paul Wright PhD FIUPAC FACTRA
Toxicologist and Associate Professor at RMIT University
ACTRA President
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Calendar of Events

*Note: Due to the COVID-19 situation, many planned events for 2021 are being run online.

MARCH
March D
Society of Toxicology (SOT) 60th Annual Meeting and ToxExpo % ,
Virtual Meeting . ,
. L
24-25 March e
CleanUP Emerging Contaminants Virtual Symposium 2021
Virtual Meeting

MAY

10-12 May

ALGA’s 2021 New Zealand Land & Groundwater Virtual Conference

Virtual Meeting ' y =

JULY
TBC
Asia Pacific Forum for Environmental Health Assessment L T
Hosted by Climate, Air Quality Research Unit at Monash University
Melbourne, VIC, Australia

AUGUST

25-27 August

ACTRA 13" ASM & CE Day
Sydney, NSW, Australia

30 August — 3 September
SETAC AU Resilience and Recovery Amidst Global Environmental Change
Melbourne, VIC, Australia

NOVEMBER

14-17 November

American College of Toxicology Annual Meeting
Washington D.C., USA

SEPTEMBER 2022
SETAC 8" World Congress
Singapore
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Proposal for Specialized Peer Review Panel for
Chemical Epidemiology

Submitted by Tarah Hagen, SLR Consulting & ACTRA Secretary

A recently published opinion piece by Doherty (2020) advocates that there is a need to establish a Specialized Interagency Peer Review Panel for Chemical
Epidemiology Studies. The author reasons that chemical epidemiology studies are based on the assumption that they may detect a subtle toxic response that
occurs at much lower doses than conventional risk assessment models would predict and consequentially may have . ssscesmzsss "

regulatory impact. When a chemical epidemiology study alleges an adverse outcome, these reports are often accepted at [EFE e ;

face value although, according to the author, they are conducted under a mixed bag of Good Laboratory Practices (GLP), §
Quality Assurance (QA) and ethics standards. The authors noted there are many inherent problems especially associated
with exposure and endpoint evaluation and very limited availability of the supporting data for independent analysis.

In contrast, animal studies submitted by industry to regulators are submitted in their entirety and expected to follow rigid
GLP, QA and animal ethical standards. They are subjected to multilevel agency review processes. The author states that S
this disparity in the level of review for animal studies versus chemical epidemiology studies is neither serving the public well
nor good science. The author cites an example where a lack of transparency was evident when a recent attempt to obtain
data to independently evaluate the neurodevelopmental effects in a chlorpyrifos epidemiology study was unsuccessful.

Doherty’s (2020) proposal of establishing an independent review panel of epidemiological studies for regulatory risk
assessment is consistent with the mandate for transparency in risk assessment decisions as well as promoting rigour and |
objectivity in the evaluation of chemical epidemiology reports. The proposal involves including six sub-committees within
the panel which are tasked with evaluating ethics, endpoint, statistics, exposure, analytical chemistry, and animal
toxicity/structure activity relationships.

The article is: Doherty JD (2020). Bridging the gap between alleged toxicity and forcing chemical regulation: science transparency demands a Specialized
Interagency Peer Review Panel for Chemical Epidemiology. Toxicological Sciences. 177(1): 156-157.

The full text is freely available here: https://academic.oup.com/toxsci/article/177/1/156/5898376

Food Related Issues

Cumulative Risk Assessment for Reproductive and Developmental Toxicity of Food Contaminants
Submitted by Dr Slavica Kandic, SLR Consulting

Vejdovszky et al. (2020) recently presented a tiered approach for assessment of cumulative risk from chemical mixtures in food on reproduction and development.
The authors termed the method the modified Reference Point Index (mRPI), which represents a combination of the Hazard Index (HI) and the Reference Point
Index (RPI) approaches. In addition, the authors adapted the Maximum Cumulative Ratio (MMCR) method to facilitate further analyses of whether a single
substance dominates the cumulative risk calculated using the mRPI. The mRPI is based on the approach of clustering certain chemical substances into Cumulative
Assessment Groups (CAG) based on their toxicological target organs or organ systems. In the second tier of the approach, the authors separated out the CAGs
into more specific groups, i.e. ‘Reproduction’, ‘Pre- and Neonatal Development’, ‘Child Development’ and ‘Neurodevelopment Toxicity in Children’; as well as
forming a group for tricothecenes, structurally related mycotoxins which show a common toxicological effect. Like the HI and RPI approach, the mRPI assumes
dose addition. The authors indicate the mRPI represents a useful tool to screen and prioritise contaminant mixtures regarding their potential health risks.

In the majority of the scenarios applied in the study, the mRPI value exceeded the threshold of concern of 1. In many cases, a single substance dominated the
cumulative risks. Lead was found to be the dominant contributor for neurodevelopmental and reproductive effects, while perchlorate was found to be the most
prominent risk factor for child development in general. Cumulative mRPI values of tricothecenes were dominated by exposure to deoxynivalenol.

The article is: Vejdovszky K., Mihats D., Griesbacher A., Wolf J., Steinwider J., Lueckl J., Jank B., Kopacka |. and Rauscher-Gabernig E. (2020). A tiered approach
to cumulative risk assessment for reproductive and developmental toxicity of food contaminants for the austrian population using the modified Reference Point
Index (mRPI). Food and Chemical Toxicology: 111861.

An abstract is available here: https://www.sciencedirect.com/science/article/abs/pii/S0278691520307511

Sub-Chronic vs. Chronic PoDs for Food Constituents
Submitted by Tarah Hagen, SLR Consulting & ACTRA Secretary

It is generally assumed that toxic potency of a chemical increases with increasing exposure duration and that NOAELs and
LOAELs derived from long-term (chronic) toxicity studies are lower than NOAELs/LOAELs from short-term (subacute, =
subchronic) toxicity studies. In the absence of chronic studies, extrapolation factors to NOAELS/LOAELSs derived from short-
term studies are commonly applied for use in risk assessments; these factors generally range from 1.2 to approximately 5 to
extrapolate from subacute (28-day) or subchronic (90-day) to chronic (21 year) toxicity studies. Recent studies on pesticides
and industrial chemicals reported that subacute, subchronic or chronic NOAELS/LOAELs are similar when study design factors
are appropriately considered.
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Food Related Issues (cont.)

A recently published study analysed the influence of exposure duration on toxic potency of food constituents (including food additives, natural constituents and
food contaminants) by comparing subchronic NOAELs (and LOAELS) and chronic oral toxicity studies in mice and rats. A total of 32 compounds were included in
the analysis. Geometric mean values of subchronic vs chronic NOAEL or LOAEL ratios ranged from 1.0 to 2.0, with a geometric standard deviation from 2.2 to
4.2. While for many of the investigated compounds the ratio was around 1, suggesting health-based guidance values could appropriately be derived from
subchronic toxicity studies, the authors also identified some substances with higher ratios leading to a geometric mean of around 2. The authors therefore
concluded that the research agrees with the EFSA Scientific Committee suggested approach of applying an uncertainty factor of 2 to extrapolate from subchronic
to chronic studies.

The article is: Guth S, Roth A, Engeli B, Lachenmeier DW, Cartus AT, Hiser S, Baum M, Diel P, Eisenbrand G, Hengstler JG, Humpf H-U, Joost H-G, Lampen
A, Leist M, Marko D, Steinberg P, Mally A, Zarn JA (2020). Comparison of points of departure between subchronic and chronic toxicity studies on food additives,
food contaminants and natural food constituents. Food and Chemical Toxicology. 146: 111784.

An abstract is available here: https://www.sciencedirect.com/science/article/abs/pii/S0278691520306748?via%3Dihub

New Approach Methods (NAMs): 3Rs mantra in
toxicity testing

Submitted by Maryam Moslehi and John Frangos, CDM Smith Australia

Widespread public and scientific interest in promoting the care and well-being of animals used for toxicity testing has given rise to improvements in animal welfare
practices and views over time, as well as laws and regulations that support means to Reduce, Refine, and Replace animal use (known as the 3Rs) in certain
toxicity studies. One way these regulations continue to achieve their aim is by promoting the research, development, and application of alternative testing
approaches to characterise potential toxicities either without animals or with minimal use.

On September 10, 2019, US EPA Administrator Andrew Wheeler issued a directive to prioritise efforts to reduce animal testing, which included the goals of
reducing mammal study requests and funding by 30 percent by 2025 and eliminating them by 2035. In accomplishing these ambitious goals, the Agency will
continue to rely on the development and application of new approach methodologies (NAMs), which refer to any technology, methodology, approach, or
combination that can provide information on chemical hazard and risk assessment to avoid the use of animal testing (https://www.epa.gov/chemical-research/new-
approach-methods-work-plan).

