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DMC Direction and minute WGT11 - STIMBR SUBMISSION

MANDATE
The Stakeholders on Methyl Bromide Reduction (STIMBR) is an incorporated society bringing
together key stakeholders with an interest in finding alternative phytosanitary treatments for
the ozone depletion fumigant, methyl bromide.
The objectives of STIMBR are to lead, promote, support and co-ordinate initiatives aimed at
enhancing market access and biosecurity clearances for goods and products while reducing
the release of methyl bromide into the atmosphere; and. seeking long term reduction in its
use.
Over the last decade STIMBR has led and managed a comprehensive research programme in
which some $25m has been invested. A further $5m plus has been invested in other
research by horticulture users of methyl bromide. STIMBR’s investment programme is
funded from a voluntary levy on the use of the fumigants, methyl bromide and phosphine.
These funds are leveraged with investment from the New Zealand government agencies,
industry and charitable trusts.
The STIMBR research programme was designed to identify cost-efficient solutions to:
1. Future-proof forest product exports
2. Minimise the phytosanitary risks associated with the export of forest products;
3. Assist in finding solutions for horticulture product exporters using methyl bromide
4. Minimise methyl bromide emissions to the atmosphere; and
5. Provide importers and the Ministry for Primary Industries (MPI) with tools to protect
New Zealand from quarantine pests on imported products.
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WHAT WE SEEK
STIMBR supports the application (APP202804) by Draslovka (the applicant) to the
Environmental Protection Authority (EPA) seeking approval to use the alternative fumigant,
ethanedinitrile (EDN), to methyl bromide in New Zealand. The application seeks to be able
to use EDN when it is used as a phytosanitary treatment for forest products. Especially logs.
EDN is an efficacious sustainable drop-in replacement for methyl bromide. Methyl bromide
is currently used to treat forest products in shipping containers, under sheets (tarpaulins)
and in ship holds. EDN is described by Dr Spencer Welse1 one of the world’s leading
fumigant chemists as a ‘total utilization’ fumigant – that is, almost all of the applied
fumigant is absorbed and broken down within the commodity being treated leaving only
about 1% of the molecule to be released to the atmosphere at the end of fumigation.
A sound case for the use of EDN has been presented to the EPA, the Decision making
committee (DMC), and Worksafe by the applicant, STIMBR and submitters. Readers should
note that APP202804 is backed by unprecedented volumes of scientific and technical
reports including air dispersion modelling, toxicological research and assessment.
Draslovka has made very significant investments in the detailed data and reports submitted
to the EPA with the application and subsequent answers to requests from the DMC seeking
additional information.
STIMBR is not unreasonable in expecting the regulators in New Zealand to meet the
reasonable requests of the applicant and forest industry and approve the use of EDN with
reasonable use requirements.
STIMBR has recently made a submission to Worksafe NZ regarding the draft Safe work
instrument (SWI) released for consultation by Worksafe 27 February 2020.
Ian R Gear
Executive Officer / Research Director
May 2020

1https://www.ars.usda.gov/pacific-west-area/parlier/sjvasc/cpq/people/spencer-walse/
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Key considerations in this submission
In preparing this submission in response to DCM WGT11 STIMBR has considered the
documents provided by Draslovka noting the significant comprehensive body of knowledge
that the EPA, DMC and Worksafe now have before them.
STIMBR notes that at the time the hearings were held in August 2018, and in the period
prior to and post, there was and to some extent still remains a lack of clarity and uncertainty
as to which agency – as between the EPA and WorkSafe - is responsible for determining
controls / use requirements for particular uses of EDN. Draslovka’s application sought
approval for EDN for all fumigations at Ports, not just fumigations of log stacks. Despite this,
EPA staff advised the DMC that it could not consider fumigations of ship
holds. Subsequently, the DMC decided it could not progress the application until it knew
what controls WorkSafe might develop. This suggested to STIMBR that the DMC would be
guided in some way by WorkSafe. Yet the opposite appears to have occurred. WorkSafe
drafted a safe work instrument for EDN, and for that purpose it specifically obtained
modelling of emissions from fumigations of ship holds. However, rather than include ship
hold fumigations in the draft safe work instrument, WorkSafe proceeded on the basis that
fumigation would be restricted to log stacks. WorkSafe appears to have felt constrained by
the advice formulated by EPA staff. This example demonstrates the confusion and lack of
clarity about which agency is responsible for determining the relevant controls.
Both Draslovka and STIMBR have made cases to both the EPA /DMC and Worksafe seeking
the inclusion of shipping containers and ship holds in the approvals. Several industry
stakeholders have pleaded for the inclusion of these ‘structures’ in the approvals.
The EPA / DMC may consider that some elements of this submission to the EPA in response
to DMC WGT11 are not within the area of its responsibility versus that that Worksafe is
covering. To ensure robust consistent decisions are made in respect of the application
seeking approval to use EDN in New Zealand we ask that the agencies work together.
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The following key considerations are covered in this submission.
1. What is to be treated
The application (APP202804) made by Dralsovka in July 2017 seeking approval to use
EDN in New Zealand states: “This application is for the approval to import and use
EDN containing 950g/kg ethanedinitrile as a phytosanitary treatment of wood
products (including logs) to control a wide range of insects, nematodes and fungi.”
That request stands.
2. Treatment enclosures
In the application Draslovka sought the use of EDN for all of the ‘structures’ in which methyl
bromide is used to fumigate logs i.e. shipping containers, under sheets (tarpaulins) and in
ship holds.
That remains unchanged and still stands.

3. Controls proposed by Draslovka
Endorsement and where needed comment, is made regarding the proposed controls set out
in Draslovka’s response to DMC WGT10.

4. Addressing uncertainty – managing risk
STIMBR recognises the need to and supports risk being managed with appropriate
precautionary measures being required to mitigate risk. We submit that in determining
those mitigations regulators must be aware of the precautionary measures built into models
and measures such as TELs and WES values. We draw to the attention of the DMC the need
to avoid compounding risk when making decisions.

5. Modelling
STIMBR makes this submission to raise awareness of the DMC and the EPA and to express
confidence in the of the approaches taken in the modelling provided by Draslovka [prepared
by Sullivan Environmental Consultants]. We address the uncertainty in the worse-case
scenario air dispersion modelling Worksafe commissioned [from Todoroski Air Sciences]. In
this submission elements of modelling are considered and the case made for not making
STIMBR SUBMISSION May 2020
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regulatory decisions based at the extreme end of the modelled distributions or worse-case
scenario modelling when artefacts and outliers will distort the model. Sound decisions are
required to ensure these errors are not embedded in regulation. STIMBR also maintains that
the experience and expertise of David Sullivan and his team in modelling fumigant air
dispersion is critical to ensuring the best possible advice is provided to the EPA / DMC.

6. An appropriate Tolerable exposure limit
STIMBR also wishes to draw to the attention of the DMC the toxicological assessment
completed by the EPA in 2018 when the EPA derived a Tolerable exposure limit (TEL) for
EDN of 0.036ppm. STIMBR believes that this TEL is based on over cautious uncertainty
factors. Detailed analysis prepared by subject matter experts Dr Mark Pemberton deriving a
TEL of 0.2ppm for EDN. Dr William Heydens also provided advice in 2018 indicating a range
for the TEL value that spanned the value [0.2ppm] determined by Dr Pemberton.

Draslovka in the information (Refer: Draslovka pp4-5) it recently presented to the EPA /
DMC provided a table summarising the controls it proposed.
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STIMBR RESPONSE
STIMBR welcomes the opportunity to be able to provide input into the respective regulatory
processes considering the request to approve the use of EDN; and, to develop a safe work
instrument (SWI) for the molecule in New Zealand.
STIMBR is a strong advocate of the need for measures that protect workers, bystanders, the
public and the environment when fumigants are being used. STIMBR has made a very
significant investment in seeking sustainable alternatives to methyl bromide. The overarching principle of all of STIMBR’s research programme has been the need to ensure
decisions are informed by robust peer reviewed science and to be guided by independent
subject matter experts.
STIMBR has sought and identified a suitable sustainable alternative to methyl bromide as a
fumigant for logs and processed forest products. The efficacy of EDN has been proven in
comprehensive laboratory tests. Successful commercial scale confirmatory tests have
demonstrated EDN can be used successfully to achieve phytosanitary standards.
Many rigorous tests for mutagenicity, cytotoxicity, carcinogenicity, toxicology and other
measures support the use of EDN backed by scientifically defensible data. Reports and data
have been provided by the applicant, Draslovka to the Environmental Protection Authority
(EPA), seeking permission to use EDN in New Zealand; and, to Worksafe [to develop the SWI
for EDN]. The data provided during these processes includes substantial data prepared for
Draslovka by research establishments such as Envigo [formerly Huntingdon life Sciences]
and information which has also been submitted to the European Union seeking approval to
use EDN there2.
STIMBR notes:
1. The comprehensive application and subsequent information tabled by Draslovka.
2. The application seeking approval of EDN was lodged in July 2017 in the belief that
there was adequate time for a favourable decision to be made by the regulators

2

EDN is currently being used in the Czech Republic in a biosecurity response under a Critical use exemption.
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allowing a timely transition from methyl bromide to EDN use ahead of the October
2020 deadline requiring the use of recapture technologies with MB fumigations.
3. The application and subsequent additional information provided by Draslovka and
STIMBR, along with the submissions from the users of methyl bromide, collectively
provide a significant body of knowledge supporting the use of EDN in New Zealand
4. The number of submissions in support of EDN being approved for use in New
Zealand.

What is to be treated
As a drop-in replacement for methyl bromide, EDN will be used to treat forest products
coming into and being exported from the country. While the majority of the fumigations
currently undertaken using methyl bromide are logs being exported, processed forest
products moving in either direction across the border also require the use of methyl
bromide.
The application seeking approval to use EDN in New Zealand states:
“This application is for the approval to import and use EDN containing 950g/kg
ethanedinitrile as a phytosanitary treatment of wood products (including logs) to
control a wide range of insects, nematodes and fungi.”
It is a reasonable expectation of forest industry stakeholders that the regulators accept and
acknowledge the words used in the application and provide approval to use “ethanedinitrile
as a phytosanitary treatment of wood products (including logs).”
The proposed approval has been worded to make it clear that forest products and the
various classes of forest product can be fumigated with EDN i.e. including but not limited to
logs, timber, composite boards and timber, wood chips etc.

We are seeking an approval that states:
EDN may only be used for fumigation of forest products including logs and processed
timber.
STIMBR SUBMISSION May 2020
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Treatment enclosures
Draslovka sought the use of EDN as a phytosanitary treatment for forest products in all of
the ‘structures’ in which methyl bromide is used to fumigate logs i.e. shipping containers,
under sheets (tarpaulins) and in ship holds. Research has proven EDN is an efficacious dropin replacement for methyl bromide. Dralovka and STIMBR have provided evidence that EDN
can be used safely in all of the structures currently used for methyl bromide fumigation of
forest products.
We are seeking an approval that states:
Fumigation with EDN may take place in shipping containers, under sheets, and ship holds.

The controls recently recommended by Draslovka
The proposed controls by Draslovka in its recent response to DMC WGT10 are considered
below. Agreement in support is signalled and where appropriate comment made for the
consideration of the DMC.
Changed
proposed control

This application is to manufacture and/or import Ethanedinitrile
(EDN also known as cyanogen) containing 1000 g/kg
ethanedinitrile at a minimum purity of 95%.
At a rate of 120 gram of the substance per m3 applied to logs
under a tarpaulin, in a container or a ship hold.

STIMBR comment

STIMBR endorses the request seeking approval to use EDN to
treat forest products in shipping containers, under Tarpaulin and
in ship’s holds.
The application lodged by Draslovka sought a maximum treatment
rate of 150g/m3.
Since then STIMBR has completed extensive laboratory efficacy
tests which showed that a maximum treatment rate of 120g/m 3 is
appropriate.
Commercial scale confirmatory tests have been completed
confirming the laboratory results.
MPI has used the data from those tests to recommend a rate of
100g/m3 to trading partners.
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Changed
proposed control

With an endpoint concentration of 700 ppm the buffer zone for
unprotected workers be set as 20 m and the buffer zone for the
public be set 30 m

STIMBR comment

STIMBR notes observation reported from the Tokoroa field trials
and the model predictions (98th percentile). The modelling
assumed an end point of 700ppm being released at ventilation
showing that:
• For combined ships and log stacks a maximum
concentration of <=0.01 ppm for 20 and 30 metres
• A maximum at the port boundary of 0.0078 ppm.
We understand that these figures were supported by the results
of the USA field trials.
STIMBR supports the 30m buffer for the public.
However; the buffer of 20m for unprotected workers is not
needed if, as has been proposed to Worksafe, a risk management
approach managed by the fumigator is prescribed in the SWI.

New optional
control

After one full year or 1000 fumigations (whichever is the later)
that the EPA and Worksafe consider the data in consultation with
the industry’s nominee, and, either confirm the buffer, or, if
Potential adaptive necessary, reset the maximum buffer zone distance (i.e. extend, or
management
reduce the buffer) at 1 metre beyond which the TEL or the WES
control.
have not been exceeded.
STIMBR comment

STIMBR notes that if a risk management model is required of
fumigation service providers [as suggested above] this control will
not be needed.
In the event that fixed distances are determined by the regulators
STIMBR would support the proposed control.

Removal of
Proposed control

A use and a label control stating “Atmospheric conditions should
be monitored and ethanedinitrile should not be vented under very
low wind speed conditions (less than 5 km/h) or under inversion
conditions.”
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STIMBR comment

STIMBR agrees that this control is not supported by the science.

Removal of
Proposed control

Fumigations conducted at port locations must be undertaken only
at locations where water bird colonies are not known to exist. •
A permission control, which would enable the EPA to request a
site-specific risk assessment from the users, including the location
of, and species present of, nearby bird colonies and their distance
to the treatment site, and how potential risks will be managed.

STIMBR comment

STIMBR agrees with the analysis in the Draslovka response. The
proposed control is not supported by the science.

Approach to managing risk
STIMBR recognises that while person(s) conducting a business or undertaking (PCBU)3 have
essential knowledge about the requirements and expectations of their enterprises and a
sound understanding of potential constraints regarding the management of risk. While
regulators are responsible for defining a level of risk that is acceptable in the context of their
mandate to protect public safety.
Draslovka and STIMBR have both delivered science-based evidence to the EPA and more
recently Worksafe that provides the foundation and corner-stones essential to support
considered sound defensible regulatory risk management decisions within the policy
framework. Draslovka, Genera4, STIMBR and key stakeholders including log exporters have
recently worked together to propose a risk management system to Worksafe for the use of
EDN in New Zealand.
Refer: Appendix 1 – The use requirements STIMBR suggested in its recent submission to
Worksafe. Note: Also Draslovka and others have made submissions to Worksafe proposing
Risk management system for EDN fumigations.

3

Worksafe terminology prescribed in the Health and Safety at Work Act 2015
The significant fumigation service provider to the forest industry. The Genera Group of companies including
Triple Oceans Traders Limited are the most significant importer of the fumigants (methyl bromide and phosphine)
currently used for forest products into New Zealand.
4
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Addressing uncertainty
In risk management the application of the precautionary principle involves not only the
consideration of uncertainty, applying caution and in some case addressing and accounting
for ignorance and perception, to proactively manage risk and the consideration of policy.
When considering risk, ‘prevention’ should be used where the causes are known while
‘precaution’ better describes those situations where there are uncertainties, complex
scenarios and circumstances in which unpredictable events may occur.
It is recognised that risk assessors, regulators and policy makers must not adopt or take a
stance of zero tolerance of new technologies through a process of applying precaution to
such a degree that new technologies are rejected. There is no universally accepted approach
as to how precaution should be applied when considering uncertainty. There are however,
several distinct elements which need to be considered and should be applied universally.
If these elements are to be ranked; the first is the need for the parties to trust and respect
each other as they work together in a transparent way to resolve differences and agree
appropriate solutions.
Despite EDN being discovered in the 19th Century it has only emerged as a potential
fumigant in the last 20 plus years. Methyl bromide was classified as a threat to the Ozone
layer in 1987 (https://ourworldindata.org/ozone-layer). In 2008 STIMBR commenced a
comprehensive research programme in January 2010 to find alternative phytosanitary
treatments for forest products that required treatment with methyl bromide. Various
avenues were explored including seeking chemical free options. The leading contender to
replace methyl bromide is EDN (Armstrong et al, 2014).
Refer: http://www.stimbr.org.nz/uploads/1/4/1/0/14100200/pfr_10678_-_jack_armstrong__literature_review_of_disinfestation_strategies_2014_finalupdated_18nov2014__3_.pdf

Just as there are risks associated with many of the 150,000 plus chemicals used in New
Zealand today there are risks associated with EDN. Those risks are not without suitable
mitigations which significantly reduce risk to acceptable levels of residual risk.
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Draslovka accepts the need for duty-of-care and product stewardship. It has worked with
STIMBR to prove the efficacy of EDN to control insects associated with forest products in
New Zealand. Draslovka has invested in numerous scientific studies and reports [provided
to the EPA in support of the application seeking permission to use EDN in New Zealand] that
demonstrate EDN will not leave harmful residues, and is not a carcinogen, mutagenic or
cause other toxicities.
Refer: https://www.epa.govt.nz/public-consultations/in-progress/new-fumigant-for-logs-andtimber/edn-timeline/

Scientific evidence
Evidence based information plays a critical role in policy and regulatory decision making.
Often when scientists propose solutions or proffer advice poor communication may impact
on the ready uptake of that advice. STIMBR has invested significantly in seeking evidencebased solutions to the challenges thrown to the users of methyl bromide in the 2010 methyl
bromide reassessment decision by the EPA. One of the major roles that STIMBR has had,
and continues to have, is providing clear and concise messaging interpreting the findings
from the research in order that the messages are understood.

