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Executive Summary
Worksafe has commissioned a series of monitoring studies to measure methyl
bromide downwind of individual fumigation events at the Port of Tauranga (PoT).
To date, six monitoring events have been undertaken during November 2019
through to January 2020. The monitoring reports provide details of the
fumigations, including estimates of timing and quantities of methyl bromide
released from log fumigations, and measurement of methyl bromide at
downwind locations at/or beyond the boundary of the port.
Worksafe has engaged PDP to undertake dispersion modelling of the discharges
from the fumigation events to enable comparison of the model predictions to th e
monitoring data collected at the PoT. Meteorological and emissions profiles
were developed for two of the fumigation events on a 1-minute temporal
resolution to compare the modelling predictions with monitoring results for the
period of interest.
Data for input into the model were obtained from monitoring reports provided
by Air Matters which supplied details of the fumigation events, including
quantities of methyl bromide released, the timing of the fumigation activities,
and measured concentrations of VOCs and methyl bromide at monitoring sites.
The quantities of methyl bromide released were estimated by Genera based on
pre-release concentrations and estimates of headspace volume. Meteorology for
input into the model was obtained from the Port of Tauranga.
The CALPUFF model significantly underpredicted concentrations of methyl
bromide for the two fumigation scenarios compared to the monitoring data, with
the highest predictions as 1-minute averages being around an order of
magnitude less than what was measured by PID. 1-hour average predictions
were somewhat closer, and in some cases within a factor of two, to the
SUMMA®-canister measured results but were still significantly lower at the
nearer sites.
CALPUFF has, however, shown good agreement on a temporal scale with the
monitoring data when the timing of the ventilation events is incorporated into
the model on a minute by minute basis.
Further work is needed to refine the model and determine likely causes of the
discrepancies between the model predictions and measurements. Key
uncertainties include the timing and quantities of methyl bromide released.
PDP also investigated the use of an emergency release model, ALOHA, in
predicting downwind concentrations from release. The ALOHA model showed
limited utility for the purpose of modelling real-case scenarios of methyl bromide
fumigations, though it may be of use for planning purposes (e.g. in the event of a
large-scale emergency release of methyl bromide due to containment failure).
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Recommendations for future work include modelling of additional fumigation
scenarios to determine if the model consistently underpredicts compared to
measurements, and if any refinements to model setup or emissions profile can
improve the correlation.
As the monitoring has shown that the 1-hour TEL may be exceeded beyond the
minimum buffer zone during normal fumigation operation, it is also
recommended that additional monitoring events be undertaken to assist in
understanding of the likelihood of TEL exceedances over a range of
meteorological and fumigation conditions.

D
R
A
F
T

UPDATED DRAFT REPORT: please note that this is an updated edition of the initial report which relates to ongoing
monitoring activities. While this is an update to the report published in February 2020, this report only covers the data
available at writing and there remains the intention to update the report with the full data set following the completion
of monitoring activity.
W02347800R001_Dr aft_To_C li entv2.docx

P A T T L E

D E L A M O R E

P A R T N E R S

L T D

iv
WORKSAFE - METHYL BROMIDE MODELLING STUDY – PORT OF TAURANGA

Table of Contents
SECTION

PAGE

Executive Summary

ii

1.0

Introduction

1

1.1

Background

1

1.2

Objectives

1

1.3

Structure of the Report

2

2.0

Methyl Bromide Monitoring

1

2.1

Introduction

1

2.2

20 November 2019

3

2.3

27 November 2019

8

2.4

11 December 2019

12

2.5

9 January 2020

16

2.6

25 January 2020

20

2.7

29 January 2020

23

3.0

CALPUFF Dispersion Modelling

27

3.1

Introduction

27

3.2

Modelling Scenarios

28

3.3

Meteorology

28

3.4

CALPUFF Settings

30

3.5

Source and Emissions Characterisation

31

3.6

CALPUFF Model Results

33

3.7

Discussion of CALPUFF Modelling Results

41

4.0

ALOHA Modelling

42

4.1

Introduction

42

4.2

Model Configuration

43

4.3

ALOHA Model Results

44

5.0

Conclusions and Recommendations

47

6.0

References

48

D
R
A
F
T

Table of Figures
Figure 1: Methyl Bromide Monitoring Site, 9 January 2020

2

Figure 2: Aerial Image of Port of Tauranga with Meteorological
Monitoring Stations

3

Figure 3: Layout of the 20 November Monitoring Event

4

Figure 4: PoT Berth #10 Windrose for the 1-hour Sampling Period

5

UPDATED DRAFT REPORT: please note that this is an updated edition of the initial report which relates to ongoing
monitoring activities. While this is an update to the report published in February 2020, this report only covers the data
available at writing and there remains the intention to update the report with the full data set following the completion
of monitoring activity.
W02347800R001_Dr aft_To_C li entv2.docx

P A T T L E

D E L A M O R E

P A R T N E R S

L T D

v
WORKSAFE - METHYL BROMIDE MODELLING STUDY – PORT OF TAURANGA

Figure 5: Wind Direction During Sampling Period

6

Figure 6: 20 November 1-min Average Methyl Bromide Concentration

7

Figure 7: Layout of the 27 November Monitoring Event

8

Figure 8: PoT Berth #10 Windrose for the 1-hour Sampling Period

10

Figure 9: 27 November 1-min Average Methyl Bromide Concentration

11

Figure 10: Layout of the 11 December Monitoring Event

12

Figure 11: PoT Berth #8 Windrose for the 1-hour Sampling Period

14

Figure 12: 11 December 1-min Average Methyl Bromide Concentration

15

Figure 13: Layout of the 9 January Monitoring Event

16

Figure 14: Fumigation Site, 9 January 2020 (Photo: Air Matters)