EPA describes its roadmap and identifies tangible steps to pursuing and achieving these reduction goals while ensuring that the Agency’s regulatory, compliance,
and enforcement activities, including chemical and pesticide approvals and Agency research, remain fully protective of human health and the environment. In
doing so, EPA will have to ensure its regulatory framework is robust and flexible enough to accommodate the development and the use of NAMs; establish
baselines, measurements and reporting mechanisms to track progress in meeting its goals; establish scientific confidence in NAMs and demonstrate application
to regulatory decisions; develop NAMs that fill critical information gaps; and continue to engage and communicate with stakeholders to incorporate their knowledge
and address concerns as EPA moves away from mammalian testing. In this work plan, EPA discusses the short- and long-term strategies it will deploy to
accomplish these five objectives, working across offices and with stakeholders, and the different deliverables on which the Agency will focus, so the public can
track EPA’s progress towards meeting the 2025 and 2035 goals. Figure 1 below presents five work plan objectives towards achieving the EPA mammalian testing
reduction goals.

Although the directive and the work plan are inherently confined to the EPA’s authority and associated activities, achieving the goals will not be possible without
the involvement of external partners, stakeholders and the broader scientific community. EPA has been heavily involved in multiple domestic and international
organisations developing, evaluating, and applying NAMs such as the Interagency Coordinating Committee on the Validation of Alternative Methods (ICCVAM),
Tox21, Accelerating the Pace of Chemical Risk Assessment (APCRA) inter-governmental workshops, and OECD. EPA will continue to engage in these efforts.
Other U.S. federal agencies and international regulatory bodies are undertaking similar initiatives and the private sector continues to apply new methods and
technologies to product development.

=

000
(N

Evaluate Develop Establish Develop NAMs Engage and
regulatory baselines and scientific that fill critical communicate
flexibility for metrics for confidence and information with
accommodating assessing demonstrate gaps stakeholders
NAMs progress application

Figure 1: Five work plan objectives towards achieving the EPA mammalian testing reduction goals
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New Approach Methods (NAMs): 3Rs mantra in
toxicity testing (cont.

The activities and policies that EPA has implemented over the past several years demonstrate significant impacts in reducing the number of animals used in
testing and saving resources for the Agency and stakeholders. Examples of reduction and replacement metrics are introduced in the following sections.

Hazard and Science Policy Council (HASPOC) Metrics

HASPOC reviews data waiver requests for sub-chronic, chronic and developmental toxicity and reproduction for technical-grade active ingredients related to
human health risk assessment. The council uses a weight-of-evidence evaluation to determine data needs that will adequately inform regulatory decision-making,
guided by the Part 158 Toxicology Data Requirements: Guidance for Neurotoxicity Battery, Subchronic Inhalation, Subchronic Dermal and Immunotoxicity Studies
(May 1, 2013).

Fiscal year Granted Animal Reduction | Cost Savings
2018 62 16,500 $8,900,000
2019 57 22,000 $8,500,000

Chemistry and Acute Toxicology Science Advisory Council (CATSAC) Metrics

CATSAC evaluates substantial similarity claims, data citations, and waiver requests for the acute toxicity “six-pack” to support the registration of pesticide products
(Learn more about the standard evaluation procedure used by the council to guide these evaluations).

Fiscal year Granted Animal Reduction | Cost Savings
2018 18 171-384 $170,400
2019 24 255-590 $284,900

Acute Dermal Retrospective Waiver Request Metrics

Waivers granted under the 2016 Guidance for Waiving Acute Dermal Toxicity Tests for Pesticide Formulations & Supporting Retrospective Analysis.

Fiscal year Granted Animal Reduction | Cost Savings
2018 31 310-930 $201,500
2019 37 370-1110 $240,500

In Vitro Assay Metrics

The number of in vitro assays that were submitted to address the acute toxicity data requirements and support the registration of new pesticide products.

Fiscal year | in vitro eye irritation assays | in vitro skin irritation assays | in vitro skin sensitization assays
2018 25 13 1
2019 12 7 0

An Introduction to Exposure Science

Submitted by Dr Len Turczynowicz, The University of Adelaide

[l J=! Whatis Exposure Science?
S (D

P j'“. Exposure science links human and ecological behaviour to environmental processes and health outcomes, such that the
\ = information gained, enables mitigation or prevention of future adverse exposures (NRC 2012). While exposure science has not
_” been a term used in Australia until recently, the activities that comprise that field of scientific endeavour have been pursued for
~* over 40 years. Since the early 1980’s occupational hygiene has underpinned exposure science in the occupational setting and

Adelaide Exposure Science and Health ~ WaS the first public health area to actively examine human exposures through worker monitoring activities.

adelaide.edu.au seek LIGHT
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An Introduction to Exposure Science (cont.)

In South Australia, these developed through a need for government programs to support industry assessments and the formation of an Occupational Health
Branch facilitated that process. The establishment of WorkSafe Australia contributed to national training efforts in occupational hygiene and occupational medicine
in the late 1980s and early 1990s. Since then progressive academic programs in occupational hygiene at a few Australian universities have trained occupational
hygienists concurrent with the growing influence of the Australian Institute of Occupational Hygiene. The majority of occupational hygienists today are employed
in the industry sector, with the balance at academic institutions and a small number in the government sector.

In contrast, the environmental health area of exposure science developed in the mid 1980’s with concerns over air quality, specifically lead and particulates. These
concerns reflected large scale community impacts arising from residential proximity to the world’s largest lead smelter at Port Pirie in South Australia and at other
mining facilities such as Broken Hill and Mt Isa where there was an increasing media focus on the environmental health aspects of lead contamination. These
issues were supplemented by other environmental health problems such as site contamination, the use of organochlorine termiticides and evidence of
carcinogenicity and the environmental bioaccumulation and human exposure to antifouling paints containing such substances as tributyltins. These concerns and
the need for suitable assessment methods led to the development of a national human health risk assessment framework (enHealth 2012) established via
government health agencies at the state and federal level. Exposure assessment is a key variable associated with the enHealth framework.

In Australia the term, ‘exposure scientist’ is a novel one with individuals engaged in risk assessment generally being considered as ‘toxicologists’, ‘risk
assessors’ or occasionally ‘public health scientists’. Exposure science can be considered to encompass a diversity of discipline areas from occupational
health/hygiene, meteorology (air dispersion modelling), public health (residential, commercial and consumer exposures), and environmental health (risk
assessment) to the areas of ergonomics and psycho-social impacts.

International Society of Exposure Science (ISES)

&*-&*-“"'f-“"“ iy, The International Society of Exposure Science (ISES) was founded in 1987 and is a worldwide society committed to promotion and
VRN % advancement of exposure science (methods, measurement, models and assessment). This seeks to support suitable evidence-based
' |SES ' corrective risk actions by understanding the complex inter-relationships between human populations, communities, ecosystems, wildlife
= = and chemical, biological, physical and non-chemical stressors. ISES’s multidisciplinary expertise and international reach make it the

f;‘?f & premiere professional society for practitioners associated with these aspects.

“0supe SO
ISES is a professional international organization with a 5-year plan and associated mission statements and goals, having been established
in 1987.

“The objective of the Society shall be to foster and advance exposure science related to environmental contamination in human populations and ecosystems;
promote communication among exposure analysts, epidemiologists, toxicologists, and other scientists; recommend approaches to substantive or methodological
concerns; and strengthen the impact of exposure assessment and analysis on environmental policy.”

ISES global membership is approximately 600 members and includes members from academic, regulatory and industry sectors with networks that extend across
all continents. Membership fees and benefits can be found on the ISES webpage.

ISES has MOUs with the International Society of Environmental Epidemiology (ISEE) and the International Society for Indoor Air Quality (ISIAQ).
Linking ACTRA and ISES

The establishment of ACTRA in 2006 brought together specialists in toxicology and human health risk assessment and since that time the College has built a
membership base that supports and promotes such discipline areas. ISES promotes exposure science which is the missing component if we consider that
toxicology and exposure assessment are jointly required when evaluating human health risks associated with hazardous agents. Structuring a collaborative
framework to establish the International Society of Exposure Science within Australia through the development of a sub-specialty section of the Australasian
College of Toxicology and Risk Assessment is considered a suitable approach to embodying this discipline area.

Some thoughts on exposure science and COVID-19

While the pandemic that is COVID-19 continues to dominate global concerns there is an important exposure science aspect to managing the risks associated with
this respiratory pathogen. This extends beyond the clinical infectious disease aspects dominant at the early stages of the pandemic and required an understanding
of transmission and infectivity. A growing body of information published by scientists and engineers has provided and continues to provide an improved
understanding of exposure pathways enabling evidence-based mitigation measures to be established. These have included suitable masks, effective dermal
controls and disinfection agents, virus survival durations, proximity of individuals, aerosol distribution and built environment ventilation. A selection of relevant
papers is detailed in the references section for further reading.