Putting Risk in perspective
Today we live in a risk averse world. So averse to risk that if a number of chemicals, such as
petrol; or dishwashing tablets found in most kitchens, or technologies, such as electricity,
would find it difficult to gain approval by regulators, or acceptance by the public, because of
the degree of risk associated with each. In these instances, the risks and mitigations have
been identified, and protections devised to reduce the risk so that they are accepted and
widely used. Despite that acceptance and wide-use a high level of residual risk remains. A
naked flame, or spark, will ignite petrol. A child could conceivably chew or cut the protective
seal around the tablet. Cutting an extension flex, or inserting a screw driver into a power
point, will most likely result in electric shock. And yet, we continue to accept these examples
as life would not be as comfortable, nor productive, if we called to have them subject to
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reassessment and they were either ‘banned’, or, tighter constraints were placed around
their use.

The numbers and what they mean
The modelling commissioned by Worksafe to inform drafting of the EDN Safe work
instrument; and the modelling commissioned recently by the EPA for MB, both portray the
“worse-case scenario”. In order to better understand what the ‘worse-case scenario’
modelling means it is first necessary to understand that fumigant modelling is undertaken at
a range of distributions including the 90th, 95th, 98th, 99th, 99.5th, 99.9th, and the 100th
percentiles. The United States Environmental Protection Agency relies on the 95th percentile
as the maximum measure at which to set buffer zones for agricultural fumigants.
What does ‘percentile’ mean
The percentile provides an indication of the number of times one could expect to find the
predictions falling within the modelled level. Therefore; when modelling at the 100th
percentile all of the observations can be expected to be found beneath this number. Note
that beyond the 98th percentile is not used in air dispersion modelling by the US EPA
because of model artefacts and outliers.

Note: The Expert conferencing called for EDN issued an expert statement agreeing “that
AERMOD should be accepted as a suitable model for use in the EDN assessment” that
modelling should use AERMOD and “Both experts agree that any future modelling should
include reporting of the 98th percentile for the hourly average result.”

Refer: https://www.epa.govt.nz/assets/FileAPI/hsno-ar/APP202804/8bff6b821f/APP202804-JointExpert-Statement-Air-Concentration-Dispersion-Modelling.pdf
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Meaningful modelling
There are three principle reasons why the distributions above the 98th percentile
determined in modelling are not used to inform regulatory decisions;
1. Fumigant emissions (on venting) are single source ‘unique’ events. They are not
continuous 24/7 events such as those from industrial flues.
2. Bias, artefacts and outliers that exist are influences, recognised by
mathematicians and statisticians, as having the potential to exaggerate and
distort the model outputs significantly; and,
3. The probability of an event occurring is rare. For instance; modelling at the 100th
percentile has the probability of an event occurring 1 hour out of 26,280 hours [3
years]. In simple language this is a rare event.

Worse-case scenario modelling
The WorkSafe consultation document states; “that the model represents potential likely
worst-case scenarios based on the meteorological data for a specific port.”
Worksafe contracted Todoroski Air Sciences (TAS), a Sydney based consultancy a specialist
environmental consultancy, “focused on air quality and noise”5, to model EDN air dispersion
emissions for the purpose of informing the development of the SWI. Whereas; industry best
-practice for such modelling uses the 95th percentile (occasionally the 98th percentile)
Todoroski was chosen by Worksafe (EDN) because he models very conservatively; “worsecase scenario”. Regulators must be aware that at these extremes, bias artefacts and outliers
can distort the results.
STIMBR has received advice from SEC that fumigant flux air dispersion modelling is usually
undertaken at the 95th, or at most, the 98th percentiles (as agreed by the EPA expert
conference for air dispersion modelling in 2018) to avoid the bias, artefacts and outliers that
distort the results. Therefore; where worst-case scenario modelling is undertaken using
worse-case meteorological data and other inputs at their extremes without presenting the
other distributions there is a significant risk of embedding the resulting compounded
5

Refer: http://airsciences.com.au/
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precaution in regulation. Using the 99th, 99.9th and 100th or worse-case scenarios to
formulate regulation distorts the risk management paradigm and devalues risk
management. Particularly, more so when conservatism has been built in to other measures
such as occurs when toxicologists derive the health measures - TEL and WES values [Refer:
Pemberton studies in the next section: Toxicology].
Modelling the worse-case scenario is more extreme than modelling at the 100th percentile.
Worse-case scenario planning assumes every-thing that can go wrong does go wrong. The
highest (or lowest) values reflecting the worse-case are used for such things as log stack
size, treatment rates and volumes of fumigant released into the atmosphere. In the instance
of fumigants, it determines for instance the farthest distance at which a health endpoint is
reached. It should be noted values such as the WES and TELs already have considerable
precaution built into them by the toxicologists deriving the values for a given molecule
(refer later discussion). Unless careful account is taken of, and explanation given to the
other conservative measures applied to the inputs [into the model] a very extreme
‘alarmist’ model results.

Refer: Draslovka submission to Worksafe (provided to the EPA by Draslovka on Wednesday,
15 April 2020): Section – Atmospheric modelling.

As a comparison consider the risk of snow falling within 1 day and settling in Karori,
Wellington for more than 24 hours so that chains are required in order to enable the driver
to get home without becoming stuck. Three events have occurred where this has happened
in the last century; 1933, 1976 and again in 2011. In considering the meteorological data for
the 72 years spanning 1933 and 2011 it can be concluded that on any day there is 1 chance
in 13140 of sufficient snow falling to require chains to drive in Kaori.

Unintended fumigant release events
Concern has been expressed by some that unintended release events during fumigation
occur when methyl bromide is used and can be expected to occur when EDN fumigations
are undertaken. Claims have been made that such events pose a risk to people. In 2019
STIMBR SUBMISSION May 2020
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STIMBR completed a desk top exercise examining the two [there were no others]
unintended release events over a two-year period spanning 2017-18 at the Port of
Tauranga6. During those two years 1913 and 1287, log stack fumigations were completed
respectively at the port.
Fumigation service providers monitor weather conditions before commencing fumigation in
order to ensure the fumigations can be completed safely with little risk of failure due to
unintended release events (UIR). Which; if the fumigation fails, must be done again, adding
unnecessarily to client costs. Such events at the Port of Tauranga are uncommon, 1:1600
fumigations in this case study. Unintentional release incident reports are recorded, reported
and records must be held by Genera in compliance with regulations. Resource consent
conditions require such incidents to be reported to the regional council.
A word of caution: Care needs to be taken in interpreting the UIR reports. In examining the
incident reports for the two methyl bromide UIR events in Tauranga at the time of the
releases 21 and 27 hours had lapsed respectively for each fumigation i.e. the fumigations
had completed the mandatory 16 hours required in the treatment schedule. It is therefore
not unreasonable to assume that in the case of EDN fumigations very little EDN would be
released to the atmosphere as research has shown that most of the applied EDN has been
absorbed into the wood 15 – 16 hours into a fumigation.
STIMBR recognises the need to and supports risk being managed with appropriate
precautionary measures being required to mitigate risk.
We ask that regulators be cognisant of and take into account the precautionary measures
built into models and measures such as TELs, WES and other values.
Regulators must be aware of these factors and take them into account when determining
mitigations to ensure that regulations are balanced and are not exaggerated by
compounding precautions applied by different disciplines when making decisions.

6

At the three ports where methyl bromide fumigations occur in the same period (2017-18) Genera reported a

total of eight UIR events.
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RISK AND EDN SPECIFICALLY
Context
Fumigants are required for use as sanitary [grain silos and processing mills] and
phytosanitary treatments [commodities, household goods crossing borders etc], and to
sterilise soils prior to planting [weed seeds, pathogens and insect pests]. Like many things in
our day-to-day lives there are risks associated with fumigant use. That does not mean we
should not use them; nor, does it mean that unreasonable constraints should be put on
their use rendering them unusable.
Research and modelling, provides evidence that EDN:
1. Is efficacious against insects commonly associated with Pinus radiata in New Zealand
2. Is efficacious against a range of pathogens and insects found elsewhere
3. Has better efficacy against pine wood nematode Bursaphelenchus xylophilus, than
other fumigants7. Note: Pine wood nematode is not present in New Zealand
4. Is not: mutagenic and carcinogenic;
5. Does not cause reproductive and developmental toxicity
6. Is absorbed quickly into forest products where it rapidly breaks down
7. Does not bioaccumulate
8. Does not leave harmful residues
9. When scrutinised using air dispersion modelling can be used safely, when reasonable
controls [EPA] and use requirements [Worksafe] are placed on its use, as a fumigant
for forest products
10. Use is supported by data from commercial scale testing conducted in New Zealand in
2016 and 2019.
11. Protection safeguards i.e. the WES and TEL are unlikely to breech a 20 m buffer.

7

Seabright K et al 2019 Efficacy of methyl bromide and alternative fumigants against pinewood nematode in pine
wood samples. Journal of Plant Diseases and Protection 14 December 2019
Refer: https://link.springer.com/article/10.1007/s41348-019-00297-7
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Operationally
EDN will be applied in the same way that methyl bromide is. The one exception being that
EDN does not require heating as the boiling point of EDN is -21°C compared with 3.56°C for
methyl bromide. The processes for using EDN will be documented in standard operating
procedures by fumigation service providers.
Hand held monitors
The fumigation technicians who will be applying EDN are experienced at applying fumigants
to containers, log stacks and in ship holds. During fumigation, and at venting, hand held
monitors will be in use. The new hand held Draeger monitor is able to measure the air
concentration between 0.1-50ppm. Rieken Monitors will be used to measure EDN under the
Tarpaulin prior to venting.

Refer: Draslovka response8 APP2028804_Applicant_response_to_WGTO10_25-3-2020
Fumigator training
Draslovka has advised that fumigators will receive specific training from Draslovka Services
staff before being certified to undertake EDN fumigations. Some Genera staff have had
initial experience with EDN fumigations as they were involved in the 2016 and 2019 field
tests using commercial log stacks. It is recognised that while it will take a time before
fumigation teams are experienced in working with EDN that experience will build quickly.
Containers
While the majority of logs exported from New Zealand are carried in ‘tramp steamers’
carrying logs stowed either in hold or lashed on deck9 some higher grade [and hence higher
value] logs are exported in shipping containers. The volume however, is low. Sawn timber is
also carried in shipping containers, or, as break bulk i.e. packets of processed forest
product10 which, if needed, is fumigated under tarpaulin. These forest products are
currently treated with methyl bromide to meet Importing country phytosanitary

8

Five other documents recently provided to the EPA by Draslovka are also available at: APP202804
Approximately 67% of the log cargo carried on a ship is stowed in hold. There remaining 33% is carried on deck
as ‘top stow’.
10 Red Stag Timber, New Zealand’s largest producer of processed timber endorses this submission without
reservation. Contact Tim Charleson, Environmental/Quality Manager Tim.Charleson@redstagtimber.co.nz
9
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requirements (ICPRs)11. EDN will be used for the same purpose to treat forest products once
it is approved for use by New Zealand regulators and trading partners12.
Note: Australia approved the use of EDN as a treatment for forest products exported from
New Zealand in 2018. The treatment rate of 40g/m3 approved by Australia reflects the fact
that hitch hiking insects are the target pest on processed forest products. Other countries
importing processed forest products may similarly approve a lower treatment rate than that
proposed for logs. Until such time as the EPA approves the use of EDN in New Zealand
industry cannot use EDN to treat timber exported to Australia with EDN.
Whereas; logs/processed timber fumigated under sheets or logs in ship holds make
maximum use of the available space i.e. they are filled with logs. Note: shipping containers
are constrained by weight limits and consequently have a lower load factor than that under
tarpaulin or ship holds.
Log stacks – under sheet
About 4.4 million cubic meters of logs (value $3.9 billion)13 were exported in 2019 of which
22% were threated with methyl bromide. Of that total about 1.4 million cubic meters were
exported to India – 67% of that volume was treated in hold.
Ship holds
Once ship holds are loaded completely where methyl bromide fumigation is required (i.e. all
ships bound for India and occasionally China) each hold is fumigated. The venting is then
monitored and the release of the gas controlled by raising or lowering the hold covers.
Concern has been expressed regarding the flammability of EDN. STIMBR has previously
submitted information to the EPA DMC in this regard.
The upper and lower explosive limits define the concentration range in which a substance is
flammable. EDN will exceed the lower explosive limit (LEL of 6.45 ± 0.8 % by volume) for

11

MPI negotiates the technical terms for the export / import of commodities into/from New Zealand with trading
partners. The ICPRs are published on line by governments. Refer: https://www.mpi.govt.nz/law-andpolicy/requirements/icpr-importing-countries-phytosanitary-requirements/forestry-icprs/
12 Currently MPI is in negotiation with both China and India seeking trading partner agreement for the use of
EDN. Both countries have questioned why New Zealand regulators have not yet approved EDN.
13 Refer: NZ Forest Owners Association, Fact and Figures:
https://www.nzfoa.org.nz/resources/publications/facts-and-figures
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period [60-90 minutes] at the very beginning of the fumigation when applied at the
maximum rate of 120g/m3. Should trading partners approve phytosanitary treatment rates
of 100g/m3, as has been proposed the risk period will be further reduced.
The response to a request for additional information from the applicant tabled with the EPA
Decision making committee (DMC) in March 2020 states:
“Flammability is always dependent on three key requirements: 1. a sufficient fuel
source (in this instance EDN), 2. adequate concentration of oxygen and 3. an ignition
source with enough ignition energy to cause ignition of the fuel.
“Given the lack of an ignition source, the high moisture content of logs; and, the
short period at which EDN will exceed the LEL Draslovka maintain that if the
proposed use requirements on the use of EDN are implemented the risk of a
flammability incident during fumigation or ventilation of both log stacks and ship
holds would be insignificant if not negated. While it may be argued that ship holds
have ignition sources Capt. Siresh Phadnis (Master Mariner, Director of Gannet
Shipping, carriers of logs exported from New Zealand) advised that most of the
vessels used in the New Zealand trade would not have any electrical fittings in the
holds, however some bulk carriers may have. Modern marine architectural standards
require the any external electric fittings are required to be intrinsically safe.

STIMBR sought the advice of Captain Phadnis, Gannett Shipping owner who advised;
“… if there is any doubt, when the fumigation service provider undertakes the prefumigation inspection on the vessel to inspect conditions and discuss their
requirements, they ask the Ship’s Master to remove the fuse for the any electric
fittings fitted in hold and/or to isolate the power source. This will eliminate the
possibility of a potential spark.”

Refer p46 Draslovka response to EPA Feb 2020 –
https://www.epa.govt.nz/assets/FileAPI/hsnoar/APP202804/APP2028804_Applicant_response_to_WGTO10_25-3-2020.pdf
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Covid-19 impacts and recovery
Additionally; the COVID-19 pandemic has brought two unforeseen issues to the fore14 that
reinforce the urgent need for permission to use EDN in ship holds.

1. The issue relates to the use of phosphine [in hold in transit fumigation – logs to
China] and the need to have a fumigation technician on board to monitor the
fumigation and to top up the phosphine levels during the voyage. COVID-19 is
and most likely will continue to have significant impacts on global travel for
possibly the next two years. Since the Covod-19 epidemic the Chinese
government does not allow ship’s crew to disembark in China. This coupled with
severely reduced international flights has led to a number of challenges for
fumigation service providers in getting the technicians off ships and their return
travel to New Zealand. The travel restrictions are already impacting on the ability
of the fumigation service providers to get technicians back to New Zealand
efficiently and without substantial added cost. If EDN is available that will help
alleviate some of the strain being placed on fumigation service providers.
2. Government has recognised that the primary industry sectors will be significant
in helping New Zealand’s economic recovery. Forestry is a significant contributor
to the New Zealand economy; within our rural towns, regions and trade receipts.

As a chemical
It is also important that the characteristics of EDN are taken into consideration. Note: This is
not an excuse for ‘soft’ controls but rather an important part of the picture which needs to
be taken into consideration when making decisions.
1. EDN is not an ozone-depleting gas nor is it a greenhouse gas.
2. EDN is a gas at ambient temperature.
3. EDN is more volatile (disperses quicker) than methyl bromide and breakdowns more
readily in the environment.

14

Over Anzac weekend Genera had 31 technicians currently at sea who cannot get off ships to return home
once the vessels arrive in China. Having these technicians available for the next planned roster is unlikely and is
creating issues for fumigators.
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4. EDN degrades in water, sediment and soils to form ammonia, carbon monoxide and
carbon dioxide.
5. The only way EDN can affect a person is via inhalation.
6. Above 15 ppm eye watering will cause an unprotected person to leave the area.
7. EDN is not significantly more toxic to humans than methyl bromide.
8. Human beings [and all animals] have evolved mechanisms to breakdown cyanides in
the body. When exposed to chronic low levels of cyanides humans become more
tolerant as the thyroid is an adaptive organ. It is this mechanism that protects
smokers from the hydrogen cyanide (100ppm) in cigarette smoke. Thyroid mass
increases resulting goitre.
9. Consequently; exposure to EDN is not cumulative i.e. it doesn’t stay in the body and
build up over time.

STIMBR is confident that the risks associated with the use of EDN as a forest product
fumigant used in shipping containers, log stacks under tarpaulin and in ship’s holds can be
managed through the use of reasonable controls / use requirements.
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MODELLING
The applicant, Draslovka has provided revised air dispersion modelling of EDN15 to allow an
assessment to be made about how EDN should be used operationally. In its recent response
to Worksafe, Draslovka also provides an excellent explanation of modelling.
Modelling has been undertaken by David Sullivan (SEC) for both STIMBR and Draslovka. SEC
has recently undertaken air dispersion modelling for methyl bromide16 and EDN
respectively. SEC, have conducted over 50 fumigant flux studies, working closely with
fumigation service providers, scientists and regulators. David Sullivan works closely with the
US EPA and has designed several models used by the US EPA.
Prior to completing the revision of the EDN modelling earlier this year Mr Sullivan visited
Northport, Port of Tauranga and Napier Port as a guest of STIMBR to familiarise himself with
the environment and meet with key stakeholders. He also attended the first Expert
conferencing for modelling methyl bromide called by the Methyl bromide reassessment
DMC in person [and the second via teleconference]. While that process had not been
completed when the EDN modelling was finalised discussion from the Methyl bromide
expert conferencing was taken into account by Mr Sullivan and given effect, where possible,
in the modelling he has completed for Draslovka [recently lodged with both Worksafe and
the EPA].