17

Figure 15: Windrose - PoT Station 8, 15:58 to 16:58

18

Figure 16: 9 January 1-min Average MeBr Concentration

20

Figure 17: Layout of the 25 January Monitoring Event

21

Figure 18: Windrose - PoT Station 8, 14:12 to 15:12

22

Figure 19: 25 January 1-min Average MeBr Concentration

23

Figure 20: Layout of the 29 January Monitoring Event

24

Figure 21: Windrose - PoT Station 8, 15:17 to 16:17

25

Figure 22: 29 January 1-min Average MeBr Concentration

27

Figure 23: Land Use and terrain elevations

30

D
R
A
F
T

Figure 24: Volume Sources Modelled for 11 December Fumigation
Release

32

Figure 25: Volume Sources Modelled for 9 January Fumigation Release

32

Figure 26: Highest Predicted 1-minute Average (µg/m 3), 11 December
Fumigation

35

Figure 27: Highest Predicted 1-hour Concentrations (µg/m 3 ),
11 December Fumigation

36

Figure 28: Time Series of CALPUFF Predictions and Measured
Concentrations of Methyl Bromide

38

Figure 29: Highest Predicted 1-minute Average (µg/m 3)

39

Figure 30: Highest Predicted 1-hour Concentrations (µg/m 3 )

40

Figure 31: Release and Receptor Locations for ALOHA Emergency
Release Model Inputs

44

Figure 32: Scenario 1 – ALOHA Model Results

46

Figure 33: Scenario 2 - ALOHA Model Results

46

UPDATED DRAFT REPORT: please note that this is an updated edition of the initial report which relates to ongoing
monitoring activities. While this is an update to the report published in February 2020, this report only covers the data
available at writing and there remains the intention to update the report with the full data set following the completion
of monitoring activity.
W02347800R001_Dr aft_To_C li entv2.docx

P A T T L E

D E L A M O R E

P A R T N E R S

L T D

vi
WORKSAFE - METHYL BROMIDE MODELLING STUDY – PORT OF TAURANGA

Figure 34: Scenario 3 ALOHA Modelling Results

47

Table of Tables
Table 1: Summary of Monitoring Events at Port of Tauranga

1

Table 2: 20 November 2019 Event Summary

4

Table 3: 20 November Monitoring Summary

7

Table 4: 27 November 2019 Fumigation Details

9

Table 5: 27 November Monitoring Summary

11

Table 6: 11 December 2019 Fumigation Details

12

Table 7: 11 December Monitoring Summary

15

Table 8: 9 January 2020 Fumigation Details

16

Table 9: 9 January Monitoring Summary

19

Table 10: 25 January Monitoring Summary

22

Table 11: 29 January 2020 Fumigation Details

24

Table 12: 25 January Monitoring Summary

26

Table 13: Surface Meteorological Stations Used in the Fumigation
Modelling

29

Table 14: Monitoring Versus Modelled Methyl Bromide Concentrations

34

Table 15: Monitoring versus Modelled Methyl Bromide Concentrations

37

Table 16: Results Summary

45

D
R
A
F
T

Appendices
Appendix A: Port of Tauranga Ambient Air Monitoring Reports
Appendix B: CALMET Wind Roses

UPDATED DRAFT REPORT: please note that this is an updated edition of the initial report which relates to ongoing
monitoring activities. While this is an update to the report published in February 2020, this report only covers the data
available at writing and there remains the intention to update the report with the full data set following the completion
of monitoring activity.
W02347800R001_Dr aft_To_C li entv2.docx

P A T T L E

D E L A M O R E

P A R T N E R S

L T D

1
WORKSAFE - METHYL BROMIDE MODELLING STUDY – PORT OF TAURANGA

1.0
1.1

Introduction
Background

Methyl bromide is a commonly used fumigant to eliminate pests from logs and
other materials for export. Fumigation entails exposing logs to methyl bromide
in an enclosed space (e.g. a ship hold or under tarpaulins) for a prescribed time,
after which the fumigation space is opened up and the residual fumigant is
ventilated to the open atmosphere. There is potential for exposure to methyl
bromide released during the fumigation both from fugitive emissions during the
fumigation period and from ventilation of the residual methyl bromide at the end
of the fumigation period. Tolerable Exposure Limits (TELs) and workplace
exposure standards (WES’s) have been developed to protect against potential
adverse effects of methyl bromide on the public and on workers, respectively.
The industry group Stakeholders in Methyl Bromide Reduction (STIMBR) has
applied to the Environmental Protection Authority (EPA) to reassess the current
Hazardous Substances and New Organisms Act 1996 (HSNO) approval for methyl
bromide, which requires re-capture of methyl bromide used in fumigation. The
current HSNO approval requires removal of methyl bromide from the fumigation
space down to a level of 5 ppm before ventilation to atmosphere. STIMBR has
applied to replace this requirement with one that requires recapture of methyl
bromide to 80% of the amount of methyl bromide used in the fumigation.
Dispersion modelling has previously been undertaken to support STIMBR’s
application by predicting the downwind concentrations from methyl bromide
fumigations. Validation of the model predictions with monitoring data has been
identified as a key data gap.
Worksafe has commissioned a series of monitoring studies to measure methyl
bromide downwind of individual fumigation events at the Port of Tauranga. To
date, six monitoring events have been undertaken during November 2019
through to January 2020. The monitoring studies entail recording details of the
fumigations, including estimates of timing and quantities of methyl bromide
released from log fumigations, and measurement of methyl bromide at
downwind locations at or beyond the boundary of the port.
Worksafe has engaged PDP to undertake dispersion modelling of the discharges
from the fumigation events to enable comparison of the model predictions to the
monitoring data collected at the PoT.