Concluding comments

If you are interested in joining a Local Chapter of ISES or are after more information please contact Dr Len Turczynowicz, Senior Exposure Scientist and Risk
Assessor, Adelaide Exposure Science and Health, School of Public Health, University of Adelaide at leonid.turczynowicz@adelaide.edu.au.
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Are QSARs Fit-For-Purpose for GHS Acute Oral
Toxicity?

Submitted by Tarah Hagen, SLR Consulting & ACTRA Secretary

Researchers from multiple industries recently published a study which assessed whether currently available acute oral toxicity (AOT) in silico models (provided
by Leadscope software) are fit-for-purpose for categorisation and labelling of chemicals. As part of this study, a large data set of proprietary and marketed
compounds from multiple companies (pharmaceutical, plant protection products, and other chemical industries) was assembled to assess model performance.
The authors found the absolute percentage of correct or more conservative predictions, based on comparison of predicted GHS categories with experimental
data, was approximately 95% after excluding a small percentage of inconclusive predictions. Since the frequency distribution was skewed towards low toxicity
chemicals, a balanced assessment was also performed which revealed the average percentage of correct or more conservative predictions was around 80%. The
authors concluded that for predicting acute toxicity, the use of qualified and transparent QSAR models, such as the Leadscope AOT suite, coupled with an expert
review, provides a scientifically rational, reasonable and conservative approach to hazard identification.

The article is: A cross-industry collaboration to assess if acute oral toxicity (Q)SAR models are fit-for-purpose for GHS classification and labelling. Regulatory
Toxicology and Pharmacology. 120: 104843.

The full text is freely available here: https://www.sciencedirect.com/science/article/pii/S0273230020302695?via%3Dihub

Dermal Sensitization Threshold — High Potency
Chemicals

Submitted by Tarah Hagen, SLR Consulting & ACTRA Secretary

The de minimus approach for risk assessment, which focuses on the exposure level, is important for the efficient and cost-effective risk assessment of substances
with low exposure levels (e.g. impurities) for which there is little or no toxicological information. The threshold of toxicological concern (TTC) is a pragmatic de
minimus approach for risk assessment. The dermal sensitization threshold (DST) concept is based on the TTC, and has been proposed for risk assessment of
chemicals to which skin exposure occurs at very low levels. There is negligible risk of skin sensitization if a skin exposure level for the substance of interest is
below the currently proposed reactive DST (i.e. 65 pg/cm?) which would protect against 95% of protein-reactive chemicals. The remaining 5% would be excluded
from the application of the proposed DST due to their structural flags for high potency. A recent study proposes a DST for high potency chemicals (HPC DST) of
1.5 pg/cm?, calculated from the 95" percentile probabilities estimate from distributions of skin sensitization potency data for 705 chemicals. The authors indicate
that using the HPC DST, the risk of skin sensitization would be considered to be very low for unidentified substances even when the unidentified content is
assumed to be HPC chemicals. The authors provided a proposed risk assessment workflow using the DST approaches, depicted in Figure 1 below.

| Chemical structure information?” |

No Yes

| Reactive domain? |

N
HPC? Apply non-reactive DST | CEL < AEL
of 900 pg/cm?
Yes No CEL > AEL
Apply reactive DST | CEL=AEL /7 Acceptable
of 64 pg/em? T
CEL > AEL
Apply HPC DST | CEL <AEL /4R T\
of 1.5 pg/em?®
CEL > AEL

Not acceptable
or consider further investigation (e.g. read across)

* Not only completely determined chemical structure information but also estimated or assumed one based on the background information could be useful
(e.g. assumed hydrolysis products or reaction by-products).

Figure 1: Proposed workflow for risk assessment using DST approaches (Nishijo et al. 2020)

The article is: Nishijo T, Api AM, Gerberick GF, Miyazawa M, Roberts DW, Safford RJ, and Sakaguchi H (2020). Application of the dermal sensitization threshold
concept to chemicals classified as high potency category for skin sensitization assessment of ingredients for consumer products. Regulatory Toxicology and
Pharmacology. 117: 104732.

An abstract is available here: https://www.sciencedirect.com/science/article/abs/pii/S0273230020301586
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New Tools

ICE 3.3 Released

Submitted by Tarah Hagen, SLR Consulting & ACTRA Secretary

On March 15, NICEATM released the version 3.3 update of the Integrated Chemical Environment (ICE) tool. ICE provides data and tools to help develop, assess,
and interpret chemical safety tests This release adds two new tools, new features including expanded activity visualisation and new datasets to existing ICE
resources.

New tools include:
o Curve Surfer: allows users to view and interact with concentration-response curves from curated high-throughput screening data.

o Physiologically Based Pharmacokinetics (PBPK) tool: this tool allows users to generate predictions of tissue-specific chemical concentration profiles following
a dosing event.

Updates to existing tools:

. Search tool: users can get detailed visualisation of query results.

o In Vitro to In Vivo Extrapolation (IVIVE) tool: users can now upload their own in vivo data to overlay on the results.

o Chemical Characterisation: new visualisations include bioactivity PCA plots and Consumer Use Explorer, which allows users to view chemical use categories
from the EPA Consumer Products Database (CPDat).

New data:

o Cancer data from multiple sources, including detailed data from NTP two-year cancer bioassays and in vivo and in vitro genotoxicity studies.

o Developmental and reproductive toxicity (DART) in vivo bioassays from the EPA’s Toxicity Reference Database (ToxRefDB).

o Updated in vivo human predictive patch test data set for skin sensitization characterisation compiled by NICEATM and the German Federal Institute for Risk
Assessment (BfR).

The software is available at: https://ice.ntp.niehs.nih.gov/

New Guidance and Reqgulations

Brazil: Status of Draft Standard NBR 14725

Submitted by Raissa Havens, ULC LLC

In October 2020, a national consultation was released by the Brazilian Association of Technical Standards (ABNT) on the proposed Technical Standard NBR
14725: Chemicals — Information about Safety, Health and Environment — General Aspects of the Globally Harmonized System (GHS), Classification, SDS, and
Labeling of Chemicals. Once the standard is approved, the 7th edition of the Purple Book will be implemented in Brazil and will be consolidated into a single
document, as the current Standard is divided into 4 parts: Terminology; Classification; Labeling and Safety Data Sheets.

The public consultation ended on November 19, 2020. Comments and suggestions mainly submitted from representatives of chemical industry and consumer
product related activities are now being reviewed by the Brazilian Chemistry Committee (CB-010) of the Brazilian Association of Technical Standards (ABNT).
The meetings aimed at addressing comments submitted to the consultation and the first one was held on December 16, 2020 followed by one on January 20,
2021 with the latest one being held on February 3, 2021. There are several more meetings planned to be held in the coming months in order to analyse all the
comments, due to the large number received. After analysing all the comments and amending as appropriate, the revised draft will be published and open to
public consultation once more.

ABNT is the appointed body that provides guidelines and adopts voluntary technical standards for Brazilian companies relating to the classification, labeling and
safety data sheet preparation for chemical products according to GHS.

Since NBR 14725 is the only Standard that incorporates the GHS criteria, it has become the reference adopted nationwide. However, other laws and decrees that
apply to specific categories of chemical products or the users of those products takes precedence over ABNT norms, i.e. ANVISA regulations for sanitizing product
labels, for instance.

References
ABNT Portal — https://www.abntonline.com.br/consultanacional/projetat.aspx

Brazilian Chemical Industry Association (Abiquim) - https://abiguim.org.br/comunicacao/noticia/9208
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New Guidance and Regulations (cont.)

Proposed changes to Proposition 65 short-form warning
Submitted by Alexis Sumner, ULC LLC

On January 8, 2021, the California Office of Environmental Health Hazard Assessment (CaOEHHA) published a proposed update for
the use and verbiage of its short-form warning. In accordance with Title 27, Article 6 of the California Code of Regulations, product
manufacturers must provide a “clear and reasonable” warning to any individual prior to exposure to a Proposition 65 listed substance.
b é OEH H A CaOEHHA has specified Safe Harbor methods of transmission and language that are considered to provide that “clear and reasonable”
N o ous warning. In August 2018, extensive updates went into effect for Article 6 warnings. These updates included the addition of short-form
warnings, where disclosure of the listed substance was not required. At the time, CaOEHHA did not provide clarification as to when and

where the short-form warning would be appropriate.

The proposed amendment addresses CaOEHHA'’s concerns around the use of the short-form warning. Since guidance on its use was not initially stated,
CaOEHHA found that the use of the short-form warning was used in applications that were outside of CaOEHHA'’s original intent, including on large industrial
containers where there was sufficient space to provide the full warning statement. The proposed amendment would limit the short-form warning based on product
label and container size. Additionally, the short-form warning would now require the disclosure of the listed substance(s) that trigger the warning requirement.
Rules for listing substance(s) in the short-form warning would align with the current requirements for the full warning statement.