Approach to modelling
It is important to note at the outset that the objective of the air dispersion modelling for
EDN commissioned by Draslovka from SEC was to accurately represent the distribution of
expected exposures, while erring on the side of conservatism. While a range of distributions
were modelled providing modelled distributions above the 98th percentile17 does not mean
that regulatory decisions should be made in accord with the extreme distributions.

15

Refer: Draslovka submission to Worksafe
Due to the delays in a decision being made that would allow the timely transition to EDN on the request of
STIMBR the EPA has determined that a modified reassessment of methyl bromide should be undertaken. Which
if successful will allow methyl bromide use to continue while the transition is made to EDN. Assuming favourable
decisions.
17 The Export conference called by the EPA EDN DMC agreed that the 98 th percentile was the highest at which
modelling was needed.
16
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Robust modelling to inform decisions
Modellers typically simplify the possible scenario and take a conservative stance when doing
so. However; while some degree of conservatism is obviously appropriate, if the modelling
is defined in terms that are overly simplified, unrealistic results can occur. We note that the
goal in the modelling prepared by SEC for Draslovka is to be accurate with a reasonable
margin of conservatism. Where possible actual records were used, and coupled using
Monte Carlo methods in order to provide a realistic range of input parameters (eg; log
stacks, numbers occurring at or about the same time and volumes). The wide variability of
discrete activities can then be realistically addressed in the modelling rather than using the
maximum inputs as has been suggested by others. In the case of modelling EDN air
dispersion at Tauranga, SEC built some added conservatism into their model. STIMBR
supports that approach. In preparing the air dispersion model for EDN SEC chose to be
reasonably conservative but follow the requirements as closely as feasible to minimize the
degree of overstating. This approach to modelling avoids adopting the easiest approach to
defend i.e. being very conservative.

Model constraints
The question of ‘calm’ conditions
STIMBR supports Draslovka’s request seeking the removal of the proposed lower wind speed limit at
which EDN can be used. EDN dissipates rapidly in the atmosphere. We note that the air is constantly
moving. At low speed the air movement however is beyond the level of detection of standard
anemometers.

Monte Carlo
Monte Carlo methods used by SEC in modelling air dispersion present a viable means of
better accounting for intermittent air quality sources such as fumigations, the appropriate
intersection of worst-case meteorology and worst-case emissions, without resorting to
assuming worst case emissions occur on a continuous basis. Through using Monte Carlo
methods five continuous years of meteorological data [recorded at the subject site] can be
used to develop 200 years of data by passing over the data 40 times. Each time randomly
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selecting data to in-put into the model. Without the use of Monte Carlo treatments, the
results could be unrealistic as the modelled scenarios that could grossly overstate
maximum impacts and provide no information to decision makers on a realistic distribution
of exposures.

Expert conferencing
While the expert conference for methyl bromide modelling was not completed by the time
the EDN air dispersion model was completed the initial meeting in late January provided
firm guidance regarding the approach to modelling for the Port of Tauranga. SEC have
considered that guidance when completing the EDN modelling.

The application of uncertainty factors to modelling
Where fumigation records, meteorological data and the landscape features are
complimented with sound assumptions and the use Monte Carlo, uncertainty factors
(UF)should not need to be applied to air dispersion modelling. Particularly, when a range of
distributions are presented. The modelling undertaken by SEC uses a 5-year meteorology
data set that the modellers are able to generate a 200-year continuous meteorological
scenario to inform the model.
When assessing the air dispersion modelling tabled with the EPA by Draslovka (Feb 2018) Dr
Bruce Graham applied uncertainty factors as follows:
1. To the load factor (LF) – an UF of 7.4
2. Doubt regarding size of log stacks – a UF of 2
3. Translation of modelling into reality – a minimum UF of 2.
It is difficult to understand why Dr Graham assigned an UF of 7.4 to the load factors of
commercial stacks and ship holds when they are known and could have been easily accessed
from service provider records. Moreover; load factor is an important metric that
phytosanitary scientists use to allow treatment rates for instance to be predicted when
scaling from laboratory test, where load factors tend to be lower than those found in
commercial scale fumigations including confirmatory tests. When considered across all of
the different grades and lengths of log fumigations occurring annually in New Zealand the
LFs fall within a very narrow range. In order to remove any doubt regarding log stack sizes
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[the volume of every log stack is known and recorded by fumigation service providers] the
revised modelling recently provided to the EPA by Draslovka randomly, using Monte Carlo,
draws fumigation data from the Genera data base for use in the model. By following this
approach, a model that better reflects commercial practice is generated.
For clarity: There is no need to add UFs to the revised model prepared by SEC.
Refer link https://www.epa.govt.nz/assets/FileAPI/hsno-ar/APP202804/d430f1f2bf/Graham-reportApril-2018.pdf

Verification testing – confirming the model
Models provide an insight into what might happen when a fumigant disperses in air. In
order to verify the model monitoring is needed. Monitoring may show that the model was
correct in its prediction, or, on the other hand under-estimated the dispersion plume. Either
way use requirements might need to be adjusted. Well-designed monitoring programmes
are essential to ensure the right data is collected. The industry would welcome the
opportunity to work with regulators to design a monitoring system for EDN.

This section discussed the need to provide fit for purpose modelling that is based on real
world data where possible to inform regulatory decisions.
STIMBR has confidence in the modelling provided by Draslovka. David Sullivan and his
team have completed over 50 fumigant flux studies.
STIMBR holds the view that using the percentiles at the extreme end of the distributions
and worse-case scenario air dispersion modelling are not appropriate to inform regulatory
decisions. Modelling these extreme scenarios is not standard practice as they exaggerate
bias, artefacts and outliers. It is a reasonable expectation that decision makers will be
aware of these issues.
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TOXICOLOGY
A number of scientific and medical disciplines provide for the use of uncertainty factors
when data quality and reliability is in doubt. Uncertainty factors are used when toxicologists
determine occupational exposures limits. Toxicologists seek to reduce the degree of
uncertainty where possible. For instance; in the absence of data for the subject chemical by
using data for an allied chemical that could be read across to the chemical being scrutinised.
Meteorologists undertaking air dispersion modelling apply precaution when preparing
models by erring on the side of conservatism in the assumptions they make. Air dispersion
modellers will also consider a range of distributions – typically including the 95th percentile
and no higher than the 98th percentile to inform regulatory decisions. The previous section
notes that models are distorted and become unreliable at the high percentiles [above the
98th] and in the case of worse-case scenario modelling are extreme. A rationale has been
presented in the previous section expressing caution about embedding distributions beyond
the 98th percentile in regulatory decisions.
When David Sullivan, SEC visited New Zealand in January 2020, STIMBR raised the matter of
compounding conservatism occurring when occupational exposure limits are used in
conjunction with air dispersion modelling to inform regulatory decisions. Subsequently; in
discussion with Dr Swaminathan, Draslovka Services, Dr Mark Pemberton18, a regulatory
toxicologist based in England, was engaged to work with SEC to provide advice on the
quantum of conservatism built into the TEL derived by the EPA in 2018.
Dr Pemberton is one of the world’s leading regulatory toxicologists. He has extensive
experience with, and knowledge of, cyanide-based chemicals. Particularly, in recent years
including authoring two European Centre for Ecotoxicology and Toxicology of Chemicals
(ECETOC)19 guidance documents, the latest not yet released.

18

https://chemreg.net/Members/markpemberton

19

http://www.ecetoc.org/
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Given EDN is a ‘new’ fumigant there is not a lot of ‘molecule specific’ data. However; Dr
Mark Pemberton notes that there is a significant body of evidence that can be referred to
with confidence that will provide; “a scientifically justified basis for reducing the uncertainty
factors”, that would provide higher chronic cyanide exposure levels. Dr Pemberton notes
the significant opportunity that exists in being able to read-across to other chemicals with
similar characteristics and dissociation behaviours.

Dr Pemberton’s analysis
Dr Pemberton had previously provided a report tabled at the 2018 Expert conference
considering the EDN TEL. That report Appendix 3 of the Joint witness statement (JWS): The
toxicology of Ethanedinitrile (cyanogen; CAS 460-19-5) in the context of setting a TEL is
considered in this section.
Refer: https://www.epa.govt.nz/assets/FileAPI/hsnoar/APP202804/f865717442/APP202804-Joint-Expert-Statement-Tolerable-Exposure-LimitsJWS-Attachment-C.pdf

More recently Dr Pemberton was tasked in March 2020 with documenting his advice which
is detailed in a Proposed basis for the derivation of a Tolerable Exposure Level (TEL) for
Chronic Exposure to Ethanedinitrile (EDN) March 2020. He derived a TEL for EDN of 0.2ppm
compared with the EPA’s value of 0.036ppm and that derived by Draslovka of 0.56 ppm.
Refer: Dr Pemberton’s report has been provided to the EPA by Draslovka. It is provided
again here as a separate PDF as Appendix 2 of this document.

During the course of considering the literature as he prepared the document immediately
above, Dr Pemberton reviewed the JWS released by the EPA in October 2018 following the
expert conference. Dr Pemberton advised that there were serious flaws in Appendix 1 of the
JWS. He reviewed that document formally in a report [ 6 April 2020] to Dr Swaminathan:
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Systox Comments on the EPA Derivation of a Tolerable Exposure Level (TEL) for Chronic
Exposure to Ethanedinitrile the Active in EDN (APP202804) dated September 26, 2018.
Refer: Following discussion and Appendix 3 [supplied as a separate pdf] of this document.

STIMBR asserts that the EPA rationale for the TEL it established is flawed and warrants
reconsideration. The reasons for and the need to revise the TEL value derived in 2018 by
the EPA follow.

Safe guarding health – Robust data
In preparing the application to the EPA, Draslovka had a range of human health tests
undertaken by Envigo, [previously Huntingdon Life Sciences] a contract research
organisation based in Cambridgeshire, England. These dossiers, supplied to the EPA in
confidence, report the results of tests including; irritancy, sensitisation, mutagenicity,
carcinogenicity, reproductive and developmental toxicity, are the same that Draslovka has
presented to the EU as it seeks registration in Europe. Given the high level of scrutiny EDN is
subject to STIMBR is confident that EDN is not a threat to human health when used with
reasonable controls and use requirements.

Refer p20-26
https://www.epa.govt.nz/assets/FileAPI/hsno-ar/APP202804/7b0391ae78/EDN-Application-form27-2-2018.pdf

The use of uncertainty factors in toxicology – a rational approach
The use of uncertainty factors (UF) to make adjustments is often applied in toxicology
particularly in the absence of robust information for either a given chemical or another
allied chemical that could be read across to the former. Issues arise; however, when
toxicologists cannot reach agreement of the UF to be applied. An example occurred when
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the EPA was determining the TEL for EDN. An expert conference was called after the EPA
had suggested a TEL of 0.036ppm in the Science memorandum.

Refer
https://www.epa.govt.nz/assets/FileAPI/hsno-ar/APP202804/94986b12f9/APP202804-EPAEDN-Science-Memorandum.pdf

Deriving a robust TEL
In the following section the three documents prepared by Dr Mark Pemberton are
discussed:

1. Advice provided by Dr Pemberton to the Expert conference in 2018 to determine the
TEL; The toxicology of ethanedinitrile (cyanogen; CAS 460-19-5) in the context of
setting a TEL.
2. Dr Pemberton reviews the EPA document [Appendix 1 of the JWS]; Derivation of a
Tolerable Exposure Level (TEL) for Chronic Exposure to Ethanedinitrile the Active in
EDN (APP202804).
3. Advice received recently from Dr Pemberton; Proposed basis for the derivation of a
Tolerable Exposure Level (TEL) for Chronic Exposure to Ethanedinitrile (EDN) March
2020

Advice provided by Dr Pemberton to the TEL Expert conference - September 2018
APP202804-Joint-Expert-Statement-Tolerable-Exposure-Limit-(JWS) provided to the EPA
Expert conference for EDN September 2018
Refer:
https://www.epa.govt.nz/assets/FileAPI/hsnoar/APP202804/8e6d1c54fd/APP202804-Joint-Expert-Statement-TolerableExposure-Limit.pdf
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Sitting with-in this as appendices [described as “attachments”] are four papers of interest:
1. EPA rationale for the Derivation of a Tolerable Exposure Level (TEL)
2. Draslovka rationale for TEL, WES and NOAEC
3. Dr Pemberton - Expert statement
4. Dr William Heydens - Expert statement.

Both Drs Pemberton and Dr Heydens had been recommended to the EPA as experts to
attend to EDN expert conferencing in 2018. Neither were not appointed to the panel.

The expert conference directed by the DMC to consider the TEL for EDN in 2018 involved Dr
Jim Deyo (EPA) and Dr Adam Jonas (formerly Draslovka, Kolin, Czech Republic) caucusing20
over the course of a day. Refer documents listed above. No facilitator was present. While
the TEL of 0.036ppm proposed for EDN by the EPA was not changed by the experts, Dr Jonas
did not condone the EPA’s methodology instead Dr Jonas accepted Dr Deyo’s approach to
calculating a TEL value. Dr Jonas later reported to Draslovka, that he felt he had not been
heard.

Dr Mark Pemberton provided an expert statement to the EDN Expert conference [via Dr
Jonas] on The toxicology of ethanedinitrile (cyanogen; CAS 460-19-5) in the context of
setting a TEL.

Refer:
https://www.epa.govt.nz/assets/FileAPI/hsnoar/APP202804/f865717442/APP202804-Joint-Expert-Statement-TolerableExposure-Limits-JWS-Attachment-C.pdf

In that paper Dr Pemberton reviewed the literature; discussed considerations for selecting
UFs to compensate for uncertainty when extrapolating from data in animals to humans;
20

Dr Mark Pemberton had been offered by Draslovka as one of two experts nominated for consideration by the
DMC. The DMC chose to accept only Dr Jonas.
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considered toxicokinetic (TK) and toxicodynamic (TD) subfactors; intraspecies variation;
limiting factors; and options for deriving a TEL for EDN. In his concluding remarks he noted:

1. The TEL for EDN proposed by the EPA was predicated on an incorrect application
of an intraspecies AF for toxicokinetics. The interspecies AF should not be applied
when allometry has already been used to adjust the inhalation POD. Dr
Pemberton advised that “This is contrary to regulatory guidelines and general
practice.”

2. While the EPA recognised weaknesses in the Lewis (1984) study compensating
for this by applying a somewhat arbitrary, additional, modifying factor thereby
driving down the resultant TEL as opposed to reading across to reliable data on
other dissociable cyanides like HCN, salts of HCN and ACH the EPA did not follow
the “preferred way of dealing with uncertainty by looking for alternate studies
upon which to depart is a practice recognised and recommended by WHO IPCs
and regulatory agencies across the world.”

3. Despite EDN specific data “……. different options are available upon which to set
a TEL for EDN.” Pemberton recognises that while these options “are associated
with some degree of uncertainty.” the TEL for EDN “could be based upon the
weak study of Lewis but in this case use of chemical specific AFs over arbitrary or
default AFs is recommended to ensure transparency and avoid still driving down
further the already conservative POD.”

4. He also advises that “Alternatively, a weight of evidence approach based upon
the findings of several, high quality studies on cyanides that share the same MOA
as EDN i.e. via CN- could be used,” while recognising that; “… this may be judged
as also being associated with some uncertainty regarding the read-across
hypothesis that is equally challenging to quantify.”
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5. He goes on to state; “The draft documentation for derivation of a TEL for EDN has
serious flaws in the way it deals with uncertainty” [regarding the Lewis (1984
study] “and incorporates this into a total AF of 100 to account for uncertainty in
extrapolating from studies in animals to humans.”

6. Critically, he then observes that; “The resultant TEL is extremely low and
inconsistent with human experience with other cyanides and nitriles. For the
intended purpose of this TEL this may have adverse socioeconomic or feasibility
impacts.”

7. Dr Pemberton then concluded in 2018; “Whichever approach is finally taken by
EPA it is recommended that the correct use of adjustments allometric
differences between rats and humans and appropriate chemical specific AFs are
used.”
There is no evidence that the EPA considered; nor heeded, Dr Pemberton’s advice before,
during, or after, the EDN TEL Expert conferencing.

Dr William Heydens21 an American based Toxicology and Human Health Risk Assessment
expert also concluded [independently of Dr Pemberton] his written advice by stating;
“An occupational risk assessment for ethanedinitrile based on results from
the Lewis et.al. (1984) study and the methodology employed in the US EPA’s
cyanide risk assessment would result in acceptable exposure levels in the
range of approximately 0.1 ppm to 0.27 ppm ethanedinitrile.”

Refer:
https://www.epa.govt.nz/assets/FileAPI/hsno-ar/APP202804/6a9d9e5a89/APP202804-JointExpert-Statement-Tolerable-Exposure-Limits-JWS-Attachment-D.pdf

21
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STIMBR notes the analysis and asks that the EPA [ands Worksafe] accepts Dr Pemberton’s
review and analysis and the TEL he derived, which is within the range suggested by Dr
William Heydens, and amends the TEL proposed by the EPA to 0.2ppm.

Dr Pemberton’s review of the 2018 EPA document determining the TEL
Refer: Derivation of a Tolerable Exposure Level (TEL) for Chronic Exposure to
Ethanedinitrile the Active in EDN (APP202804).