1.2

Objectives

The objective of the project is the collection of a robust set of independently
collected monitoring data during a range of fumigation events and
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meteorological conditions, and to develop an air dispersion modelling
methodology which has been validated by the monitoring data.
Releases of methyl bromide from fumigation are often transient events that are
not well-represented by traditional dispersion modelling which uses one-hour
time steps to represent processes that occur on a more continuous basis. This
modelling study therefore uses a one-minute time step in an attempt to
represent the short-term nature of fumigation releases, in particular the release
of methyl bromide following the removal of the covers of fumigated log stacks.
The validated model will be used by Worksafe to:

D

•

Assess the impact of methyl bromide fumigation events at sensitive
locations;

•

Determine the potential for distance based criteria for both public safety
and port worker safety;

•

Assess the need for methyl bromide recapture technology; and

•

Apply the findings of the monitoring and modelling study to the
assessment of effects of alternative fumigants on human health and the
environment.

1.3

A

Structure of the Report

To achieve the objectives of this project the report will present:
•

Summary of the methyl bromide monitoring programme (Section 2.0);

•

Description of the dispersion modelling study (Section 3);

•

Description of the emergency release modelling study (Section 4); and,

•

Conclusions and recommendations (Section 5).
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2.0
2.1

Methyl Bromide Monitoring
Introduction

Worksafe engaged Air Matters to undertake a series of methyl bromide
monitoring investigations at the Port of Tauranga from November 2019 through
January 2020. The monitoring events were planned for periods when the
fumigations coincided with favourable winds, i.e. when monitoring sites could be
established downwind of the fumigation activities. Monitoring sites were
restricted to at or beyond the port boundary, and so the distance between the
monitoring sites and the source of the methyl bromide was depe ndent primarily
on wind direction.

R

A summary of the monitoring events is provided as Table 1 below.

A

Table 1: Summary of Monitoring Events at Port of Tauranga
Date

Type of Fumigation

20/11/2019

Tarpaulin covered log stacks

27/11/2019

Ship holds

11/12/2019

Tarpaulin covered log stacks

9/01/2020

Tarpaulin covered log stacks

25/01/2020

Tarpaulin covered log stacks

29/01/2020

Tarpaulin covered log stacks

D

F
T

Monitoring times were designed to capture the ventilation phase of the
fumigation, during which the tarpaulins covering the individual log st acks are
removed or ship holds opened and the downwind concentration of methyl
bromide is expected to be high.
Monitoring was undertaken using photo-ionisation detectors (PIDs) for
instantaneous readings of total volatile organic compounds (TVOCs). As PID s do
not differentiate between different types of volatile organic compounds (VOCs),
the measurements may include other VOCs than methyl bromide that are
present in the air such as organic vapours from fuel. We have assumed that
VOCs measured are predominantly methyl bromide, which we consider a
reasonable assumption during periods when the PIDs register high readings
during the ventilation phase of the fumigations.
We note that the PIDs are routinely calibrated with isobutylene gas but have
varying response factors for other VOCs. The response factor for methyl bromide
is 1.7 (i.e. it takes 1.7 ppm of methyl bromide to generate a PID reading of
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1 ppm). Where indicated, this factor has been used by PDP to convert measured
VOC concentrations to equivalent methyl bromide concentrations in this report.
SUMMA® canister samples were also collected over 1-hour and 24-hour periods
during the fumigations. These samples were collected at a constant flow rate
over the designated sampling period and sent to a laboratory for analysis for
methyl bromide by gas chromatography/ mass spectroscopy (GC/MS).
Figure 1 below shows the PID (on left of photo) and SUMMA® canister (mid of
photo) deployed at one of the monitoring sites used in the 9 January monitoring
event. A hand-held anemometer (on right of photo) is also shown for measuring
wind speed.
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Figure 1: Methyl Bromide Monitoring Site, 9 January 2020
Details of the fumigations were provided by Genera, and included estimates of
the volumes of logs fumigated, methyl bromide concentrations prior to release,
and total mass of methyl bromide released to atmosphere. The mass release of
methyl bromide was calculated by Genera from the estimated headspace volume
in the log stacks (m 3) and the measured concentration of methyl bromide (ppm)
prior to ventilation. It was not possible for PDP to verify these inputs. Genera
keeps records of the timing of the individual ventilation releases as well, but
these timings differ considerably from eyewitness records taken by Air Matters
during the monitoring events. We have therefore relied on the timings provided
by Air Matters where these were available.
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Meteorological data was provided for each event from three meteorological
stations at the Port of Tauranga. The berth #8 and berth #10 meteorological
stations measure wind speed and direction at a height of 10 metres abov e
ground level, and the tanker berth meteorological station measures wind at a
height of 20 metres above ground level. Berth #8 and berth #10 meteorological
stations used for this study because they are more representative of ground level
conditions where the fumigation and methyl bromide monitoring were
undertaken. The locations of the stations can be seen in image in Figure 2 taken
from the Port of Tauranga website 1.
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Figure 2: Aerial Image of Port of Tauranga with Meteorological Monitoring
Stations
Summaries of the monitoring are provided in the following sections. At the time
of this writing Air Matters has not finalised the monitoring reports. Draft reports
from Air Matters are therefore provided as Appendix A of this report.

