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1. Executive Summary

In the 10th Direction and Minutes of the Environmental Protection Authority (EPA) Decision- Making
Committee (DMC) of the EPA released as part of the consideration of application APP202804 on the
18th February 2020 the DMC asked for: A succinct document which summaries how information
submitted since the 20th August 2018 has impacted the original application parameters and associated
risks and benefits. This document has been prepared in response to that.
New information responding to the request that has not previously been provided to the EPA is
presented either in or with this document and includes;
1. Air dispersion modelling of EDN at 120gm/ m3 in Ship hold and under tarpaulins. (One report)
2. A sensitivity analysis of the application of health based standards to conservative air dispersion
modelling ( Appendix 2)
3. USA Worker Safety trial reports (Three reports).
4. A Rationale for Justification for not using Scrubbing, Destruction, or Recapture Equipment
during the ventilation of Ethanedinitrile previously submitted to WorkSafe. ( One report)
5. Updated information on EDN’s registration status globally (Section 3.2)
6. Additional information on the types of seabirds found near ports and their habitat preferences
(Section 4.6)
7. Additional information on the movement of air at ports (Section 4.7)
8. Field data interpretation to show when flammability can be a concern in the presence of an
ignition source (Section 4.9 note this text has previously been submitted to WorkSafe)
9. Information about a new EDN monitor r developed for use during fumigations (Section 5.1)
10. Draslovka’s EDN stewardship programme (Section 5.2)
This document summarises the key elements of documentation provided to the EPA since August 2018
and provides links to each of those documents. A summary of the key findings in each document is
included and how these findings influence the perceived risk associated with that factor are discussed.
Since 14th July 2017 when application APP202804 was first submitted there has been a considerable
amount of information provided By Draslovka in response to requests from the EPA and the DMC to
support this application. This document brings together the key facts regarding risk (both perceived and
real) providing fit for purpose mitigations for consideration by the DMC.
The DMC in its 10th Direction asked for a succinct document. Every attempt has been made in this
document to be succinct. However; when dealing with a topic as wide and as important as this there a
balance must be struck between keeping information succinct and providing sufficient detail needed to
show the depth of evidence supporting fit for purpose conclusions.
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In an effort to provide a succinct summary, for the DMC and all stakeholders interested in this
registration, the following table attempts to show the key evidence that has been presented in this
document. The table (Table 1) shows how the proposed control will minimise risk, protect workers, the
public and the environment and while enabling the safe use of EDN. If appropriate controls are in place
the use of EDN will then be able to realise the benefits described in the application. EDN will then be
available to be used as a sustainable alternative to methyl bromide. The proposed controls are based
on the controls documented in the EPA staff’s October 2019 Addendum to the staff report of August
2018.
Note: In the table below the actions required and the controls proposed by the EPA are shaded blue.
Detail follows in the cells shaded white.
Table 1 A summary of information presented to support Draslovka’s recommended controls for
the safe use of EDN
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.

Information
provided





Air dispersion modelling
New Zealand fields trial data
USA field trial data.

Information that
demonstrates risk is
managed

To support this registration data has been presented to the EPA to allow
assessment of environmental and human health effects for the three different
approaches to fumigation
 Feld data and modelling has been presented for log stacks
 Modelled data has been provided for ship holds
 Data on container emission the USA trials.

Endorsed
Proposed control

A limit for toxicologically relevant impurities in the active ingredient ethanedinitrile
used to manufacture this substance: Hydrogen cyanide: 1% v/v maximum

Endorsed
Proposed control

EDN must not be applied into or onto water.

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

Information
provided




New modelling of the fumigation of log stacks and Ship holds
Field trial data from a range of trials
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Information that
demonstrates risk is
managed

For the endpoint concentration of 700ppm released at ventilation
Modelling at the 98th percentile shows time weighted averages;
 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. .
These figures were supported by the results of the USA field trials.
Field trial data collected at Tokoroa for point in time readings recorded for a range
of endpoint concentration between 483 and 992 ppm a highest concentration:
 at 20 metres less than the ceiling WES (at 4.8 ppm) and predominately
0 ppm
 at 10 metres down- wind of 2.21 ppm for two endpoint releases of 700
and 992 ppm.

New optional
control
Potential adaptive
management control.
Comment

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 necessary, reset the maximum buffer zone distance (i.e.
extend, or reduce the buffer) at 1 metre beyond which the TEL or the WES have
not been exceeded.
This control is proposed to allow long term buffers to be confirmed after beyond
an initial “settling in” period. This will allow buffers to be set which can knowingly
optimise both worker safety and port logistics.
The control has been offered in an attempt to minimise the resourcing required
from both regulators and Industry in achieve that change.

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.”

Information
provided

Comment from David Sullivan regarding sea breezes and the movement of air at
low wind speeds

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.
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Information
provided

Analysis of bird populations and their habitats at New Zealand ports in association
with the transient nature of EDN make this control unnecessary.

On the basis of the information presented Draslovka considers that the above controls will adequately
manage the risks associated with EDN.
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2. Submission process

2.1.

Submission process background

Registration is being sought for ethanedinitrile (EDN) as the only alternative fumigant to methyl bromide
as a phytosanitary treatment for forest products, especially logs. Over $25 million has been invested in
the STIMBR research programme. The efficacy of EDN has been proven in extensive laboratory and
confirmatory tests conducted in New Zealand. An application from Draslovka seeking permission to use
EDN in New Zealand was lodged with and formally received by the EPA on 17 July 2017.The
application was opened for submissions on 27 February 2018 and was closed on 19 April 2018.
On 20 August 2018 further information was received from the applicant. Public hearings commenced in
Wellington, New Zealand on 21 August 2018. During the 2018 EDN hearings three of the most
significant areas of concern to the DMC and submitters were:
1) The accuracy of parameters used in describing fumigation and ventilation with EDN. This
resulted in doubt being cast on the validity of the air dispersion modelling provided by the
applicant and commentary on how EDN was applied at the port.
2) The degree of conservatism that should be applied to the EDN levels calculated in air dispersion
modelling.
3) The lack of data from fumigations conducted in the field, and, particularly at a scale that
simulates the commercial parameters and practices used at New Zealand ports.
Underpinning all three areas is the desire to better understand the potential levels of EDN in the
atmosphere during fumigation and ventilation; and, the potential risk that EDN poses to workers, the
public and the environment.
Other concerns identified in the hearings (and consequent submissions) by the DMC and/or some
submitters included:
4) The potential threat from flammability and the degree of risk from spontaneous combustion
5) The need to use “scrubbing”1 equipment to decrease EDN emissions to the environment
6) The desirability of accounting for micro meteorological events which may occur at the Port of
Tauranga using an approach like Computational fluid dynamics modelling.
7) Whether EDN could be a bacterial mutagen
8) Whether hydrogen cyanide levels are likely to increase during a fumigation.

Scrubbing equipment denoting that equipment which may be used to recapture, reduce or destroy EDN from inside a
fumigation compartment prior to the compartment being opened / tarpaulin removed
1
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Since the 2018 hearing a significant amount of additional data has been generated and provided by
Draslovka in response to the concerns raised both by the submitters and the EPA to further to inform
the assessment.
This document references this additional information providing links to the documents on the EPA
website as footnotes.
New information responding to the DMC’s request is also provided with this document. Comment is
made on how this information further clarifies levels of EDN in the environment. The risks to human
health and the environment are assessed.

2.2.

Development of modelling to inform the DMC’s consideration of controls

As identified above concern remains about the potential levels of EDN associated with fumigation and
ventilation that may be present in the air.
Air dispersion modelling was identified by Draslovka during the preparation of the original application as
one way in which it could provide decision makers with an understanding of the potential levels of EDN
associated with log fumigation. Draslovka requested that the EPA identify its preferred approach to
modelling and data sources. EPA staff were unable to provide protocols for air dispersion modelling nor
guidance.
Draslovka chose Sullivan Environmental Consultants (SEC), Virginia, USA an experienced modelling
consultancy in the USA which undertakes modelling for a range of companies and Government
departments including the US Department of Agriculture (USDA).
At the request of the DMC, following the 2018 hearing two expert conferences were held to provide
expert advice on issues associated with the air dispersion modelling2 and the TEL3 set for EDN. For this
expert conferencing the DMC chose only those experts who had previously commented on the two
issues. The applicant considers this was a missed opportunity particularly with regard to the modelling
where several areas could not be clarified due to the absence of a practitioner at the conferencing who
would be able provide the required data. Following the conferencing for modelling Dr Graham provided
advice to the DMC on the approach that he considered should be used for future modelling.
This advice, however, was superseded by expert conferencing in January 2020 directed to inform
modelling to inform the reassessment of methyl bromide [a parallel process initiated by STIMBR on

Expert Conferencing Joint witness Statement – Air concentration dispersion modelling and Advice to EPA following
expert conferencing on EDN air concentration dispersion modelling
3 Expert Conferencing Joint witness Statement – Tolerable exposure limits
2
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behalf of the New Zealand forest industry]. The meeting of four modellers was convened on 30 January
2020 to consider the best model to use for fumigant air dispersion modelling of at the Port of Tauranga
4 and the most reliable source of input data. The revised EDN modelling submitted with this document
has been produced based on the approach agreed by these experts in their first conference. The
statement from a second expert conference on 19 March 2020 were not available in time to be
considered in the EDN modelling. The revised model, provided with this document, uses the agreed
inputs to provide data on environmental levels of EDN associated with the new (decreased) maximum
treatment rate of EDN of 120 gm/m3, assesses three endpoint 5 concentrations (500, 700 and 1000
ppm) and models the fumigation of both log stacks and ship holds. The modelling herein provides
information about levels of EDN at 20 and 30 metres from ship holds and log stacks and also shows the
anticipated levels of EDN at, and beyond, the port boundary.
The findings from this updated modelling and comments on the use of conservatism to sensibly
account for risk are discussed in Section 4 of this document.

2.3.

Field data

2.3.1. Commercial use of EDN
EDN was first identified as being a potential fumigant for soil (pre-treatment) timber and logs (posttreatment) in 1996 by CSIRO in Australia. At the time the EDN application was submitted to the EPA in
July 2017 no commercial scale confirmatory test data validating treatment rates recommended
following the laboratory efficacy tests was available.
Since that application was lodged EDN has been registered as a log fumigant in South Korea (2019),
as a timber and log treatment under Critical Use Exemption in EU (2018), and as a soil fumigant in
Australia (2018). The Australian registration is in addition to the that of EDN as a timber and log
treatment in Australia. In addition, EDN will commence usage in both Russia for fumigation of timber
and logs, and in Malaysia for Timber , logs and soil treatment during 2020. Registration details are
listed in Section 3.2.2.
The CUE in the EU was provided to enable the use of EDN as a sanitary treatment in the salvage
harvesting of Norway spruce Picea abies (Karst) forests following attack by two bark beetle species; Ips
typographus (L.) and the double-spined bark beetle – Ips duplicatus (Sahl.), and to a lesser degree by
other bark beetle species. Over 70% of Czech forests have been devasted by these bark beetles.

https://www.epa.govt.nz/assets/FileAPI/hsno-ar/APP203660/APP203660_Expert-conferencing_Signed-JointStatement_30jan2020.pdf
5 In this document the term end point concentration denotes the maximum concentration of EDN present in the fumigation
chamber prior to release to the atmosphere
4
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As a result of the registrations and CUE 137 tonnes of EDN were used globally for fumigation of either
soil or logs in 2018-19.
Predictions for 2020 of use in Australia, the Czech Republic and South Korea anticipate 288 tonnes
will be used for fumigation. To date EDN has been used successfully in all three countries with no
incidents involving either personnel or the environment or accidents.

2.3.2. Field trial data
Since 2017, following on from the concerns raised during the hearings, two set of field tests have been
completed which have produced a significant body of data about the behaviour of EDN under field
conditions. The first was a series of commercial scale confirmatory tests undertaken at Tokoroa, New
Zealand and the second was a worker safety trial undertaken in the US with direction from the USEPA
and USDA on its experimental design.
The tests undertaken in New Zealand required the use of a series of 9 commercial log stack
fumigations to provide confirmatory data for the control of log insects to support the set of efficacy data
produced in the laboratory. These trials were conducted between February and May 2019. They
replicated New Zealand commercial practices. The opportunity was taken to collect readings of
environmental EDN levels during the fumigation and ventilation processes. Two documents were
provided to the EPA in June 2019 that record the findings this work. These include:
1) Efficacy of ethanedinitrile (EDN) as a fumigant for export logs6. This document provides a
description of the experimental design and efficacy data.
2) Environmental levels of ethanedinitrile (EDN) associated with its use as a fumigant for export logs
and potential exposure of workers associated with key fumigation tasks7. This document provides
the data that was collected on environmental levels and levels associated with the various tasks
undertaken by workers involved in fumigating and ventilating a log stack.
Note: DaM8 8 released on 18/6/2019 stated load factors used in this trial work had not been
provided in the documentation. Draslovka notes that the first of these two documents (page 6)
provides the average load factor for these tests and its method of calculation.
The second trial was undertaken in mid-2019 in the USA. This trial looked at the fumigation of Pinus
ponderosa (Douglas) in two shipping containers, one of which was covered by a tarpaulin. The reports
associated with this trial are provided with this document

6

Further_information_Efficacy_Data_June_2019.pdf(PDF, 854 KB)
Further_information_Environmental_and_Worker_Exposure_data_ June_2019.pdf(PDF, 1.5 MB)
8 DMC Direction and Minute Number 8
7
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A summary of the key findings from these trials and the evidence they have provided to inform the
EPA’s understanding of risk associated with EDN fumigations is discussed in Section 4.5.

2.4.

Data from overseas field trials

The DMC in Directions and Minutes (DaM) 69 and 710, released in January and April 2019 respectively,
asked that Draslovka provide it with a range of information. This included named papers which the
DMC identified were available in international media, and which DaM 6 stated the applicant had not
previously provided. DaM 7 further required that these international papers be provided along with the
following data: log characteristics, determination of stack sizes and loading rates, fumigation dose and
methodology, in stack, and ambient concentration measurement methodology, and results and
meteorological data particularly wind direction at time of ventilation.
The applicant had previously been aware of the six papers (supplied to the EPA in May 2019) but had
not provided these papers earlier to the EPA because of the lack of good experimental design in those
research papers. As the EPA has a reputation for discounting any papers which are not of the highest
quality Draslovka considered it would undermine its own reputation as a provider of only credible
science if it had provided these papers proactively into the process. This lack of robust experimental
design also meant that the complete data set requested in DaM 7 was not available for any of these
trials and so could not be provided.
To assist the EPA and submitters in understanding the different approaches and parameters
associated with each of the papers a summary document11 was provided by Draslovka which clearly
identified and articulated the parameters and findings from each paper. Due to the range of approaches
used in each trial it was only possible to draw the high-level conclusions from the data within those
papers: These conclusions are listed in Section 4.5.

2.5.

EPA staff assessment of the additional information provided between
August 2018 and June 2019

Based on the data provided between August 2018 and until June 2019 the EPA assessed the
additional information and provided an addendum12 to the Staff report in October which concluded:

9

DMC Direction and minute number 6
DMC Direction and minute number 7

10

11

file:///C:/Users/Helen/Documents/EDN/2019/
Information%20to%20the%20EPA/To%20the%20EPA/Overview%20of%20EDN%20experimental%20Data%20fr
om%20International%20Studies%20-%20%2015%20May%202019.pdf
12

file:///C:/Users/Helen/Documents/EDN/APP202804_Addendum_to_Staff_Report_07Oct2019.pdf.
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“The additional information, submitted since August 2018, supplied by the applicant, Worksafe and various
submitters, has not provided any new modelling data to be assessed by the EPA. As such, the EPA have not
changed the current advice as outlined in the EPA Staff Advice and Science Memorandum.
In the event of new modelling being provided to the EPA, findings of EPA Staff Report and Science
Memorandum could have the potential to be impacted by the new data.”