Additional amendments are listed for exposure to listed substances within food products. The public comment period closed on March 8, 2021.

References

Notice of Proposed Rulemaking: Notice of Proposed Rulemaking: Amendments to Article 6, Clear and Reasonable Warnings Short-form Warnings | OEHHA

(ca.gov)

ECHA Publishes Updated Guidance on Compilation of Safety Data Sheets

Submitted by Dr Charlotte Blackburn, ULC LLC

In December 2020, the updated ECHA Guidance on the compilation of safety data sheets (Version 4.0) was published. The updated guidance takes into account
the revised REACH Annex Il, Regulation (EU) 2020/878, which applied from 1%t January 2021.
The guidance provides advice on the various new requirements, including but not limited to:

e Nanoforms

e Endocrine disrupting properties

e Changes to Section 3 of the SDS (additional information and disclosure requirements)

e Expansion of Section 9 of the SDS (Physical and chemical properties)

Of particular note is the clarification on the application of the transition period for Regulation (EU) 2020/878. The guidance has confirmed the following:

“...Until 31 December 2022, all safety data sheets provided after 1st January 2021, including new and updated safety data sheets, can be provided in the current
format according to Regulation (EU) 2015/830 or in the new format according to Regulation (EU) 2020/878, including the following scenarios:

No change to safety data sheet

Small change to safety data sheets not within scope of Article 31(9)

Update to safety data sheets within the scope of Article 31(9) or introducing the UFI

New safety data sheets authored for the first time after 1st January 2021

All safety data sheets provided after 31 December 2022 have to be in the format according to Regulation (EU) 2020/878.”
References

ECHA Guidance: https://echa.europa.eu/documents/10162/23036412/sds en.pdf/01c29e23-2cbe-49c0-aca7-72f22e101e20
Regulation (EU) 2020/878: https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32020R0878&rid=1

US EPA Regulates Five PBT Chemicals
Submitted by John J Kowalski, ULC LLC
Section 6(h) of the Toxic Substances Control Act (TSCA) directs the U.S. Environmental Protection Agency (EPA or the Agency) to issue final rules under TSCA

Section 6(a) on certain persistent, bioaccumulative, and toxic (PBT) chemical substances. On July 29, 2019, EPA published a proposed rule to address five PBT
chemicals, listed in the table below.

Abbreviation |Chemical Name CAS Number
2,4,6-TTBP 2,4,6-Tris(tert-butyl)phenol [732-26-3
DecaBDE Decabromodiphenyl ether  |1163-19-5
PCTP Pentachlorothiophenol 133-49-3

_ Phenol, isopropylated, 1.
PIP (3:1) ohosphate (3:1) 68937-41-7

HCBD Hexachlorobutadiene 87-68-3
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The final rules, which are effective February 5, 2021, will be codified at 40 CFR Part 751, Subpart E. You may be affected by these final rules if you manufacture,
import, process, distribute in commerce, or commercially use any of the PBT chemicals listed in the table above or products containing these chemicals. These
chemicals, and products containing these chemicals, may also be subject to the export notification requirements under TSCA Section 12(b).

References

Environmental Protection Agency. “2,4,6-tris(tert-butyl)phenol (2,4,6-TTBP); Regulation of Persistent, Bioaccumulative, and Toxic Chemicals Under TSCA
Section 6(h).” Federal Register 86 (6 January 2021): 866-880. 2020-28690.pdf (govinfo.gov)

Updates on ASEAC Cosmetics Directive
Submitted by Dr Percy Doufou-Shafiq, ULC LLC

In November 2020, a number of changes to the ASEAN Cosmetics Directive Annex Il (Prohibited Substances), Annex Il (Restricted Substances) and Annex VI
(Authorized Preservatives) were published. These changes were adopted at the 32" ASEAN Cosmetics Committee (ACC) meeting held on September 29-30,
2020.

The ASEAN Cosmetics Directive is similar to the EU Cosmetics Regulation but needs to be transposed to national law. To this effect, some differences may exist
in the regulatory status of substances between the ASEAN countries (Brunei, Cambodia, Indonesia, Laos, Malaysia, Myanmar, Philippines, Singapore, Thailand
and Vietnam).

Annex Il is updated by the addition of four substances — Dibutyltin hydrogen borate, Formaldehyde, Paraformaldehyde, and Methanediol. The use of Formaldehyde
is prohibited in all ASEAN countries except Laos PDR, Thailand and Vietnam. These three countries will still permit the use of Formaldehyde in nail hardening
products at a maximum concentration of 2.2%. For these countries, the restriction is reflected in Annex Ill. The implementation date for these amendments is
March 8™, 2022, except for Dibutyltin hydrogen which takes effect on September 8", 2021.

Annex Il is amended to include Tagetes erecta flower extract/oil with restriction for use of 0.01% in leave-on products and 0.1% in rinse-off products. These limits
apply also to the combined use of Tagetes minuta and Tagetes Patula flower extracts/oils with Tagetes erecta flower extracts/oils in products.

Annex VI is amended by removing the entry for Formaldehyde and Paraformaldehyde since now these substances are prohibited (with the exception of
Formaldehyde for Laos PDR, Thailand and Vietnam).

References

ASEAN Cosmetics Directive: https://aseancosmetics.org/asean-cosmetics-directive/

ACTRA Suggestion Box

Remember, we’d love to receive your feedback in the Members Suggestion Box.
The feedback from the suggestion box will be collated and reviewed by the
ACTRA Committee at the board meetings. We look forward to your suggestions on
the growth of ACTRA, future trainings, membership leads and

any other suggestions for the committee to consider.

To submit your feedback, login to the ACTRA website, and click the
Member Suggestion Box page in the Member's area of the website

Continuing Professional Development

Continuing education (CE) courses are a great way to keep your skills current, and many can count towards your CE requirements under the ACTRA registration
scheme. There are numerous CE courses relevant to toxicology and/or risk assessment that you can access online in the comfort of your home. A list of these is
available on the ACTRA Member’s ‘Continuing Education Courses’ area of the website. Note you will need your login and password to access these resources.

The listings on this page are in addition to the online webinars being offered by ACTRA each month (see also President’s Report at the start of this Newsletter).
Remember to submit your suggestions via the ACTRA Suggestion Box should you wish to see a particular topic discussed at a webinar in the future.
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Acetaminophen

Carcinogenic hazard potential of acetaminophen

Submitted by Tarah Hagen, SLR Consulting & ACTRA
Secretary

In 2019 California’s Office of Environmental Health Hazard Assessment
(OEHHA) initiated a review of the carcinogenic hazard potential of
acetaminophen under California’s Proposition 65. Their review follows
numerous safety reviews conducted by key scientific bodies who have all
previously concluded that the data do not support acetaminophen as a
carcinogenic hazard. A recent publication by several researchers has
assembled the mechanistic data on acetaminophen hepatocellular effects at
therapeutic and overdose exposures and evaluated if they indicate that
acetaminophen presents a carcinogenic hazard.

At therapeutic recommended doses, acetaminophen forms limited amounts of
N-acetyl-p-benzoquinone-imine (NAPQI) without adverse cellular effects.
Following overdoses, there is potential for more extensive formation of NAPQI
and depletion of glutathione, which may result in mitochondrial dysfunction and
DNA damage, but only at doses that result in cell death. The authors
concluded this makes it implausible for acetaminophen to induce the kind of
stable, genetic damage in the nucleus indicative of a genotoxic or carcinogenic
hazard in humans.

The assessment and conclusions regarding its lack of carcinogenic potential
are consistent with rodent cancer bioassays, epidemiological results reviewed
In companion manuscripts in the same journal issue, as well as conclusions of
multiple international health authorities.

The article is: Jaeschke H, Murray FJ, Monnot AD, Jacobson-Kram D, Cohen
SM, Hardisty JF, Atillasoy E, Hermanowski-Vosatka A, Kuffner E, Wikoff D,
Chappell GA, Bandara SB, Deore M, Pitchaiyan SK, and Eichenbaum G
(2021). Assessment of the biochemical pathways for acetaminophen toxicity:
Implications for its carcinogenic hazard potential. Regulatory Toxicology and
Pharmacology. 120: 104859.

The article is freely available here:
https://www.sciencedirect.com/science/article/pii/S0273230020302853

Benzolalpyrene

Validity of proposed dermal slope factor

Submitted by Tarah Hagen, SLR Consulting & ACTRA
Secretary

A recently published paper critically evaluates the dermal slope factor (DSF)
of 0.006 (ug/day)™ for benzo[a]pyrene (BaP) proposed in 2014 by the US EPA.
They note adoption of this DSF would make cancer risk estimates associated
with soil contact 100 times greater than those from soil ingestion and would
predict a large fraction of skin Basal Cell Carcinomas (BCCs) and Squamous
Cell Carcinomas (SCCs) worldwide are caused by low level dermal exposures
to polycyclic aromatic hydrocarbons (PAHS), such as BaP.. The authors
indicate this is not logical given that sunlight exposure is the generally
recognised cause of BCCs and SCCs.