2.2
2.2.1

20 November 2019
Fumigation Event Description

The monitoring undertaken on the 20 th November sampling event was of a
tarpaulin fumigation event. Seven log stacks were fumigated. The fumigation
area (blue circle) and sampling locations (blue stars) are identified in Figure 3.

1

https://www.port-tauranga.co.nz/cargo-and-shipping/harbour-conditions/
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Figure 3: Layout of the 20 November Monitoring Event

T

A summary of the tarpaulin removal schedule is provided in the table below:
Table 2: 20 November 2019 Event Summary
Start
Cover
Removal

Finish
Cover
Removal

Total
Time

Air
Volume

Pre-vent
Conc.

MeBr
Released

Tarp 1

13:28

13:37

9 mins

163 m³

10,914 ppm

16.2 kg

Tarp 2

13:28

13:39

11 mins

162 m³

12,052 ppm

18.5 kg

Tarp 3

13:45

13:52

7 mins

644 m³

7,453 ppm

46.0 kg

Tarp 4

13:49

14:07

18 mins

308 m³

9943 ppm

34.4 kg

Tarp 5

14:03

14:14

11 mins

146 m³

15,239 ppm

20.6 kg

Tarp 6

14:18

14:25

7 mins

101 m³

13,828 ppm

12.4 kg

Tarp 7

14:21

14:28

7 mins

209 m³

10,126 ppm

20.5 kg

Total

168.6 kg

Monitoring was started at 13:28 to coincide with the tarpaulin removal and
finished at 14:28. In total, 168.6kg of methyl bromide was estimated to have
been released over the 1-hour monitoring period.
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2.2.1

Meteorology

Meteorology data from the Port of Tauranga berth #8 and berth
#10 meteorological stations show the conditions to be:
•

Berth #8 met station: Average windspeed of 3.3 m/s, ranging between
1.7 m/s and 5.5 m/s.

•

Berth #10 met station: Average windspeed of 2.7 m/s, ranging between
1.2 m/s and 5.5 m/s.

Figure 4 shows the windrose for the berth #10 met station for six 10-minute
average measurements taken during the hour-long period of monitoring
(windspeeds are in m/s). Winds during the sampling event were mostly observed
in the westerly range with a short period from the south-westerly range. The
average windspeed during the monitoring was 1.8 m/s which would provide a
limited amount of dispersion of the methyl bromide.
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Figure 4: PoT Berth #10 Windrose for the 1-hour Sampling Period
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A plot of wind direction along the sampling period from the Berth 8 and Berth 10
meteorological monitoring stations is included in Figure 5.
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Figure 5: Wind Direction During Sampling Period
Figure 5 shows that both monitoring sites were in general agreement on the
wind direction. Initially, winds were from the north-west, however they shifted
to west-south-west for the majority of the sampling window. As such,
concentrations at monitoring station #3, located southeast of the fumigation,
would be expected to measure VOCs at the start of the monitoring period, and at
the other monitoring stations later in the monitoring period after the wind
shifted to a westerly direction.
2.2.2

Methyl Bromide Measurements

A summary of the average and peak methyl bromide concentrations observed at
the four monitoring locations is provided below. PID readings as 1-hour averages
are higher than the more accurate canister-sampled measurements for each
location. This may be due to the presence of other VOCs in the atmosphere
which would have contributed to the PID readings. The TEL for methyl bromide
of 1 ppm as a 1-hour average and 0.333 ppm as a 24-hour average was not
exceeded at any of the monitoring sites.
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Table 3: 20 November Monitoring Summary
PID Measurements (ppb) 1,2

Monitoring

Distance to

Site ID

fumigation

Measurements

(m)

(ppb)
Highest

Canister

Highest

1-hour

1-hour

24-hour

instantaneous

1-

average

average

average

reading

minute
average

Notes:
1.
2.

#1

160

2,819

1,967

450

180

n/a

#2

130

4,461

2,838

862

259

n/a

#3

150

12,718

7,183

926

409

n/a

#4

250

n/a

n/a

n/a

116

12.6

Measured over sampling period
Assuming a corrected response factor of 1.7

D
R
A
F

Figure 6 provides a chart of the 1-minute average PID measurements from the
three Air Matters monitoring sites. Of the three monitoring locations, #3
observed the highest concentrations of VOCs which occurred near the beginning
of the monitoring period.

Figure 6: 20 November 1-min Average Methyl Bromide Concentration
UPDATED DRAFT REPORT: please note that this is an updated edition of the initial report which relates to ongoing
monitoring activities. While this is an update to the report published in February 2020, this report only covers the data
available at writing and there remains the intention to update the report with the full data set following the completion
of monitoring activity.
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The peak VOC measurements at site 3 correlates with the initial north-westerly
wind direction. It is likely that as the wind direction shifted over the monitoring
window, site 3 was no longer in the centreline of the plume.

2.3
2.3.1

27 November 2019
Fumigation Event Description

The monitoring undertaken on the 27th November sampling event was a shiphold fumigation event. The ship was situated at berth #10. Five holds were
fumigated. The fumigation and sampling locations are identified in Figure 7. Due
to the northerly wind directions, the monitoring sites were located relatively far
away from the fumigation activity at the southern Port boundary, at a distance of
700-800 metres.

D
R
A
F
T

Figure 7: Layout of the 27 November Monitoring Event
The venting was started at 14:07 and finished at 23:55. Monitoring was started at
13:50 and finished at 14:50. Details provided by Genera of the estimated
headspace volume and pre-vent concentration, and calculated quantity of methyl
bromide release are provided in Table 4 below.