During the process of preparing the following paper (Item 3 below) Dr Pemberton
completed an analysis of the EPA paper, referred to (above) as Appendix 1 of the Joint
Expert Statement, as part of his analysis.
Readers are advised to read the critic in its entirety (Refer: Appendix 3 to this document).
In his opening comments addressed to Dr T. Swaminathan, Draslovka Services, Dr
Pemberton observes;

“Systox identified a number of statements made by EPA that were not supported by
the available data on EDN. EPA appears to have misinterpreted some of the written
comments previously made by Draslovka on EPA’s proposed TELchronic for EDN. EPA
is resolute in their identification of reduced body weight gain in rats as the point of
departure (POD) despite it being in the absence of any other effects and therefore of
questionable relevance to humans and compensates for this with a large margin of
safety. EPA makes an adjustment of the POD based upon differences in ventilation
rates between rats and humans that is contrary to recognised standard practice and
guidance. EPA employs a consideration of traditional default adjustment factors for
interspecies and intraspecies uncertainty without due consideration of chemicalspecific data that justify deviation from default. EPA falsely justifies its application of
its uncertainty factors referring to historical factors applied by other agencies
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without acknowledging the very different circumstances under which those factors
were used and the fact that they are not applicable to the present assessment on
EDN.
“As a consequence, the record dated September 26, 2018 gives an inaccurate
impression of the level of confidence in a) the available data and the level of
uncertainty surrounding the toxicology of EDN, b) the robustness of the approach
taken by EPA is setting their proposed TEL value and c) the absence of alternative
approaches to setting the TEL that would be or greater confidence.”

The following text in black taken from Dr Pemberton’s report records the EPA position while
Dr Pemberton’s analysis is in blue italics.
•

“The EPA believe that the UF of 100 utilised in the calculation of the TEL was not
overly conservative and was derived using a pragmatic approach consistent with
the toxicological standards utilized by other regulatory bodies.

•

“This is made evident as the resultant estimated safe exposure limit value set by
our 100-fold factor resulted in an exposure level (mg/kg) to cyanide that was
similar to other globally recognized chronic exposure levels (Table 2).”
o “As demonstrated in the comments on table 1 the uncertainty factors cited
reflect divergent assessments including assessments on HCN, by the oral
route and including studies in humans and animals so this hardly justifies
comparability of factors with those used by EPA.
o “Furthermore, the EPA assessment factors were default conservative factors
reflecting the low level of knowledge at that time and apparently led to levels
that EPA considers were “overly conservative as it was based on the maximal
default value for each category of concern and did not account for the whole
realm of toxicology data available on cyanides.”
o “The other globally recognized chronic exposure levels cited in table 2 do not
benefit from the increased understanding of the toxicology of cyanides that
has been facilitated by the ECETOC review in 2007.
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o “The applicant is of the view that referencing past practice, lack of chemicalspecific knowledge and conservatism as a justification for current decision
making is not scientific.”
•

“The type of toxicity manifested from chronic exposure is different than that from
an acute exposure, therefore, the basis for and magnitude of the UF used by the
EPA for chronic exposure are different and more pertinent than those put forth by
the Applicant whose UF values were based on setting safe acute exposure levels
that do not need to account for all the factors the EPA used in establishing a 100
fold safety margin.”
o “EPA misconstrued the comments submitted by the applicant. Specifically
the use of a modifying factor based upon ventilation rate differences
between rats and humans and then the application of a factor of 4 for
interspecies differences (allometry) is explicitly advised against in ECHA and
guidance and international best practice.“

•

And; finally, “The Applicant did not put forth any new scientific toxicology data in
regard to the effects of cyanide that would indicate that the chronic cyanide
exposure levels currently established by other regulators should be greatly
increased as they have proposed.”
o “Quite to the contrary the applicant introduced extensive data on other
cyanides and provided a scientifically justified basis for reducing the
uncertainty factors that would lead to a higher chronic cyanide exposure
levels than currently established by other regulators.
o “The applicant considers that while EPA recognises that there is a very large
and extensive database on the systemic toxicity of “cyanides” but unlike
other agencies apparently fails to appreciate the opportunity that is
afforded by read-across to other chemicals of the class of cyanides and
nitriles that dissociate readily to release CN- ions (Hartung, 1963) i.e. HCN,
simple salts (such as sodium, potassium, calcium and ammonium) of HCN
and acetone cyanohydrin (Hartung, 1963, ASTDR, 2006, ECETOC, 2007). The
applicant acknowledges that it did not provide an explicit example of how
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this weight-of-evidence approach should be used in the setting of a
TELchronic in its comments in 2018 and that this was perhaps an oversight
that has now been corrected.”
o “The applicant believes that taking the conservative NOEL from the 6 month
study in monkeys as the point of departure (POD) is justified on basis of the
greater relevance of non-human primates over rodents for predicting health
effects in humans. Furthermore, this POD in monkeys is as sensitive as the
POD in rats proposed by EPA that is of questionable relevance not only to
rats but also to humans. Following the application of a combination of
standard and chemically-informed uncertainty factors and overall
adjustment factor less than the 100 fold safety margin the used by EPA is
fully justified.”

Dr Pemberton proposes a TEL for Chronic Exposure to EDN March 2020
Dr Mark Pemberton was engaged by Draslovka in 2020 to work with SEC and STIMBR as the air
dispersion modelling for EDN was being revised by SEC to inform the application. The purpose of the
work was to describe the conservatism built in to the toxicological parameters so that the, EPA, DMC
and Worksafe are aware of the effects of building conservatism into the two different disciplines i.e.
Air dispersion modelling and toxicology.

As part of that process Dr Pemberton reviewed the literature to establish how the TEL derived by the
EPA had applied uncertainty factors. He then discussed his findings for EDN with STIMBR advising
that the basis for the TEL the EPA had established was not justified. [The applicant expressed
concern, as did STIMBR, at the extremely conservative TEL when it was first proposed by the EPA
and at the EDN DMC hearings in August 2018.

Dr Pemberton reviewed the literature and documentation and set out his approach to determining a
revised TEL for EDN. It should be noted here that the TEL Dr Pemberton has determined of 0.2ppm is
less than that suggested by Draslovka (0.56ppm) and is significantly greater than that determined by
the EPA (0.036ppm).
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Dr Pemberton summed his findings in the following paragraph:
“Based upon the weight of evidence taking into account the 6 month inhalation study in
monkeys of Lewis at al., (1984), studies up to 1 year on other cyanides (NaCN in rats and
mice - Hébert (NTP), 1993; and ACH - Monsanto, 1984) and acute exposure studies in
humans (McNerney and Schrenk, 1960) a point of departure of 11ppm EDN in experimental
studies was identified. Adjusting this value to account for differences in exposure conditions
between experimental conditions and 24hrs per day, 7 days a week exposure in the case of
the general public derived a modification value of 1.96ppm. Application of chemical-informed
assessment factors to account for Interspecies uncertainty (2) and Intraspecies uncertainty
(5) is justified based upon the conservative nature of the endpoint and the well understood
mode of action of cyanides within the body. A Tolerable Exposure Level (TEL) for Chronic
Exposure to Ethanedinitrile (EDN) of 0.2ppm (1.96/(2x5)) is derived. Despite the steep doseeffect response curve for EDN and cyanides there is high confidence in this TEL considering
the extensive database upon which the value is determined and that it is sufficiently
protective of acute irritation (factor of 40 from NOEL) and chronic effects.”
Dr Pemberton’s full report is appended as Appendix 3.

The toxicological assessment completed by the EPA in 2018 when the EPA derived a
Tolerable exposure limit (TEL) for EDN of 0.036ppm is flawed. A peer review of that
analysis has been provided by a regulatory toxicologist.
Subject matter expert Dr Mark Pemberton has provided a detailed analysis which derives
a TEL of 0.2ppm for EDN. This ‘revised’ TEL is corroborated by advice of Dr William
Heydens which provided a range spanning the value [0.2ppm] determined by Dr
Pemberton.
STIMBR asks that the TEL Chronic of 0.2ppm derived by Dr Pemberton is accepted by the
regulators.
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HEALTH MONITORING
The advice of Dr Pemberton demonstrates that the requirements for, audiometric and
respiratory monitoring proposed by Worksafe in the absence of evidence is not necessary.
It must be stressed that STIMBR supports the need for health monitoring where there is a
need and a clear cause and effect correlation can be established.

Audiometric testing
The need for audiometric testing was stated by Worksafe at the August 2018 DMC EDN
hearings. STIMBR recently also sought advice from Dr Mark Pemberton regarding the
scientific basis for the audiometric testing promoted by Worksafe. The advice provided by
Dr Pemberton follows;

“We reviewed the available literature back on 2007 (see below). This indicated a
concern for enhancement of noise induced hearing loss by cyanide based upon
studies in animals. However, occupational exposure below the OEL [occupational
exposure limit] at that time did not show any concern for hearing loss in workers
(The only reliable worker health study to report occupational exposure levels was
that of Leeser et al (1990). In this study, no adverse clinical effects could be attributed
to exposures to cyanides of up to approximately 3 ppm HCN (1.1 - 3.4 mg/m3) (TWA
for a typical 8-hour shift)).
Dr Pemberton then quotes from the ECETOC Joint Assessment of Commodity Chemicals
(JACC):
“Co-exposure to cyanide and noise Long Evans pigmented rats (6 - 16 males/group; 2
- 3 months old) were exposed (nose-only) to HCN (0, 10, 30 or 50 ppm; 0, 11.2, 33.7,
56.2 mg/m3) for 3.5 hours, noise alone (in inhalation chamber) for 2 hours, or noise
for 2 hours and HCN (10, 30 or 50 ppm) for 3.5 hours.

“Background noise in the exposure chambers was below 35 dB for all octave bands
having a centre frequency (geometric mean) of 2 kHz and higher. Broadband noise
(100 dB) with a centre frequency of 13.6 kHz was applied, resulting in a preferential
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disruption of high frequency auditory function while leaving low frequency auditory
function intact. Four weeks after exposure, ‘pure tone compound action potential’
thresholds were determined by placing electrodes onto the round window of the
cochlea and the neck muscle (reference electrode) of anaesthetised rats and
measuring the action potentials in response to noise. The sound level necessary to
generate a visually (oscilloscope) detectable action potential (amplitude ≈ 1 μV) was
determined for pure tones of 2, 4, 6, 8, 12, 16, 20, 24, 30, 35 and 40 kHz applied for
10 ms (9.7 ×/s, rise/fall within 1 ms). Histology of the cochlea was performed in 3
controls, 4 rats exposed to noise only and 3 rats each exposed to 10 or 30 ppm of
HCN.

“Action potential thresholds of animals receiving 10 and 30 ppm HCN without
additional noise exposure were comparable to those of controls. The rats at 50 ppm
HCN had slightly elevated thresholds (10 dB) at the highest and lowest frequencies;
the difference was not statistically significant. Noise alone induced a significant
threshold elevation (12 dB) between 12 and 40 kHz, but not between 2 and 8 kHz.
HCN combined with noise resulted in a dose related impairment of action potential
thresholds (i.e. hearing loss), compared to noise only, that was significant at 30 and
50 ppm. Losses were 24 and 36 dB, respectively, between 12 and 40 kHz, and 20 dB
at 50 ppm and 8 kHz. At 10 ppm HCN plus noise, there was 15 dB impairment
between 12 and 40 kHz.

“Benchmark dose analysis showed a linear relationship for (i) 10% hearing loss
beyond the effect of noise alone (1 dB loss) in the frequency range of 12 to 40 kHz,
resulting in a benchmark dose of 3 ppm with a lower bound confidence limit of 2
ppm, (ii) 5 dB hearing loss in the frequency ranges of 12 to 40 kHz, resulting in a
benchmark dose of 11 ppm with a 95% lower confidence limit of 9 ppm, and (iii)
hearing loss corresponding to one standard deviation above the mean effect for noise
alone, resulting in benchmark doses of 21 ppm (lower confidence limit of 16 ppm) at
12 to 40 kHz and 11 ppm (lower confidence limit of 9 ppm) at 20 to 40 kHz.
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“Histological analysis of the cochleae, following location of hair cell damage using
cytocochleograms, revealed that 10 and 30 ppm HCN in combination with noise had
induced a slightly higher outer hair cell loss, compared to controls, mainly at
locations corresponding to frequencies higher than 20 kHz. Hair cell losses were 5% in
noise only rats, 6% (not significant) with 10 ppm HCN plus noise, and 9% (significant)
at 30 ppm HCN plus noise. HCN exposure alone had no effect on cochleal hair cells.

“In conclusion, 30 ppm HCN exposure for 3.5 hours combined with noise (100 dB,
centre frequency 13.6 kHz) for 2 hours significantly increased hearing loss and loss of
cochleal hair cells in rats. A benchmark dose of around 10 ppm HCN combined with
noise levels of 100 dB was derived for the increase of noise-induced hearing loss
(Fechter et al, 2002).”

Workers under taking fumigation activities and others working in the vicinity at the ports
including stevedores work following safety protocols addressing noise.
On the strength of the findings of the above STIMBR cannot identify a sound rationale for
requiring audiometric testing. Additionally; there are likely to be other risk factors that
cause of hearing loss22. We note that in this instance correlation does not, and will not be
likely to, prove causation, for the following reasons, all of which can effect hearing including;
1. Genetic disorders
2. Viral infections
i. Mumps and
ii. Measeles
iii. Shingles
3. Menengitis
4. Diabetes
5. Smoking
6. Tumours

22

https://www.mayoclinic.org/diseases-conditions/hearing-loss/symptoms-causes/syc-20373072
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7. Meniere’s disease
8. Obesity
9. Blood pressure
10.Advancing age
11.Ototoxic drugs – including common antibiotics and some diuretics
12.Listening to loud music and/or occupational loud noise exposure23
13.Concussion injuries
14.The use of ear buds and other similar sound devices; and,
15.Conductive hearing loss causes.
Dr Pemberton in his analysis determining the TEL EDN noted that the thyroid is an adaptive
organ [as is the hypothalamus] that will respond to low levels of EDN (the CN-) that may be
present. The adaptive organs provide protection from the HCN found in cigarettes24, apple
pips, stone fruit kernels and cassava25.

Respiratory testing
Worksafe in its draft SWI setting out the use requirements proposes that respiratory testing
should be undertaken. Dr Pemberton states in his analysis:
“Findings in the 6 month inhalation study in monkeys were limited to lower moisture
levels in treated animals and marginal-transitory behavioural effects when exposed
to EDN at 25 ppm for 6hr/day, 5 days/week for up to 6 months (Lewis et al., 1984).
11ppm was a NOEL. The lower moisture levels in lungs of treated monkeys
“compared to controls in the absence of comparable effects in rats and without
fibrosis” were considered as being of questionable biological relevance as was the
marginal-transitory behavioural effects since it was observed against a background
of “disturbingly low overall rates and high variability”.”

23

https://www.cdc.gov/nceh/hearing_loss/default.html
HCN 100ppm
25 A staple food particularly where there is poor nutrition in tropical countries. High in linamarin which when eaten
converts to cyanide. Can result in an irreversible paralytic disorder called Konzo.
24
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Advice was sought from Dr Mark Pemberton regarding assertions that health monitoring for
hearing loss and respiratory function are necessary. The advice of Dr Pemberton demonstrates
that the requirements for, audiometric and respiratory monitoring proposed by Worksafe in the
absence of evidence is not necessary.
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CONCLUDING STATEMENT
STIMBR recognises that the New Zealand regulators Worksafe and the EPA have been
grappling with approving a new fumigant. The application from Draslovka to approve the
use of EDN in New Zealand is without peer. As no application for a new fumigant, to be used
as an alternative to methyl bromide currently used to treat logs, has been dealt with by
neither the EPA nor Worksafe. Draslovka and STIMBR have by themselves and jointly
invested significantly to prove EDN as a suitably sustainable alternative to methyl bromide.
STIMBR is a strong advocate of the need for fit-for-purpose mitigations that will provide
protection for workers, the public and the environment. We want EDN to be used safely.
But; we also want to be assured that any controls and use requirements determined by the
EPA / DMC and Worksafe are justified; and importantly, are supported by science.

To recap STIMBR asks that:
1.

The EPA / DMC note STIMBR’s comments regarding the controls recommended by Draslovka

2.

Approval to import and use EDN as a phytosanitary treatment of forest products
(including logs) and

3.

Approval to use EDN in shipping containers, under sheets (tarpaulins) and in ship holds is
granted.

4.

The EPA / DMC are cognisant of the precautionary measures built into models and measures
such as TELs and WES values when making decisions and avoid compounding the
precautions applied by different disciplines when making decisions.

5.

The EPA and DMC carefully consider the modelling provided by Draslovka; and, are mindful
of the dangers of embedding bias, artefact and outliers found at the 98th percentile and
above along with worse-case modelling in regulation.

6.

The regulators accept the advice of Dr Mark Pemberton and approve a TEL chronic of
0.2ppm for EDN.

7.

The regulators note the proposed health monitoring is not supported by science and is
therefore not warranted.

8.

Health monitoring for hearing loss and respiratory function is not needed.
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In closing STIMBR notes the significant body of knowledge supporting the proposed use
requirements key stakeholders have identified. We trust that the EPA / DMC and Worksafe
will accept the body of evidence provided and determine fit for purpose controls and use
requirements that will enable the forest industry to move away from methyl bromide, as it
has pledged to do, when EDN is approved for use in Aotearoa - New Zealand.
Ma whero ma pango ka oti ai te mahi.
We thank you.
Ian R Gear
STIMBR Executive Officer / Research Director
4 May 2020
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Appendix 1
Use requirements proposed to Worksafe
To prepare a sound response to Worksafe’s call for submissions on the draft SWI for EDN; key
stakeholders have considered the draft proposed use requirements tabled by Worksafe. The ports
where fumigations occur have been informed and are aware of that work. STIMBR, and key
stakeholders in their own right, have considered the science and modelling in assessing the risk and
developing the use requirements we present. The use requirements that are proposed by key
stakeholders demonstrate that we can adequately predict, identify mitigations and manage the risks
associated with using EDN as a fumigant for logs and forest products treated in shipping containers,
under sheets (tarpaulins) and ship holds.
STIMBR and key stakeholders have recently made submissions to Worksafe proposing use
requirements for using EDN to treat logs and forest products destined for export from New Zealand.
The use requirements follow a risk management approach.
The following section describes the use requirements that relate to aspects of the sciences
associated with EDN and are therefore of interest to STIMBR. Where appropriate comment is made
and the proposed use requirement (control) suggested to Worksafe. The proposed use requirements
are in no particular order.