In response to this and other comments in the Addendum to the Staff Report, Draslovka contacted the
EPA in October 2019 requesting permission13 to supply additional information. This included:
I. An official request to reduce the application rate from 150 gm/m3 to 120 gm/m3 with a specified
end-point.
II. Re modelling at the new application rate and end-point concentration; and including,
III. Ship hold modelling
IV. A control that will allow uncertainty to be dealt with
V. Information on seabird colonies
VI. The US report on the trial undertaken to assess worker safety
VII. Confirmed buffer zones approved in Korea for the use of EDN.
In December 2019 the DMC in DaM 9 14 indicated that it was prepared to allow submission of this
additional information. In January 2020 in DaM 10 15 the DMC further allowed information provided to
WorkSafe by the applicant to also be provided by the 23rd March 2020. DaM 10 also stated:
“the applicant is directed to provide, in addition to the new information indicated above, a
succinct document summarising how information submitted since 20 August 2018 has
impacted on the original application parameters, and the associated risks and benefits, by 23
March 2020. The DMC wish to indicate to the applicant that the introduction of further
information to the application process beyond this date will further prolong the process of
consideration.”
Draslovka is very aware of the pressure the New Zealand export log Industry is under to find a suitable
alternative to methyl bromide by 28th October 2020 and has done and will in the future continue to do
everything it can to have EDN commercially available, subject to the necessary approvals, for use in
New Zealand by that time. At this stage it is unaware of any other information being produced globally
which could further inform the DMC’s decision. As such unless there is additional information requested
by the DMC Draslovka does not intend introducing any additional new information into the process.

https://www.epa.govt.nz/assets/FileAPI/hsno-ar/APP202804/APP202804Draslovka_request_to_provide_information_to_DMC_Oct2019.pdf
14 https://www.epa.govt.nz/assets/FileAPI/hsno-ar/APP202804/APP202804DMWGT009_Direction_and_Minute_11Dec19.pdf
15 https://www.epa.govt.nz/assets/FileAPI/hsno-ar/APP202804/APP202804DMWGT010_Direction_and_Minute_Recieving_new_information_18Feb2020.pdf
13
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3. Clarification of the registration Draslovka is requesting

3.1.

Background on registration details

The EPA proposed controls for the use of EDN in its July 2018 staff report16 and supporting science
memorandum17. In an Addendum18 to the staff report released in October 2019 the EPA staff left the
controls unchanged noting that:
 Without new modelling it could not fully assess the risk of a change to the application rate, log
stack sizes or higher loading factor.
 With no new data on ship holds and containers these use patterns have not been considered
 Invited a control that prohibit use without a specified action occurring (adaptive management
control).
 Supported its previous recommendation for a 20m buffer zone for workers and 120 m for the
public



Confirmed the long-term exposure limit (TEL) of 0.034 ppm was calculated as a 24-hour average
Set a maximum measurement of no more than 700 ppm of EDN under the tarpaulin before it
could be removed from the log stack pile.



Noted the EPA did not expect; “most bird species to be present around the ports where
fumigations would to take place, sea birds may be most at risk. A control stating that fumigations
must be undertaken at locations where water bird colonies are not known to exist was proposed
to mitigate risks to birds”

The following section clarifies the EPA staff recommended controls that Draslovka supports and
identifies those controls it wishes to have changed based on the data it has collected since February
2018 when the revised full application was submitted. Section 6 of this document will outline how
Draslovka considers the new information changes the perceived risk associated with EDN.

16

https://www.epa.govt.nz/assets/FileAPI/hsno-ar/APP202804/fb3d49391d/APP202804-EPA-EDN-Staffreport.pdf
17 https://www.epa.govt.nz/assets/FileAPI/hsno-ar/APP202804/94986b12f9/APP202804-EPA-EDN-ScienceMemorandum.pdf
18 file:///C:/Users/Helen/Documents/EDN/APP202804_Addendum_to_Staff_Report_07Oct2019.pdf.
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3.1.1. Controls which fall under the EPA’s jurisdiction
Taking into account the controls recommended by EPA staff in the Science Memorandum19 (July 2018)
Draslovka confirms it is seeking registration of EDN in New Zealand with the following controls:
1.
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%.
2.

At a rate of 120 g of the substance per m3 applied to logs under a tarpaulin, in a shipping
container or a ship hold

3.

A limit for toxicologically relevant impurities in the active ingredient ethanedinitrile used
to manufacture this substance: Hydrogen cyanide: 1% v/v maximum

4.

EDN must not be applied into or onto water.

5.

That the buffer zone for unprotected workers be set as 20 m and the buffer zone for the
public be set 30 m.

In addition to these controls Draslovka requests the addition of an adaptive management control as a
means by which the DMC can account the uncertainty inherent in the limited amount of operational
data currently available.
It should be noted that WorkSafe’s draft controls; require monitoring of every fumigation. As a
consequence; a body of evidence will be accumulated that demonstrates the levels of EDN present,
during fumigation and ventilation and over a representative range of situation and conditions.
WorkSafe’s proposed buffer has been set by using extremely conservative modelling. Draslovka will be
responding directly to Worksafe regarding the proposed Safe work instrument (SWI). Draslovka
requests that, after a defined period of time, both organisations consider using the body of data that will
be accumulated to review the buffer distances. This would allow the buffer to be adjusted so they are
based on actual field data.
Buffer zones are expensive in terms of time and restrictions to port activity. Industry recognises that
buffers are an essential tool to mitigate risk and to protect the health of workers and the public and as
such would not contemplate operating without buffer zones. However, it is an expensive unnecessary
tax to maintain buffer zones that are greater than those required for risk mitigation. Such unnecessary
mitigations will over time reduce returns to growers and reduce the competitiveness of the New Zealand
export industry – whilst not significantly increasing the safety of workers or the public.

19
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Draslovka recognises that applying an adaptive management control is an approach that the EPA has
not used for previous hazardous substance registrations. We ask that the DMC consider using it in this
situation to ensure an appropriate buffer is applied. If this control is not included Industry will need to
seek a full reassessment if it wishes to change the buffer zone. A reassessment is expensive; and, in
the New Zealand forest industry’s experience protracted .
Accordingly, Draslovka requests that the EPA consider including the following adaptive management
control;
6.

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 necessary, reset the maximum buffer zone distance (i.e. extend,
or reduce the buffer) at 1 metre beyond which the TEL or the WES have not been
exceeded.

On the basis of information presented with this document Draslovka requests that the following controls
are not placed on the use of EDN:
7.

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.”

8.

Fumigations conducted at port locations must be undertaken only at locations where
water bird colonies are not known to exist. 

9.

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.

3.1.2. Proposed additional requirements under WorkSafe’s jurisdiction
In the last week of February 2020 WorkSafe NZ released a consultation20 document listing a series of
proposed controls that WorkSafe is considering as the draft SWI for EDN. Twelve controls proposed by
WorkSafe will affect the risk to people and the environment and are documented in Table 3.1.
Draslovka’s suggested controls are provided. A number of the controls listed in the draft SWI will not
directly influence the level of EDN in the environment are not included in Table 3.1 below.
20file:///C:/Users/Helen/Documents/EDN/2020/23rd%20March/worksafe/WSNZ_3697%20SWI%20Ethanedinitrile.

pdf
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Table 3.1 Work Safe’s proposed controls
Work Safe’s proposed controls

Draslovka’s proposed controls

1.

EDN may be used for log fumigation only

EDN may be used for fumigation of logs in
tarpaulin covered stacks, containers and Ship
holds

2.

Fumigation with EDN may only take place under
sheets.

Fumigation with EDN may take place
1. In Containers
2. Under sheets, or,
3. In ship holds

3.
a.
b.

The sheets used for fumigation with EDN
is in good repair without tears, rips, or visible holes
is made secure against likely weather conditions at
the site
is sealed, and
have a gas permeability of less than 0.02 grams per
square metre of fumigation sheet per 24 hours,
multiplied by the dose in g/m3.

c.
d.

As per WorkSafe’s proposal

4.

A minimum buffer zone of 50m for each fumigation.

5.

EDN must not be used in a way that results in a
concentration of EDN above the TEL at the
boundary of the buffer zone.

As per WorkSafe’s proposal

No person other than a worker carrying out
fumigation-related work is in the buffer zone during
the buffer zone period.

As per WorkSafe’s proposal

6.

A buffer zone of
 20 m for unprotected workers
 30m for the public

7.

The floor of the enclosed space is flat and
impermeable to the fumigant.

As per WorkSafe’s proposal

8.

The PCBU must continuously monitor all
fumigations using EDN under sheets through a
minimum of three monitoring tubes positioned within As per WorkSafe’s proposal
the enclosed space in

9.

500 ppm

700 ppm

10. Ventilation may begin no earlier than 8am and be
completed no later than 3pm

Ventilation at any time

11. logs are not moved until three hours after
ventilation has been completed.

Logs are not moved until the EDN concentration
on the log surface is less than 3ppm over a period
of 15 minutes or 2 hours after ventilation

12. That is an 8-hour WES-TWA of 3ppm and a WESCeiling of 5ppm

As per WorkSafe’s proposal
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Worksafe used air dispersion modelling commissioned from Todoroski Air Services in Australia to
inform the development of the SWI. The WorkSafe consultation document states; “that the model
represents potential likely worst-case scenarios based on the meteorological data for a specific port.” In
Draslovka’s opinion the modelling undertaken by Todoroski doesn’t reflect actual fumigation scenarios
at the Port of Tauranga and is overly conservative. For example; modelling at the 100th percentile
event provides a scenario that by definition is rare. David Sullivan advises that in this case 1 hour of a 3
year period21. Note: Modelling at the extreme right of the percentile range (i.e. 99, 99.9 and100th
percentiles) will result in artefacts and outliers amplifying the resultant figure.
This modelling also disregard’s advice both from Dr Graham22 and Mr Hlinka and that of the expert
panel convened23 by the EPA to provide advice on modelling fumigants at the Port of Tauranga to
inform modelling for the reassessment of methyl bromide.
Draslovka will provide an evidence based rationale to WorkSafe for the changes it proposes to the draft
SWI controls (by April 10th 2020). This same rationale will be provided to the EPA at that time so that
EPA staff and the DMC are aware of points raised by Draslovka in that submission. All information in
that response will be based on the modelling provided with this document and will draw on information
either submitted at the same time as this document or previously provided to the EPA.

3.1.3. Controls associated with the EPA’s hazard classification
Draslovka agrees with the hazard classification determined by the EPA staff and their associated
controls. These include:
Class 1 Explosiveness No
2.1.1A Flammable gas
Flammable gas
Class 5 Oxidisers/Organic Peroxides
Not applicable
Subclass 8.1 Metallic corrosiveness
Not determined
6.1 Acute toxicity (oral)
Not applicable
6.1 Acute toxicity (dermal)
Not applicable
6.1B Acutely toxic –
Fatal (inhalation) LC50 = 136 ppm for 4 hrs
6.1 Aspiration hazard
Not applicable
6.3/8.2 Skin irritancy/corrosion
No
6.4/8.3 Eye irritancy/corrosion
Not determined

21

This also implicitly assumes that a port bystander would be standing stationary at the maximum location for a full hour
when the once in three -year worst-case event occurs. The joint probability of the confluence of these two events is quite
small.
22 https://www.epa.govt.nz/assets/FileAPI/hsno-ar/APP202804/8bff6b821f/APP202804-Joint-Expert-StatementAir-Concentration-Dispersion-Modelling.pdf
23

https://www.epa.govt.nz/assets/FileAPI/hsno-ar/APP203660/APP203660_Expert-conferencing_Signed-JointStatement_30jan2020.pdf
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6.5B Contact sensitisation
6.5A Respiratory sensitisation
6.6 Mutagenicity
6.7 Carcinogenicity
6.8 Reproductive/ developmental toxicity
6.8 Reproductive/ developmental toxicity
( via lactation)
6.9 Target organ systemic toxicity (oral)
6.9 Target organ systemic toxicity (dermal)
9.1 Aquatic ecotoxicity
9.2 Soil environments
9.3 Terrestrial vertebrates
9.4 Terrestrial invertebrates

No
Not determined
No
No
No
Not determined
Not applicable
Not applicable
Very ecotoxic in the aquatic environment
Not determined
Not applicable
Not determined

It is noted EDN has a 9.1 a hazard classification for ecotoxicity indicating it is highly lethal to aquatic
organisms. This is correct based on the international standard, However; Draslovka wishes to have it
recognised that in assessing the risk in the aquatic environment this effect is significantly reduced
because the half-life of EDN in standing seawater 24 is approximately 20 minutes . This combined with
the dilution that will occur in the marine environment minimises its potential to impact aquatic animals.
It is noted in trial work in the laboratory it was extremely difficult to establish the 48h EC50 level for
Daphnia of 2.97-3.33 mg/L in laboratory studies because EDN broke down quickly in water.

24

The normal ph of seawater is 8.1 or above , the ph of freshwater lakes, ponds and streams usually have a pH
of 6-8 depending on the surrounding soil and bedrock ²¹. In deeper lakes where stratification (layering) occurs,
the pH of water is generally higher (7.5-8.5)
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3.2.

Updating registration status

3.2.1. Regulatory status of the formulated substance
This section is intended as a direct replacement for Section 3.5 in the application “Regulatory status of
the formulated substance”.

Regulatory status
Jurisdiction

Comment*
Never
Not
Pending Approved Restricted
approved
renewed

Australia

☐

☐

☒

☐

☐

Soil fumigation now in
use

Canada

☒

☐

☐

☐

☐

In preparation for
submission

Europe

☐

☒

☐

☐

☐

In the process of
submission CUE use in
Czech Republic

Japan

☒

☐

☐

☐

☐

N/a

New Zealand

☒

☐

☐

☐

☐

In the process of
submission

USA

☒

☐

☐

☐

☐

In the process of
submission

Russia

☐

☒

☐

☐

☐

Approval expected in
April 2020

South Korea

☐

☐

☒

☐

☐

Approved

Malaysia

☐

☒

☐

☐

☐

Approval expected in
June 2020

Israel

☐

☒

☐

☐

☐

In the registration
process

South Africa

☐

☒

☐

☐

☐

In the process of
submission

3.2.2.

Details of the registration requirements in South Korea and Russia

South Korea
The Animal and Plant Quarantine Agency in South Korea (QIA) approved late 2019 an EDN
disinfection standard with the following conditions. Refer Table 3.2.
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Table 3.2 Registration details for EDN use in South Korea under a tarpaulin at normal pressure
Dose

Temp

(g/㎥)

(℃)

50

>15℃

0.5 g/m3

70

5~15℃

0.7 g/m3

80

<5℃

0.8 g/m3

Endpoint
Time Reentry
concentration25

24h

2 hours

TEL

10 ppm

Buffer zone
8-hour WES
workers

10 ppm

5m

Buffer
zone
residential

15m

Controls required in Korea
1. The tarp volume is 1000 m3 and the log volume is 500 m3 (Loading factor 50%).
2. One or more dosage hose outlets are installed per 400 m3.
3. Frozen wood should be fumigated after thawing to allow the drug to penetrate.
4. Buffer zone 5 m and the risk area is 15 m (The disinfection area should be at least 15m away
from private houses, schools and hospitals, and the restraining bar should be installed 5m away
from the pile of wood)
5. When opening, open the corners of the four corners, lower the gas concentration, and be careful
to open them all.
6. After the fumigation is completed, open the door for at least 2 hours and confirm that the gas
concentration around the fumigation is below the allowable concentration.
7. Use an SCBA when opening the tarp or if the concentration of EDN in the atmosphere is
continuously above 50 ppm for 15 minutes.
8. Gas detector: EDN can be detected and equipped with a warning function, but check the
operation in advance.

Russia
The Russian Federation has two buffers zones set for all fumigant independent of their risk profile. This
buffer zone requirement is described in Russian Federation directive "СанПиН 1.2.2584—10" on page
42, paragraph 18.5. This requirement is valid for all registered fumigants including methyl bromide and
phosphine and as such will also be required for EDN. (Appendix 1)
These generically applied requirements are:
 A 100m buffer zone is between the object of fumigation and adjacent public roads and public
railroads

25

Levels equivalent to 227 ppm, 310 ppm and 350 ppm
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 A 200m buffer zone is required between the object of fumigation and adjacent residential areas
and/or continually inhabited industrial areas.
In addition to these requirements EDN specific requirements (Table 3.3) have been set that apply for
fumigations undertaken beyond 200m for residential housing, roads or railways. Specifically
 A 5 m buffer zone for workers with PPE
 A TLV-TWA value of 10 mg/m3 for 8 hours exposure is recommended
 A bystander’s maximum exposure of 1 mg/m3 for is recommended for bystanders.
Table 3.3 Registration details for EDN use in Russia for under tarpaulin fumigations
Dose

Temp

(g/㎥)
50

(℃)

Endpoint
concentration

Time

Reentry

TEL

8-hour WES

Buffer zone
workers

Buffer zone
residential

>0℃

3500 ppm

10h

1 hour

0.5 ppm

5ppm

15m

200m

Table 3.4 summarises the registration conditions for the Russian, South Korean and currently proposed
controls for New Zealand registration
Table 3.4 Registration controls for EDN in Russia, South Korea and New Zealand
Criteria

Russian
recommendation

Dose rate
Treatment time
Temperature

Worker exposure ( 8 hours)

50 g/m3
80 g/m3
10 hours
24 hours
0 degree C or above >150C 0.5 g/m3
5-150C
< 50C
3500 ppm
0.5 g/m3at >150C
0.7 g/m3 at 5-150C
0.8 g/m3 at < 50C
5 ppm
10 ppm

Bystander exposure
Re-entry post Ventilation

0.5 ppm
1 hour

10 ppm
2 hours re-entry

3 ppm
Ceiling 5 ppm
0.034 ppm (24 hours)
3 hours re-entry

Buffer Zone within which SCBA is
required
Buffer Zone for unprotected workers
Buffer Zones for the public

15 m

5m

50m

Endpoint concentration

South
Korea

N/a
15m
100 m roadways and 15m for the public
railways;
200 m from
residential buildings

New Zealand
proposed by
WorkSafe
120 g/m3
24 hours
5 degree C or above

500 ppm

50m
20 m
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4. Summary of new information provided since June 2019

4.1.