UPDATED DRAFT REPORT: please note that this is an updated edition of the initial report which relates to ongoing
monitoring activities. While this is an update to the report published in February 2020, this report only covers the data
available at writing and there remains the intention to update the report with the full data set following the completion
of monitoring activity.
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Table 4: 27 November 2019 Fumigation Details
Hold¹

Air Volume

Pre-vent Concentration

MeBr Released

#1

3,405 m³

15,513 ppm

212 kg

#2

4,479 m³

15,861 ppm

285 kg

#3

4,320 m³

15,625 ppm

271 kg

#4

4,091 m³

18,451 ppm

303 kg

#5

4,177 m³

18,650 ppm

313 kg

Total
Notes:
1.

D

1,384 kg

R

Holds counted south to north.

In total, 3,524 kg of methyl bromide was used, and 1,384 kg was estimated to
have been released to the atmosphere from the ship hold ventilation. The mass
of methyl bromide released from the ship fumigation was significantly greater
than for the fumigations of tarpaulin-covered log stacks.

A

The ship holds were opened in a gradual manner, from south to north:

T

•

14:02 to 14:06 – holds visibly cracked

•

14:08 to 14:13 – holds opened to 45°

•

14:17 to 14:22 – holds opened to 75°

•

14:26 to 14:31 – holds fully open
2.3.2

Meteorology

Meteorological data from the berth #8 and berth #10 meteorological stations
indicate predominantly strong winds from the north/northwest:
•

Berth #8 met station: Average windspeed of 7.1 m/s, ranging between
6.0 m/s and 7.7 m/s.

•

Berth #10 met station: Average windspeed of 5.0 m/s, ranging between
3.5 m/s and 6.3 m/s.

Figure 8 shows the windrose for the berth #10 met station for the hour-long
period of monitoring (windspeeds are in m/s). Winds during the sampling event
were entirely from the north-westerly and northerly directions.

UPDATED DRAFT REPORT: please note that this is an updated edition of the initial report which relates to ongoing
monitoring activities. While this is an update to the report published in February 2020, this report only covers the data
available at writing and there remains the intention to update the report with the full data set following the completion
of monitoring activity.
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Figure 8: PoT Berth #10 Windrose for the 1-hour Sampling Period
Wind direction at berth #10 was initially north-westerly but shifted to a more
northerly dominant direction at approximately 14:00.
2.3.3

Results

A summary of the average and peak concentrations observed at the four
monitoring locations is provided below. As a consequence of the northerly wind
direction, the Air Matters monitoring locations were located at a greater distance
from the fumigation due to the configuration of the port boundary. Despite the
comparatively large mass of methyl bromide released from t he ship hold
fumigation, the measured readings on 20 November are not as high due to the
higher wind speeds and greater distance of the monitoring sites from the
fumigation activity.
The TEL for methyl bromide of 1 ppm as a 1-hour average and 0.333 ppm as a 24hour average was not exceeded at any of the monitoring sites.

UPDATED DRAFT REPORT: please note that this is an updated edition of the initial report which relates to ongoing
monitoring activities. While this is an update to the report published in February 2020, this report only covers the data
available at writing and there remains the intention to update the report with the full data set following the completion
of monitoring activity.
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Table 5: 27 November Monitoring Summary
PID Measurements (ppb) 1,2

Monitoring

Distance to

Site ID

fumigation

Measurements

(m)

(ppb)
Highest

Canister

Highest

1-hour

1-hour

24-hour

instantaneous

1-

average

average

average

reading

minute
average

Notes:
1.
2.

#5

630

1,700

1,099

44

21.3

n/a

#6

760

2,638

2,072

515

180

<0.2

#7

780

1,661

1,125

264

37.4

n/a

#8

770

<2

<2

<2

<0.5

17.8

Measured over sampling period
Assuming a corrected MeBr response factor of 1.7
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Figure 9 is a chart of the 1-minute average measurements from the continuous
VOC monitoring. Of the four monitoring locations, sites #6 and #7 observed the
highest readings of VOCs. Site #8 did not detect VOCs in any significant quantity.

Figure 9: 27 November 1-min Average Methyl Bromide Concentration

UPDATED DRAFT REPORT: please note that this is an updated edition of the initial report which relates to ongoing
monitoring activities. While this is an update to the report published in February 2020, this report only covers the data
available at writing and there remains the intention to update the report with the full data set following the completion
of monitoring activity.
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The increased measurement of VOC concentrations at 14:10 coincides with the
start of the release at 14:07 plus travel time (at 5 m/s) from berth #10 to the
monitors.
Ultimately, as the holds were vented over 9 hours, and continuous monitoring
only occurred for 1 hour, it would be difficult to correlate these monitoring
results to a discharge model over the same period without accurate venting rate
data to create a variable emissions profile for the ventilation period.

2.4
2.4.1

11 December 2019
Fumigation Event Description

D

The monitoring undertaken on the 11 th December sampling event was of a
tarpaulin fumigation event. Six log stacks were fumigated. The fumigation and
sampling locations are identified in Figure 10.
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Figure 10: Layout of the 11 December Monitoring Event
Monitoring was started at 14:39 with the removal of the first tarp and finished at
15:39. A summary of the fumigation and venting details is provided in Table 6.

Table 6: 11 December 2019 Fumigation Details
Row¹

Air Volume

Pre-vent Concentration

MeBr Released

#1

607 m³

16,500 ppm

39.8 kg

#2

223 m³

14,183 ppm

12.6 kg

#3

637 m³

8,763 ppm

22.2 kg

#4

1000 m³

7,619 ppm

30.2 kg

UPDATED DRAFT REPORT: please note that this is an updated edition of the initial report which relates to ongoing
monitoring activities. While this is an update to the report published in February 2020, this report only covers the data
available at writing and there remains the intention to update the report with the full data set following the completion
of monitoring activity.
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Table 6: 11 December 2019 Fumigation Details
Row¹

Air Volume

Pre-vent Concentration

MeBr Released

#5

728 m³

7,669 ppm

22.2 kg

#6

522 m³

7,797 ppm

16.2 kg

Total
Notes:
1.