Buffers
Worksafe asked Todoroski to model a buffer of 50m and consequently has proposed the same
measure. We believe that the SEC modelling and the advice of Dr Mark Pemberton demonstrate that
this buffer is unduly conservative.
A buffer of 30m to exclude public (non-occupational bystander) is appropriate. The TEL at the
boundary of this buffer must not be exceeded.

A managed risk zone
Currently when fumigating using methyl bromide the risk zone is managed by the fumigation service
provider.
During EDN fumigation and venting the service provider will manage a risk zone where occupational
bystanders are prevented from entering if the WES value of 3 ppm EDN is likely to be present and
were the ceiling WES of 5ppm will not be exceeded. The risk management approach proposed by
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Genera will allow the risk buffer boundary to be moved according to atmospheric levels of EDN in
such a way that the WES and TEL health measures are meet.
Fumigators and forest product exporters work in the port environment on a daily basis and are well
experienced in the application of methyl bromide in shipping containers, log stacks and ship holds.
Logs have been fumigated [with methyl bromide] in New Zealand using this approach for over 20
years.
Fumigation service providers are experienced in using the proposed risk management approach for
managing the risk buffer boundaries.

EDN monitors
Monitors are available for monitor atmospheric levels of EDN. Fumigation service providers will be
able to adjust the risk buffer boundary to ensure levels of EDN at the boundary of the risk zone do
not exceed the WES. the SEC model shows that the relatively low levels of EDN which will be
released at the time of ventilation will rarely reach maximum of 20 metre from the fumigation
structure.

Commercial scale tests using EDN
Observations when the series of two large scale fumigations tests using EDN were undertaken in
2016 (x3) and 2019 (x9) [in Tokoroa] confirm that the application of a significant buffer zone during
the period called the passive phase [following the release of the fumigant and venting] is not
warranted.

TAS modelling
TAS recognised this in their air dispersion modelling report [completed for Worksafe]. Section 3.3.1
reports:
"it is understood...that there is no significant desorption following fumigation and therefore
desorption has not been considered in this assessment. Fugitive emissions of EDN, escaping
during the fumigation are also assumed to be negligible and have been excluded in this
assessment. Thus the only emission of EDN assumed in the modelling occurs during the
ventilation period."

Genera historic records
Genera provides regular reports to key stakeholders in the monitoring staff undertake at the Port of
Tauranga. The monitors used for this testing record total volatile organic compounds – of which
methyl bromide is one of fifteen volatiles. Graphs presented by Genera show that the TELs and WES
for methyl bromide were not breached.

Genera reporting
Additionally; an independently prepared annual report commissioned by Genera to the Bay of Plenty
Regional Council reports on ‘snap shot’ sampling at the port. The Volatile Compounds Assessment STIMBR SUBMISSION May 2020
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Port of Tauranga 2018 reports on sampling using CUB detectors and cannisters. The volatile
components are identified in order to determine the portion of methyl bromide present. The 2018
report and the 2019 data [report not available at time for writing] show that the WES and TEL-1h
and TEL 24-h were not breeched.

Proposed use requirements:
EDN must not be used in a way that results in a concentration of EDN above the TEL at the 30m
buffer zone.
During fumigation and venting the PCBU will manage a risk zone where occupational bystanders
are prevented from entering if a WES of 3 ppm is likely to be exceeded and were the ceiling WES
will not be exceeded.

Fumigation process monitoring using tubes
Worksafe proposes that three monitoring tubes are inserted into every log stack to be fumigated.
This is not necessary nor practical in the case of shipping containers and smaller log stacks.
Refer Appendix 1 and also the Draslovka and Genera submissions.

Proposed use requirements:
STIMBR has requested that Worksafe work with industry to agree the number of lines for shipping
containers, small and large log stacks, and ship holds.

Log movements – breaking down the stack following ventilation
Fumigation service providers must provide clearance before stevedores and others can access
containers, log rows and ship-holds that have been fumigated. Based on the experiences of treating
commercial scale stacks a 15-minute period of continuous readings for EDN of less than 3ppm is
required before stacks are cleared for access of any sort. When logs are cleared for removal log
handling machines lift logs onto truck and trailer units which move the logs to the ship before any
people working on the port come close to them.

Proposed use requirements:
Following ventilation logs may only be moved once the EDN concentration, adjacent to the log
stack, is less than 3ppm over a period of 15 minutes.

Health monitoring
Worksafe proposes audiometric and respiratory system health checks.
Refer Toxicology section Audiometric testing.
The need for audiometric health monitoring is not supported by science and is therefore not
warranted.
The need for respiratory testing has not been established. A control requiring respiratory health
monitoring is not appropriate.
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No use requirements are required:

Ship hold fumigation
Draslovka has requested permission for EDN use in shipping container and in ship holds. The ability
to be able to treat ship holds is crucial. Without that ability the Indian market for logs will be lost.
Refer: previously economic analysis provided.
Link to peter hill / Paul Nicolls analysis
While the principle concern is around the need to have a replacement for all methyl bromide
treatments the presence of COVID-19 has brought another issue to the fore that reinforces the need
for permission to use EDN in all of the current enclosure spaces in which methyl bromide
fumigations occur. Phosphine in transit treatments require a technician on board to monitor the
fumigations and to undertake the necessary top up treatments during the voyage. The emergence of
Covid-19 has created challenges in that the Chinese authorities will not allow ship crew to
disembark. There-fore the technicians need to be taken of the ship, diverting elsewhere, before
arriving in China. If EDN is available [approved for use in New Zealand and accepted by trading
partners] that will help alleviate some of the strain being placed on fumigation service providers.

Flammability:
Some concern has been raised that EDN is flammable; and therefore, should not be used and/or
should not be permitted for use in ship holds in fear of explosion. Draslovka and STIMBR has
responded to both Worksafe and the EPA regarding these concerns.
Refer: https://www.epa.govt.nz/assets/FileAPI/hsnoar/APP202804/APP2028804_Applicant_response_to_WGTO10_25-3-2020.pdf
EDN is flammable. Methyl bromide is also flammable in a narrow range of concentration. Like-wise
petrol and its related hydrocarbons are highly flammable. The concentration at which EDN will be
used is just over the lower explosive limit. While there is a risk – a spark would be needed – for a
short period after the fumigant is released into the enclosed space that risk is mitigated by a number
of factors including;
• Ship holds are intrinsically safe.
• Holds can be isolated, if there are concerns, by the ship’s Master.
• Logs are freshly harvested and are charged with water. The relative humidity rises rapidly in
all forms of enclosure to approach saturation.
• Oxygen levels fall and carbon dioxide levels fall as logs continue to respire following harvest.
• Logs and processed wood do not spontaneously ignite.

Proposed use requirements:
The fumigation service provider must check that ship holds are intrinsically safe. If there is any
doubt the ship’s Master must isolate the electric circuits in the holds.
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Tarpaulin permeability
Worksafe, in the draft SWI, has prescribed a permeability value of “0.02 g/m2 for 24 hours” for
tarpaulins to be used in New Zealand. It appears that this requirement has been taken from the
Australian Fumigation Accreditation Scheme 2015 Methyl bromide fumigation standard. That
standard is redundant.
The Australian Department of Agriculture (DoA) has advised [pers comm.] that;
“The department has moved away from the AFAS standard for methyl bromide…………..we have
moved away from arbitrary permeability figures for sheets and instead now require that the
enclosure (including the sheet) be sufficiently gas tight to achieve the required end point retention.”
Followed by;
“The reason the department removed the requirement was because sheet permeability is only one of
many factors involved in determining gas retention,…”
And, then noting;
“Ultimately, end point monitoring ensures the enclosure is able to deliver a successful fumigation,
and that was probably the intent of the original requirement.”
The tarpaulins used in New Zealand by fumigation service providers have been subject to
comparative tests in separate tests with the fumigants EDN and methyl bromide by Dr Husein Ajwa,
UC Davis, one of the world authorities on fumigation science and technologies. The methodology he
followed using a tarpaulin sample provided by Genera on request from STIMBR has been peer
reviewed and is accepted by disinfestation scientists. He found that the ‘Genera’ tarpaulin had the
lowest mass transfer coefficient (MTC) for the 10 samples tested for EDN. Using the same tarpaulin
fabric methyl bromide was shown to have a MTC of 2.7x higher than that for EDN.
It must be borne in mind that laboratory permeability tests are conducted using two adjoining
chambers (small scale) with no product (wood or other commodity) present. In the real world when
EDN is used to fumigate logs the concentration under the tarpaulin declines rapidly to very low
levels by about 15-16 hours. The desorption process reduces the EDN concentration within the
fumigated space and hence the diffusion through the tarpaulin also declines.
Fumigation service providers have used the tarpaulins for many years with methyl bromide
fumigations successfully. Field observations in 2016 and again during the 2019 confirmatory tests,
both conducted in Tokoroa, did not detect significant EDN emissions during the process of
fumigation.
Draslovka has established a tarpaulin testing unit and will be able to provide test certificate for each
batch of tarpaulins purchased by fumigation service providers.

Proposed use requirements:
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The PCBU shall maintain a register of test certificates for each consignment of tarpaulins
purchased that provides the mass transfer coefficient for EDN.
Tarpaulins must be checked for tears before fumigation commences and mended when necessary.
Once 10% of the fumigant is released the fumigators must complete leak tests before proceeding
to release the balance of the fumigant.

Ventilation
Venting times
TAS recommended that ventilation be restricted to occur no earlier than 0800h and be completed by
1500h. Many inward log movements occur during the course of a day with the majority arriving at
ports between 0900h – 1500h. Such a time constraint is not appropriate given the level of
conservatism built into the TAS modelling. Fumigation service providers should be enabled to use a
risk management approach when venting is to occur.
Refer: Appendix 1 and the Draslovka submission.

Proposed use requirements:
Ventilation of EDN on completion of a fumigation may be undertaken at any time.
The fumigation service provider must have a risk management plan in place.

Concentration under the tarpaulin
Worksafe suggests that venting occur once the concentration under the tarpaulin falls beneath
500ppm. Modelling prepared by David Sullivan demonstrates that a threshold at which venting can
occur at 700ppm would provide the required protections.
Worksafe has recognised that scrubbing technologies are not required for EDN prior to venting.
Laboratory and confirmatory test results have demonstrated that EDN is a self- scrubbing fumigant.
STIMBR research has shown that by the time 15-16 hours have past following release of the
fumigant very low levels remain in the airspace surrounding the wood. The EDN is absorbed into the
logs or processed wood where it rapidly breaks down. There is no danger of EDN desorbing as the
EDN is broken down rapidly as it is absorbed into the wood. Worksafe does not require the use of
scrubbing technologies to be used in association with EDN fumigations.

Proposed use requirements:
That ventilation does not begin until the concentration of EDN in the enclosed space is 700ppm or
less.
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Appendix 2
Proposed basis for the derivation of a Tolerable Exposure Level (TEL) for
Chronic Exposure to Ethanedinitrile (EDN)

Refer separate PDF.

Appendix 3
Systox Comments on the EPA Derivation of a Tolerable Exposure Level (TEL) for
Chronic Exposure to Ethanedinitrile the Active in EDN (APP202804) dated
September 26, 2018.

Refer separate PDF.
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Draslovka
Dr. Swaminathan
Head of Research & Regulatory Affairs
Draslovka Services Group

Reference

Dr M A Pemberton
Systox Ltd

Date
27 March 2020

Proposed basis for the derivation of a Tolerable Exposure Level
(TEL) for Chronic Exposure to Ethanedinitrile (EDN)
Dear, Dr. Swaminathan
Executive summary
Draslovka requested that Systox Limited proposed a tolerable exposure level (TEL) for
the chronic exposure to EDN. The tolerable exposure level (TEL) is an environmental
concentration of a chemical which is deemed as being a “safe level” for the general
public to be exposed to on a continuous (24 hr) basis every day over a lifetime without
significant risk for harm.
Based upon the weight of evidence taking into account the 6 month inhalation study in
monkeys of Lewis at al., (1984), studies up to 1 year on other cyanides (NaCN in rats and
mice - Hébert (NTP), 1993; and ACH - Monsanto, 1984) and acute exposure studies in
humans (McNerney and Schrenk, 1960) a point of departure of 11ppm EDN in
experimental studies was identified. Adjusting this value to account for differences in
exposure conditions between experimental conditions and 24hrs per day, 7 days a week
exposure in the case of the general public derived a modification value of 1.96ppm.
Application of chemical-informed assessment factors to account for Interspecies
uncertainty (2) and Intraspecies uncertainty (5) is justified based upon the conservative
nature of the endpoint and the well understood mode of action of cyanides within the
body. A Tolerable Exposure Level (TEL) for Chronic Exposure to Ethanedinitrile (EDN)
of 0.2ppm (1.96/(2x5)) is derived. Despite the steep dose-effect response curve for EDN
and cyanides there is high confidence in this TEL considering the extensive database
upon which the value is determined and that it is sufficiently protective of acute irritation
(factor of 40 from NOEL) and chronic effects
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The value was determined as follows:
Step 1. Identification of the Key study
The key study was identified as the 6 month inhalation study in monkeys of Lewis et al.,
(1984) on EDN the basis that non-human primates have the closest similarity to humans
in regard to physiology, neuroanatomy, reproduction, development etc. (Phillips et al.,
2014; Freidman et al., 2017). This key study is supported by read-cross to studies on
other cyanide compounds that share the same mode of action though formation of HCN
(WHO IPCS, 2004; ECETOC, 2007; NRC, 2014; US ASTDR).
Findings in the 6 month inhalation study in monkeys were limited to lower moisture
levels in treated animals and marginal-transitory behavioural effects when exposed to
EDN at 25 ppm for 6hr/day, 5 days/week for up to 6 months (Lewis et al., 1984). 11ppm
was a NOEL. The lower moisture levels in lungs of treated monkeys “compared to
controls in the absence of comparable effects in rats and without fibrosis” were
considered as being of questionable biological relevance as was the marginal-transitory
behavioural effects since it was observed against a background of “disturbingly low
overall rates and high variability”. 25ppm was considered a NOAEL.
It is recognised that local irritation to eyes and the respiratory system were observed in
humans exposed to 16ppm EDN (McNerney and Schrenk, 1960) and so the marginaltransitory behavioural effects observed in monkeys exposed to EDN at 25 ppm but not
11ppm may have been the result of local irritation. Considering that local effects are
subject to a threshold whereas chronic effects necessitate adjustment to compensate for
differences in the duration of exposure between animals studies and 24 hours/day
exposure in humans (see step 2), irritation is not considered the lead effect for deriving
the TEL for chronic exposure.
Supporting studies were identified from the review by ECETOC (2007) and included
three 90-day guideline studies in rats and mice in drinking water (NaCN - Hébert (NTP),
1993) and in rats by inhalation (ACH - Monsanto, 1984), and the 1-year study in rats in
diet (KCN - Philbrick et al, 1979). The available NOAELs from these studies are broadly
consistent when expressed in terms of cyanide ion i.e. 25.6 mg CN‾/kg bw/d in mice
(NaCN - Hébert (NTP), 1993), 12.5 mg CN‾/kg bw/d in rats (excluding reproductive
effects) (NaCN - Hébert (NTP), 1993) or approximately 10.4 mg CN‾/kg bw/d (ACH Monsanto, 1984) in rats.
While the NOAEL for monkeys identified in the Lewis et al., study is broadly consistent
with the NOAELs for other cyanides (equivalent to 24.5, 11.8 and 9.8ppm EDN
respectively for the studies of Hébert (NTP) in mice and rats and Monsanto in rats,
respectively) a precautionary approach would be to assume that the marginal effects
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observed by Lewis and co-workers in monkeys at 25ppm were potentially adverse and
that 11ppm was a clear NOEL.
The depression in body weight gain observed in rats exposed to EDN at 25 ppm, but not
at 11ppm, for up to 6 months (Lewis, 1984) was not considered a suitable point of
departure since it was only observed in 6 animals compared with control that were also
depressed compared with the 11ppm group animals and there were no consequential
effects in gross pathology, clinical observations, haematology or clinical chemistry.
Considering the steep dose-effect response curve for EDN and cyanides and to address
any residual concern relating to the potential significance of the depressed body weight
gain observed in rats at 25ppm the NOEL of 11ppm was selected as the point of
departure (POD) for setting a TEL for the chronic exposure to EDN.
There is high confidence in this POD as being sufficiently sensitive to be protective of all
heath effects due to EDN since it is below the apparent threshold for acute irritation in
humans (McNerney and Schrenk, 1960) and is based upon the most sensitive endpoint,
that of lower lung moisture levels in the absence of histopathological changes and
marginal-transitory behavioural effects observed against a background of “disturbingly
low overall rates and high variability”.
Step 2. Modification of the POD
Modification of the POD is necessary to make adjustment for differences in exposure
routine in the study by Lewis et al., (1984) i.e. 6hr/day, 5 days/week and for the general
public exposed on a continuous basis over a lifetime i.e. 24hr/day, 7 days/week.
Modified POD

= 11ppm x 6/24 x 5/7
= 1.96ppm

Step 3. Interspecies Uncertainty Factor (UF)
Consistent with recognised practice and referring to ECHA guidance: “If for a given
human exposure route there is an effect parameter for the same route (in experimental
animals or humans) and for that particular exposure route there is no difference in
absorption between experimental animals and humans at the relevant level of exposure,
then in principle no modification of starting point is necessary1”
In this regard, while there are no data on the absorption of EDN through the lungs of
monkeys and humans the recognised close similarity of the two species in regard to
1