Predicting environmental levels of EDN

4.1.1. Introduction
In DaM 526 released on 18/12/2018, Dr Graham continued to raise concerns about the use of modelling
alone as a basis on which to set controls. Specifically, “The modelling is not considered suitable for
estimating worker exposure during shorter periods and regardless of the level and degree of
uncertainty associated with that modelling will always be significantly higher than any uncertainty
relating to actual quality data generated from an appropriately designed and executed field trial.”
Dr Graham is correct in saying “quality data” will provide a more complete picture than modelling. Since
August 2018 a range of field data has been generated and there has been extensive use of EDN in
field applications in Australia along with uses elsewhere.
To assist the EPA in its assessment of effects remodelling EDN air dispersion is presented to provide
information, on EDN levels over longer time periods (hours versus minutes) and at a range of distances
both on and beyond the port.
The field data available has been collected and provided for consideration from a range of fumigations
and conditions from both within New Zealand and internationally. These tests have used a range of
sampling methods and provide results from fumigation that vary significantly. That data, however, does
identify a number of consistent trends and provides valuable insight to the pattern of EDN dilution
following ventilation.

4.1.2. Determining the approach to remodelling
Air dispersion modelling was identified by Draslovka, during its preparation of the original application,
as one approach by which it could provide decision makers with an understanding of the potential of
levels of atmospheric EDN associated with log fumigations. Prior to undertaking initial Draslovka
requested that the EPA identify its preferred approach to modelling and data sources. At the time EPA
staff were unable to provide a protocol nor offer guidance.

26

Minutes of the (DMC) teleconference regarding air concentration dispersion modelling

Page 23

Draslovka chose Sullivan Environmental Consultants to undertake the modelling using advice from the
industry regarding logistics and best practise. Sullivan Environmental are an experienced modelling
firm in the USA who undertakes modelling for a range of companies and Government departments
including the USDA. David Sullivan chosen as he is a consulting meteorologist with extensive
experience in fumigant flux modelling (over 52 field studies).
At the request of the DMC, following the 2018 hearing two expert conferencing’s were held to provide
expert advice on issues associated with the modelling27 and the EDN TEL28. For this expert
conferencing the DMC chose only those experts who had previously commented on the two issues.
The applicant considers this was a missed opportunity. In the conferencing on modelling there where
several areas which could not be clarified at the conferencing due to the absence of a practitioner at
the conferencing who would be able provide the required data.
Importantly that modelling did provide clarity on a number of points that the DMC had requested and
which still remain relevant. The points raised and Draslovka’s response to these concerns are as
follows:
1. Uncertainties in the use of dispersion modelling. The experts could not agree on this point and
Dr Graham advised modelling results should be evaluated using the typically applied
uncertainty factor of ±2.
The approach taken in the current modelling is based as much as possible on actual data.
Where ever a choice about data has been required the more conservative data has been used.
In addition, Draslovka has commissioned a report by Dr Mark A Pemberton29 to demonstrate
how the built in conservatism in toxicological values should be taken into account when
interpreting modelling results.
2. 1-hour vs 24-hour average result. The two experts agreed that any future modelling should
include reporting of the 98th percentile for the hourly average result. The modelling presented
with this report reports results at the 98th, 99th and 100th percentiles. Draslovka encourages
the DMC makers to takes these experts advice into account in their assessment of the results.
3.

EDN releases during the fumigation phase. Both experts agreed that the EDN releases during
the fumigation phase are unlikely to make any significant contribution to the potential adverse
effects from the overall fumigation operation.

Expert Conferencing Joint witness Statement – Air concentration dispersion modelling and Advice to EPA following
expert conferencing on EDN air concentration dispersion modelling
28 Expert Conferencing Joint witness Statement – Tolerable exposure limits
27

29

https://chemreg.net/Members/markpemberton
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Draslovka recognises that there may occasionally be small releases due to leaks in or under the
tarpaulin. Fumigation protocol’s used by fumigators require leak testing after fumigation to ensure
that such leaks are stopped. Draslovka notes that both the USA and Tokoroa studies measure
low levels of EDN during the fumigation phase but the level of release varies. As a consequence,
Draslovka endorses the approach agreed and notes that any releases are unlikely to make any
significant contribution to adverse effects and that the modelling results show very low levels of
EDN at the distances modelled
4.

Overall changes to the modelling results. Both experts agreed additional modelling would be
required to take into account any change in parameters and structure modelled. Re modelling is
presented below for both log stacks and ship-holds according to the controls proposed in Section
3.1.1.

5.

It is noted that the experts also discussed EDN releases during the ventilation stage. The two
experts considered whether it was possible for levels of EDN under the tarpaulin to fall to 1% of
the application rate in 24 hours (Note: lower levels have been shown to occur 15 hours into the
fumigation of Pinus radiata logs and timber). The experts were unable to agree on this point but
Draslovka maintains that the decrease of EDN in contact with logs has now been shown to occur
consistently in both field trials and the laboratory. In addition, the Riken monitor will enable the
actual measurement of EDN under the tarpaulin prior to ventilation ensuring that the designated
concentration is not exceeded.

Following the expert conferencing Dr Graham provided further advise to the DMC on the approach that
he considered should be used for future modelling. This advice, however, was superseded by expert
conferencing by four experts30 in January 2020 to agree the best model to use for future air dispersion
modelling of fumigants at the Port of Tauranga 31 and the most reliable source of input data. The
outputs from this conferencing accounted for the balance of the items discussed at the 2018 EDN
modelling expert conferencing. These issues were; the model, meteorology data used, log stack sizes;
stack size to be used in multiple log stack modelling, EDN release height and EDN load factor.
One issue raised by submitters in connection with modelling was the need to take into account micro
scale meteorological effects by using approaches such as Computational fluid dynamics (CFD). The
expert conference for methyl bromide discussed very small-scale effects adjacent to log stacks and
considered Calpuff (which has been used for this modelling) would be capable of taking into account
these effects and as such it would be the most widely accepted approach to model micro scale
meteorological effects in air quality.

30

The Four experts included Dr Sullivan and Dr Todoroski

https://www.epa.govt.nz/assets/FileAPI/hsno-ar/APP203660/APP203660_Expert-conferencing_Signed-JointStatement_30jan2020.pdf
31
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The revised EDN modelling submitted with this document has been produced based on the approach
agreed by the experts. This model uses the agreed approach to provide data on environmental levels
of EDN associated with the new rate of EDN of 120 gm/m3, assesses three endpoint 32 concentrations
(500, 700 and 1000 ppm); and, models the fumigation of both log stacks and ship holds It provides
information about levels of EDN at 20 and 30 metres from log stacks; ship holds and the anticipated
levels of EDN at and beyond the port boundary.
With regards to its approach relative to the modelling produced to support WorkSafe’s proposed
controls the SEC modelling report states; “This modelling analysis complements the modelling
produced by Todoroski Air Sciences for Worksafe New Zealand. The modelling conducted by
Todoroski Air Sciences is focused on representing worst-case exposures (such as very large sources,
night-time operations for log stacks, and other conservative assumptions)”.
When both analyses are viewed in a complementary fashion, reviewers are provided with a complete
perspective on exposures, including the likelihood of exposures relative to toxicological endpoints and
relative to the safety margins incorporated into the health standards. For example, the highest
boundary 1-hour concentration results calculated by the SEC model show the following values for the
same location;




0.67 ppm (672 ppb), for the 100th percentile) is shown to be (672 ppb),
0.06 ppm for the 99th percentile , and
0.03 ppm for the 98th percentile is 0.03 ppm.

Note: Previous comment regarding modelling the worst-case at the 100th percentile which by definition
is a rare event occurring 1 hour every 3 years. Note also comments regarding the high potential to
model artefacts / outliers and the amplification of the resultant figures.
By having both perspectives, regulatory authorities have a more complete presentation of the actual
exposures likely to be encountered at and near the port. Interpretation of the modelling results by a
toxicologist will provide the needed perspective to help interpret the modelling results relative to both
the standards and the safety margins incorporated into the standards.
The findings from this updated modelling and comment on how the intersect between modelling and
toxicological parameters must be considered by the DMC when considering safety zones are below.

In this document the term eendpoint concentration denotes the maximum concentration of EDN present in the fumigation
chamber prior to release to the atmosphere
32
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4.1.3. EDN Modelling results
The modelling results show that at 20 and 30 metres and port boundary, for each averaging time that
the toxicological endpoints are not exceeded. The critical toxicological endpoints are summarised in
Table 4.1 below.
Table 4.1 EDN’s toxicological endpoints
Toxicological criteria

Value

Applies to

TEL bystanders 24 hours

0.34ppm

Members of the public who may live near the port

WES TWA

3 ppm 8 hour average

Unprotected workers working on the port for 8 hours
a day. These measures assume that the workers are
exposed at this rate for their entire 8 hour shifts
which will not be the case for EDN

5 ppm ceiling level or absolute
maximum
AEGL 33(1 hour)
AEGL (10 minute)

2 ppm
2.5 ppm

1 hour Acute exposure guideline level
10 minute Acute exposure guideline level

Experts with the exception of Todoroski providing advice to the EPA have advised that the 98th
percentile results should be used in their assessments.
Revised modelling prepared by SEC has been completed considering;
 Ship hold fumigations



Up to 22 log stacks being ventilated in one 24 hour period, and,
Combined ship-hold and log stack fumigations.

EDN measurements from this modelling were tabulated averaging the measurements over the hours of
active ventilation (i.e. when workers would be present) and over a 24 hour period (potential effect on
the public). Note: Because of the low measurements the data in the two tables below are presented as
parts per billion (ppb) rather than the ppm as in the other tables in this report. Refer Tables 4.2 and 4.3
Table 4.2 Modelled concentrations at the Port of Tauranga boundary based on hours with active
ventilation
Maximum concentration at the port boundary 98th percentile measured in ppb
Under the tarpaulin
endpoint

1-hour log
stack

24-hour
log stack

1-hour log stack
and ship hold

24-hour log stack
and ship hold

500
700

5.56473
7.79062

1.38857
1.944

13.13007
18.38209

1.96744
2.75441

1000

11.12946

2.77714

26.26013

3.93487

the airborne concentration (above which it is predicted that the general population, including susceptible individuals, could
experience notable discomfort, irritation, or certain asymptomatic nonsensory effects. However, the effects are not disabling
and are transient and reversible upon cessation of exposure.
33
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Table 4.3 Modelled concentrations at the Port of Tauranga boundary based on 24 hours

Maximum concentration at the port boundary 98th percentile measured in ppb
Under the tarpaulin
endpoint

1-hour log
stack

24-hour log
stack

1-hour log stack and 24-hour log stack
ship hold
and ship hold

500

0.0002

0.42112

0.00063

1.96744

700

0.00027

0.58957

0.00088

2.75441

1000

0.00039

0.84224

0.00126

3.93487

The modelling also provides concentrations that would be present at 20 and 30 metres from any
fumigations. These have been prepared for a pre-ventilation endpoint of 1000 ppm which is 300 ppm
higher than the proposed control. These measurements are summarised in Table 4.5. Note: These are
in parts per million. These results are for the 98th percentile. It is noted that the maximum measurement
for 1 hour at the 100 percentile is 1.55 ppm.

Table 4.5 Maximum concentrations downwind of Log Stacks and Ships at 20 m and 30 m at the time of
ventilation following ventilation of 1,000 ppm.

Maximum concentration following ventilation of 1000 ppm 98th percentile measured in
ppm)
Distance from Log
Piles

1-hour averaging

8-hour averaging

24-hour averaging

20 m down wind

<0.01

<=0.01

<=0.01

30 m down wind

<0.01

<=0.01

<=0.01

4.1.4. Comment on EDN modelling results
The EDN air dispersion modelling results presented modelling at the 98th percentile show that all of the
time weighted average measurements are well below any of the toxicological endpoints set by the
regulators for EDN. Examination of the modelling report fact shows that even at the more conservative
100th percentile results are well below the toxicological endpoints. It is noted the Dr Graham in his
advice, to the EPA in August 2018, recommended applying an uncertainty factor of at least 2 to
modelling results to account for the uncertainty inherent in atmospheric modelling. In both cases the
results sit below the 0.034ppm TEL calculated by the EPA for EDN.
On this basis the modelling supports the use of a 20 metre buffer zone to protect unprotected workers
on the port and 30 meters for the public who may be resident beyond that point

Page 28

4.2.

Sensitivity analysis to assist interpretation of health-based standards and
air dispersion modelling

4.2.1. Background for Sensitivity analysis
Bodies establishing health based standard standards and risk assessors internationally use uncertainty
factors as a means of compensating for a deficiency in knowledge concerning the accuracy of a value.
In setting a health based standard, uncertainty factors are used to translate research results from a
different species and/or in different exposure conditions to estimate the health effects on humans. For
example; a 10-fold factor can be used to account for interspecies variation or sensitivities amongst
humans is often used to ensure that the most sensitive people in a population are not affected by a
given chemical. A similar approach is used where modelling cannot realistically account for every
situation in a biological system.
The use of uncertainty factors is a well-regarded and sensible approach to deal with the lack of
certainty. However; the problem with uncertainty factors is that there is often disagreement between
experts on which uncertainty factor should be applied. For example to derive a TEL for EDN the EPA
and Draslovka used the same research data but the EPA applied uncertainty factors of 100 while
Draslovka using another approach applied an uncertainty factor of 6. Both organisations used
internationally recognised approaches but the result were two quite different values34 - 0.036 ppm
versus 0.56 ppm.
Uncertainty factors were also used by Dr Graham in his assessment of the modelling35 provided by
Draslovka with the initial application in February 2018. In Dr Grahams assessment the following
uncertainty factors (UF) were applied




Uncertainty with regard to the load factor – a UF of 7.4
Doubt regarding size of log stacks – a UF of 2
Translation of modelling into reality – a minimum UF of 2.

Despite remodelling being provided by Dr Draslovka to the EPA in August 201836 that acknowledged a
number of Dr Graham concerns, doubt about the validity of the modelling continued to be expressed by
both the DMC and Dr Graham.
As has been described in Section 4.1.2 every effort has been made by Draslovka to provide fact based
modelling using the example of the use of EDN at the Port of Tauranga with this document (March
2020). Draslovka recognises that the EPA staff and the DMC may continue to apply UF’s wherever they

34

https://www.epa.govt.nz/assets/FileAPI/hsno-ar/APP202804/948e08d9bf/APP202804-Joint-Expert-StatementTolerable-Exposure-Limits-JWS-Attachment-A.pdf
35 https://www.epa.govt.nz/assets/FileAPI/hsno-ar/APP202804/d430f1f2bf/Graham-report-April-2018.pdf
36 https://www.epa.govt.nz/assets/FileAPI/hsno-ar/APP202804/97067eb385/EDN-Modeling-Report-August2018.pdf
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have concerns that the risk may be higher than stated. Draslovka accepts this is part of the EPA
assessment process. Such metrics must however be supported by robust science.
Draslovka is however concerned about the potential for uncertainty factors applied to different values to
be “forgotten” when the assessments are used to inform development of controls for EDN. Of particular
concern to Draslovka is where the uncertainty built into health based standards and then separately to
the assessment of the modelling at the 99, 99.9 and 100th percentiles compound conservatism.
To bring together the two disciplines and provide perspective for the EPA’s assessment Draslovka
commissioned a; “ Sensitivity analysis of the application of health-based standards to conservative air
dispersion modelling. (Appendix 2)

4.2.2. Conclusions from sensitivity analysis
Dr Pemberton concluded as a consequence of his analysis that “the TELair bystanders (24 hours) of
0.034 ppm is below the most sensitive AEGL-1 value of 0.69ppm by greater than an order of magnitude
it is unlikely that bystanders will experience any adverse effects including systemic toxicity caused by
HCN formed by the metabolism of EDN”.
Draslovka asks that the EPA and DMC take this into account in their assessment of the information
presented

4.3.