The authors performed a reality check using US EPA standard risk
assessment methods (using background levels of PAHs in soils) and
compared the results to actual BCC and SCC rates in the US population. Then,
the authors investigated the biological plausibility of the mechanism by which
PAHs might cause human skin cancer by exploring the generally recognised
aetiology of human skin cancer and comparing the genetic mutation signatures
of rodent skin tumours caused by PAH exposures to those of human skin
cancers.

The latter evaluation showed that in most, but not all cases:
e Human skin cancers contained UV signature mutations in the p53 gene,
e UV treated rodent cancers contained UV signature mutations in the p53
gene,
e And PAH treated rodent cancers contained PAH signature mutations.

The authors indicate this shows that a DSF that predicts that PAHs are the
major cause of human skin cancer is not biologically plausible. The authors
concluded this indicates that the numerical value of the proposed DSF is
flawed and too high to be credible.

The article is: Magee BH and Forsberg ND (2021). Testing the validity of a
proposed dermal cancer slope factor for Benzo[a]pyrene. Regulatory
Toxicology and Pharmacology. 120: 104852.

An abstract is available here:
https://www.sciencedirect.com/science/article/abs/pii/S0273230020302786
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2-Butanone

ATSDR Final toxicological profile available

Submitted by Tarah Hagen, SLR Consulting & ACTRA Secretary

The US Agency for Toxic Substances and Disease Registry (ATSDR) has
recently released the final toxicological profile for 2-butanone.

The report is:

ATSDR (2020). Toxicological Profile for 2-butanone. October 2020. Agency
for Toxic Substances and Disease Registry.
https://www.atsdr.cdc.gov/ToxProfiles/tp29.pdf

Chlorobenzene

ATSDR Final toxicological profile available

Submitted by Tarah Hagen, SLR Consulting & ACTRA
Secretary

The US Agency for Toxic Substances and Disease Registry (ATSDR) has
recently released the final toxicological profile for chlorobenzene.

The report is:

ATSDR (2020). Toxicological Profile for chlorobenzene. October 2020.
Agency for Toxic Substances and Disease Registry.
https://www.atsdr.cdc.gov/toxprofiles/tp131.pdf

Dichloromethane

Carcinogenicity of dichloromethane in rats, mice, hamsters
and humans

Submitted by Tarah Hagen, SLR Consulting & ACTRA
Secretary

Dichloromethane is currently classified as a Category 2 carcinogen (limited
evidence of carcinogenicity) according to the European regulations. The
International Agency for Research on Cancer (IARC) has classified
dichloromethane as a Category 2B carcinogen (possibly carcinogenic to
humans) but changed its classification to Category 2A (probably carcinogenic
to humans). IARC’s change in the classification was mainly driven by human
epidemiology data indicating an increased incidence of biliary tract tumours in
workers exposed to dichloromethane and 1,2-dichloropropane. As a result of
the IARC review, a change to the carcinogen classification of dichloromethane
has been proposed in Europe from Category 2 to 1B.

A recently published review has integrated the animal toxicity information and
the more recent occupational epidemiology data in dichloromethane workers
into an overall weight-of-evidence assessment of the available data.
Carcinogenicity studies in rats, mice and hamsters have demonstrated a
malignant tumour inducing potential of dichloromethane only in the mouse
(lung and liver) at 1000-4000 ppm. According to the study authors, dose-
dependent toxicokinetics of dichloromethane suggest that the chemical is a
threshold carcinogen in mice, initiating carcinogenicity via the low affinity/high
capacity GSTT1 pathway; this pathway only becomes relevant at high
exposure concentrations. Rats and hamsters have very low activities of this
GST enzyme and humans even lower. In addition, according to the study
authors new information on the exposure situation of the worker cohorts
evaluated by IARC but published after the IARC evaluation confirms that
exposure to 1,2-dichloropropane and not to dichloromethane is the basis for
the positive associations between alleged dichloromethane exposures and
biliary tract cancer.

The article is: Dekant W, Jean P, and Arts J (2021). Evaluation of the
carcinogenicity of dichloromethane in rats, mice, hamsters and humans.
Regulatory Toxicology and Pharmacology. 120: 104858.

The full text is freely available here:
https://www.sciencedirect.com/science/article/pii/S0273230020302841 ?via%
3Dihub

1.4-Dioxane

90-day drinking water study in mice

Submitted by Tarah Hagen, SLR Consulting & ACTRA
Secretary

A recently published 90-day drinking water study in female mice was
conducted to evaluate early key events in 1-4-dioxane carcinogenicity (i.e. liver
tumours) after 7, 28, and 90 days exposure. Drinking water contained 0, 40,
200, 600, 2000, or 6000 ppm 1,4-dioxane. The chemical was detected in blood
at 90 days of exposure to 6000 ppm, but not in the other exposure groups,
indicating a metabolic clearance threshold between 2000 and 6000 ppm.
Identified early events included glycogen-like vacuolisation, centrilobular
hypertrophy, centrilobular GST-P staining, apoptosis, and pan-lobular
increase in cell proliferation observed after 90 days of exposure to 6000 ppm.
The data indicate that after 90 days of exposure, at metabolically saturating
doses of 1,4-dioxane, a mitogenic response is triggered in the liver of a
sensitive strain of female mice that precedes the development of cytotoxicity
and regenerative hyperplasia, ultimately leading to tumour development.

The authors concluded the collective information generated in their study
supports a threshold mode of action for the development of liver tumours in
mice after exposure to 1,4-dioxane.

The article is: Lafranconi M, Budinsky R, Corey L, Klapacz J, Crissman J,
LeBaron M, Golden R and Pleus R (2021). A 90-day drinking water study in
mice to characterize early events in the cancer mode of action of 1,4-dioxane.
Regulatory Toxicology and Pharmacology. 119: 104819.

The full text is freely available here:
https://pubmed.ncbi.nim.nih.qov/33189748/

1,2-Diphenylhydrazine

ATSDR Final toxicological profile available

Submitted by Tarah Hagen, SLR Consulting & ACTRA
Secretary

The US Agency for Toxic Substances and Disease Registry (ATSDR) has
recently released the final toxicological profile for 1,2-diphenylhydrazine, used
as an intermediate in dye manufacturing and an intermediate in some
pharmaceuticals.

The report is:

ATSDR (2020). Toxicological Profile for 1,2-diphenylhydrazine. October
2020. Agency for Toxic Substances and Disease Registry.
https://www.atsdr.cdc.gov/toxprofiles/tp136.pdf
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Endrin

ATSDR Final toxicological profile available

Submitted by Tarah Hagen, SLR Consulting & ACTRA
Secretary

The US Agency for Toxic Substances and Disease Registry (ATSDR) has
recently released the final toxicological profile for endrin, a pesticide that has
been phased out of the market since the early 1990s.

The report is:

ATSDR (2021). Toxicological Profile for endrin. March 2021. Agency for
Toxic Substances and Disease Registry.
https://www.atsdr.cdc.gov/toxprofiles/tp89.pdf

Hexachlorobenzene

NTP gavage studies in rats

Submitted by Tarah Hagen, SLR Consulting & ACTRA
Secretary

The National Toxicology Program conducted a subchronic toxicity study with
hexachlorobenzene (HCB) in Sprague Dawley rats in order to allow
comparison to data for 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) obtained in
a previous 2-year bioassay. Oral (gavage) administration of HCB in female rats
resulted in dose-related lesions in the liver, lung, spleen, mammary gland, skin,
thymus and teeth. HCB administration decreased total T3, free T4, and total
T4; there were no compensatory increases in TSH and no thyroid histological
changes. Consistent with literature indicating that HCB acts through other
mechanisms in addition to activation of the aryl hydrocarbon (Ah) receptor,
NTP indicate these data show that HCB should not be included in toxic
equivalency factor (TEF) methodology with TCDD.

The report is:

NTP (2021). NTP Technical Report on the Toxicity Studies of
Hexachlorobenzene (CASRN 118-74-1) Administered by Gavage to Female
Sprague Dawley (HSD: Sprague Dawley® SD® Rats). National Toxicology
Program. NTP TOX 77. March 2021.
https://www.ncbi.nlm.nih.gov/books/NBK568410/

Hexachlorobutadiene

ATSDR Final toxicological profile available

Submitted by Tarah Hagen, SLR Consulting & ACTRA
Secretary

The US Agency for Toxic Substances and Disease Registry (ATSDR) has
recently released the final toxicological profile for hexachlorobutadiene, a by-
product of chlorinated hydrocarbon synthesis.