735 kg

Rows counted south to north.

Less detail is available for this scenario than others. Two tarps were removed
between 14:39-14:41 and 14:42-14:43 before the observer left. In total, 735kg of
methyl bromide was used, and an estimated 144.2 kg were vented to the
atmosphere.
2.4.2

Meteorology

•

F

Berth #8 met station: Average windspeed of 3.4 m/s, ranging between
1.5 m/s and 4.9 m/s.

T

Berth #10 met station: Average windspeed of 4.4 m/s, ranging between
2.8 m/s and 5.9 m/s.

Figure 11 shows the windrose for the berth #8 met station for the hour-long
period of monitoring (windspeeds are in m/s). Winds during the sampling event
were entirely from the northerly direction.

UPDATED DRAFT REPORT: please note that this is an updated edition of the initial report which relates to ongoing
monitoring activities. While this is an update to the report published in February 2020, this report only covers the data
available at writing and there remains the intention to update the report with the full data set following the completion
of monitoring activity.
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Data from the berth #8 and berth #10 meteorological stations show the
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Figure 11: PoT Berth #8 Windrose for the 1-hour Sampling Period
As the wind direction data from the berth #8 station shows that the northwesterly wind occurs within from 14:39 to 14:47. After this time, all wind
directions are in the 0° to 40° (northerly to north-easterly) range. As such,
monitoring sites #9 and #10 are only directly downwind for the first 10 minutes
and for the remainder of the monitoring period all monitoring sites are located
crosswind to the source.
2.4.3

Methyl Bromide Measurements

A summary of the average and peak concentrations observed at the four
monitoring locations is provided below.
The TEL for methyl bromide of 1 ppm as a 1-hour average and 0.333 ppm as a 24hour average was not exceeded at any of the monitoring sites.

UPDATED DRAFT REPORT: please note that this is an updated edition of the initial report which relates to ongoing
monitoring activities. While this is an update to the report published in February 2020, this report only covers the data
available at writing and there remains the intention to update the report with the full data set following the completion
of monitoring activity.
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Table 7: 11 December Monitoring Summary
PID Measurements (ppb) 1,2,3

Monitoring

Distance to

Site ID

fumigation

Measurements

(m)

(ppb)

Notes:
1.
2.
3.

Canister

Highest

Highest

1-hour

1-hour

24-hour

instantaneous

1-minute

average

average

average

reading

average

#6

1,260

850

680

188

20.5

1.1

#9

210

13,743

6,948

389

162

n/a

#10

260

8,109

6,967

293

243

10.6

#11

630

1,139

993

180

8.4

n/a

Figure 12 is a chart of the 1-minute averaged VOC measurements converted to
methyl bromide. Of the four monitoring locations, #9 and #10 observed the
highest concentrations of VOCs, which occurred during the first 20 minutes of
the monitoring period.

Figure 12: 11 December 1-min Average Methyl Bromide Concentration
UPDATED DRAFT REPORT: please note that this is an updated edition of the initial report which relates to ongoing
monitoring activities. While this is an update to the report published in February 2020, this report only covers the data
available at writing and there remains the intention to update the report with the full data set following the completion
of monitoring activity.
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The peak seen at monitoring sites #9 and #10 correlates to the end of the period
where winds were blowing from the release site towards the monitoring points.
Subsequently, as the winds shifted to a north-easterly direction, the
concentrations observed at these sites drops off.

2.5
2.5.1

9 January 2020
Fumigation Event Description

The monitoring undertaken on the 9 th January sampling event was of a tarpaulin
fumigation event. Eleven log stacks were fumigated. The fumigation and six
sampling locations are identified in Figure 13. Four of these sites monitored with
PIDs and had collocated SUMMA® canister sampling over the 1-hour monitoring
period. A fifth site was used for 24-hour SUMMA® sampling.
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Figure 13: Layout of the 9 January Monitoring Event
The venting was started at 14:45 and finished at 17:30. Monitoring began at
15:58 in an attempt to capture the ventilation of the largest log stacks. At sites
#2, #14 and #15, monitoring was started at 15:58 and finished at 16:58. At site
#16, monitoring was started at 16:02 and finished at 17:02. A summary of the
venting is provided in Table 8 below:

Table 8: 9 January 2020 Fumigation Details
Stack¹

Air
Volume

Pre-vent
Concentration

MeBr
Released

Ventilation Start
Time

9BR13

187 m³

6,850 ppm

5.1 kg

16:01

9BR14

171 m³

4,217 ppm

2.9 kg

16:03

9BR15

148 m³

3,433 ppm

2.0 kg

16:13

UPDATED DRAFT REPORT: please note that this is an updated edition of the initial report which relates to ongoing
monitoring activities. While this is an update to the report published in February 2020, this report only covers the data
available at writing and there remains the intention to update the report with the full data set following the completion
of monitoring activity.
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Table 8: 9 January 2020 Fumigation Details
Stack¹

Air
Volume

Pre-vent
Concentration

MeBr
Released

Ventilation Start
Time

9BR16

165 m³

7,067 ppm

4.7 kg

16:15

9BR17

205 m³

11,183 ppm

9.2 kg

16:28

9BR18

450 m³

18,000 ppm

32.4 kg

16:33

9BR19

381 m³

7,700 ppm

11.7 kg

16:37

9BR20

449 m³

17,550 ppm

31.5 kg

16:44

D

9BR22

306 m³

8,833 ppm

10.8 kg

16:57

9BR24

250 m³

4,633 ppm

4.6 kg

17:00

R

9BR25

309 m³

5,350 ppm

6.6 kg

17:02

Total

A

122 kg

F

Notes:
1.