Information provided from New Zealand field trials

4.3.1. Background on New Zealand field trials
Between February and May 2019, a range of data on EDN emissions were collected in association with
commercial scale confirmatory efficacy tests in New Zealand. The principal reason for undertaking this
research was to confirm that the laboratory generated efficacy data was relevant in field conditions.
Recording of environmental levels of EDN were collected as a secondary activity and as a
consequence the experimental design for this data collections was not as comprehensive as one would
expect in a comprehensively planned worker safety environmental emissions trial. Even so care was
taken to collect the best possible data with the facilities and equipment available.
A total of 9 different fumigations were under taken at Tokoroa between 4th February and 21st May 2019.
Worker exposure data was collected from all bar the first fumigation. The last two fumigations were
particularly well measured using a mobile Gasmet monitor which allowed more frequent sampling to
occur.
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4.3.2. New Zealand field trial data and key results
Documents provided to the EPA and WorkSafe describing these trials and a summary of the data
included;
1. The experimental design of the trials and efficacy results37 submitted to the EPA in June 2019.
2. Data collected on environmental levels38 and the potential implications for worker safety
submitted to the EPA in June 2019.
3. A summary of the results and comment on the application was submitted to WorkSafe in July
2019 and where appropriate this information has been included in this document.
Table 4.6 and 4.7 summarise the data collected on EDN levels in each of these trials
Table 4.6 Data from fumigation 8 and 9
Criteria

EDN 100gm/ m3 for 20 hours
Log stack size 100m3

Fumigation

8

9

Replicate

2

3

Peak atmospheric level during application

1.64 ppm

0.8 ppm

Peak EDN 1 m from tarpaulin during leak testing

20.8 ppm

39.2 ppm

Peak EDN 1.5 hours after application 5 m from stack

2.42 ppm

5.79 ppm

Atmospheric EDN measured at 10 m after ventilation

33 minutes

1 hour 58 minutes

Tractor placement relative to wind during tarp removal (
measurements taken approximately every 30 seconds)

45 o upwind

45 o downwind

Maximum EDN ppm during ventilation at 10m

2.21 ppm

1.97 ppm

Average 10 m EDN ppm for ½ hour post tarp removal

0.29 ppm

0.35 ppm

Gasmet Data

2.35 ppm

2.67 ppm

At 4 .5 hours

At 2 .3 hours

% EDN under the tarpaulin at end of fumigation

1.3%

1.6%

Gas Chromatograph Data

ppm

ppm

Under tarpaulin after application

52,855

61,485

Maximum EDN ppm 1 m inside stack post ventilation

Under tarp prior to ventilation

700

992

Highest reading 20 m – fumigation

0

0

Highest reading 20 m – ventilation

0

0

Highest reading 5 m – fumigation

23

0

Highest reading 5 m – ventilation

6

3

0.60
0.24

0.30

STEL calculation using Gasmet data
Injection
Water snake cutting
37
38

0.11

Further_information_Efficacy_Data_June_2019.pdf(PDF, 854 KB)
Further_information_Environmental_and_Worker_Exposure_data_ June_2019.pdf(PDF, 1.5 MB)
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Fluffing
Tarpaulin removal

0.25

0.14

Table 4.7 Data from fumigations 2 to 9 (includes data from Table 4.6 above)
Gas Chromatograph
readings
EDN Rate gm/m3
Fumigation treatment
time - hours
Log stack
replicate

120

120

120

120

80

100

100

100

24

24

20

16

20

20

20

20

100 m3

100 m3

100 m3

100 m3

100 m3

100 m3

1

1

2

2

52,855

61,485

750m3

750m3

2

3

1

62,116

55,716

58,381

488

507

483

483

752

2,855

700

992

0.8%

0.9%

0.8%

0.6%

1.0%

3.9%

1.3%

1.6%

2.1

4.8

0

0

0

0

0

0

1.9

0

-

-

-

0

0

3.11

7.5

11.1

0

0

0

0

22.73

0

38.9

7.7

0

12

15

173

-

0

Injection

0.00

0.00

0.00

0.00

0.639

0.3

Water snake cutting

0.00

0.00

0.00

0.00

Fluffing

0.20

0.02

0.00

0.16

0.24

0.11

Tarpaulin removal

0.10

7.0040

2.9

0.00

0.25

0.14

Under the tarpaulin after
application ppm
Under the tarpaulin prior
ventilation ppm
% EDN at end of
fumigation
Highest reading 20 m –
fumigation ppm
Highest reading 20 m –
ventilation ppm
Highest reading 5 m –
fumigation ppm
Highest reading 5 m –
ventilation ppm

1
77,169

79,134 72,417

STEL values based on MSA ultima data

4.3.3. Comments on environmental levels of EDN
Examination of the data collected in the confirmatory tests showed good alignment with laboratory data
quoted in the 2017 application. Specifically, it confirmed that :
 the level of EDN underneath the tarpaulin decreases so that 1% or less of the initial dose rate is
reached within 24 hours ( note in only one trial did the levels of EDN exceed 1% and this was a
20 hour fumigation)1

39
40

Includes exposure during a leak connection
Note figures in red are for STEL’s calculated for a downwind position as opposed to the upwind position of the

tractor driver operator the tarpaulin removal winch
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EDN dilutes quickly on release to the atmosphere demonstrated particularly by the release of
2855 ppm which resulted in 173 ppm at 5 m and 3.11ppm at 20 m immediately following
tarpaulin removal. It is noted that this end concentration is 9.5 times higher than this registration
is applying for.



For all releases of less than 700 ppm a maximum of 39 ppm was measured at 5 m and that
same trial recorded a maximum reading of 2 ppm at 20 metres
The ceiling WES of 5 ppm was not reached at 20 metres. Only one sample at 20 m exceeded to
3ppm WES with a reading of 3.11ppm.
As noted by D Miller41 (Occupational health hygienist) across all the testing periods no exposures
exceeding the STEL are expected to occur under normal operating conditions during the
application of EDN, removal of the water snakes and fluffing the tarpaulin before removal.
When operating upwind the driver of the fork lift removing the tarpaulin would also not be
expected to be exposed to EDN at or above the STEL.






In documentation associated with this process there has been some debate about the speed at which
the measurement of EDN can be provided with the monitors available for use in the field. However,
there is no question about the accuracy of EDN measurements. Draslovka considers these results
show that while there is some variation between fumigation with and ventilation of EDN the data shows
that EDN can be safely used at an application rate of 120 gm/m3 with an endpoint concentration of 700
ppm prior to venting.
One unexpected observation from the data was that the relationship between the application rate and
concentration under the tarpaulin was not constant. This may be explained by some variation in the
loading rate. Despite every effort being made to provide logs for the trials of a uniform grade there will
be, because of the nature of logs, some variation in the diameter and profile of the logs. It is
recognised higher loading factors can lead to bigger drops in fumigant concentrations soon after the
fumigant is introduced into the treated space compared to lower loading factors. Higher sorption occurs
in the presence of higher loading factors because more surface area from the higher number of logs
involved in the sorption process. While this will need to be borne in mind during fumigations the use of
a Riken Monitor to ensure a predetermined concentration is met under the tarpaulin before ventilation
will remove any risk associated with variable sorption into the logs.
Draslovka also recognises there is the potential for quick spikes in EDN during the treatment and
ventilation periods within the proposed buffer zone for workers but considers that air purifying filters
used in accordance with Worksafe requirements will provide appropriate protection for those workers
within the safety zone where:
 The tarpaulin is well secured with water snakes at its base,


SCBA equipment is available to deal with an emergency situation,

41

“Environmental levels of ethanedinitrile (EDN) associated with its use as a fumigant for export logs and
potential exposure of workers associated with key fumigation tasks”
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4.4.

The level of EDN under the tarpaulin at the time of tarpaulin removal is at or below 700 ppm,
A safety buffer of 20 metres is placed around the log stack during fumigation, treatment and
ventilation to protect workers,
Hand held monitors are used during venting and until the operation is declared completed;
and,
A re-entry period of either 2 hours or after 15 continuous minutes of monitor readings of EDN
below 3ppm. Data collected using a Gasmet monitor show that within half an hour of the start
of tarpaulin removal EDN levels at 10 metres did not exceed 1 ppm and 2.5 hours after the
start of tarpaulin removal I metre inside the log stack EDN levels were less than the WES. Hall
et al. (2014) in a series of laboratory tests simulating commercial fumigation of sawn timber and
logs verified the sorption and desorption model of EDN. This trial showed that after 1.5 hours,
no detectable concentrations of EDN were measurable in the container.

Information provided from USA worker safety trial

4.4.1. Background USA trials
Research to assess the levels of EDN that a worker may be exposed to during fumigation and
ventilation was undertaken in the USA in March 2019. The experimental design used for the research
was in line with USA EPA requirements and was approved by the agency prior to commencement.
Three different trials were undertaken to measure the atmospheric EDN concentrations during
fumigation and ventilation. The reports from the three trials, provided with this document, have the
following self-explanatory titles :
1. Documenting Worker Movements Associated with Timber Fumigation of a Surface-Based Log set,
a Tarped Container, and Untarped Container (Without Product Applied)
2. Area Monitoring for Timber Fumigation of a Surface-Based Log Set, A Tarped Container, and
Untarped Container Based Using EDN® as the Fumigant
3. Assessment of EDN® Flux as a Function of Time Following Harvested Timber Fumigation
Logs were fumigated at a rate of 120 gm/m3 for 24 hours and essentially the same approach was taken
to fumigation and ventilation as is used in New Zealand .In both cases all practises were performed on
a standard commercial basis by experienced and licensed commercial applicators and crews.
Weather conditions associated with the trials varied from the New Zealand trials but were not dissimilar.
The temperatures in the US varied between 6 and 24 oC while in New Zealand they varied between 5
and 35 oC. Wind in the USA varied between 0 and 38.6 km/hr while in New Zealand wind varied
between 0 and 20.5 km/hr
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Given that there are fundamental commercial application differences, there were a number of
significant differences between the USA and New Zealand trials whilst replicating commercial useprofiles. The trials varied in the following areas:
 Structures fumigated In the USA three structures were fumigated:




a container filled with logs and covered with a tarpaulin ( tarp),
a container just filled with logs and;
a tarp covered log stack, whilst in New Zealand only log stacks were fumigated.

 Quantity of logs The USA trial fumigated much smaller quantities of logs ( 52.3 m3) as compared
to the New Zealand trial (average of 676m3 for the three largest log stacks and 170 m3 for the six
smaller log stacks). The containers were each 68.3 m3 in volume
 Type of wood and loading factor In the USA Pinus ponderosa with a load factor of 30% in both
the containers and log stack were used. Note: The load factor under tarpaulin is higher than that of
a shipping container where the gross laden weight constrains the volume of logs that can be carried
in a container.
 Sampling approach. In the USA samples were collected in soda lime sampling tubes to give the
average EDN present over a 6 hour sampling period. EDN levels were measured for a total of 3
days. Samples were collected at 8 air sampling masts spaced approximately every 45 degrees at
1.5 m height around the compass at approximately 10m and 4 masts 3 metre from the stack (a total
of 12 sampling spots).
In New Zealand two approaches were used for spot sampling. The first approach used for all trials
involved sampling at 5 and 20 metres from the stack using tubing to draw the gas samples from the
1.5 m high sampling stations to a gas chromatograph on site. The sampling masts were placed at 90
degree intervals around the stacks. It should be noted in later trials upwind measurements were not
taken because of consistent zero readings reported upwind in the earlier trials.
Due to the availability of equipment and personnel in the last two fumigations a Gasmet monitor and
analytical specialist technician were brought to New Zealand. Real time EDN concentrations were
measured at 30 second intervals as follows:
- associated with individual tasks undertaken by workers involved in the fumigation and
ventilation ( at 1 metre from their head)
- at 5 m downwind 1.5 hours after fumigation for both treatments
- at 10m downwind during ventilation and for 30 minutes post ventilation for the first trial
- at 10m downwind for 1 hour 58 minutes post ventilation for the second trial
- 1 metre inside the log stack 4 ½ hours and 2½ hours post ventilation.
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4.4.2. Data produced from USA worker trials
The three reports produced from the American trials are provided with this document.
Table 4.8 provides a summary of the high level results from these trials. It should be noted that these
results are produced from a log stack which was one third of the size of the smallest stack used in the
New Zealand trials releasing 9.5 times the concentration of EDN being proposed in this document.
Note: The US EPA had over sight of these tests.
Table 4.8 USA worker emission trials showing maximum concentration of EDN collected over the
first 6 hour period for each of the three fumigation structures.
Situation

Container Covered with a tarp

Container

Log stack

Activity

3 m from stack ppm

10 m from stack ppm

Application

0.8

0.06

Treatment period

0.4

0.12

Ventilation

7.35

0.95

Application

1

0.14

Treatment period

0.5

0.07

Ventilation

0.85

0.33

Application

2.44

0.33

Treatment period

0.34

0.04

Ventilation

1.2

0.29

It is also important to note when interpreting this table, the values presented are the highest value
recorded across all of the twelve collection points during that time period and so represent the worst
case scenario.
It can be seen from these results that over the first 6 hours across all three treatments:
 the measurements at 10 m distance were between 12 and 30% of the measurements at 3 metres
 all bar one of the readings for the uncovered container were lower than the covered log stack.
 apart from ventilation of the covered container (a practise not proposed for New Zealand) all
readings were below the New Zealand WES.
 at 3 metres the WES was only exceeded during ventilation of the tarpaulin covered container.
 all other readings were below the WES ( 3 ppm)
 at 10 metres, the EDN concentration was below the WES value proposed in the NZ. We propose
20 m buffer zone for un-protected workers for the NZ situation
 most 10 m readings exceeded the New Zealand TEL but this half the distance of the proposed
30m buffer in New Zealand.
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Table 4,9 provides the highest levels of EDN measured from the log stack and container at 10 metres.
Table 4.9 Highest levels of EDN measured at 10 metres from the fumigation source
Log stack results
Activity at start of period

Fumigation at time 0

Ventilation after 24 hours

6 hour
period
First

Air concentration (ppm)
average for each 6
hour period
2.486

Second

0.353

Third

0.061

Fourth

0.016

Fifth
Sixth

1.22
0.57

Sixth

0.11

24 hour total exposure 24-hour average
hourly exposure

2.9

0.72

10.79

0.89

It can be seen from these results that following both fumigation and ventilation that;
 The levels of EDN falls consistently with time
 After the first 6 hour period following both fumigation and ventilation the maximum measurements
for atmospheric EDN at 3 metres from the stack was less than 0.6 ppm.

4.5.

Combined conclusions from all field trials

It is difficult to draw direct comparisons between the USA and New Zealand trials because of the
number of differences that exist between the tarpaulin trials but there are some useful high-level
statements that can be made. The key results from the USA and New Zealand work are summarised in
table 4.10
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Table 4.10 Key results from USA and New Zealand covered log fumigations treated at 120gm/m3
42

Tokoroa confirmatory tests

Number of replicates

USA Study

Data from
fumigations 2 to 9
(Gas chromatograph)

Data from fumigations 8 & 9
(Gasmet)

1

7

2

676m3 (avg43

165m3 (avg of 2)

Volume

52.3

Timber type

m3

Pinus ponderosa

of 3 )
173m3 (avg of 3 )
Pinus radiata

Pinus radiata

Loading factor

30%

58% avg

58% avg

Sampling

6 hours average
sampling

Dose rate

120 gm/ m3

Spot sampling
to a GC
80 to 120 gm/m3

Spot sampling
to a Gasmet
100 gm/m3

Concentration at start

152,145 ppm44

69,260 ppm avg

57,170 ppm avg

End-point concentration

4750 ppm

479 ppm avg

846 ppm avg

Length of fumigation
Air sampling distance from
tarp

24 hours
3 metres
10 metres

16 to 24 hours
5 metres
20 metres

20 hours
5 metre
10 metres

11.1 45 ppm at 5 m
4.8 ppm at 20m

5.8 ppm at 5m (gasmet)46
23 ppm at 5m (GC)
0 ppm at 20m (GC)

38.9 ppm at 5m
1.9 ppm at 20m

2.21 ppm at 10m
(gas met)

Maximum Emission during
application
Average Emission during
application

2.44 ppm at 3m in first 6
hours
0.33 ppm at 10m in first
6 hours

Maximum average 6 hour
emission during treatment for
24 hours

0.34 ppm at 3m
0.04 ppm at 10m

Maximum Emission during
ventilation
Average emission during
ventilation

1.2 ppm at 3m
0.29 ppm at 10m

0.35 ppm at 10m in first ½
hour

Noting that over 50% of the trials report fumigation rates and endpoint concentrations that are higher
than those being proposed by Draslovka.: The following high level statements can be made about this
data,
42

The one fumigation in New Zealand where the endpoint exceeded 752 ppm was removed from the New Zealand data in this table since
it represents a higher endpoint concentration than is being proposed for this registration

43 Avg is short for average
44 The initial concentration was higher in the US trial compared with NZ trial. This could be due to the type of logs. NZ logs
are soft wood hence higher absorption compared with hard wood used in the USA
45 With 10 minutes of ventilation
46 Note 38 ppm was measured at 1m during leak testing but this is an area which is not every being considered as access
for an unprotected worker
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The average emission during ventilation at 10 metres was very similar in both trials at 0.29 ppm
in the USA and 0.35 ppm in New Zealand.