The report is:

ATSDR (2021). Toxicological Profile for hexachlorobutadiene. March 2021.
Agency for Toxic Substances and Disease Registry.
https://www.atsdr.cdc.gov/toxprofiles/tp42.pdf

4-Methylimidazole

Weight of evidence regarding genotoxic carcinogenicity of 4-
methylimidazole

Submitted by Tarah Hagen, SLR Consulting & ACTRA
Secretary

In 2011, the International Agency for Research on Cancer (IARC) classified 4-
methylimidazole, a by-product formed during the cooking of foods containing
carbohydrates and colouring substances, as a Group 2B (possibly
carcinogenic to humans). An expert panel was commissioned to assess the
genotoxic potential of 4-methylimidazole and the plausibility of a genotoxic
mode of action in the formation of lung tumours which were observed in a
chronic carcinogenicity study with mice when exposed to high doses of the
chemical. The panel unanimously concluded that the weight of evidence
supports no clear evidence of in vivo genotoxicity of 4-methylimidazole and no
association for a genotoxic mode of action in the formation of mouse lung
tumours.

The article that summarises the assessment is:

Bruswick D, Aardema MJ, Allaben WT, Kirkland DJ, Williams G, Llewellyn GC,
Parker JM and Rihner MO (2020). A weight of evidence assessment of the
genotoxic potential of 4-methylimidazole as a possible mode of action for the
formation of lung tumors in mice. Food and Chemical Toxicology. 145: 111652.

The full text is freely available here:
https://www.sciencedirect.com/science/article/pii/S0278691520305421

Mirex and Chlorodecone

ATSDR Final toxicological profile available

Submitted by Tarah Hagen, SLR Consulting & ACTRA
Secretary

The US Agency for Toxic Substances and Disease Registry (ATSDR) has
recently released the final toxicological profile for mirex and chlorodecone,
structurally similar highly-chlorinated derivatives of cyclopentadiene.

The report is:
ATSDR (2020). Toxicological Profile for mirex and chlorodecone. October
Reqistry.

2020. Agency for Toxic Substances and Disease

https://www.atsdr.cdc.gov/toxprofiles/tp66.pdf
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Nanomaterials

Worst case dermal penetration value for nanoparticles

Submitted by Dr Slavica Kandic, SLR Consulting

Researchers from Spain, Germany, and the Netherlands reviewed data on
dermal penetration of nanoparticles (NPs) in their recently published
comprehensive review. The goal of this review was to establish a worst-case
dermal penetration value for NPs for use in risk assessment.

Dermal exposure to NPs can occur in occupational settings or through
application of cosmetic products. In this case, products may contain zinc oxide
(ZnO) and titanium dioxide (TiO) which can penetrate through skin via pores,
glands, hair follicles or via intercellular route (e.g. the lipid matrix joining the
keratinocytes). Several factors can affect dermal penetration of NPs including
the integrity of skin barrier, body part exposed, skin moisture, and the physico-
chemical properties of the dispersing agent. According to the study authors,
the weight of evidence regarding dermal exposure to NPs shows that
penetration through the dermal barrier is very low to negligible. According to
the authors, it should be taken into consideration that repeated exposure to
material at a low penetration rate to a large area of skin can still be related to
risk of exposure. Therefore, quantifying dermally absorbed NPs that reach the
systemic circulation remains of key importance for risk assessment.

The authors of the review found that most quantitative studies were based on
elemental analysis so it cannot be concluded whether the detected levels of
metals were related to a dissolved fraction or to penetration of NPs per se. The
guantitative imaging studies as part of this review suggested that at least a
fraction could be attributed to penetration of particles. The study authors
concluded that 1% could be used as a worst-case dermal penetration value
for the NPs included in this study.
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The article is: Gimeno-Benito 1., Giusti A., Dekkers S., Haase A. and Janer
G. (2020). A review to support the derivation of a worst-case dermal
penetration value for nanoparticles. Regulatory Toxicology and
Pharmacology: 104836.

An abstract is available here:
https://www.sciencedirect.com/science/article/pii/S0273230020302622

Nanomaterials for food packaging

Submitted by Tarah Hagen, SLR Consulting & ACTRA
Secretary

In a recent review, researchers have provided an overview of the applications
of nanomaterials (e.g. clay, silver, zinc oxide, titanium dioxide, carbon
nanotubes, and copper/ copper oxide) in food packaging and their toxicity.
Nano food packaging can improve the physicochemical quality of food and
reduce the microbial load. Nanocomposites improve the barrier properties

of food packaging. Nevertheless, their migration potential into food in acidic
conditions should be considered.

The article is: Emamhadi MA, Sarafraz M, Akbari M, Thai VN, Fakhri Y, Linh
NTT, and Kaneghah AM (2020). Nanomaterials for food packaging
applications: A systematic review. Food and Chemical Toxicology. 146:
111825.

An abstract is available here:
https://www.sciencedirect.com/science/article/abs/pii/S0278691520307158#:
~:text=Conclusion,and%?20reduce%20the%20microbial%?20load

PEFAS

Improving risk characterisation from PFAS exposures

Submitted by Antti Mikkonen, CDM Smith and PhD candidate at
UniSA

A recently published article highlights that PFAS criteria are variable,
sometimes by several orders of magnitude (like the drinking water
standards/guidance values depicted in Figure 1 below).

DW standards/guidance values (based on ITRC)
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Figure 1: Drinking water standards/guidance values for PFAS

Exposure criteria are underpinned by health-based guideline values (HBGVs
or otherwise known as toxicity reference values) and the variability we see in
HBGVs attributes most of the variability seen in exposure criteria. In a recent
collaborative effort (Antti Mikkonen - UniSA, Jen Martin and Andrea Hinwood-
EPA VIC, Michael Dourson - TERA, Mark Johnson - US Army Public Health
Center), we looked into why such a high level of variability exists in some of
the HBGV derivations (for PFOS and PFOA). The article is entitled
Suggestions for Improving the Characterization of Risk from Exposures to Per
and Polyfluorinated Alkyl Substances (Environmental Toxicology
and Chemistry).

Our review found that HBGV variability (approximately 250- and 95-fold for
PFOA and PFOS respectively) is largely due to differences in selection of the
critical effect (and point of departure) and the magnitude of uncertainty
associated with extrapolations and the database. Effectively, most of the
variability comes down to the fact that the scientific community has not reached
a consensus on the health effects of these compounds (just yet). This is partly
due to the number of reported effects and partly
due to the complexity of extrapolating effect data from animals to humans.

Depicted on the next page in Figure 2 are some of the effect data collated by
the Agency for Toxic Substances and Disease Registry (ATSDR) and
European Food Safety Authority (EFSA) (figure modified from Mikkonen et al.
2021) which shows the array of organs and systems potentially targeted by
these compounds.
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Figure 2: PFAS effect data collated by ATSDR and EFSA
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Most agencies tend to agree that developmental, hepatic and immune effects
are among the most sensitive. The numbers (on the figure) identify some the
most commonly used effect endpoints for HBGV derivation:

e Developmental: reduced ossification (1), accelerated onset of puberty
in male offspring (1) decreased pup body weight (1, 4);
neurodevelopmental and skeletal effects (2);

e Hepatic: hepatocellular hypertrophy (3, 5);

¢ Immuno: decreased immune response to challenge (IgM and IL4) (6,
7).

There is also a growing number of epidemiological studies which have
collectively shown links between PFAS exposure and a number of outcomes
including fluctuations in serum cholesterol levels and reduced vaccine
response which have been used for HBGV derivation by EFSA.

For exposure criteria, variability not related to the HBGV, was mostly
attributable to differences in underlying approaches to addressing exposure
and policy decisions on levels of acceptable risk.

We also made some suggestions intended to improve upon criteria
development which included the use of methods that maximise use of
disparate data streams, seeking patterns within the data and proposing
biologically based approaches to evidence integration. To find out why the
FSANZ HBGYV for PFOA was higher than others or how pharmacokinetic
modelling is shaping up as an important tool for exposure modelling check
out our paper:
https://setac.onlinelibrary.wiley.com/doi/abs/10.1002/etc.4931

Neurotoxic effects of lactational exposure to perfluorooctane
sulfonate (PFOS) on learning and memory in adult male mouse

Submitted by Dr Slavica Kandic, SLR Consulting

A recently published research study investigated the effect of early lactational
perfluorooctane sulfonate (PFOS) exposures on learning capability and
memory in male mice. PFOS has been extensively used in electronic
manufacturing as well as consumer products that include firefighting foams,
cookware, and food containers, as well as an oil repellent for leather, textiles,
clothes, and carpets. PFOS was phased out in the 2000s and has been
recognised as one of the major environmental pollutants in recent decades
due primarily to its persistence, bioaccumulation, and potential for toxicity.
According to the study authors, several studies have reported that gestational
and lactational exposures to PFOS may affect brain development and result in
neurodevelopmental abnormalities.