ECHA Guidance on information requirements and chemical safety assessment Chapter R.8: Characterisation of dose
[concentration]-response for human health page 60.
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physiology and morphology, combined with the fact that EDN is a relatively small
molecule that is well absorbed through the lungs would lead to the conclusion that it is
unlikely that significant differences in absorption would exist between monkeys and
humans. On this basis no factor to account for toxicokinetic (TK) differences relating to
absorption is necessary.
Further, according to ECHA guidance1 and generally accepted practices when
extrapolating from inhalation studies in animals to inhalation exposure in humans the TK
factor relating to allometric differences between animals and humans (2 for monkeys to
humans for small molecules (Huh et al., 2011)) does not apply.
Regarding toxocodynamic (TD) differences it is important to recognise that the toxic
moiety following inhalation exposure EDN is HCN, in the case of acute effects, and
thiocyanate, in the case of chronic effects, not EDN.
EDN is converted rapidly to HCN rapidly within the body via chemical decomposition
and metabolism. Studies on the hydrolyses to HCN, CO2 and NH3/4 (CO2 and NH3/4 being
breakdown products of unstable HOCN) with a half-life of 4 minutes (pH 9) and 50
minutes (pH 7) in the dark at 23 °C (Ajwa, 2015) and earlier studies by Aldridge (1950)
in which he observed that immediately after the inhalation of cyanogen chloride, cyanide
could be detected and determined in the blood, and when cyanogen chloride was added to
blood in vitro there was an immediate appearance of cyanide. Aldridge proposed, and
later Aldridge and Lovatt Evans (1946) confirmed, that the site of this reaction is the red
cell corpuscle that rapidly converts cyanogen chloride into hydrocyanic acid. The authors
stated that “serum also rapidly destroys cyanogen chloride, but without formation of
hydrocyanic acid”. Overall it is concluded that the available data is consistent with EDN
being rapidly absorbed and converted to HCN. It is anticipated that this mechanism of
breakdown of EDN to HCN will occur in both monkeys and humans and appreciable
differences in kinetics would be unlikely.
The mode of action (MOA) of the acute toxicity of HCN within the body is well
established. The US ATSDR in 2006 succinctly described the MOA as follows: ”Cyanide
exerts its primary toxicological effects by binding to the metallic cofactor in
metalloenzymes, thereby impairing enzyme and cell function. Cytochrome c oxidase (an
enzyme in the mitochondrial respiratory chain) is the most significant target of cyanide
exposure since its inhibition prevents tissues from using oxygen. The result is a
reduction in oxygen sufficient to cause tissue damage (histiotoxic hypoxia) throughout
the body, with the most vulnerable tissues being those with high oxygen demands and/or
a deficiency in detoxifying enzymes such as rhodanese. The inhibition of oxygen use by
cells causes oxygen tensions to rise in peripheral tissues; this results in a decrease in the
unloading gradient for oxyhemoglobin. Thus, oxyhemoglobin is carried in the venous
blood, which is one biomarker of cyanide exposure. In addition to binding to cytochrome
c oxidase, cyanide inhibits catalase, peroxidase, hydroxocobalamin, phosphatase,
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tyrosinase, ascorbic acid oxidase, xanthine oxidase, and succinic dehydrogenase
activities, which may also contribute to the signs of cyanide toxicity”. Consequently, TD
differences between monkeys and humans in respect to the hypoxic action of EDN are
not considered to be likely.
While some aspects of chronic exposure to cyanides are mediated by sub-lethal inhibition
of oxidative metabolism these only occur when the capacity of the body to detoxify
cyanide to thiocyanate is exceeded. In contrast, exposure to prolonged elevated
thiocyanate levels, such as occurs chronic exposure conditions at sub-acutely toxic levels,
leads to effects on thyroid hormone levels and adaptive changes in thyroid mass (goiter).
Regarding the potential for TD differences between the thyroid and thyroid hormones in
monkeys and humans it has to be recognised that non-human primates are the preferred
model for human diseases of the thyroid e.g. Grave’s disease. This is due to the close
similarity of monkeys to humans with respect to physiology, neurobiology, and
metabolism (Disotell & Tosi 2007, Gibbs et al. 2007, Pennisi 2007). On this basis
significant differences TD aspects would not be anticipated.
The TK/TD splits for interspecies differences have been historically and somewhat
arbitrarily assigned as being 3.16-fold (normally rounded to 3.2) in the absence of data
allowing them to be determined more precisely (Renwick, 1993). Considering the nature
of the effect and the close similarity of monkeys to humans a lower factor would seem
justified. It is recognised that the assignment of a value is a matter of expert judgement
and while not directly relevant, it is noted that the close similarity of monkeys to humans
is reflected in the allometric scaling factor of 2 for small molecules (Huh et al., 2011).
In recognition of the steep dose-response curve and the potential for residual concern
regarding TK and TD aspects of interspecies variability a combined factor of 2 is
considered reasonable.
Step 4. Intraspecies Uncertainty Factor (UF)
The default UF for intraspecies differences within the general population and used by
agencies across the world is 10. As with interspecies, the TK/TD split for intraspecies
differences have been assigned as being 3.16-fold (normally rounded to 3.2) in the
absence of data allowing them to be determined more precisely.
The same considerations made regarding the (TK) subfactor of the interspecies UF
generally apply to the TK factor for intraspecies variability in EDN is a small molecule
that will be readily absorbed and breakdown to HCN so it unlikely that significant
differences will occur in this regard between individuals.
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Systemically formed HCN is metabolized to thiocyanate so this step may be subject to
intraspecies variability. In this regard some cyanide-specific data is available.
The main route of metabolism of HCN and other nitriles is enzymatic (rhodanese) transsulphuration into thiocyanate. Inter-individual variation in serum rhodanese activity can
vary by a factor of 6 (Nawata et al, 1991) or 3 to 8 (Narendranathan et al, 1989).
However, rhodanese is present in all body tissues in considerable excess and not ratelimiting (Himwich and Saunders, 1948; Schulz et al, 1982), unlike thiosulphate, which
may be only available in the body in small amounts depending on the nutritional status
(Schulz et al, 1982).
No major polymorphisms have been identified to date. A rare hereditary disease, Leber’s
optic atrophy has been linked by some authors to a deficiency in rhodanese activity
(Cagianut et al, 1984; Wilson, 1965, 1983; Poole and Kind, 1986), but this was not
confirmed by other authors (Pallini et al, 1987; Berninger et al, 1989; Whitehouse et al,
1989). Protein deficient populations are more susceptible to cyanide intoxication as
thioamino acid levels are reduced. Other sensitive sub-populations will include people
with impaired renal function and low dietary iodide.
Regarding the TD subfactor, the acute toxic MOA via interruption of cellular respiration
by inhibiting cytochrome oxidase, thus blocking electron transfer to oxygen is highly
conserved within animal species so not only is there anticipated to be very limited
variation in TD between individuals. In contrast, thiocyanate has the capacity to inhibit
the uptake of iodide by the thyroid and interacts with the enzymatic reactions associated
with iodide organification and thyroid hormone synthesis. There is no information in the
literature to indicate that there are inter-individual differences in sensitivity.
Considering that the available information would point to limited intraspecies variation
with regard to TK and acute toxicity but that variability exists with regard to the action of
thiocyanate on the thyroid and thyroid hormones an overall UF for intraspecies variability
of 5 would seem appropriate.
Step 5. Adjustment for study duration
The key study is of 6 months duration and that consideration of the known MOA and by
analogy to other cyanides for which the NOAELs in 90 day are not dissimilar to those on
2 years studies it would be expected that steady state conditions would have been
achieved well before the 6 month period. An overall assessment factor of 1for the study
duration is therefore considered appropriate.
Step 5. Adjustment for database quality
While there are only 2 repeat dose studies for EDN there is a very large and relatively
robust database identified by ECETOC (2007) including cyanides and nitriles that
Systox Ltd
Systox Limited • Registered in England Company No. 6022468 • Registered Office: Sutton Grange, Sutton,,
Cheshire, SK110HX, United Kingdom. • VAT No. 117790011 • Phone: 44 (0) 1625 548059 •

Page 7 of 11
dissociate readily to release CN- ions (Hartung, 1963) i.e. HCN, simple salts (such as
sodium, potassium, calcium and ammonium) of HCN and acetone cyanohydrin (Hartung,
1963, ASTDR, 2006, ECETOC, 2007). Consideration of these as supporting studies
based upon the common mode of action through formation of HCN more than adequately
compensates for any weaknesses in the data specifically on EDN. Accordingly it is
considered that there is a high confidence in the adequacy of the database and no factor to
account for deficiencies in the database is justified.
Step 6. Derivation of a Tolerable Exposure Level (TEL) for Chronic Exposure to
Ethanedinitrile (EDN)

Taking the modification POD of 1.96ppm with an Interspecies UF of 2; an Intraspecies
UF of 5; an Adjustment for study duration of 1 and an Adjustment for database quality if
1 this derives a Tolerable Exposure Level (TEL) for Chronic Exposure to Ethanedinitrile
(EDN) of 1.96/(2x5) = 0.2ppm.

On behalf of Systox Limited
Dr Mark A Pemberton
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Draslovka
Dr. Swaminathan
Head of Research & Regulatory Affairs
Draslovka Services Group

Dr M A Pemberton

Reference

Date
6 April 2020

Systox Comments on the EPA Derivation of a Tolerable Exposure Level (TEL) for
Chronic Exposure to Ethanedinitrile the Active in EDN (APP202804) dated September
26, 2018
Dear, Dr. Swaminathan
Systox Limited was contracted by Draslovka to comment on EPA record dated September 26, 2018 on the
Derivation of a Tolerable Exposure Level (TEL) for Chronic Exposure to Ethanedinitrile the Active in EDN
(APP202804).
Systox identified a number of statements made by EPA that were not supported by the available data on
EDN. EPA appears to have misinterpreted some of the written comments previously made by Draslovka
on EPA’s proposed TELchronic for EDN. EPA is resolute in their identification of reduced body weight gain
in rats as the point of departure (POD) despite it being in the absence of any other effects and therefore of
questionable relevance to humans and compensates for this with a large margin of safety. EPA makes an
adjustment of the POD based upon differences in ventilation rates between rats and humans that is
contrary to recognised standard practice and guidance. EPA employs a consideration of traditional default
adjustment factors for interspecies and intraspecies uncertainty without due consideration of chemicalspecific data that justify deviation from default. EPA falsely justifies its application of its uncertainty
factors referring to historical factors applied by other agencies without acknowledging the very different
circumstances under which those factors were used and the fact that they are not applicable to the
present assessment on EDN.
As a consequence, the record dated September 26, 2018 gives an inaccurate impression of the level of
confidence in a) the available data and the level of uncertainty surrounding the toxicology of EDN, b) the
robustness of the approach taken by EPA is setting their proposed TEL value and c) the absence of
alternative approaches to setting the TEL that would be or greater confidence.
EPA original text follows in black and Systox comments are inserted in red.
Issue
The EPA has proposed a tolerable exposure level (TEL) for the chronic exposure to ethanedinitrile at a
level of 0.036 ppm (EDN Science Memo, APP202804). Whereas, the Applicant has proposed a value of
0.56 ppm (Draslovka 2018). Both the EPA and the Applicant based their values using the results of the
study by Lewis,1984. The difference in values is a result of the EPA using an uncertainty factor of 100
while the Applicant used a value of 6 in calculating their TEL value.
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Background
The tolerable exposure level (TEL) is an environmental concentration of a chemical which is deemed as
being a “safe level” for the general public to be exposed to on a continuous (24 hr) basis every day over a
lifetime without significant risk for harm. The TEL is calculated by dividing the no-observed-adverseeffect-level (NOAEL) dose from the most pertinent toxicology study for the chemical of concern by
various assessment or uncertainty factors (UF) to account for various scientific uncertainties and
variabilities in order to establish an exposure that ensures protection of the most sensitive individuals
in the target population.
For ethanedinitrile, the most pertinent toxicity study chosen by both the EPA and the applicant was a
study by Lewis, 1984. In that study rodents and primates were exposed to ethanedinitrile gas for six
months at levels of 11 and 25 ppm. The most sensitive species in that study appeared to be the rat based
on a significant decrease in final body weight at study termination at the higher exposure level (NOAEL
11 ppm). The atmospheric NOAEL in rats was subsequently converted to a mg/kg bw/day dose based on
their daily intake of the gas using default respiratory physiological parameters. This conversion allows
for the normalisation of the exposure concentration to compensate for differences between rodents and
humans relative to their daily air intake (m3)/kg bw. After calculating an estimated safe mg/kg bw/day
allowable daily intake (ADI; NOAEL/UF), the reverse calculation was completed to convert the “safe”
mg/kg bw/day dose back into the atmospheric ppm level that would deliver that mg/kg dose to a human
using default human respiratory air intake parameters. For this study, the EPA calculated a NOAEL dose
of 2.05 mg/kg bw/day in rodents based on the 11.2 ppm exposure. Based on this NOAEL and standard
risk assessment methodologies to develop UF, the EPA then divided this dose by a 100 fold UF and back
converted it into an atmospheric concentration to derive a TEL of 0.036 ppm ethanedinitrile gas. The
Applicant also conducted a TEL calculation using the same NOAEL
but derived a TEL of 0.56 ppm (Draslovka). The difference being they used an UF
denominator of 6.
Uncertainty factors are used in toxicology risk assessments to account for numerous concerns associated
with extrapolating hazards identified in laboratory animal data to risks for humans. The difference
between the TEL value derived by the EPA and the Applicant are a result of the dissimilarities in the total
number of UF utilised and the magnitude of the UF utilised. Typically UF vary from 1 -10 for different
endpoints of concern (discussed more below). Specifically in this scenario, the EPA adjusted the NOAEL
by 100 through the use of five different UFs and the Applicant utilised two different UFs that totalled 6. In
the setting of the TEL, the EPA also took into account the chronic exposure values already established by
numerous other regulatory agencies or authoritative bodies which have set such levels for cyanide as the
toxicity of ethanedinitrile is believed to be mediated through its conversion in animals to cyanide.
Historically, the UF of 100 was introduced in 1954 in the US in response to legislative guideline needs for
establishing a safe dose of food additives (Lehman and Fitzhaugh, 1954). This approach proposed that a
safe level of food additives or contaminants could be derived by dividing the NOAEL from chronically
exposed animals by a factor of 100. Overtime, it has been determined that this conventionally used default
factor of 100, which basically consisted of a 10-fold factor to account for uncertainties associated with
extrapolating data from animals to humans (intraspecies) and a 10-fold factor to account for interspecies
variation or sensitivities amongst humans, could be refined based on more knowledge associated with the
chemical of concern. In addition to the intraspecies uncertainties and interspecies variabilities, other UFs
needed to be added to account for study and data base issues such as:
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1.

Uncertainties associated with extrapolating oral exposure data to inhalation risks, or vice-versa (i.e.,
different route-to-route exposure uncertainty extrapolations)

2.

Extrapolating data where a NOAEL is not established, i.e., needing to go from a lowest-observedadverse-effect-level (LOAEL) to a NOAEL

3.

Extrapolating data from shorter-term exposure studies to assess risks for chronic
exposures.

4.

Uncertainties to account for deficiencies in the total database and an inability to account for all
potential hazards, i.e., data gaps

5.

Robustness or deficiencies in the key study used to establish the NOAEL, often called a modifying
factor rather than an uncertainty factor.

The original 10X UF for making extrapolations between the test system (laboratory animals) and the
target population (humans)(i.e., interspecies) and for accounting for variations in different sensitivities
in the human population (i.e., intraspecies) have been further refined through the use of knowledge on
species differences in absorption, distribution, metabolism and excretion (i.e., toxicokinetic
adjustments; TK), and on known differences between species or individuals in their reactions to the
toxic material(i.e., toxicodynamic adjustments; TD). Such refinements are especially pertinent for
intraspecies difference between humans to account for extra sensitivities associated with foetuses,
neonates, children, elderly and genetically sensitive subgroups which may be particularly vulnerable
and may be present in the targeted general population.
The EPA, as well as many other global regulatory agencies has derived uncertainty assessment factors of
various magnitudes to compensate for these aforementioned data gaps and variabilities (Table 1).
The applicant wishes to draw EPA’s attention to the observation that the assessment factors listed in table
1 are not comparable since they include standards set for HCN, not just EDN; for oral exposure and not
just inhalation; and are based upon studies both in animals and humans. Hence the basis for the
uncertainty factor is not clear and comparable in all cases. The registrant contests that this table is
misleading without an in-depth explanation and justification and cannot be taken as evidence that the
assessment factors used by EPA in line with best practice and scientifically justified.
According to the defined methodology formerly set out in NZ legislation the product of the UF must not be
less than 1 and not more than 10,000. [Note: This legislation has sense been revoked and does not have
statutory significance anymore and is only noted as a historical methodological reference.] Similarly, the
USA EPA stipulates an UF product range that may vary from 1 to 3000 depending on data robustness.
Derivation of the TEL and Assignment of Uncertainty Factors by the EPA and the Applicant
(Table 1)
1.) Interspecies (laboratory animal to human) uncertainties EPA: 4
Applicant: 2
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Although the default UF is 10 (unless TK and TD factors are considered) the EPA utilized a factor of 4. A
factor of 4 is the default value used in the REACH technical guidance document and by ECETOC and
WHO/IPCS to account for TK and metabolic differences between species.
This is a misunderstanding of the cited guidance and is inappropriate. The factor of 4 relates to allometric
differences between rats and humans using oral and dermal routes of exposure only. The applicant
directs EPA to ECHA guidance1 where in the footnote to table R.8-3 Allometric scaling factors for different
species as compared to humans on page 24, ECHA states clearly in line with international practice “not
applicable when setting an inhalation DNEL based on an inhalation animal study”. To avoid any confusion,
for the inhalation route, inhalation rate and food and water uptake is 4-fold lower in humans compared to
rats according to the slower metabolic rate and thereby the allometric species difference is already
implicitly taken into account. This means that allometric scaling should not be applied in these situations.
The inhalation route was used in the Lewis studies in rats and monkeys so an UF of 4 relating to
allometric differences between rats and humans should not be used.
EPA makes several claims regarding the state of knowledge on the toxicology of EDN that justify use of
caution. Several of these claims do not reflect the true state of knowledge.
The quantitative TK (i.e., its uptake and lung absorption, and its metabolism and excretion) of
ethanedinitrile relating to uptake and lung absorption and excretion) in both laboratory animals and
humans are unknown so there is no way to directly compare plasma concentration and effects between
species.
The applicant points out that this is not strictly true making several points.
 Regarding uptake and lung absorption, it has been observed that its systemic effect are delayed
and at higher exposure concentrations to those of HCN pointing to a lower absorption by
inhalation (NAC AEGL, 2012). In any event the AEGL-1 values determined by NAC AEGL are
based upon HCN assuming 100% conversion of EDN to HCN.
 Regarding the metabolism of EDN, data exist that show clearly that EDN is converted rapidly to
HCN rapidly within the body via chemical decomposition and metabolism. Studies on the
hydrolyses to HCN, CO2 and NH3/4 (CO2 and NH3/4 being breakdown products of unstable
HOCN) with a half-life of 4 minutes (pH 9) and 50 minutes (pH 7) in the dark at 23 °C (Ajwa,
2015) and earlier studies by Aldridge (1950) in which he observed that immediately after the
inhalation of cyanogen chloride, cyanide could be detected and determined in the blood, and
when cyanogen chloride was added to blood in vitro there was an immediate appearance of
cyanide. Aldridge proposed, and later Aldridge and Lovatt Evans (1946) confirmed, that the site
of this reaction is the red cell corpuscle that rapidly converts cyanogen chloride into hydrocyanic
acid. The authors stated that “serum also rapidly destroys cyanogen chloride, but without
formation of hydrocyanic acid”. Whichever mechanism predominates systemically in mammals
EDN has an extremely short half-life.
 Regarding excretion, EDN is completely metabolised to HCN for which the distribution,
metabolism and excretion is extremely well understood.
 In any event the AEGL-1 values determined by NAC AEGL are based upon HCN assuming 100%
conversion of EDN to HCN.