There is evidence that during the application there may be comparatively high levels of EDN
(40 ppm) close to the log stack during application but these are short lived.
The concentration of EDN falls with distance from the log stack and while the New Zealand
WES was exceeded at 1.3 and 5m it was not exceeded at 20m. The concentration of EDN at
10 metres in the US trials was between 12 and 30% of the measurements at 3 metres







The concentration under the tarpaulin in New Zealand falls to approximately 1% of the
fumigation rate over 20 plus hours allowing an endpoint of less than 1000 ppm to be achieved.
Note in the American trial the concentration fell to 3% over 24 hours but this was at a lower
load factor and a different species of pine.
Key findings from international trials are that EDN is efficacious against all the forest pest(s)
tested (including insects, nematodes and pathogens). In all of the research, the results found
fumigation concentrations and times that provided in order to meet phytosanitary treatment
requirements.

These findings are in line with the data reported from the range of trails conducted internationally and
importantly show that there will be some higher transient readings when the tarpaulin is removed but
EDN concentrations decline quickly so that these levels will not exceed the WES at 20 m and protected
workers can safely undertake the operations required to remove the tarpaulin. .

4.6.

Trends identified across data from field trials completed in other countries

To assist the EPA and submitters in understanding the different approaches and parameters
associated with each of the papers a summary document47 was provided by Draslovka which clearly
identified and articulated the parameters and findings from each paper. Due to the range of approaches
used in each of the tests it was only possible to draw the following high-level conclusions from the data
within those papers:
1) EDN is efficacious against all of the forest pest(s) tested. In all of the research, the results
found fumigation concentrations and times that provided complete mortality of the target
pest(s).
2) The various types of cover (sheets/tarpaulins) can reduce emissions during fumigation to very
low levels. Sheet/tarpaulin is the determining factor in preventing EDN emissions during
fumigation, to protect both the workers and the environment.

47

file:///C:/Users/Helen/Documents/EDN/2019/
Information%20to%20the%20EPA/To%20the%20EPA/Overview%20of%20EDN%20experimental%20Data%20fr
om%20International%20Studies%20-%20%2015%20May%202019.pdf

Page 39

3) The concentration of EDN under the sheet/tarpaulin declines to low levels rapidly over the
fumigation times used. Unlike other fumigants, all of the research results show that EDN applied
is quickly absorbed by the product being treated resulting in low concentrations remaining in the
headspace by the end of fumigation.
4) When venting occurs very little EDN is released to the atmosphere. The rapid decline in EDN
concentration over time directly results in less EDN available at the end of fumigation to be
released into the atmosphere.
5) EDN released during venting diffuses rapidly over short distances resulting in a rapid decrease in
the EDN concentration in the environment. All of the studies found that EDN does not “pool” or
linger in the fumigation area during the venting process but decreases rapidly by diffusion over a
short period of time by diffusion into the environment.

4.7.

Seabird vulnerability from anticipated levels of EDN near the port

4.7.1. Seabird background
The EPA has proposed a control requiring that fumigations are undertaken at locations where water
[sea] bird colonies do not exist. The following rationale describes why this control is unnecessary. A sea
bird colony is defined as a large congregation of one or more species which roost and/or nest in close
proximity.

4.7.2. Ports as a habitat for birds
Currently there are three ports in New Zealand that undertake fumigation with methyl bromide.
Northport and the Port of Tauranga sit on the edges of natural harbours and are both sheltered from
significant wave action. Whereas; the Port of Napier sits on reclaimed land extending into Hawke Bay
on the edge of the Pacific Ocean. The outer margins of the port are subject to strong wave actions
during storm periods particularly during winter. Hence, significant barriers are in place to protect the
infrastructure.
Globally commercial ports are significant infrastructures which are formed by reclaiming land where
necessary and building retained or more commonly open piled wharves around the natural or reclaimed
edges to enable ships to berth. Hard surfaces of concrete or asphalt are then laid over the land and
wharf to enable port activities to operate efficiently. In order to protect the slopes under the wharves
from the forces of water disturbed by ship propellers, revetments of concrete blocks, boulders, gabions
and/or mattresses are placed or formed.
On the outer margins of ports significant revetments are formed as barriers to prevent wave action
disrupting port activities and eroding the land surfaces. Where the revetments create cavities penguins
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may nest while other seas birds take advantage of high points and the shelter created by made
structures interfacing the land and sea.
Sea bird’s generally do not easily confide in humans preferring to avoid both humans and nosiy mobile
machinery. Seabirds around New Zealand are often found at the interface between the land and sea,
particularly the seaward side. However; near a busy port, with the exception of the red billed gull, most
other species are not found in and amongst the commercial port operations areas. Where birds have
been found e.g. nesting penguins amongst concrete revetments where the international passenger
terminal is now being built at Napier efforts are often made by Port Authorities to transfer them away to
less busy areas. Table 4.11 provides notes on the sea bird species found at each of the three ports
used for fumigation and while table 4.12 briefly describes their preferred habitat, roosting needs and
nest sites.

4.7.3. Sea bird species and ports
The following sea bird species are found in and around harbours.
Table 4.11 Bird species currently found at the three ports currently used for fumigation
Port

Northport

Species

Observations

Red billed gull - Tarāpunga
Chroicocephalus novaehollandiae
scopulinus

New Zealand dotterel and red billed gulls breed in the New Zealand
refinery. These birds are well beyond 50 meters distance from the
log yard.

Pied shag - Kāruhiruhi
Phalacrocorax varius

New Zealand dotterels are reported to be starting to use parts of
Northport to breed. Northport monitors the bird activity on site
minimise disruption to both birds and port activities.

New Zealand dotterel - Tūturiwhatu
Charadrius obscurus

Black billed gull - Tarāpuka
Larus bulleri
Red billed gull - Tarāpunga
Chroicocephalus novaehollandiae
scopulinus

The outer margin of Northport is also a site where pied shags roost.
While these sites can be close to logs stacks these logs are not
fumigated. Fumigation activities are further into the site.
A colony of red-billed gulls with a sprinkling of black-billed gulls took
up residence some 100 meters from the log yards over the 2019-20
summer.
White-fronted terns are reported to nest along this area. Little
penguins nest under the wharves and amongst the rocky shore
surrounding Mount Maunganui.

Little penguin – Kororā
Eudyptula minor
White fronted tern - Tara
Sterna striata
Tauranga
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Near by
Reef and white fronted heron,
several shag species, Caspian tern,
& gannet.

Around the shore of Mount Maunganui.

Across the harbour
NZ dotterel
Variable oystercatcher
White fronted tern
Red billed gull
Migratory wader species

To the west approximately 1500m

Black billed gull - Tarāpuka
Larus bulleri

The port is actively encouraging black-billed gulls to next around the
outer areas of the port revetments.

Little penguin – Kororā
Eudyptula minor

Little penguins are under active management at the port. Principally
because a number of these birds were roosting and nesting in an
area of open revetment which is now being converted to a cruise
ship terminal. A managed penguin colony has been established.

Napier
White fronted tern - Tara
Sterna striata

Roosting sites during high tide.

There are a few nesting white-fronted terns nesting amongst the
revetments around the port.

Table 4.12 Sea bird habitat preferences
Species

Habitat

Preferred nest sites

Gull - Black billed

Less than 2.5% of the total population is in
the North Island
Less likely to be found in towns and cities
than the other gulls
Not commonly observed scavenging
Expanded its range in the North Island

A range of sites including ports
Only about 5% of the population nest in the
North Island

Gull - Red billed

Most common gull of the New Zealand coast
A scavenger

Breed in large dense colonies
Tends to return to the locality where it was
hatched to nest

Little penguin

Shallow water pursuit hunters
Primarily nocturnal on land

Coastal nest sites

New Zealand Dotterel

On or near the coast
Between north and east cape

Sandy beaches and sand spits, some shell
and gravel beeches.
Occasionally on short grass.

Pied shag

Forages alone or in small groups around
harbours and estuaries
Rests on rocky headlands and structures

Trees along coastal cliffs

White fronted tern

Most common tern in New Zealand coast
Marine species
Close to the coast

Large dense colonies
Shingle river beds, sand dunes, stacks and
cliffs
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4.7.4. Toxicity to birds
Seabirds like other living things can only be affected via inhalation. The concentration of EDN that will
be released to the atmosphere at the end of fumigation will be 700 ppm or less and will rapidly disperse
in the atmosphere. In practice the likelihood of the theoretical bird being present close to the source for
a period long enough, with EDN at the necessary concentration to cause harm will not occur.
Air dispersion modelling provided by SEC Environmental is described in Section 4.2. The modelling is
based on the metrological data for the Port of Tauranga considering the logistics and fumigation
practices. The Port of Tauranga is New Zealand’s largest log exporting port accounting for about 30%
of the exported volume in 2019. In his modelling report, David Sullivan has shown that the EDN
concentration for all time weighted averages after fumigation are very low indicating that bird exposures
will be also low. It should also be noted that EDN does not bioaccumulate like a number of other
chemicals used at the port.
The EPA noted in the 2018 Science memorandum that EDN can be expected to rapidly dissipate in the
atmosphere and “it is unlikely that ethanedinitrile would be present at sufficient concentrations in the
atmosphere to pose any significant risk to birds.”
Ship containers, tarpaulins and ship holds must be ‘gas tight’ if fumigations are to be successful.
Containers and ship holds are constructed used steel which is impervious to EDN. The tarpaulins used
in New Zealand have been chosen because the material they are fabricated from has a very low mass
transfer coefficient. Consequently; flux values during fumigation are very low.
While there is potential for the release of EDN to the atmosphere during fumigation through tears
fumigators follow protocols requiring checks for physical damage to tarpaulin and structures which
require repair prior to fumigation in order to prevent such losses. In the event that loses do occur
fumigations may fail to reach the required phytosanitary requirements which will then result in retreatment. Fumigators and exporters do not want to incur unnecessary additional costs through failed
fumigations.
While the EPA speculates that; “… it is possible that birds visiting the treatment area could be exposed
to ethanedinitrile via inhalation following ventilation.” There is no evidence to suggest that acute or longterm effects would result. Any EDN present in the headspace at the end of fumigation will disperse very
rapidly on venting. The field trial data presented in this document consistently shows that EDN levels
decline very quickly post venting. Should birds be present the concentration of EDN will be low if it is
present and the exposure period short.
The EPA has rightly recognised that; “Since fumigations are to be undertaken at port locations, much of
the risk identified is expected to be mitigated since these areas are likely to be undesirable to most
species of birds with the exception of possibly sea birds such as gulls.” Then states; “The potentially
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important inhalation route of exposure has not been fully assessed since there is no reliable estimate of
exposure.”
The Australian Pesticides and Veterinarian Medicines authority (APVMA) also included a similar
restriction in their assessment of EDN for timber fumigations in 2013 considering native mammals and
birds. Stating; “The fumigation site must not be bounded by areas inhabited by native mammals and
birds, or where significant populations of birds are known to congregate. These include agricultural
fields, natural bushland, forests, and urban parks.” The APVMA then concluded in the same paragraph;
“Fumigations conducted at port locations must be undertaken only at locations where water bird
colonies are not known to exist.” Essentially the same as the control proposed by the EPA.
It is critical to record that, the APVMZ is currently reassessing the timber registration for EDN and after
assessing the risk it revised the 2013 control. APVMA recognised that the exposure for mammals and
birds will be through the gas phase and considered that oral, dietary, and reproduction toxicity tests will
not be applicable to the EDN exposure route. Consequently; the APVMA did not ask the applicant for
any additional avian toxicity testing.
In conclusion; The EPA has proposed a control requiring; “Fumigations must be undertaken only at
locations where water bird colonies are not known to exist.” The EPA justifies the need for this control
because it believes that; “It was not possible therefore to assess the acute and long term risks to birds.”
The characteristics of the molecule, the science, sea bird behaviour and air dispersion modelling for
EDN do not support the need for this proposed control.

4.8.

Low wind speeds

EPA staff have proposed an EDN 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”.
Draslovka considers this is overly precautionary and will unduly limit port activity without significantly
reducing any risk that may be present.
EDN is a very volatile chemical that in field trials has been shown to quickly disperse (see for example
the Gasmet data collected for fumigations 8 and 9 at Tokoroa 2019). EDN becomes a gas at –21.6 oC
and as a consequence in the normal temperature range at ports and is unlikely to pool to any significant
extent.
In addition, ports are positioned at the juncture between sea and land. It is a well-accepted fact that an
air pressure difference is created by the differing heat capacities of water and land creating air
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movement. As a consequence of this pressure difference such, sea breezes are more localised than
prevailing winds. Because land absorbs solar radiation far more quickly than water, air movement from
the sea towards the land occurs after sunrise. By contrast, at night the land also cools more quickly
than water and, after sunset, the air flows from the land towards the sea. This temperature difference
exists almost continually at the port ensuring there will always be some air movement
The port environment also contributes to this phenomena. The accompanying air dispersion report he
states; “ There is no such thing as no air movement on a port because of the asphalt and even at very
very low wind speeds EDN will move and not pool “
Further explanation is provided when he considers the ventilation of ship holds at night;
“Nocturnal applications generally would be expected to produce higher downwind airborne
concentrations, all else being equal, because of two factors:
(1) lower wind speeds at night, and
(2) more limited atmospheric dilution potential.
“The first term, wind speed, would be expected to increase modelled concentrations relative to the
stronger daytime periods. The nocturnal atmospheric mixing issue, however, is reduced at the port
because of the high heat capacity of the port asphalt surface. It would be expected that atmospheric
dilution conditions would be approximately neutral at night over the asphalt surface (especially with lots
of respiring timber stacked up on the surface). This produces similar dispersion conditions as daytime
conditions with relatively strong winds (common at the port) or during cloudy conditions. “
Draslovka maintains that the combination of the temperature differential (even at the relatively small
scale of a port) and the effect of the asphalt surface on the ports combined with the high volatility of
EDN will ensure that under New Zealand climatic conditions; “ponding of EDN” is unlikely to occur.
Placing a lower wind speed for venting of 5 km per hour will not change the risk profile for human health
or the environment.

4.9.

Recapture – an analysis

As has been shown in all laboratory and field trials EDN levels in contact with logs decline at a
predictable rate. Draslovka maintains that this predictable decrease in the levels of EDN will result in
low environmental levels of EDN at 20 plus metres during ventilation at an endpoint of 700 ppm.
More than one submitter at the EDN hearings however requested that the DMC place a control on EDN
to further reduce the risk of EDN being released to the atmosphere by installing a scrubbing,
destruction or recapture technology system to recapture EDN and prevent it being released to the
atmosphere. This request by the submitter was made with limited information or understanding about
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the potential types of systems that are available or any robust analysis of the potential risks that may
be associated with those systems.
To inform the development of the Safe Work Instrument by Worksafe, Draslovka provided a document
which describes the four technologies48 capable of removing residual fumigant from treated volumes
EDN. To inform this document Draslovka undertook a review of the globally available “scrubbing”
technologies and found that none could effectively provide 100% “scrubbing” of any fumigant. In the
report Draslovka also listed the risks associated with these technologies and the additional processes
and hazardous substances introduced to the fumigation process associated with these technologies.
To summarise, the four overarching approaches which can be used to reduce the level of EDN (or any
fumigant) prior to release from the treated structure (i.e. from in a container, from under a tarpaulin of
from a ship hold) include:





Release to the atmosphere i.e. Environmental Hydrolyzation and Degradation,
Burning i.e. Combustion of the remaining fumigant,
Chemisorption i.e. liquid scrubbing, and.
Carbon recapture i.e. absorption onto activated carbon.