In rodents, the main brain development processes, including cell proliferation,
migration, synaptogenesis, astrocyte maturation and myelination, usually
occur in the first two to three weeks postpartum. This is the critical period for
brain development and is thus associated with a period of high vulnerability to
neurotoxins.

The researchers administered PFOS solution (dissolved in water and 0.5%
Tween 20) by gavage to C57BL/6J mice dams from postpartum days 1-14 to
initiate lactational exposure to pups via breastmilk (doses administered were
0, 0.1, 0.25, or 1 mg PFOS/kg bw/d). Pups were housed with their mothers
until weaning at postnatal day 21. At 8-10 weeks of age, pups underwent a
range of tests including the object location test (OLT), object recognition test
(ORT), pairwise visual discrimination (VD), in vivo microdialysis, mRNA and
protein analysis of genes responsible for hippocampal development and
function. During the OLTs and ORTSs, the discrimination indices of pups
exposed to PFOS via breast milk were dose-dependently significantly lower
than controls. The authors indicated these impairments could not be attributed
to decreased familiarisation or the dysfunction of attention to objects, but rather
an impairment in spatial and non-spatial recognition memory. In the VD task,
although PFOS-exposed mice gradually selected more correct responses as
sessions progressed, improvement was delayed compared with that of the
control group. Concentrations of glutamate and gamma-aminobutyric acid
(GABA) in the dorsal hippocampus were significantly higher in the exposed
group than in the control group. The authors pointed out that, despite using
low doses compared with other animal studies, the doses used in their study
are still significantly higher than human daily PFOS intakes. Unfortunately, the
authors did not measure internal doses. They concluded that lactational PFOS
exposure induced spatial and non-spatial memory impairment and learning
disability in adult mice offspring as well as affecting hippocampal development
and function.

The article is: Mshaty A., Haijima A., Takatsuru Y., Ninomiya A., Yajima H.,
Kokubo M., Khairinisa M. A., Miyazaki W., Amano |. and Koibuchi N. (2020).
Neurotoxic effects of lactational exposure to perfluorooctane sulfonate on
learning and memory in adult male mouse. Food and Chemical Toxicology
145: 111710.

An abstract is available here:
https://www.sciencedirect.com/science/article/abs/pii/S0278691520306001

Restriction of PFAS in EU webinar information

Submitted by Tarah Hagen, SLR Consulting & ACTRA Secretary

A webinar entitled Restriction of Per- and PolyFluoroAlkyl Substances (PFAS)
under the EU REACH was held on 29 Oct 2020. Germany, the Netherlands,
Norway, Sweden and Denmark are working on an EU REACH restriction
proposal to limit the risks to the environment and human health from the
manufacture and use of all PFAS. A call for evidence was held during the
summer of 2020. The webinar discusses the issues.

Webinar Recording (45 min) https://youtu.be/uW7Witkb-t7Q

Presentations (All slides in one pdf) [53 slides pdf]:
https://echa.europa.eu/documents/10162/31366392/pfas_webinar_slides _en.
pdf/361234ba-5b0c-d5d0-df0d-4145¢c3e08c73

Questions and answers [36 page pdf]:
https://echa.europa.eu/documents/10162/31366392/ga pfas en.pdf/64a60df
2-9805-98e1-4ea9-bd1labe3f58c5

From: https://echa.europa.eu/-/restriction-of-per-and-polyfluoroalky!-
substances-pfas-under-reach
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Sub-surface fate and transport of PFAS at AFFF impacted sites
Submitted by Tarah Hagen, SLR Consulting & ACTRA Secretary

A recently published article by Anderson et al. (2021) summarises the work of
the Strategic Environmental Research and Development (SERDP) and the
Environmental Security Technology Certification Program (ESTCP), both
programs funded by the US Department of Defense (US DoD).

Similar to Australia’s Commonwealth Department of Defense, the US DoD
has embarked on a large program of investigating the occurrence and
environmental distribution of PFAS at thousands of potentially contaminated
sites where Aqueous Film-Forming Foam (AFFF) was used. Although the US
DoD is currently focused on confirming PFAS contamination at all AFFF-
impacted sites and mitigating any resulting potential for human exposure,
program-wide efforts to delineate the full extent of PFAS contamination, to
include source strength evaluations and human and ecological risk
assessments are forthcoming.

The fate and transport research undertaken to date (since 2011) by the two
programs has demonstrated a number of key aspects, including:

e Different AFFF formulations were used over time, and all contained
many different PFAS as well as a wide range of other constituents that
can interact with these PFAS. There is still uncertainty regarding full
composition and sources of PFAS at DoD sites.

e Retention of PFAS in soil is significant at DoD sites.

e Aerobic biological pathways dominate the transformation of precursors
in soil and the subsurface.

e Soil retention of PFAS is primarily affected by:

o The specific chemical and physical properties of the individual
PFAS to specifically include the perfluorinated chain length and
functional group.

o pH-dependent electrostatic sorption to various clay minerals.

o Hydrophobic sorption to soil organic matter, specifically including
the proteinaceous components (since PFAS are highly protein-
bound).

o Fluid-fluid interactions including both air-water and nonaqueous
phase liquid-water interfacial sorption.

e Complicating factors to field-scale predictions currently are thought to
include:

o Lack of methods to assess rate and extent of precursor
biotransformation.

o Nonideal PFAA transport behaviour attributable to complex
sorption/desorption kinetics, resulting in attenuation over time.

o Greater retardation of linear vs. branched isomers of a given
PFAS.

The article is: Anderson RH, Thompson T, Stroo HF, and Leeson A (2021).
US Department of Defense — Funded Fate and Transport Research on Per-
and Polyfluoroalkyl Substances at Aqueous Film-Forming Foam-Impacted
Sites. Environmental Toxicology and Chemistry. 40 (1): 37-43.

The article is freely available here:
https://setac.onlinelibrary.wiley.com/doi/10.1002/etc.4694

Another closely related article summarises the research undertaken by US
DoD with respect to treatment (i.e. remediation) processes for PFAS.

The article is: Coyle C, Ghosh R, Leeson A and Thompson T (2021). US
Department of Defense-Funded Research on Treatment of Per- and
Polyfluoroalkyl Substance-Laden Materials. Environmental Toxicology and
Chemistry. 40 (1): 44-56.

The full text is freely available here:
https://setac.onlinelibrary.wiley.com/doi/full/10.1002/etc.4836

Mixture toxicity (and risk) assessment of PFAS

Submitted by Tarah Hagen, SLR Consulting & ACTRA Secretary

Regulatory approaches to addressing risk associated with exposure to a
mixture of PFAS are currently inconsistent. A recent study has examined the
existing non-polymeric PFAS database, including dose response information,
and applied established mixtures risk assessment methods to these data to
determine what, if any, mixtures effects may occur, and what mixtures risk
assessment approach is appropriate given the available data.

The study authors found that whole mixtures or binary component mixture
studies suggest that dose additivity assumptions for PFAAs are not yet
supported by the available whole mixture toxicity data. Although some non-
polymeric PFAS may share similar target organs dependent upon exposure
level, the most sensitive effects, as defined by regulatory agencies (including
developmental and immune endpoints) are not amenable to in-depth mixtures
assessment and adverse outcome pathways (AOPs) have not been clearly
elucidated for multiple PFAAs and the same apical endpoint. Only liver data
from animal bioassays are amenable to comparing the shape of the dose
response curve across a range of non-polymeric PFAS. Based on these data,
different approaches for grouping for mixtures risk assessment are apparent
whether the evaluation is based on internal serum dose (the preferred
approach) or based on administered dose. The currently available data
suggest that PFOS should not be grouped with long-chain PFCAs for mixtures
risk assessment and some PFCAs (PFOA, PFNA and PFDA) may be grouped
together based on similar toxicities and similar dose response slopes. It is,
however, unclear at this time whether the same conclusions would hold for
different toxicity endpoints.

The study authors conclude that the hazard index method applied to PFCAs
and PFSAs grouped separately is the most appropriate approach for
conducting screening level risk assessments for non-polymeric PFAS
mixtures, given the current state of the science. However, a clear presentation
of assumptions, uncertainties, and data gaps is needed before dose additivity
methods, including hazard index, are used to support risk management
decisions.

The article is: Goodrum PE, Anderson JK, Luz AL, and Ansell GK (2021).
Application of a framework for grouping and mixtures toxicity assessment of
PFAS: a closer examination of dose-additivity approaches. Toxicological
Sciences. 179(2): 262-278.