Stacks counted south to north.

In total, 559 kg of methyl bromide was used, and an estimated 122 kg was vented
to the atmosphere during the monitoring period.
Figure 14 shows the log stacks with tarpaulin covers.

Figure 14: Fumigation Site, 9 January 2020 (Photo: Air Matters)
UPDATED DRAFT REPORT: please note that this is an updated edition of the initial report which relates to ongoing
monitoring activities. While this is an update to the report published in February 2020, this report only covers the data
available at writing and there remains the intention to update the report with the full data set following the completion
of monitoring activity.
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2.5.2

Meteorology

Meteorology data from the berth #8 and berth #10 meteorological stations show
the conditions to be:
•

Berth #8 met station: Average windspeed of 5.0 m/s, ranging between
1.5 m/s and 8.5 m/s.

•

Berth #10 met station: Average windspeed of 6.6 m/s, ranging between
4.2 m/s and 9.0 m/s.

Figure 15 shows the windrose for the berth #8 met station for the hour-long
period of monitoring (windspeeds are in m/s). Winds during the sampling event
were predominately from the south-westerly direction. Over the course of the
sampling, the wind direction was trending towards the more southerly directions
shown.
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Figure 15: Windrose - PoT Station 8, 15:58 to 16:58
2.5.3

Methyl Bromide Measurements

A summary of the average and peak concentrations observed at the five
monitoring locations is provided in Table 10 below.

UPDATED DRAFT REPORT: please note that this is an updated edition of the initial report which relates to ongoing
monitoring activities. While this is an update to the report published in February 2020, this report only covers the data
available at writing and there remains the intention to update the report with the full data set following the completion
of monitoring activity.
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Table 9: 9 January Monitoring Summary
PID Measurements (ppb) 1,2

Monitoring

Distance to

Canister

Site ID

fumigation

Measurements

(m)

(ppb)
Highest

Highest

1-hour

1-hour

24-hour

instantaneous

1-

average

average

average

reading

minute
average

Notes:
1.
2.
3.

#2

360

180

142

116

<0.5

n/a

#14

420

99

24

<2

13.5

19.5

#15

300

9,709

3,067

311

274

n/a

#16

200

11,849

7,186

983

1,220 3

n/a

#17

240

n/a

n/a

n/a

n/a

60.8

Measured over sampling period
Assuming a corrected MeBr response factor of 1.7
Exceeds the 1-hour TEL for MeBr of 1 ppm
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Figure 16 shows a chart of the measured 1-minute averaged VOC readings at the
four Air Matters monitoring sites. Of the four monitoring locations, #15 and #16
recorded the highest concentrations of VOCs. Sites #2 and #14 measured much
lower concentrations.
The TEL for methyl bromide of 1 ppm as a 1-hour average was exceeded at
monitoring site #16.

UPDATED DRAFT REPORT: please note that this is an updated edition of the initial report which relates to ongoing
monitoring activities. While this is an update to the report published in February 2020, this report only covers the data
available at writing and there remains the intention to update the report with the full data set following the completion
of monitoring activity.
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Figure 16: 9 January 1-min Average MeBr Concentration
The lack of observations at sites #2 and #14 is likely due to the distance of the
sites from the point of release or were not directly downwind during the
ventilation periods.

2.6
2.6.1

25 January 2020
Fumigation Event Description

The monitoring undertaken on the 25 th January sampling event was of a tarpaulin
fumigation event. Five log stacks were fumigated. The fumigation and sampling
locations are identified in Figure 17. Note that this figure contains other
monitoring events from the month of January.

UPDATED DRAFT REPORT: please note that this is an updated edition of the initial report which relates to ongoing
monitoring activities. While this is an update to the report published in February 2020, this report only covers the data
available at writing and there remains the intention to update the report with the full data set following the completion
of monitoring activity.
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D
R
A
Figure 17: Layout of the 25 January Monitoring Event

F

Details of the 25 January fumigation from Genera, including the amount and
timings of the methyl bromide releases, were not available at the time of this
writing.

T

Exact stack venting times have not been provided at time of writing, however
they have been visually indicated in a draft Air Matters monitoring report, so
have been reproduced in Figure 19. In total, 304 kg of MeBr was used and 122 kg
was vented to the atmosphere.
The Air Matters monitoring was started at 14:12 and finished at 15:12.
2.6.2

Meteorology

Meteorology data from the berth #8 and berth #10 meteorological stations show
the conditions to be:
•

Berth #8 met station: Average windspeed of 5.9 m/s, ranging between
2.7 m/s and 7.9 m/s.

•

Berth #10 met station: Average windspeed of 5.4 m/s, ranging between
2.2 m/s and 7.5 m/s.

Figure 18 shows the windrose for the berth #8 met station for the hour-long
period of monitoring (windspeeds are in m/s). Winds during the sampling event
were from the north-westerly direction during this period.