In all cases there are significant risks associated with the technologies that would be introduced onto
the port environment. Moreover; the reduction of EDN concentration for some of the technologies is
less over a given period of time than the natural “scrubbing” effect identified in the case of logs49. Any
benefit provided by a decrease in the level of EDN carries a range of increased risks in other areas
such as the production of pollutants which may result in unintended consequences.
Draslovka maintains that the additional costs and risks associated with scrubbing are not unwarranted.
and because of the risks inherent in these technologies the net result would be to increase the risk to
worker safety when operating and maintaining the technologies along with the need to dispose of the
resulting effluent stream.

4.10.

Flammability

EDN was described by more than one submitter at the August 2018 hearings as being unacceptably
flammable and as such a danger to port users. The protection in place to reduce risk during transport
and storage was well described in the 2017 application. The field data collected at Tokoroa has
provided data which allows Draslovka to put the potential flammability risk during fumigation into
perspective.
48

Kade McConville et.al. 2019 Justification for not using Scrubbing, Destruction, or Recapture Equipment during
the ventilation of Ethanedinitrile

The Nordiko study referred to in the document shows a fall in EDN to 2% of the initial concentration after 23 hours of
scrubbing which is less that the expected decrease to 1% in contact with logs
49
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Neither freshly felled logs or dried timber is subject to spontaneous combustion50. Hall et al., 201551
reported that freshly felled pine logs have high moisture to timber ratio of about 120%52 and so do not
provide a suitable substrate for fire even if the temperature increases due to respiration occurring in
the logs. Kiln dried timber, while having significantly lower water content does not respire and so
there is no chance of spontaneous combustion.
In addition, no external source of ignition is present in the vicinity of the fumigation site as per
standard fumigation mitigations, controls and practices. The lack of an ignition source in the
fumigation process (EDN does not require heating - boiling point of the molecule is -21.6ºC) which
could cause a spark the opportunity for a fire to start where the LEL is above the lower limit is
eliminated.
EDN is a flammable product (as is the case for other fumigants in use in New Zealand, including
methyl bromide ) and that for a limited period of time during the early stage of the fumigation process
EDN will exceed the lower explosive limit (LEL of 6.45 ± 0.8 % by volume). However; EDN will not
reach its upper explosive limit (UEL of 14.3 ± 0.8 % by volume). A substance is only flammable
whilst the concentration is between its LEL and UEL concentrations. The data collected at Tokoroa
shows that the EDN will only exceed the LEL for up to 2 hours at the start of fumigation, but
decreases rapidly due to absorption into the commodity and breakdown. Note: Tables 4.13 and 4.14
below show where the concentration of EDN in the head space exceeded the LEL (coloured red) in 9
different log stack fumigations.
Table 4.13 EDN Concentration under the tarpaulin during fumigations 1 to 3 showing those
levels exceeding the LEL
Dose rate and time

120 g/m3 for 24 hours
EDN concentrations under tarpaulin
Rep 1

Rep 2

Rep 3

Hours after application

ppm

ppm

ppm

0

79893

62117

55716

1

68370

49620

41016

2

48793

42805

29775

3

41627

35013

21572

4

26791

27282

16069

Spontaneous combustion or spontaneous ignition is a type of combustion which occurs by self-heating (increase in
temperature due to exothermic internal reactions), followed by thermal runaway (self-heating which rapidly accelerates to
high temperatures) and finally, auto ignition. Items such as large quantities of badly conditioned hay, or, coal with
insufficient ventilation for cooling may auto-ignite.
51 Hall et al 2015 Influence of dose, bark cover and end-grain sealing on ethanedinitrile (C2N2) sorption by pine (Pinus
radiate D. Don) logs
52 The water content in the crude log is more than the dry weight of the wood content. For example, for a piece of crude logs
weighing 2.2 kg, if the dry weight of the log piece is 1 kg, the water content is 1.2 kg calculated as (120%).
50
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6

14283

16565

10034

8
10

8097

10696

5443

2530

4123

3543

12

722

3707

2347

16

401

1094

1262

20

282

766

722

22

253

592

648

24

166

488

507

Table 4.14 EDN Concentration under the tarpaulin during fumigations 4 to 9 showing those
levels exceeding the LEL
Dose rate

120 g/m3

120 g/m3

80gm/m3

100gm/m3

Treatment
time

16 hours

20 hours

20 hours

20 hours

hours after
application

EDN concentrations under tarpaulin
ppm

ppm

ppm

ppm

ppm

ppm

0

77,169

58,381

79,134

72,417

52,855

61,485

1

61,058

52,435

66,798

67,291

63,709

65,560

2

46,200

43,169

54,874

57,071

57,904

53,215

3

31,287

34,118

50,371

48,696

42,182

-

4

25,159

28,195

44,403

44,204

32,286

31,389

6

16,352

20,671

25,196

30,526

19,042

20,097

8

8,951

14,529

16,631

14,280

11,482

13,842

10

3,483

7,001

5,870

8,732

6,991

4,733

16

483

882

983

3,660

1,211

1,417

483

752

2,855

700

992

20

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 controls 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 (Appendix 3) 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.
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Captain Phadnis advised that, if there is any doubt, when the fumigation service provider undertakes
the pre-fumigation 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.

5. Consideration of matters raised by the DMC and submitters

5.1.

Monitoring

At the time of the EDN hearings in August 2018 the lack of sufficiently sensitive and fast registering
EDN monitoring equipment was considered a concern by WorkSafe and a number of the submitters.
Since then the availability of equipment to monitor the levels of free EDN is association with a
fumigation has increased both in number and range.
At the time of the 2018 hearing two monitors were available:
1. Low concentration The MSA Ultima XA Portable gas monitor which is a hand held monitor
capable of detecting EDN between 1 and 50 ppm with a response time of 6 seconds. This
machine has the facility to pre-set a high-volume audible alarm at the desired concentration.
Draslovka noted in its application that this would be suitable as a hazard warning device for
workers. Concern was expressed at the EDN hearings that the bottom of the monitors range
was insufficient to adequately monitor workplace exposure over time and the 6 second
response time would potentially expose unprotected workers to levels of EDN in excess of the
WES. Cost USD $2000.
2. High concentration The Riken FI-8000™ gas monitor53 which is a handheld unit can be
attached to monitoring tubes inserted into a log stack. This will allow measurement of under
tarpaulin concentrations with a monitor that sits outside the tarpaulin. The Riken FI-8000™ is
accurate for the measurement of EDN concentrations between 185 ppm and 138,772 ppm. If
desired it would allow the continuous monitoring of under tarpaulin levels throughout the
fumigation process, prior to ventilation. Cost USD $3000.
Since August 2018 an additional monitor has been developed at the request of Draslovka and
continues to be refined for use. In working closely with Draeger, Germany, Draslovka and Draeger
53

More detailed information on the Riken FI-8000 can be sourced from the Riken web site at
https://www.rkiinstruments.com/pdf/FI-8000.pdf. Full details of the MSA Ultima—XA were provided with the EDN
Application
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have been jointly working on and heavily investing into the development of an EDN specific sensor
for use with the standard A Draeger X-am® 5100 Single-Gas Detection Device. This sensor has the
ability to eliminate some of the previous cross-sensitivities which can be experienced with detectors
for other fumigants.
Draslovka and Draeger are currently unable to provide detailed specifics relating to the nature of the
sensor or the sensing technology given patenting which is currently underway. We can say that the
X-am® 5100 Single Gas Detection unit is a robust easy to operate monitor that workers can wear. It
has an easy to read visual display and can also be set up to provide an audible alarm at pre-set
levels. Response time is typically 6 seconds. The machine has a range of 0 – 50ppm and a resolution
of 0.5ppm. Anticipated cost USD $ 5000.
Table 5.1 summarises the key specifications for the three monitors described above.
Table 5.1 Summary of EDN Monitor specifications

Range ppm

Riken FI-8000

MSA ULTIMA XA

Dräger X-am® 5100

185 -138,772

1-50

0-50

Error range

+/- 10%

± 2ppm

+/- 0.5 ppm

Audible alarm
Weight

Yes
1 kg

Yes
About 1 .5 kg

Yes
250 gm

T90 Response Time

< 5 seconds

<12 sec typically 6
seconds

<20 seconds, typically
6 sec

Datalogging facility
Battery life hours

Yes
48 hours

No
48+

Y 54
96 hours

Approx. Cost USD

$3,900

$3,700

$5000

None of these monitors on their own would be able to provide the complete range of monitoring
functions required to support safe use of EDN. However, across the three monitors Draslovka asserts
that these availability of these technologies should provide confidence that the capability now exists
to ensure the safe use of EDN.
It is proposed that;
 The MSA Ultima XA Portable gas monitor can be used to monitor areas near to the buffer
zone where unprotected workers may be present. These workers should not be exposed to
EDN above the WES. This monitor can be used as an alarm to notify workers when a
concentration of 2 ppm is reached allowing them to move further away from the log stack to
ensure such an event does not occur.
 The Riken FI-8000™ can be used to safely read the levels of EDN within a stack allowing
levels under the tarpaulin to be checked prior to ventilation.
54

Datalogging capacity for 1000 hours at 1 value per minute
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The most recent introduction the Dräger X-am® 5100 and/or the MSA Ultima XA Portable
gas monitor is suitable for monitoring the exposure of individual workers within the buffer
zone or monitioring EDN levels over an entire fumigation / ventilation at the edge of the buffer
zone.

It should be noted that the Riken FI-8000™ will need to be supported with additional documentation
to support safe use. The MSA Ultima XA and Dräger X-am® 5100 provide readings in part per
million and take into account the temperature at which air samples are being processed. By contrast
the Riken FI-8000™ measures at gram per cubic metre and is not temperature adjusted. This will
mean that at the port a temperature conversion chart will need to be provided to the fumigators as
follows;
A fourth monitor the Gasmet DX4030 is available. However; due to the cost and machine sensitivity it
os not suitable for daily use on the port as a part of routine log fumigation monitoring. The Gasmet
DX4030 Fourier is a transform infrared (FTIR) detector designed for monitoring on-site
measurements at a low levels in ambient air. The Gasmet houses an FTIR spectrometer along with a
Rhodium-gold coated sample cell and signal processing electronics. The sample gas is drawn into
the cell via a probe with a built-in particle filter at a rate of 2 litres per minute.
It requires a qualified technician to calibrate and maintain it on site. The machine records the data
electronically and provides high quality accurate readings approximately every 30 seconds accurate
to 0.01ppm. Cost USD $50,000
Work continues on the development of monitors to support the safe use of EDN in the field. The
recent development of the Dräger X-am® 5100 has increased the usability and accuracy on the 0 to
50 ppm range. It is hoped with time a similar advance can be made to replace the Riken and Gasmet
with more accurate technologies in more robust formats.

5.2.

Supporting safe use of EDN

Prior to WorkSafe developing the WSI for EDN it spent some time in discussion with Draslovka to
work through areas of concern. One of the areas that WorkSafe had not appreciated and which in
retrospect was not made clear in the EDN application to the EPA is Draslovka’s EDN Global Product
Stewardship programme. WorkSafe considered that a well-run Product Stewardship programme
would reduce the opportunity for safety breaches.
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The Product Stewardship programme was alluded to in the EDN application in response to the
question; “The application states that training might take place online. Can the applicant provide
evidence that this will be sufficient given the hazards of EDN?“ 55
In response to this question Draslovka provided a short description of its Product Stewardship
programme and described how EDN users would be required to pass theoretical training, be trained
in the physical fumigation process and be deemed competent through assessment of the hands-oncomponent. Draslovka also operates a regular programme of auditing as part of the to ensure
standards are maintained.
Draslovka considers itself to be a responsible chemical manufacturer and conscientious global citizen
in the 21st Century and hence it must be prepared to take a full life-cycle responsibility approach
across the chemicals from raw products to end-use application. Draslovka’s Product Stewardship
programme bears testimony to this ensuring all users of EDN globally are correctly trained and the
companies using EDN do so according to the local regulations.
Draslovka is currently the only manufacturer of EDN globally and is setting up its structure so the
supply chain to users is kept as short as possible. The primary intention of the Product Stewardship
Programme in the supply chain is to optimise the safe use of EDN. To this end the programme will be
supported by biennial audits by Draslovka of the fumigation service provider and their staff to warrant
the company’s ongoing use of EDN. The programme is currently running in Australia, the Czech
Republic and South Korea.
It is recognised that many of the elements of the Product Stewardship programme will satisfy the
legal requirements for hazardous substance use in New Zealand and will not in that regard provide
any extra protection. The difference between a chemical which is simply registered in New Zealand
and EDN under a stewardship programme is that Draslovka as the supplier will organise the training
and ensure EDN specific attributes and risks are understood by the service provider and key
stakeholders. Further its ability to cease supplying EDN to any party that is unable to pass the audit
or has shown itself to be negligent at any time will ensure potential inappropriate use in prevented.
Draslovka recognises that other companies may in the future start to produce EDN and may not have
a similar programme in place to support the safe use of EDN. Draslovka would consider an EPA
control requiring a similar programme to be implemented by any supplier to New Zealand as being
necessary.
To this end Draslovka considers that the key elements of a well-run Product Stewardship programme
are;
Page 58 EDN appendices 27-2-2018 https://epa.govt.nz/assets/FileAPI/hsno-ar/APP202804/ed8b925769/EDNappendices-27-2-2018.pdf
55

Page 52

1) EDN specific training by registered expert required for all fumigators and support staff
2) Where future supply to a service provider is contingent on a successful audit.

5.3.

Is EDN a bacterial mutagen

Mr Browning questioned at the hearing whether EDN could be a bacterial mutagen. Draslovka has
had independent standard mutagenic tests completed; namely, an Ames test, in vitro mammalian
chromosomal aberration in human lymphocyte and in vitro mutation test using mouse lymphoma The
EPA assessed EDN on the basis of the information provided with the original application and has
classified EDN as not mutagenic. This. is in line with many other cyanide based chemicals.

5.4.

Concern hydrogen cyanide are likely to increase during a fumigation.

Mr Browning has raised concern that EDN in contact with water will breakdown to hydrogen cyanide
(HCN) which in turn will cause toxicity problems. This concern is misplaced. The fate of EDN and its
breakdown is described in Appendix 6 of the EDN registration application submitted in February
2018.
The application describes how the nonpolar ethane di nitrile (C2N2 ) molecule has a high affinity for
the polar surface of wood, bark and wood products and it undergoes a very fast process of
adsorption which is accelerated in the presence of the water that is naturally present in the wood and
is quickly broken down. Brierley 2017 measured the rapid decrease in the concentration of EDN in
contact with wood at a range of temperatures.
The primary pathway for the chemical decomposition in the wood is outlined in Diagram 5.1. The
products formed in this first stage are themselves almost instantly decomposed to carbon dioxide and
ammonia. The ammonia in equilibrium with CO2 also partially forms ammonium carbonate.56
Diagram 5.1 Primary pathway for the breakdown of ethanedinitrile in wood
OCN

-

O2
NC CN

-

OCN + CN
H2O

-

+ 2H
2-

+

CO 3 + 2H

+

Page 53

At the time of fumigation, it is should be noted that a small amount of hydrogen cyanide (HCN) is
present in commercially produced EDN as a very small impurity in the product (less than 0.9%).
Theoretically the CN-ion ( produced by the breakdown of EDN and HCN) could react with the hydrogen
ion to form HCN and lead to an increase in the level of HCN under the tarpaulin. Trials conducted by
Hall 2014 which measured HCN level during fumigation found no appreciable increase. Secondary
metabolites are well described on page 85 of the EDN application Appendices. HCN is not one of
those metabolites.
After EDN is released from the log stack the most common degradation pathway for each EDN
molecule is hydrolysis which yields one molecule of HCN and one molecule cyanic acid (HOCN).
EDN can also react with hydroxyl radicals in the atmosphere but the reaction is extremely slow.
CN-CN + H2O

HCNO + HCN

Diagram 5.2 shows the partitioning of EDN in air, soil, water and sediment, when emission of
3000t/year ethanedinitrile is produced (Draslovka’s total global production). This shows most of EDN
(almost 100%) remains in air as a gas and only a minor amount is transported to water, soil or
sediment. The amount distributed into soil is 0.0048% and for water it is significantly less at
0.000125%.
Diagram 5.2 Fate of ethanedinitrile in the environment

At the levels of EDN released to the atmosphere (700 ppm) and its quick dilution in air it is not
expected that the breakdown of EDN to HCN will result in the production of HCN to result in levels in
one place that will negatively affect living creatures .
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6. Conclusions

The Addendum to the staff report released in October 2019 stated that;
 without new modelling it could not fully assess the risk of a change to the application rate, log
stack sizes or higher loading factor.



with no new data on ship holds and containers these use patterns have not been considered
Invited a control that prohibit use without a specified action occurring (adaptive management
control).