1

ECHA Guidance on information requirements and chemical safety assessment Chapter R.8: Characterisation of dose
[concentration]-response for human health page 60.
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Although it is highly believed that the acute lethality of ethanedinitrile is mediated through its breakdown
to cyanide, the absence of specific knowledge in regard to the TK of ethanedinitrile gas from inhalation
exposures decreases the confidence and ability to directly correlate its potential sequelae from chronic
exposures between species.
The applicant points out that while there are gaps in the complete knowledge of the quantitative TK of
EDN the AEGL-1 values determined by NAC AEGL reflect the most sensitive acute effects of EDN and are
based upon 100% conversion of EDN to HCN, thereby representing a worst case situation. Further
knowledge on EDN TK would only serve to make the assessment less conservative and therefore this
uncertainty is of low concern.
In general, the main TD concern of chronic cyanide exposure in humans is disruption of thyroid
metabolism from its detoxification to thiocyanate. Importantly, this effect appears to not have been
manifested in the Lewis study.
The applicant refers EPA to previously submitted comments, it is not surprising that effects on
thyroid and thyroid hormones were not observed in the Lewis study since the exposure
concentrations used were comparable with the NOELs for such effects in other fully valid studies on
other cyanides. ECETOC in their review in 2007 identified several key repeat dose toxicity studies
that they considered were well conducted and of high reliability, namely, three 90-day guideline
studies in rats and mice in drinking water (NaCN - Hébert (NTP), 1993) and in rats by inhalation
(ACH - Monsanto, 1984), and the 1-year study in rats in diet (KCN - Philbrick et al, 1979). The
available NOAELs from these studies are broadly consistent: 25.6 mg CN‾/kg bw/d in mice (NaCN Hébert (NTP), 1993), 12.5 mg CN‾/kg bw/d in rats (excluding reproductive effects) (NaCN - Hébert
(NTP), 1993) or approximately 10.4 mg CN‾/kg bw/d (ACH - Monsanto, 1984) in rats. ECETOC noted
that, consistent with the recognized MOA of cyanides “these doses are approximating the point on the
steep dose-response curve at which acute lethality might be expected as suggested by the signs of
acute toxicity and mortality seen in the ACH study by Monsanto (1981) 28-day study at 59.9 ppm
(212 mg/m3 or 65 mg CN‾/m3, equivalent to 8.5 mg CN‾/kg bw/d)”. Based upon a mol. wt. of 26 for
CN- and 52 for EDN, these would be equivalent to 51.2 (mice/NaCN; Hébert (NTP), 1993), 25
(rats/NaCN; Hébert (NTP), 1993) or approximately 20.8 (rats/ACH; Monsanto, 1984) mg C2N2/kg
bw/d. The applicant suggests that the absence of effects on thyroid hormones or organ weight is
consistent with the absence of any effect on gross pathology, clinical observations, haematology or
clinical chemistry in any animals of any species at any dose level and that the reduced body weight
gain observed in 6 animals was not a treatment related effect that should be used as a basis for
establishing a health-based exposure standard for humans.
However, EPA is concerned with the fact that “different forms of cyanides (organic and inorganic)
also appear to be capable of inducing different types of toxicities (e.g., kidney and CNS effects) with
less known modes of action; ......”
In this regard, the applicant is of the view that EPA apparently does not appear to recognise the broad
implications of the mode of action (MOA) of HCN within the body. There are too numerous citation to
list that describe the action of cyanide on cellular metabolism in these comments. The US ATSDR in
2006 succinctly described the MOA as follows: ”Cyanide exerts its primary toxicological effects by
binding to the metallic cofactor in metalloenzymes, thereby impairing enzyme and cell function.
Cytochrome c oxidase (an enzyme in the mitochondrial respiratory chain) is the most significant target
of cyanide exposure since its inhibition prevents tissues from using oxygen. The result is a reduction in
oxygen sufficient to cause tissue damage (histiotoxic hypoxia) throughout the body, with the most
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vulnerable tissues being those with high oxygen demands and/or a deficiency in detoxifying enzymes
such as rhodanese. The inhibition of oxygen use by cells causes oxygen tensions to rise in peripheral
tissues; this results in a decrease in the unloading gradient for oxyhemoglobin. Thus, oxyhemoglobin is
carried in the venous blood, which is one biomarker of cyanide exposure. In addition to binding to
cytochrome c oxidase, cyanide inhibits catalase, peroxidase, hydroxocobalamin, phosphatase, tyrosinase,
ascorbic acid oxidase, xanthine oxidase, and succinic dehydrogenase activities, which may also
contribute to the signs of cyanide toxicity”.
EPA completes the sentence describing this concern stating “....and that there are different NOAELs in
studies of similar duration from different cyanide forms. Thus different types of cyanides seem to
manifest in different types of toxicity when exposed chronically.”
Applicant points out that it should not come as a surprise to EPA that toxicity is observed in many
tissue of the body that have a high demand on oxygen. The primary mechanism of toxicity leading to
CNS effects and lethality is inhibition of oxidative metabolism.
It is also unknown as to what the etiological basis was for the significant weight loss effect observed
in the Lewis study rats and what it may correlate to in humans.
The reduced body weight gain observed in 6 animals in the absence of any other adverse effect, when
combined with reduced body weight gain in the controls and no such effects observed in monkeys or
with other cyanides at equivalent CN- levels should clearly place under question the relevance of such
an effect to humans.
 Firstly, the adverse effect observed in the Lewis study in rats was reduced weight gain not weight
loss.
 Secondly, the study used 90 rats in total with 6 animals per group per dose level (0, 11ppm
(23.3mg/m3) and 25ppm (53.2 mg/m3) , referred to as T-C, T-11 and T-25 respectively and
groups sacrificed at 2 days, 5 days, 1 month, 3 month and 6 months. On this basis only 6 animals
per dose level survived beyond 3 months. The critical effect upon which the NOAEL was
established was described as “The mean weight of the T-25 rats completing exposures was 470g
which was less than the mean weight of T-11 (589g) and control rats (543g). The overall effect
was statistically significant by one-way ANOVA (F=6.51; df=2; 12; P<0.05), and the difference
between T-11 and T-C was not (t=1.50, df=9, p=0.17)”. Namely, the key finding was a depression
in bw gain in 6 animals compared with control that was itself depressed compared with the T-11
group animals.
 Thirdly, there were no consequential effects in gross pathology, clinical observations,
haematology or clinical chemistry in any animals of any species at any dose level.
 Finally, the effects observed in rats were not confirmed in monkeys.
The Applicant utilised an interspecies uncertainty factor of 2 based on the NRC 2001 reference that
established acute exposure guidelines (AEGL) for hydrogen cyanide to the general public for different
exposure durations (10 min. to 8 hrs) and toxicity scenarios (AEGL-1 minimal effects, AEGL -2 acutely
incapacitating, and AEGL-3 lethality). This is made evident by the toxicity studies used for each endpoint.
Such that an UF of 1 was used for the AEGL-1 based on subjective symptoms in humans (i.e., no animal to
human extrapolation was needed). The AEGL-2 used a toxicity endpoint based on slight nervous system
depression in monkeys following a 30 minute high level exposure and had an interspecies factor of 2
because both primates and humans are relatively similar in their responses to this effect. The AEGL-3
interspecies UF was 2 because the LC50 values among different animal species differed by less than a
factor of 2. The EPA is of the position that because the interspecies UF utilised by the Applicant was
developed for the establishment of safe acute exposure situations it is not applicable to the uncertainties
and concerns associated with establishing safe chronic exposure levels.
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The applicant believes that there has been a misunderstanding of the basis for the applicants’ justification
of using a factor of 2 and would like to make the following points:
 The applicant is fully aware that the UF of 1 was used for the AEGL-1 based on subjective
symptoms in humans (i.e., no animal to human extrapolation was needed). Indeed, the AEGL-1
value was based upon data on HCN exposure recognising the rapid conversion of EDN to HCN
within the body. This is not contested and not pertinent.
 The applicant confirms the applicability of the factor of 2 for acute toxicity but contests that the
well-known and highly conserved mode of action across all mammalian species would suggest
that a reduced interspecies factor from the default value would be appropriate when establishing
a safe chronic exposure level.
 As identified by EPA a factor of 10 is typically used as a default factor for interspecies uncertainty
and that this is comprised of a Toxicokinetic factor (TK) and a Toxicodynamic Factor (TD). In
regards to the TK factor, it was stated earlier that when extrapolating from inhalation studies in
animals to inhalation exposure in humans the Toxicokinetic Factor (TK) relating to allometric
differences between animals and humans (4 for rats to humans) does not apply.
 The applicant was referring to the TD factor that would typically be regarded as 2.5 (i.e. the
residual factor between the default of 10 and the factor of 4 for allometric differences between
rats and humans. Applicant is being conservative when suggesting that a total interspecies factor
of 2 would be more than sufficient.
The applicant would also like to highlight another misunderstanding that EPA made of the applicant’s
comments submitted in 2018.
Firstly, EPA modified the NOAEL from the study of Lewis to take account of differences in respiratory rate
and body weight between rats and humans. It was described as “The atmospheric NOAEL in rats was
subsequently converted to a mg/kg bw/day dose based on their daily intake of the gas using default
respiratory physiological parameters. This conversion allows for the normalisation of the exposure
concentration to compensate for differences between rodents and humans relative to their daily air
intake (m3)/kg bw. After calculating an estimated safe mg/kg bw/day allowable daily intake (ADI;
NOAEL/UF), the reverse calculation was completed to convert the “safe” mg/kg bw/day dose back into
the atmospheric ppm level that would deliver that mg/kg dose to a human using default human
respiratory air intake parameters.”
This is typically termed a modification of the point of departure (POD) and should not have been done.
Since EPA referred to ECHA guidance in this regard, the applicant refers EPA to ECHA guidance that
explicitly states: “If for a given human exposure route there is an effect parameter for the same route (in
experimental animals or humans) and for that particular exposure route there is no difference in absorption
between experimental animals and humans at the relevant level of exposure, then in principle no
modification of starting point is necessary”2.
The only modification of the POD that should be considered is adjustment for differences in exposure
routine i.e. 6hr/day, 5 days/week in the rodent study and 24hr/day, 7 days/week for the general public
exposed on a continuous (24 hr) basis every day over a lifetime.

2

ECHA Guidance on information requirements and chemical safety assessment Chapter R.8: Characterisation of dose
[concentration]-response for human health page 60.
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Secondly, as identified previously the application of an uncertainty factor (UF) of 4 for TK (allometric)
differences between rats and humans is not consistent with ECHA guidance and recognised international
practice.
The general point that the applicant was trying to make in their comments was that this practice of
modifying the NOAEL to derive a POD based upon differences in ventilation rates then applying a factor
for TK i.e. allometric differences is incorrect as it is effectively double counting and introduces a factor of
4 unnecessarily.
2.) Intraspecies variation (differences and sensitivities within the human population) EPA: 5
Applicant: 3

Although the default UF is 10 (unless TK and TD factors are considered) the EPA utilised a factor of 5 as
defined by ECETOC as insufficient information is available to quantitatively estimate the variability in
human susceptibility to chronic ethanedinitrile exposure and the TK and TD of ethanedinitrile in humans
is also unknown.
The Applicant utilised an intraspecies uncertainty factor of 3 (NRC 2001, see AEGL discussion in
category 1 above). Again, the EPA is of the position that the basis for their UF is not relevant as it related
only to the protection of lethality from acute exposure situations and does not necessarily apply to the
uncertainties and concerns associated with establishing safe chronic exposure levels.
The applicant believes that again there has been a misunderstanding of the basis for the applicants’
justification of using a factor of 2. The applicant was not justifying the factor of 2 on the basis that the
mechanism of acute toxicity is necessarily the same for all aspects of chronic toxicity. While some aspects
of chronic exposure to cyanides, including EDN, are mediated by sub-lethal inhibition of oxidative
metabolism these only occur when the rhodanese detoxification capacity is exceeded. In studies in
animals and in practice in humans this can occur during acute high level intoxications during uncontrolled
long-tern/chronic exposure i.e. acute poisonings (EPA is respectfully referred to the ECETOC JACC review
on cyanides 2007 for further details and examples). When the chronic exposure is well controlled and
these “peaks” of exposure are avoided, the only adverse health effect of relevance to humans is
thiocyanate inhibition of thyroid function and the adaptive mechanism.
The UF of 3 is used to account for human variability in rhodanase.... “ (the applicant assumes that EPA means
rhodanese).....detoxification enzyme levels (NRC 2001). This is important to protect against acute lethality
should its capacity get overwhelmed. The importance of the variability in rhodanase levels for protecting
against chronic toxicity endpoints is much less pertinent as there is a negligible chance of it being saturated
from low-level exposures. The toxicity and mode of action manifested from chronic cyanide exposure is
different than that from an acute exposure and thus the basis for and magnitude of the UF needs to be
different. The primary concern of chronic cyanide toxicity is associated with the cyanide detoxification
metabolite thiocyanate. The effect of the thiocyanate metabolite on human thyroid function triggers a wide
range of concerns in fetuses, children, and adults with the possibility of gender sensitive differences (see
discussion of susceptible populations in the US-EPA IRIS report). The staff believe a default value of 5 would be
sufficient to account for human population variation and the unknown potential effects of ethanedinitrile to
humans.
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The applicant recognises that the choice of UF is a matter of preference and that EPA and the applicant
differ in their viewpoints.
3.) Route to route extrapolation (difference in route animals were exposed versus humans)
EPA: NA
Applicant: None noted

The main study used in setting the TEL was an inhalation study so no assessment factor was added as that is
the main route humans will be exposed to. However, it is important to point out that the majority of the
toxicity data used in assessing the chronic or repeated dose toxicity risks from ethanedinitrile inhalation of
based on the results from oral exposure studies from other surrogate cyanide compounds. Cyanide entering
the body by the oral route is capable of being significantly metabolized in the liver in what is known as a “firstpass-effect”. A first-pass-effect is when a chemical is absorbed in the gut and is significantly metabolized in the
liver (as all blood veins exiting the intestines first drain into the liver) leading to significantly lower systemic
concentrations of the active. It is important to note that the exposure route in the Lewis study was by
inhalation which immediately leads to a systemic exposure rather than one that first passes through the liver
which has the highest concentration of the rhodanase detoxification enzyme. The qualitative significance of
this is unknown do to no TK data in animals or humans so an element of precaution is appropriate and is part
of the UF associated with the database quality as used to protect against ethanedinitrile toxicity (Category 6).
The applicant agrees with EPA in that no assessment factor is necessary for adjustment for route of
exposure as the study uses the main route of likely human exposure. The applicant is uncertain as to why
EPA is concerned about possible uncertainties relating to other studies on other cyanides using the oral
route considering EPA did not rely on these studies in their assessment. Accordingly this is not a valid
justification for increasing the UF associated with the database quality used in this assessment by EPA.
The applicant does recognised that other possible approaches are available for the setting of a TELchronic
for EDN that do rely on a weight-of-evidence approach utilising supporting data on other cyanides and
such an approach is proposed by the applicant. However, the applicant points out to EPA that not only are
reliable inhalation studies available for some of these substances but also that rhodanese is present in all
body tissues in considerable excess and not rate-limiting (Himwich and Saunders, 1948; Schulz et al,
1982) so whether first pass metabolism in the liver occurs or not is not of concern in the case of cyanides
like EDN.
Applicant also respectfully reminds EPA that TK data in animals or humans is a consideration of
interspecies differences not route to route extrapolation.