The full text is freely available here:
https://academic.oup.com/toxsci/article/179/2/262/5879299

Silica

Real-time silica detection
Submitted by Tarah Hagen, SLR Consulting & ACTRA Secretary

The NSW Government Centre for Work Health and Safety has engaged Trolex
Nome Australia to help develop a respirable crystalline silica (RCS) sensor that
provides real time measurements in workplace air. The research will identify
existing technology or create new technology that can be used in the design
and build of an RCS detection device. The project commenced in January
2020, Phase 1 was completed in September 2020, with the final phase
scheduled to be delivered in December 2021.

To find out more about this project, visit the following website:
http://www.centreforwhs.nsw.gov.au/Projects/silica-detection
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TCEQ Final Development Support Document
Submitted by Tarah Hagen, SLR Consulting & ACTRA Secretary

The Texas Commission on Environmental Quality (TCEQ) has released the
final development support document for the 24-hour reference value for
crystalline forms of silica.

The report is: TCEQ (2020). Silica, crystalline forms. 24-h ReV Development
Support Document. Final, December 11, 2020.
https://www.tceq.texas.gov/assets/public/implementation/tox/dsd/24hour/silic
a_crystalline 24h.pdf

TCDD

Noncancer toxicity values for TCDD based on sperm count
effects

Submitted by Tarah Hagen, SLR Consulting & ACTRA Secretary

Regulatory agencies have derived non-cancer toxicity values for 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) based on reduced sperm counts relying
on single studies from a large body of evidence. A recent review has used
systematic review methods and meta-regression to characterise the dose
response relationship of gestational exposure and epididymal sperm count.
Twenty animal studies and three epidemiology studies met inclusion criteria of
the review. Risk of bias evaluation was performed to critically appraise study
validity. Low to very low confidence precluded use of epidemiological data as
candidate studies for dose response due to inconsistencies across the
evidence base, high risk of bias, and general lack of biological coherence,
including lack of clinical relevance and dose response concordance.
Experimental animal studies were found to have higher confidence and were
used as the basis of a meta-regression. Multiple models were fit and points of
departure identified and converted to human equivalent doses. The resulting
reference dose estimates ranged from approximately 4 to 70 pg/kg/day, all
higher than existing regulatory values (e.g. JECFA TDI of 2.1 pg/kg/day, US
EPA RfD of 0.7 pg/kg/day, EFSA weekly intake converted to daily intake of 0.3

pg/kg/day).

The authors concluded, while further exploration and refinement of meta-
regression techniques for toxicological data is warranted, the integration
approach presented in the paper allows for greater use of available data
compared with the traditional candidate study approach.

The article is: Wikoff DS, Urban JD, Ring C, Britt J, Fitch S, Budinsky R, and
Haws LC (2021). Development of a range of plausible noncancer toxicity
values for 2,3,7,8-tetrachlorodibenzo-p-dioxin based on effects on sperm
count: application of systematic review methods and quantitative integration of
dose response using meta-regression. Toxicological Sciences. 179(2): 162-
182.

An abstract is available here: https://academic.oup.com/toxsci/article-
abstract/179/2/162/6030963

1,1,2-Trichloroethane

ATSDR Final toxicological profile available

Submitted by Tarah Hagen, SLR Consulting & ACTRA Secretary

The US Agency for Toxic Substances and Disease Registry (ATSDR) has
recently released the final toxicological profile for 1,1,2-trichloroethane, a
solvent used in chlorinated rubber manufacture and chemical intermediate in
the production of vinylidene chloride.

The report is:

ATSDR (2021). Toxicological Profile for 1,1,2-trichloroethane. March 2021.
Agency for Toxic Substances and Disease Registry.
https://www.atsdr.cdc.gov/toxprofiles/tp148.pdf

2.6-Xvylidine

Genotoxicity of 2,6-xylidine
Submitted by Tarah Hagen, SLR Consulting & ACTRA Secretary

Lidocaine has not been associated with cancer in humans despite eight
decades of therapeutic use. Its metabolite, 2,6-xylidine, is a rat carcinogen,
believed to induce genotoxicity via N-hydroxylation and DNA adduct formation,
a non-threshold mechanism of action. A recent paper has reviewed the
literature pertaining to metabolic activation and genotoxicity of 2,6-xylidine.

The review authors found 2,6-xylidine appears resistant to N-hydroxylation
and/or activation to nitrenium ions. Instead it metabolises via 4-hydroxylation
almost exclusively to DMAP (an aminophenol). At high doses (sufficient to
saturate phase 2 metabolism), DMAP may undergo metabolic threshold-
dependent activation to a quinone-imine (DMQI) with potential to redox cycle
producing ROS, met-haemoglobin, and inducing secondary cytotoxicity and
genotoxicity. A new combined comet and micronucleus rat study found no
evidence of genotoxicity in vivo based on micronuclei in bone marrow, comets
in nasal tissue or female liver, despite high level exposure to 2,6-xylidine (and
metabolites). In male rat liver, weak dose-related comet increases, within the
historical control range, were associated with significant weight loss and acute
systemic toxicity. Benchmark dose analysis confirmed a non-linear dose
response and allowed a conservative estimate of a point of departure at
97 mg/kg/day. The authors concluded the weight of evidence indicates 2,6-
xylidine is a non-direct acting (metabolic threshold-dependent) genotoxin, and
IS not genotoxic in vivo in rats in the absence of acute systemic toxic effects,
which occur at levels 35 x beyond lidocaine-related exposure in humans.

The article is: Kirkland DJ, Sheil ML, Streicker MA, and Johnson GE (2021). A
weight of evidence assessment of the genotoxicity of 2,6-xylidine based on
existing and new data, with relevance to safety of lidocaine exposure.
Regulatory Toxicology and Pharmacology. 119: 104838.

The full text is freely available here:
https://pubmed.ncbi.nim.nih.gov/33301869/
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Australasian College of Toxicology &
Risk Assessment (ACTRA)

ACTRA is a relatively young society, having been launched at a special symposium showcasing Australasian

environmental toxicology in Melbourne in July 2006 (see special issue J. Toxicol Environ Health 70 (19-20) Oct 2007).
Worldwide there are currently 142 members of ACTRA.

ACTRA's objectives are to:
* Advance the study and applications of toxicology and health risk assessment as
. SA [ professional scientific disciplines, and
+ Cultivate (and maintain) the highest standards of professional practice and ethics in
ACTRA membershi . VIC 38 persons engaged in the sciences of toxicology and health risk assessment.
. - i P . NSW 37 ACTRA has established a peer-reviewed Registration Program to nise and
distribut e - e o recog
ISTIDUTION 15 ACross maintain the professional competence of scientists from Australia and New Zealand.
most AUSfFUIiGﬂ States . QLD 15 Registrants must demonstrate appropnate educational and professional achievements,
d N d . WA 15 and maintenance of registration requires continuing education and professicnal activity.
and Territories , dn ACTRA has 27 registered members and growing, 13 Fellows and 14 Registrants.
TAS 2
New Zealand. ] ACTRA Award of Merit: 2016, Professor Brian Priestly (ACTRA President 2006-2011);
. ACT 18 2019, Dr Peter Di Marco (ACTRA President 2011-2019; IUTOX President, 2013-2022).
NZ -
O] 3 Recent ACTRA workshops, short courses and symposia have addressed:
. L 7 » ACTRA Webinar Senes with Q&A (Cnline, 2020-21)
+ 12th Annual Scientific Meeting: Reproductive/Developmental Toxicology and Risk Assessment
— Advances and Practice (Melbourne, 2019)
* Conftinuing Education workshop on Risk Assessment of Reproductive and Developmental
Toxicants: Techniques and Case Studies (Melbourne, 2019)
+ 11th Annual Scientific Meeting: What's the Matter? Toxicity and health effects of particulates —
size or composition (Perth, 2018)
X » Confinuing Education workshop on Particulate Mafter: Assessing the Health Impacts
ACUdEﬂ"IICI , govern menf, Academia 9% (September, 2018)
. * Workshop hosted with the EPA on Education & Training Opportunities for Environmental Health
consulting and the Government  41% and Risk Assessment Professionals (Melboume, zm;)‘g o
cummerciql sactor dre e * Continuing Education workshop on New Approaches/ Methodologies in Risk Assessment
all represented among Sector e s

+ 10th Annual Scientific Meeting on Risk Assessment of Novel Technologies (Canberra, 2017)
. Gonsuhing 18% + Workshop on Sensitisation (Melbourne, 2017)
+ Workshop on Regulatory Toxicology (Canberra, 2016)
# Sth Annual Scientific Meeting on Selection and the Use of Toxicology Reference Values and
Screening Guidance Yalues in Health Risk Assessment (Adelaide, 2016

the ACTRA membership.

Website: www.actra.org.au
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