Supported its previous recommendation for a 20m buffer zone for workers and 120 m for the
public
Confirmed the long-term exposure limit (TEL) of 0.034 ppm was calculated as a 24-hour average





Set a maximum measurement of no more than 700 ppm of EDN under the tarpaulin before it
could be removed from the log stack pile.
Noted the EPA did not expect “most bird species to be present around the ports where
fumigations would to take place, sea birds may be most at risk. A control stating that fumigations
must be undertaken at locations where water bird colonies are not known to exist was proposed
to mitigate risks to birds”

The report goes on to state; “In the event of new modelling being provided to the EPA, findings of EPA
Staff Report and Science Memorandum could have the potential to be impacted by the new data.””
This report has been prepared to respond to that Addendum and has provided new information and
placed the information provided since 2018 into context. In Section 3.1.1 Draslovka has articulated the
controls it believes should be placed on EDN to ensure its safe use in New Zealand.
Since 2018 Draslovka has provided the EPA with a range of new data which has been generated in
response to comment associated with the 2018 hearing conducted and feedback from the DMC
released in a series of minutes and directions. . This document summarises the key findings from that
data and shows that the risks associated with each of these areas are substantially lower than
concluded by EPA staff.
It is noted that WorkSafe is responsible for the controls that affect worker safety and as a consequence
of these controls fumigators working within the designated safety buffer zone will be protected by
protective equipment. Assuming protection of these workers this section provides a high level summary
of how the data provided has demonstrated that risks which these controls were designed to reduce are
no longer of relevance.
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Registration rate and endpoint concentration
Based on efficacy tests for New Zealand forest insects Draslovka has formally requested that the
application rate which it is applying for registration is reduced from 150 gm/m3 to 120 gm/m3.. This rate
has been shown in commercial scale confirmatory trials n to be efficacious against New Zealand
insects of concern to our trading partners. This and all other field data presented to the EPA shows that
the concentration of EDN under the tarpaulin declines to low levels rapidly over the fumigation times
required and in New Zealand can credibly reach 700 ppm within 20 to 24 hours of fumigation.
Draslovka also now requests that a recognised endpoint of 700 ppm be set as the concentration of
EDN under the tarpaulin prior to ventilation. This level can be verified with the Riken FI-8000 monitor.
The remodelling undertaken to support these revised parameters shows that 1000 ppm can be safely
set as the endpoint concentration. Draslovka is however responding directly to WorkSafe’s approach to
worker safety and recognises that the Hierarchy of controls places removal of a risk as a more reliable
approach to risk reduction than protecting workers. In response to this directive Draslovka
recommends that 700 ppm is appropriate and notes it will reduce risk and ensure that buffers can be
kept to a minimum which is also in line with EPA recommendation.

Remodelling to support ship hold fumigation
Remodelling provided with this document, has been completed at 120gm/m3 for the fumigation of both
ship holds and log stacks (over the same 24 hour period), and show’s that
 a buffer zone of 20m will ensure that unprotected workers are not exposed to levels which
exceed the WES of 3ppm over an 8 hour day,
 the public will be safe at distances greater than 30 metre from any fumigation.
This modelling based on actual fumigations undertaken at the port of Tauranga during 2019. The
results show that at the Port of Tauranga EDN will not exceed 0.0078 ppm at the port boundary. This
value is well below the EPA’s proposed TEL of 0.034 ppm.

Shipping containers
Currently methyl bromide is used to fumigate a very small portion of New Zealand’s exports logs and
timber exported in containers. Evidence presented in the USA trial (described herein) shows that
emissions from an uncovered container (which contained a similar volume of logs to the log stack in the
same trial) resulted is generally comparable but at a lower level of EDN during application and
ventilation. On this basis Draslovka maintains that registration of EDN for fumigation of timber and logs
in containers will not increase the risk profile for human health or the environment and requests that
fumigation of containers is approved as part of the registration.
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Field data and a proposed adaptive management control
Modelling is a useful tool in estimating the level of EDN over time. It does not however deal well with
the variation that occurs over short periods of time (minutes), particularly for a volatile chemical like
EDN. Field data from a number of sources has been provided which shows that in all trials, local and
international, that atmospheric levels of EDN decrease rapidly with time and distance from the point of
release so that the WES cannot be expected to be exceeded at 20 metres from the source.
Less data is available on STELs for workers and the levels of EDN present on the logs in the hours
following ventilation. That data which is available shows that workers safety can be maintained at all
stages of the fumigation and re-entry after 2 hours is acceptable. Accurate monitors are available to
measure these levels.
Recognising the desire of regulators to be conservative in their setting of risk and being confident in
EDN’s properties; Draslovka has proposed an adaptive management control which will allow the EPA
and WorkSafe to reset boundaries after a defined period of use so that the buffers can reflect levels of
EDN that have been measured in practise. Draslovka asks that regulators see this as an opportunity to
confirm that their assessment has been robust rather than an opportunity to set conservative buffers.

Permission for Seabirds
EPA Staff in their July 2018 Science report expressed concern about the risk to birds and
recommended “A control stating that fumigations must be undertaken at locations where water bird
colonies are not known to exist was proposed to mitigate risks to birds”. Draslovka has talked with DOC
personnel and fumigators to confirm whether this concern is valid. In Section 4.6 a summary of the
seabirds present at ports and a description of their habitat provides evidence that such a control for the
use of EDN is unwarranted.

Low wind speeds
In Section 3.11 Draslovka requests that EPA staff remove their recommendation for the controls
associated with low wind speeds. This report identifies that the nature of the port surfacing, the
meteorological phenomena of sea breezes combined with the low boiling point of EDN make a lower
wind speed of 5 km/hr prior to venting an unnecessary requirement to prevent pooling of EDN.

Supporting safe fumigation practises
In addition to covering off the areas mentioned above Draslovka has taken the opportunity to provide
greater detail about two areas that will support the safe and informed use of EDN for logs in New
Zealand.
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The first is information on recently developed monitors which, along with the two monitors that had
been detailed prior to the 2018 hearing, will allow comprehensive and pragmatic monitoring of port
fumigations.
The second area which was mentioned indirectly in the application but which Draslovka has not
previously provided specific information on is its Stewardship programme which was assumed at the
time by Draslovka to be relatively standard in the industry and thus redundant point to highlight in the
submission. Discussion with WorkSafe identified that this programme in its own right will assist in the
management of risk. The Stewardship programme is an integral part of how Draslovka operates and it
will be put in place where ever Draslovka’s EDN is used. A control requiring such a programme is an
option that the DMC may wish to add.

Other matters
In addition to these areas that deal with the controls proposed by EPA staff Draslovka has also taken
the opportunity to look at a number of areas of concern raised by the submitters and the DMC. It is
hoped that this will allay any concerns associated with these issues.
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Appendix 2 sensitivity analysis of the application of health
based standards
Draslovka
Dr. Swaminathan
Head of Research & Regulatory Affairs
Draslovka Services Group
PO BOX 973, North Melbourne VIC 3051
Australia

Reference

Dr M A Pemberton
Systox Ltd
Sutton Grange
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SK11 0HX
United Kingdom
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25 March 2020

Ethanedinitrile: Sensitivity analysis of application of healthbased standards to conservative air dispersion modelling.
Dear, Dr. Swaminathan
Executive Summary
The Worker Exposure Standard (WES) and the Tolerable Exposure Limit (TEL)
determined by New Zealand regulators for Ethanedinitrile (EDN) have been compared
with corresponding values determined by Systox following a review of the toxicological
literature and decisions made by committees comprising subject matter experts.
This report has been prepared to inform the New Zealand Environmental Protection
Authority (EPA) Decision making committee and Worksafe New Zealand. This report is
to be read in conjunction with Air dispersion modelling for EDN prepared by Sullivan
Environmental Consulting. The values determined in this review when read in
conjunction with the modelling report should provide confidence that the recommended
distances demarking each of the activity zones described in the application to register
EDN are fit for purpose.
Detail
Systox Limited was contracted by Draslovka to determine a sensitivity analysis of the
application of health-based standards established by New Zealand regulators (EPA and
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Worksafe) for Ethanedinitrile (EDN) to persons entering margins of exposure calculated
using conservative air dispersion modelling for a period of 1-hour.
In undertaking this review health-based exposure standards were consulted in addition to
the available human and animal toxicity data on EDN and other cyanides.
The toxicity profile of EDN is predominated by systemic toxicity due to rapid formation
of HCN within the body followed by tissue hypoxia and death. The steep dose-response
curve over which these toxic effects are observed is common to all cyanides. However, a
particular feature of EDN toxicity is the strongly irritating properties to the eyes and
respiratory system that act as an alerting mechanism to exposure and promote escape
before harmful, systemic effects can develop.
In reviewing the available health-based standards that have been set on EDN it is
recognised that lifetime, occupational and acute exposures have been established by
various agencies across the world. The existing EPA WES-Time Weighted Average
(TWA) value if 10 ppm and the American Conference of Governmental Industrial
Hygienists (ACGIH) Threshold limit value (TLV)-TWA of 5ppm (ACGIH 2016) are not
considered suitable by the author as these are derived from data on longer exposure
durations and extrapolation to shorter durations would involve considerable uncertainty.
Similarly, basing predictions of the effects of acute exposures from the TELair (chronic,
annual average) would be associated with uncertainty and unrealistic over conservatism.
The Acute Exposure Guideline Limit (AELG) values established by the National
Advisory Committee (NAC) AEGL for hazardous substances in 2014 appear to be the
most relevant values when predicting the likelihood of health effects that can be
anticipated in persons entering margins of exposure for 1 hour.
However, even these have practical limitations due to the limited availability of relevant
toxicity data and method of scaling that is employed to derive values that fit within the
framework of the AEGL scheme i.e. extrapolation factors and scaling are adjusted to give
values that are internally consistent within the scheme of levels and exposure periods.
Notwithstanding this limitation it is possible to use the AEGL values for EDN to inform
on the likely health effects of short term accidental exposure so long as this is considered
in the context of the available health-effects data.
4 exposure levels can be identified; level1 (<2ppm); level2 (≥2 but <8.3ppm); level3
(≥8.3 but <25ppm) and level4 (≥25ppm) corresponding to below AEGL-1, AEGL-1,
AEGL-2 and AEGL-3.
Persons entering into:
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Level 1 (<2ppm) for one hour would be predicted not experience any adverse local or
systemic effects.
Level2 (≥2 but <8.3ppm), reversible effects including irritation of the eyes and
respiratory system absence would be anticipated according to AEGL, but this is
inconsistent with long-standing workplace experience, controlled exposure studies in
volunteers (McNerney and Schrenk, 1960) and human experience of inhalation exposures
of cyanides reviewed by (ECETOC, 2007). At these levels, irritation may actually only
occur in sensitive individuals.
Level3 (≥8.3 but <25ppm), the AEGL-2 values should not be used as they were
developed by dividing the AEGL-3 values by 3 as opposed to being based upon real data.
Due to the steep concentration-response curve observed for all cyanides and that
thiocyanate effects on the thyroid and thyroid hormones is not an acute phenomena, then
serious long-lasting adverse health effects and/or an impaired ability to escape are
unlikely to occur at this level. Accordingly, the effects predicted to be experienced in
level3 are likely to be similar to those in level2 but affecting a greater proportion of
exposed individuals and possibly of greater severity.
Level4 (≥25ppm), local effects will likely include marked irritation of the eyes and
respiratory system in all individuals. In addition, there is an increasing risk of systemic
toxicity and lethality the higher the exposure level and the more susceptible the
individual. However, the strong irritating properties of EDN will promote withdrawal
from exposure thereby limiting the extent to which harmful systemic effects will develop.
NZ EPA has set a TELair bystanders (24 hours) of 0.034 ppm for EDN. This TEL is
below the estimated threshold for ocular irritation (lacrymation) of EDN of 2.7ppm so it
is unlikely that persons entering this margin of exposure would experience irritation of
the eyes or respiratory system or other discomforting effects. Similarly, the 0.034 ppm for
EDN is over an order of magnitude below the time adjusted 24hour AEGL-1 equivalent
level of 0.69ppm based upon the NAC AEGL hazardous substances committee AEGL-1
set for HCN and EDN. Since this AEGL-1 level is protective of more severe effects
attributed to AEGL-2 and 3, systemic adverse effects would not be predicted to occur in
bystanders in this level pointing to the TELair bystanders (24 hours) of 0.034 ppm being
too overly conservative.

What health effects could be anticipated when entering fumigation
zones?
Data on the toxicity of EDN in humans is extremely limited in the form of a study in
seven human subjects (four men and 3 women; ages 21-65 years) that were exposed to
cyanogen at 8 or 16 ppm in three separate tests (McNerney and Schrenk, 1960). In the
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first test, four men and three women were exposed to cyanogen at 8 ppm for 6 min; none
of the subjects detected an odour, and no ocular or nasal irritation was reported by the
subjects. In the second test, three men and two women were exposed at 16 ppm for 6
min; none of the subjects detected an odour, all subjects reported ocular irritation, and
four subjects reported nasal irritation (the subject not experiencing nasal irritation had
mild cold symptoms). In the third test, four men and three women were exposed to
cyanogen at 16 ppm for 8 min; none of the subjects detected an odour, and all subjects
reported ocular and nasal irritation. During the 16-ppm tests, ocular irritation was noted
immediately upon achieving the test concentration and was perceived simultaneously
with, or slightly before, the occurrence of nasal irritation. Both ocular and nasal irritation
persisted for several minutes after exposure.
Review of the available acute toxicity data in animals on EDN reveals that well-described
animal lethality data are also limited and restricted to studies in rats at relatively high
concentrations (Flury and Zernik 1931, as cited in Kopras 2012). Data also exists for
mice, cats and rabbits but this is considered insufficient and unreliable.
Repeated-exposure data are also sparse. Studies in both rats and monkeys suggest that
exposure to cyanogen at 11 ppm for up to 6 months yielded no adverse treatment-related
effects with decreased body weight gain in rats1 and marginal-transitory behavioural
effects were noted in monkeys exposed to cyanogen at 25 ppm for up to 6 months, in the
absence of any gross pathology, clinical observations, haematology or clinical chemistry
in any animals at any dose level (Lewis, 1984). The AEGL committee summarised the
available evidence as indicating that “on the basis of signs of toxicity, cyanogen is similar
to other cyanides”. With “Signs of irritation are followed by central nervous system
effects and eventually death”. The repeated exposure data of Lewis was taken as the
point of departure (POD) for the TELair (chronic, annual average) value.
The similarity of the toxicity profile of EDN to other cyanides is recognised by the
AEGL committee and others (European Centre for Ecotoxicology and Toxicology of
Chemicals (ECETOC), US Environmental Protection Agency (USEPA), WHO
International Programme on Chemical Safety (WHO-IPCS) and is consistent with the
fact that it 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
1