4.) LOAEL to NOAEL (extrapolation from a LOAEL when a NOAEL is not available)
EPA: NA
Applicant: None noted

The key study used in the determination of the TEL had a NOAEL so no adjustment was needed.
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5.) Exposure Duration (extrapolation from a subacute or subchronic exposure to a chronic exposure)
EPA: 1
Applicant: None noted

The key study used to calculate the TEL was an inhalation study of six months in duration. Chronic toxicity
studies typically consist of an exposure duration of 12 months or more, thus, the Lewis study is considered to
be sub-chronic in nature. Although most risk assessment guidelines state the need for an UF of 2 to be added
for calculating risk from a sub-chronic to a chronic study, it is believed to be based on the fact that most subchronic studies are of 90 days in exposure. The California OEHHA indicates an UF of 1 can be used for studies
that have a duration that is >12% of an animal’s life span. Staff note that the lifespan of a laboratory rat is circa
2 years so 12% of that is ~3 months. Based on the results of studies conducted with other cyanide compounds
relative to the time to the development of adverse effects the EPA believe that most effects induced by low
level exposure to ethanedinitrile would likely be observed in the context of six months. The concern over the
duration being sub-chronic in nature was also captured in the Modifying Factors assessment (category 7
below). The Applicant also noted the presence of one chronic oral study that found no significant cyanidedependent effects in rats exposed to hydrogen cyanide in the diet for 2 years at higher doses (Howard and
Hanzal 1955) to also support the Lewis study. However, the reliability of this study is considered very low
based on the age of the study and the minimal documentation associated with the manuscript. It is noted that
evaporation of the cyanide from the feed resulted in unstable cyanide levels throughout the experiment and
uncertainties as to the dose-response for cyanide. In addition, this study used an oral exposure route and there
are several other oral exposure studies conducted on cyanide that are much more robust that would be more
appropriate. This study would also require an UF adjustment for route-to-route extrapolation concerns.
The applicant agrees with EPA that the key study of Lewis of 6 months duration is more than sufficient to
inform on the effects of chronic exposure to EDN and that an assessment factor of 1 is sufficient.
Regarding EPA’s specific focus on the study on Howard and Hanzal (1955) and the concerns regarding the
age and limitations of the study, the applicant respectfully points out that we were not promoting the
setting of a health based standard on the principal of the “strength of evidence” with respect to this study
by Howard and Hanzal (1955). Rather, the applicant was pointing out that several other governmental
agencies and the non-governmental organisation, ECETOC (2007), had recognised the common mode of
action of many forms of cyanide through HCN and utilised a weight-of-evidence approach and as a result
achieve a higher level of confidence in their assessment. In this regard the study by Howard and Hanzal
(1955), despite its limitations shows broad consistency with the other more recent and more reliable
studies on other forms of cyanides. This point is elaborated in the next section on database quality.
6.) Database Quality (Completeness and consistency of the data, reliability of alternative data,
e.g. read across)
EPA: 2
Applicant: None noted

Although there is a very large and extensive data base on systemic cyanide toxicity that can be used in the
qualitative assessment of the systemic toxicity potential of ethanedinitrile gas there is only one repeated dose
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toxicity study available to quantitatively assess its hazard potential. Furthermore, it is important to point out
that the vast majority of the studies assessing cyanide toxicity were conducted using oral (water or dietary)
exposures. Thus, the data base available to assess other toxicity endpoints is reliant on read-across oral
studies as opposed to inhalation. The utilization of these data in the absence of TK information on
ethanedinitrile is a concern that needs to be accounted for.
The applicant points out to EPA that the while the majority of the studies assessing cyanide toxicity were
conducted using the oral route, there are adequate inhalation studies available on cyanides and that the
available NOAELs from these oral and inhalation studies when expresses as CN- are broadly consistent
pointing to the fact that cyanides are rapidly absorbed by all routes and that significant differences in TK
do not exist. The applicant points EPA to section 8.3.5 of the ECETOC 2007 report containing a summary
of repeated dose toxicity studies on cyanides.
7.) Modifying Factor (Professional assessment of the scientific uncertainties of the key study)
EPA: 3
Applicant: None noted

The key study by Lewis utilized by the EPA and the Applicant has multiple issues associated with it that impact
its reliability. First, as noted in category 5 above, it is only a subchronic study as opposed to a chronic duration.
Based on the affiliation of one of the authors as being from Industrial Bio-test Laboratories (IBT), it is a concern
that this study was also conducted there. IBT was one of the largest independent testing facilities in the United
States. During a routine inspection by the FDA in 1976 numerous discrepancies between raw data and study
reports, and gross deficiencies in study conduct were uncovered. Of the 867 non-acute studies reviewed under
the audit programme, 618 were found to be invalid (OECD Manual for investigation of HPV Chemicals, Chapter
3 Data Evaluation). The problems were mainly associated with the sections conducting “non-acute” studies
such as this one. Thus, there is significant concern of the overall reliability of this study. Furthermore, the
results of this study are not well documented in the manuscript and it is quite shy relative to the standards
utilized in a current OECD guideline study. For example, it utilized only 5 animals of a single sex (males) per 2
doses assessed instead of the recommended 20 animals of both sexes at three dose levels. In addition, a
limited number of endpoints were either collected and or reported relative to clinical observations, numbers
of tissues harvested, weighed and histologically examined, serum clinical chemistries evaluated, and food
intake. Part of the UF assigned is also associated with study duration.
The applicant suggests that since EPA, when referring to the study of Lewis, identifies “multiple issues
associated with it that impact its reliability” that EPA considers alternative options for the establishment
of a health-based standard for EDN with greater confidence. The applicant concurs with EPA in its
appraisal of the Lewis study but finds the effect selected as the point of departure (that of a reduced body
weight gain in 6 rats) to be inconsistent with the available data on EDN in monkeys and below the NOAEL
for any systemic effects with other cyanides. The applicant suggests that a weight of evidence based upon
the study by Lewis in monkeys supported by the studies with other cyanides as made by ECETOC in 2007
constitutes a more reliable and robust approach. In contrast, EPA accounts for this low reliability by
compounding uncertainty factors.

Discussion
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After completing the above evaluation, the UF value calculated by the EPA was actually 120. This value was
ultimately adjusted to 100 for use in the derivation of the TEL. A 100 fold UF was still deemed to be an
appropriate estimate based on this level being the “traditional” value of sufficiency to conservatively ensure
safe chronic exposures.
The applicant respectfully point out that the “traditional” factor of 100 is in fact a conservative value that
is used in the absence of chemical-specific knowledge of the mode of action of the substance and/or inter
and intraspecies sensitivity. Neither is the case of EDN. In keeping with OECD IPCS, US EPA and EU REACH
guidance chemical –specific knowledge should be used to inform on the most appropriate use of
assessment factors.
In the setting of the TEL, the EPA was also reflective of chronic cyanide exposure levels set by numerous other
global regulatory authorities in determining the acceptability of the UF adjustment to ensure the calculated
TEL was consistent with these organizations. Cyanide and cyanide compounds have a long established
historical use in industrial and agricultural settings where contaminants may end up in air, food, and water.
Accordingly, safe chronic exposure values have been previously set by other regulatory agencies for its
presence in these mediums (Table 2). As can be seen in Table 2 the cyanide dose based on the TEL value
established by the EPA is within a small magnitude of those set by other regulators. The EPA believe the UF
value of 3000 utilized by the US EPA in their setting of RfC/RfD values were overly conservative as it was based
on the maximal default value for each category of concern and did not account for the whole realm of
toxicology data available on cyanides. The US EPA value is also inconsistent with their drinking water MCL and
other globally established levels.
In addition to the questioning of the UF the EPA utilized, the Applicant also suggested that the EPA should
have used the results from cyanogen exposure to primates whose results were also reported in the Lewis
manuscript. The rationale being Rhesus monkeys are physiologically more similar to humans and are known
to be more sensitive to cyanides than humans (NCR 2001). The EPA believes the NRC reference to “increased
sensitivity” is also associated with acute toxicity and that this increased “sensitivity”, which is also associated
with rodents, is simply based on the fact that these species breathe in more air per kg body weight then
humans. Thus, when exposed to the same concentration of toxicant in air these species are exposed to a
higher mg/kg dose. The EPA believe this physiological difference makes these species more “susceptible” to
its acute toxic potential rather than being more “sensitive”. The EPA took this phenomenon into account
when developing our TEL by first converting the atmospheric exposure level to the rodent into a mg/kg
bw/day dose. Furthermore, staff believe that the rodent study was the more pertinent study to utilise in our
TEL calculation as there was no adverse effects noted in the primate study; whereas a significant (~13%)
decrease in body weight of an unknown etiological basis (thus deemed adverse by the EPA) was seen in rats
that would be suggestive to rodents being more sensitive than primates. Risk assessment guidelines stipulate
that the most sensitive endpoint of toxicity should be utilised.
The applicant points out that this justification is claimed to be based upon the simple “belief” that rats
breathe in more air per kg body weight then humans. This belief disregards the weight of evidence that
has been collected by ECETOC on other cyanides and that demonstrates that rats are not any more
sensitive to cyanide than other species. The belief appears to stem from the desire to justify the use of
what EPA considers the most sensitive endpoint without consideration of the compounding effects of the
uncertainty factors that accompany the use of this study as opposed to considering other points of
departure and selecting the point of departure that gives the highest level of confidence in the assessment
as a whole.
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EPA identified the most sensitive endpoint as the “statistically” significant decrease in body weight gain
observed in 6 rats, not only in the absence of any consequential effects in gross pathology, clinical
observations, haematology or clinical chemistry in any animals of any species at any dose level, but also in
the presence of similar effects observed in control animals.
As reflected in ECHA guidance stipulating “not to apply modifications the NOAEL in inhalation studies (to
account for breathing rate differences), and on the use of an assessment factor of 1 for TK differences i.e.
no factor for allometry”, there seems to be little support for this belief by EPA that the apparent sensitivity
of these 6 rats was due to them breathing more per kg than, for example, the monkeys in the same study
that showed no such effect. EPA appears not to entertain the possibility that this is a limited study that is
unreliable and inconsistent with the wider database on EDN and other cyanides.
The applicant has subsequently developed a proposal for a health-based Tolerable Exposure Level (TEL)
for Chronic Exposure to Ethanedinitrile. This assessment demonstrates how a TEL can be set from the 6
month study in monkeys by Lewis. It also demonstrated how the established knowledge on the mode of
action of cyanides together with the extensive database on other cyanides provides additional confidence
in the assessment. Contrary to the proposal by EPA the proposal by the applicant has less uncertainty.
Conclusion
The EPA believe that the UF of 100 utilised in the calculation of the TEL was not overly conservative as
asserted by the Applicant and was derived using a pragmatic approach consistent with the toxicological
standards utilized by other regulatory bodies. This is made evident as the resultant estimated safe exposure
limit value set by our 100 fold factor resulted in an exposure level (mg/kg) to cyanide that was similar to other
globally recognized chronic exposure levels (Table 2).
The applicant point out to EPA that the uncertainty factors cited table 1 reflect divergent assessments
including assessments on HCN, by the oral route and including studies in humans and animals so this
hardly justifies comparability of factors with those used by EPA. The applicant has inserted comments on
table 1.
Furthermore, the EPA assessment factors were default conservative factors reflecting the low level of
knowledge at that time and apparently led to levels that EPA considers were “overly conservative as it
was based on the maximal default value for each category of concern and did not account for the whole
realm of toxicology data available on cyanides”.
The other globally recognised chronic exposure levels cited in table 2 do not benefit from the increased
understanding of the toxicology of cyanides that has been facilitated by the ECETOC review in 2007. The
applicant is of the view that referencing past practice, lack of chemical-specific knowledge and
conservatism as a justification for current decision making is not best practice.
The type of toxicity manifested from chronic exposure is different than that from an acute exposure,
therefore, the basis for and magnitude of the UF used by the EPA for chronic exposure are different and
more pertinent than those put forth by the Applicant whose UF values were based on setting safe acute
exposure levels that do not need to account for all the factors the EPA used in establishing a 100 fold safety
margin.
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The applicant believes that EPA misconstrued some of the comments submitted. Although not explicitly
stated in the comments submitted in 2018 it should be clearly stated at this point to remove any
ambiguity that the use of a modifying factor based upon ventilation rate differences between rats and
humans and then the application of a factor of 4 for interspecies differences (allometry) is explicitly
advised against in ECHA and guidance and not in line with international best practice.
Finally, the Applicant did not put forth any new scientific toxicology data in regard to the effects of cyanide
that would indicate that the chronic cyanide exposure levels currently established by other regulators should
be greatly increased as they have proposed.
The applicant believes that quite to the contrary of the claim by EPA, the applicant introduced extensive
data on other cyanides and provided a scientifically justified basis for reducing the uncertainty factors
that would lead to a higher chronic cyanide exposure levels than currently established by other
regulators.
The applicant considers that while EPA recognises that there is a very large and extensive database on the
systemic toxicity of “cyanides”, unlike other agencies, it fails to appreciate the opportunity that is afforded
by read-across to other chemicals of the class of cyanides and nitriles that dissociate readily to release CNions (Hartung, 1963) i.e. HCN, simple salts (such as sodium, potassium, calcium and ammonium) of HCN
and acetone cyanohydrin (Hartung, 1963, ASTDR, 2006, ECETOC, 2007). The applicant acknowledges that
it did not provide an explicit example of how this weight-of-evidence approach should be used in the
setting of a TELchronic in its comments in 2018 and that this was perhaps an oversight that has now been
corrected.
The applicant believes that taking the conservative NOEL from the 6 month study in monkeys as the point
of departure (POD) is justified on basis of the greater relevance of non-human primates over rodents for
predicting health effects in humans. Furthermore, this POD in monkeys is as sensitive as the POD in rats
proposed by EPA that is of questionable relevance not only to rats but also to humans. Following the
application of a combination of standard and chemically-informed uncertainty factors a and overall
adjustment factor less than the 100 fold safety margin the used by EPA is fully justified.

On behalf of Systox Limited
Dr Mark A Pemberton
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Table 1. Default Assessment Factors Used by Various Authorities in Setting Chronic Exposure Values
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1
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ECETOC

1,2

Health
3
Canada

WHO/IPCS

2,4

2
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3
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(RfC / RfD CN)

CN)
Interspecies

Uncertainties
in the
extrapolation

4 (rat to
human
metabolic)

4

1-10

10 (4 x 2.5)

10

[toxicokinetic
(TK) and

2.5
(remaining
differences)

uncertainties)

(TK and TD
uncertainties)

4

10 (3.16 x
3.16)

1–
10

2

4

Comment [MP1]: The key study is the
Ghawabi study in workers.

(human
epidemiology
study)

10 (non
primates
and no

(TD)

Variation
within humans

6

(EDN)

RfC
1

√10
(primate
data)

toxicodynamic

Intraspecies

10

Applicant
(EDN)

10

of animal data
to humans

1 (human
data)

NZ1EPA

RfD 10

TK or TD
data)
5 (worker)

3

10 (general
population)

5

1-10

10 (3.16 x
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3
10

1 (human
data) - 10
(to allow
for

10
10

10

1–
10

3

RfC/RfD - 10
5

diversity,
including
infants
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extrapolation

Oral to

REACH
TGD

ECETOC

2

(no
proposal)

inhalation

Health
Canada

WHO/IPCS

RIVM

Calif.
(OEHHA)

USATSDR
(MRL CN)

US-EPA
(RfC / RfD CN)

NZEPA
(EDN)
N
A

NA
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Database
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1.) Guidance on Assessment Factors to Derive a DNEL; Technical Report No. 110 (October 2010)
2.) Dourson, M. et al. (1996). Evolution of science-based uncertainty factors in non-cancer risk assessment. Regul Toxicol Pharmacol; Oct;24(2 Pt 1):108-120.
3.) Falk-Filipsson, A. et al. (2007). Assessment Factors—Applications in Health Risk Assessment of Chemicals. Environ Res., 104: 108–127
4.) New Zealand Hazardous Substances (Classes 6, 8, and 9 Controls) Regulations 2001 (SR 2001/117) (Revoked regulations which helped defined our procedure.)
5.) Office of Environmental Health Hazard Assessment (OEHHA, 2008). Technical Support Document for the Derivation of Noncancer Reference Exposure Levels. Air Toxic Hot Spots,
Risk Assessment Guidelines.
6.) National Research Council (2001). Acute Exposure Guidelines for Selected Airborne Chemicals, Hydrogen cyanide (Volume 2)
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1

Table 2. Chronic Cyanide Exposure Values Established by Other Agencies
Daily Cyanide Exposure
(mg/kg bw/day)

Uncertainty Factors
Applied

Agency

Exposure Source

0.0002 (0.0083 ppm)

3000

US-EPA IRIS review: Toxicological Review of Hydrogen Cyanide and
Cyanide Salts, 2010

RfC – Inhalation intake

0.0006

3000

US-EPA IRIS review: Toxicological Review of Hydrogen Cyanide and
Cyanide Salts, 2010

RfD – oral intake

0.0014

Not available

UK

PCV – Drinking water

0.002

100

NZ and Australia Drinking Water Standards

Drinking water

https://www.nhmrc.gov.au/_files_nhmrc/file/nhmrc_adwg_6__version_3.5_-_proof_3_0.pdf
0.006

Not available

US-EPA

MCL – Drinking water

0.01 (0.036 ppm EDN in
air)

100

New Zealand EPA (proposed)

TEL - Inhalation

0.012

100

WHO

TDI – Food/Water

http://www.who.int/water_sanitation_health/dwq/cyanide.pdf
0.02

100

Council of Europe

TDI - Food

https://cot.food.gov.uk/sites/default/files/cot/cotstatementapricot200615.pdf
0.05

0.17 (0.56 ppm EDN in air)

100

6

US-ATDSR

MRL (15 -365 days)

Agency for Toxic Substances and Disease Registry (ATSDR) (2006). US
Department of Health and Human Services (2006). Toxicological profile for
cyanide
Draslovka’s response to the EPA in support of our application to register
EDN for use in the fumigation of export log products. 8/20/2018.

TEL (Proposed)
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