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.
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also rapidly destroys cyanogen chloride, but without formation of hydrocyanic acid”.
Whichever mechanism predominates systemically in mammals EDN has an extremely
short half-life.
EDN is irritating to the eyes and respiratory system (McNerney and Schrenk, 1960) and
in common with other cyanides and nitriles inhibits cytochrome oxidase aa3 and the
cascade of events leading to cytotoxic hypoxia and death2. The common MOA of
hydrocyanic acid, cyanide salts, cyanogen and cyanohydrin though the formation of
hydrogen cyanide within the body is recognised and forms the basis of the categorisation
of these chemicals by WHO IPCS (2004), US EPA (e.g. Agency for Toxic Substances
and Disease Registry (ATSDR3), ECETOC (2007) and the registration of cyanides under
the European Regulation on Registration, Evaluation, Authorisation and Restriction of
Chemicals (EU REACH) regulation.
The steep dose-response curve over which the toxic effects of EDN are observed is
common to all cyanides. However, a particular feature of EDN toxicity is the strongly
irritating properties to the eyes and respiratory system that act as an alerting mechanism
to exposure and escape before harmful, systemic effects can develop. This is obviously
not the case in controlled studies in animals where both acute, high level poisoning and
chronic systemic toxicity can develop and lead to a range of effects in organs that are
oxygen dependent.
From studies in human patients infused with Sodium nitroprusside to treat blood
pressure. Sodium nitroprusside binds to oxyhaemoglobin to release cyanide,
methaemoglobin and nitric oxide (NO). NO activates guanylate cyclase in vascular
smooth muscle and increases intracellular production of cGMP. Infusion of to 100 to 150
µg sodium nitroprusside/min (44 -66 µg CN‾/min) did not lead to any signs of cyanide
toxicity in “other tissues” in humans (Schulz et al, 1982; Schulz, 1984). These authors
claimed that chronic exposure above these levels will cause fatal poisoning. This
provides direct evidence in humans that chronic exposure at sub-lethal doses of cyanides
does lead to “different types of toxicities” in humans such as those that were observed in
poorly designed and controlled studies in animals.
Considering the lead health effects of acute inhalation exposure to EDN is the strongly
irritating properties to the eyes and respiratory system and that these site-of-contact
effects occur in advance of more insidious systemic toxicity it is appropriate to focus on
the acute exposure guidelines than lifetime exposure standards when predicting the
effects of acute exposures.
2

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.
Tissue damage (histiotoxic hypoxia) occurs throughout the body, with the most vulnerable tissues being those with high oxygen demands
and/or a deficiency in detoxifying enzymes such as rhodanese.
3

ATSDR included EDN in their review on cyanides (74-90-8; 143-33-9; 151-50-8; 592-01-8; 544-92-3; 506-61-6; 460-19-5; 506-77-4).
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The threshold exposure limit values for the general public set by the US NAC/AEGL
Committee would appear a suitable and relevant reference for predicting the likelihood of
health effects that can be anticipated in persons entering margins of exposure for 1 hour.
NAC/AEGL threshold values are intended to be applicable to emergency exposure
periods ranging from 10 minutes (min) to 8 hours (h). Three levels—AEGL-1, AEGL-2,
and AEGL-3—are developed for each of five exposure periods (10 and 30 min and 1, 4,
and 8 h)4.
The AEGL documentation for cyanogen states that hydrogen cyanide AEGL-1 values
(NRC 2002) were adopted as the AEGL-1 values for cyanogen as opposed to deriving
them from the data available on cyanogen. The rationale was given as the lack of human
data on acute exposures of durations longer than 8 min and the potential for a systemic
effect from the cyanide metabolite. They state that on the basis of the observation of
ocular and nasal irritation at 16 ppm cyanogen for 6 min, the no-observed-effect level
(NOEL) for irritation in humans exposed to cyanogen would be 8 ppm (McNerney and
Schrenk, 1960) and that application of an intraspecies uncertainty factor (UF) of 3 for
local effects (that are not expected to vary widely between individuals) and an
interspecies UF of 1 (because the study was conducted in humans) would derive a
threshold for irritation of 2.7 ppm. They considered time scaling of this threshold as not
being appropriate because the critical effects (ocular and nasal irritation) are a function of
direct contact with the cyanogen vapours and not likely to increase with duration of
exposure (National Research Council (NRC) 2001). They observe that the AEGL-1
values (from HCN) are all below the cyanogen irritation threshold of 2.7 ppm and are,
thus, protective of both irritation and potential systemic cyanide effects.
The committee considered that in the absence of appropriate chemical-specific data to
derive AEGL-2 values for cyanogen, the AEGL-3 values should be divided by 3 to
estimate the AEGL-2 values citing data from the McNerney and Schrenk (1960) and the
observed steep concentration-response curve as justification.
Data on lethality in rats from the McNerney and Schrenk (1960) paper was also used to
establish the AEGL-3 values. “Experimental concentrations causing no deaths in rats
were used as points-of-departure for the 10-min, 30-min, and 1-h AEGL-3 values.
Specifically, the concentration associated with 0% mortality after 10 min of exposure was
extrapolated from Figure 1 in the McNerney and Schrenk (1960) paper. That approach
estimated that no deaths would occur following a 10-min exposure at 1,530 ppm. The 304

AEGL-1 is the airborne concentration (expressed as parts per million or milligrams per cubic meter [ppm or mg/m3]) of a substance above
which it is predicted that the general population, including susceptible individuals, could experience notable discomfort, irritation, or certain
asymptomatic, nonsensory effects. However, the effects are not disabling and are transient and reversible upon cessation of exposure.
AEGL-2 is the airborne concentration (expressed as ppm or mg/m3) of a substance above which it is predicted that the general population,
including susceptible individuals, could experience irreversible or other serious, long-lasting adverse health effects or an impaired ability to
escape.
AEGL-3 is the airborne concentration (expressed as ppm or mg/m3) of a substance above which it is predicted that the general population,
including susceptible individuals, could experience life-threatening health effects or death.
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min exposure at 500 ppm was used as the point-of-departure for the 30-min AEGL-3
value, and the 1-h exposure at 250 ppm was used as the point-of-departure for the 1-h
AEGL-3 value”.
An intraspecies UF of 3 was used in the basis of the steep concentration-response curve
implying limited intraindividual variability. An interspecies UF of 3 was also applied
recognising that although a default factor of 10 might normally be applied because there
are insufficient data to define species sensitivity to cyanogen, application of a total
uncertainty factor of 30 would yield AEGL-3 values inconsistent with the overall data
base. (AEGL-3 values derived with a total uncertainty factor of 30 would be 50 ppm for
10 min, 17 ppm for 30 min, 8.3 ppm for 1 h, and 4.3 ppm for 4 and 8 h. Humans exposed
to cyanogen at 8 ppm for 6 min experienced no irritation; those exposed at 16 ppm for 6
min experienced transient ocular and nasal irritation [McNerney and Schrenk 1960].
Rats and monkeys repeatedly exposed to cyanogen at 11 ppm for 6 h/day, 5 days/week for
up to 6 months, experienced no treatment-related adverse effects. Rats repeatedly
exposed to cyanogen at 25 ppm for 6 h/day, 5 days/week for up to 6 months, experienced
only decreased body weight, and monkeys similarly exposed showed only marginal
behavioural effects Lewis et al. [1984].) Therefore, the total uncertainty factor was 10.
The 4- and 8-h AEGL-3 values were derived by applying a modifying factor of 2 to the 1h AEGL-3 value. That approach was used because time scaling using the equation Cn × t
= k, with a default value of n = 1, and yielded possible 4- and 8-h AEGL-3 values of 6.3
and 3.2 ppm, respectively. Those values are inconsistent with the repeated-exposure data
in both monkeys and rats (Lewis et al. 1984). Rats exposed to cyanogen at 25 ppm for 6
h/day, 5 days/week for up to 6 months, experienced only decreased body weight, and
monkeys similarly exposed showed only marginal behavioural effects. No effects were
noted in either species similarly exposed at 11 ppm.
AEGL values for cyanogen were established as follows:
Exposure Duration
Guideline
10 min
30 min
1h
4h
AEGL-1
2.5 ppm
2.5 ppm
2.0 ppm
1.3 ppm
AEGL-2
50 ppm
17 ppm
8.3 ppm
4.3 ppm
AEGL-3
150 ppm
50 ppm
25 ppm
13 ppm

8h
1.0 ppm
4.3 ppm
13 ppm

The extent to which predictions of the likelihood of health effects that can be anticipated
in persons entering margins of exposure for 1 hour can be made are limited by the
availability of data. Based upon the 1 hour exposure duration, levels of <2ppm; ≥2 but
<8.3ppm; ≥8.3 but <25ppm and ≥25ppm can be identified corresponding to below the
AEGL-1 level, AEGL-1, AEGL-2 and AEGL-3.
Level 1.
Health effects that can be anticipated in persons entering margins of
exposure for 1-hour concentrations in the range of <2ppm.
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Based upon the band being below the AEGL-1 value of 2ppm for a 1 hour exposure
duration it would be predicted that persons entering margins of exposure this period
would not experience any adverse local or systemic effects. This is based upon the time
scaling of AEGL-1 for HCN reflecting the possibility for systemic toxicity due to the
formation of HCN within the body consistent, and is protective of the estimated threshold
for ocular irritation (lacrymation) of EDN of 2.7ppm. On this basis this prediction is of
moderate to high confidence.
Level 2.
Health effects that can be anticipated in persons entering margins of
exposure for 1-hour concentrations in the range of ≥2 but <8.3ppm.
Based upon the band being above the AEGL-1 value of 2ppm but below the AEGL-2
value of 8.3ppm for a 1 hour exposure duration it would be predicted that persons
entering margins of exposure this period could experience effects consistent with AEGL1 i.e. notable discomfort and irritation of the eyes and respiratory system that would be
reversible shortly after withdrawal from exposure.
The apparent inconsistency between the AEGL-1 prediction of notable discomfort and
irritation of the eyes and respiratory system and both a) observations of no irritant effects
in volunteers exposed to 8ppm for 6-8 minutes (McNerney and Schrenk, 1960) and b)
anecdotal evidence of absence of such effects in workers operating under the
occupational exposure limit of typical 5 or 10ppm for an 8-hr TWA reflects not only the
margins of safety afforded by the UFs used by the AEGL committee in their assessment
but also that it is unlikely that the majority of persons other than a small proportion of
susceptible individuals would experience these symptoms. This is consistent with point of
contact irritation caused by EDN being considered a threshold effect.
ECETOC in reviewing human experience of inhalation exposures of cyanides concluded
that at 10 ppm (11.2 mg/m3) no acute symptoms are observed (ECETOC, 2007; section
11.2.8, page 340). On that basis, sub-lethal systemic toxic effects would not be
anticipated other than in sensitive individuals.
On the basis of the human exposure study and the data on other cyanides reviewed by
ECETOC this prediction is of moderate confidence.
Zone 3.
Health effects that can be anticipated in persons entering margins of
exposure for 1-hour concentrations in the range of ≥8.3 but <25ppm.
Based upon the band being above the AEGL-2 value of 8.3ppm but below the AEGL-3
value of 25ppm for a 1 hour exposure duration it would be predicted that persons entering
margins of exposure this period could experience effects consistent with AEGL-2 i.e.
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irreversible or other serious, long-lasting adverse health effects or an impaired ability to
escape.
However, it should to be recognised that the exposure levels set for AEGL-2 were not
based upon any relevant toxicity data but instead by dividing the AEGL-3 values by 3 so
as to give values that were consistent within the overall framework of AEGL values i.e.
different levels and time points, citing the data of McNerney and Schrenk (1960) and the
observed steep concentration-response curve as justification.
Regarding the steep dose response curve for systemic toxicity (due to HCN formation),
ECETOC estimated the 1 hour LC01 based upon the combined acute lethality data for
goat and monkey of Barcroft (1931) as 88ppm (ten Berge, 2003a, 2006 cited in
ECETOC, 2007) so the risk of lethality in this level likely to be lower than inferred by the
AEGL-2 wording.
The steep concentration-response curve observed for all cyanides also means that sublethal effects are observed over an extremely small exposure band and correspond to
exceedance of the rhodanese detoxification capacity which is unlikely to occur over such
a short exposure period at sub-lethal concentrations. Hence, it is unlikely that exposure
for 1-hour concentrations in the range of ≥8.3 but <25ppm will lead to an impaired ability
to escape.
Similarly, the effect of thiocyanate the thyroid and thyroid hormones is not an acute
effect and is unlikely to lead to irreversible or other serious, long-lasting adverse health
effects following acute exposure.
Consequently, the effects predicted to be experienced in level 3 is more likely to be
similar to those in level 2 i.e. irritation of the eyes and respiratory system, but affecting a
greater proportion of exposed individuals and possibly of greater severity.
The strongly irritating properties of EDN to the eyes and respiratory system as described
by McNerney and Schrenk (1960) in volunteers exposed to 16ppm EDN for 6 minutes
would suggest that in practice the discomfort caused would be a strong stimulus for
exposed persons to withdraw from exposure and consequently exposure at this level for
longer periods is extremely unlikely.
On the basis of the human exposure study the data on other cyanides reviewed by
ECETOC this prediction is of moderate confidence.
Level 4.
Health effects that can be anticipated in persons entering margins of
exposure for 1-hour concentrations in the range of ≥25ppm.
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Based upon the band being above the AEGL-3 value of 25ppm for a 1 hour exposure
duration it would be predicted that persons entering margins of exposure this period
could experience effects consistent with AEGL-3 i.e. life-threatening health effects or
death.
The effects predicted to be experienced in level 4 will include those in levels 2 and 3 i.e.
irritation of the eyes and respiratory system, but of even more marked severity. In
addition, there is an increasing risk of systemic toxicity and lethality at higher exposure
levels.
Due to the steep dose response curve for systemic toxicity (due to HCN formation) and
the estimated 1 hour LC01 is 88ppm (ten Berge, 2003a, 2006 cited in ECETOC, 2007)
lethality is possible. This would particularly be the case in vulnerable (sensitive)
individuals and the likelihood would increase the greater the exceedance of the 25ppm
value.
Health effects that can be anticipated in persons entering margins of exposure of the
TELair bystanders (24 hours) of 0.034 ppm for 24hrs
NZ EPA set a TELair bystanders (24 hours) of 0.034 ppm.
Considering the estimated threshold for ocular irritation (lacrymation) of EDN of 2.7ppm
then it would be predicted that no irritation of the eyes or respiratory system or other
discomforting effects would be experienced by persons entering this margin of exposure.
On this basis 0.034ppm is two orders of magnitude below the observed NOAEL for
irritant effects in volunteers exposed to 8ppm EDN (McNerney and Schrenk, 1960) and
this effect is a point of contact effect that does not increase in sensitivity with time, this
prediction is of moderate to high confidence.
Regarding the possibility of adverse systemic toxicity caused by HCN then the most
sensitive AEGL-1 level set by the NAC AEGL committee should afford the greatest level
since it protective of more severe effects attributed to AEGL-2 and 3.
The NAC AEGL committee established values for less than 8hrs based upon time scaling
from the 8hr value of 1ppm. The 8hr AEGL-1 value was based upon the key study of
Leeser et al. 1990 supported by studies by El Ghawabi et al. 1975; Hardy et al. 1950;
Grabois 1954; Maehly and Swensson 1970. The point of departure (POD) was “No
adverse effect in healthy adult humans occupationally exposed at geometric mean
concentration of approx1 (range 0.01-3.3 ppm, personal samplers [up to 6 ppm, area
samples]) or 5 ppm; mild headache in adult humans occupationally exposed at 8 ppm.
The exposure duration was considered to be 8 h”. An uncertainty factor was not applied
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to the Leeser et al. (1990) 1-ppm concentration because it is the lowest NOAEL. A factor
of 3 for intraspecies differences was applied to the supporting studies because no
susceptible populations were identified. The uncertainty factor was applied to the 8-h 5
ppm and 8 ppm concentrations, which resulted in concentrations close to the 8-h 1-ppm
concentration in the Leeser et al. (1990) study. Time scaling employed Cn × t = k (where
n=3 and k=480; conservative time-scaling relationship, because the relationship between
concentration and exposure duration for the headache effect, the only adverse effect
described at this level, is unknown).
The same rationale and approach can be used to scale up to 24hrs exposure.
This derives an AEGL-1 value for 24hrs of 0.69ppm.
On this basis since the TELair bystanders (24 hours) of 0.034 ppm is below the most
sensitive AEGL-1 value of 0.69ppm by greater than an order of magnitude it is unlikely
that bystanders will experience any adverse effects including systemic toxicity caused by
HCN formed by the metabolism of EDN.

On behalf of Systox Limited
Dr Mark A Pemberton
markpemberton@systox.com
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2nd Aug 2018
To
Ian R Gear
Executive Officer / Research Director
In response to your technical enquiry regarding the possibility of sparks being
generated in ship holds undergoing fumigation.
Generally most of the log vessels would not have any light fittings in the holds,
some bulk carriers may have. Any external electric fittings - in holds and some on
deck are required to be intrinsically safe.
Alternatively, if there is any doubt, when Genera (or other fumigation inspector)
attends the vessel to inspect the condition and discuss their requirement they can
ask the Master to remove the fuse for the lights (if fitted in holds) / fans and/or
isolate the power source, which then would eliminate the issue it there was a
flammable atmosphere in the holds.
Vessel could be ventilated by natural ventilations system as presently being done
on ships without hold fans.

Kind Regards
Capt. Shirish J. Phadnis MCILT, Master Mariner
Director
Mob : +64 - (0)21 277 3886
Email : shirishp@gannetshipping.co.nz