UPDATED DRAFT REPORT: please note that this is an updated edition of the initial report which relates to ongoing
monitoring activities. While this is an update to the report published in February 2020, this report only covers the data
available at writing and there remains the intention to update the report with the full data set following the completion
of monitoring activity.
W02347800R001_Dr aft_To_C li entv2.docx

P A T T L E

D E L A M O R E

P A R T N E R S

L T D

22
WORKSAFE - METHYL BROMIDE MODELLING STUDY – PORT OF TAURANGA

D
R
A
F
T

Figure 18: Windrose - PoT Station 8, 14:12 to 15:12
2.6.3

Methyl Bromide Measurements

A summary of the average and peak concentration observed at the four
monitoring locations is provided in Table 10 below.
Table 10: 25 January Monitoring Summary
PID Measurements (ppb) 1,2

Monitoring

Distance to

Canister

Site ID

fumigation

Measurements

(m)

(ppb)
Highest

Highest

1-hour

1-hour

24-hour

instantaneous

1-

average

average

average

reading

minute
average

Notes:
1.
2.
3.

#3

150

10,346

6,598

1,339 3

720

n/a

#9

200

4,048

1,745

464

201

97

#18

160

1,029

765

475

10.8

6

#19

260

1,362

659

64

266

n/a

Measured over sampling period
Assuming a corrected MeBr response factor of 1.7
Exceeds the 1-hour TEL for MeBr of 1 ppm

UPDATED DRAFT REPORT: please note that this is an updated edition of the initial report which relates to ongoing
monitoring activities. While this is an update to the report published in February 2020, this report only covers the data
available at writing and there remains the intention to update the report with the full data set following the completion
of monitoring activity.
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Figure 19 shows the 1-minute averaged measurements of VOCs as methyl
bromide for the 25 th January monitoring. Of the four monitoring locations, #3
observed the most distinct peaks of VOC (MeBr).
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Figure 19: 25 January 1-min Average MeBr Concentration
The location and peak size of #3 would imply it is close to the plume centreline.
The small peaks at locations #9 and #19 are in a downwind direction but at a
further distances. The #18 site was not downwind of the fumigation and is not
expected to have measured VOCs from the ventilations. While the baseline
concentrations at the #18 site are higher than for the #9 and #19 sites, the VOC
measurements at the #18 site do not show the peaks associated with tarp
removal as seen at the other sites.
The TEL for methyl bromide of 1 ppm as a 1-hour average was exceeded at site
#3 according to the PID monitoring, with a 1-hour averaged measurement of 1.3
ppm as methyl bromide. The canister sample which was co-located at this site
was measured at a lower concentration of 0.76 ppm, which approaches but does
not exceed the TEL.

2.7
2.7.1

29 January 2020
Fumigation Event Description

The monitoring undertaken on the 29 th January sampling event was of a tarpaulin
fumigation event. Seven log stacks were fumigated. The fumigation and
sampling locations are identified in Figure 20.
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Figure 20: Layout of the 29 January Monitoring Event
The venting was started at 15:14 and finished at 16:10. Monitoring was started at
15:17 and finished at 16:17. A summary of the venting is provided below:
Table 11: 29 January 2020 Fumigation Details
Pre-vent Concentration (g/m 3)

MeBr Released (kg)

C10

148

m3

60

8.9

11A

262 m 3

80

21.0

11B

285 m 3

62

17.8

12

312 m 3

51

16.0

13

285 m 3

57

16.1

14

273 m 3

68

18.6

15

262 m 3

59

15.5

9

54 m 3

68

3.7

Stack¹

Notes:
1.

Air Volume

Stacks counted south to north.

In total, 356 kg of MeBr was used and 117 kg was vented to the atmosphere.
2.7.2

Meteorology

Meteorology data from the berth #8 and berth #10 meteorological stations show
the conditions to be:
•

Berth #8 met station: Average windspeed of 6.2 m/s, ranging between
1.8 m/s and 8.9 m/s.
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•

Berth #10 met station: Average windspeed of 3.7 m/s, ranging between
2.1 m/s and 5.4 m/s.

Figure 21 shows the windrose for the berth #8 met station for the hour-long
period of monitoring (windspeeds are in m/s). Winds during the sampling event
were from the westerly direction during this period. The south-westerly portion
of the windrose largely occurred over an approximately 10-minute period from
15:40 to 15:50.

D
R
A
F
T

Figure 21: Windrose - PoT Station 8, 15:17 to 16:17
2.7.3

Methyl Bromide Measurements

A summary of the average and peak concentration observed at the four
monitoring locations is provided below.
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Table 12: 25 January Monitoring Summary
PID Measurements (ppb) 1,2

Monitoring

Distance to

Canister

Site ID

fumigation

Measurements

(m)

(ppb)
Highest

Highest

1-hour

1-hour

24-hour

instantaneous

1-

average

average

average

reading

minute
average

Notes:
1.
2.

#5

570

223

162

31

12.2

n/a

#11

210

4,911

2,800

709

603

n/a

#20

160

34

3

<2

4.3

3.1

#21

320

318

223

56

5.2

2.8

D
R
A
F

Measured over sampling period
Assuming a corrected MeBr response factor of 1.7

Figure 22 provides the 1-minute average results from the continuous PIDs
monitoring. Of the four monitoring locations, #11 observed the highest VOC
measurements. Sites #5, #20, and #21 were not directly downwind of the
fumigation and observed minimal or no presence of VOCs during the monitoring
period.

UPDATED DRAFT REPORT: please note that this is an updated edition of the initial report which relates to ongoing
monitoring activities. While this is an update to the report published in February 2020, this report only covers the data
available at writing and there remains the intention to update the report with the full data set following the completion
of monitoring activity.
W02347800R001_Dr aft_To_C li entv2.docx

P A T T L E

D E L A M O R E

P A R T N E R S

L T D

T

27
WORKSAFE - METHYL BROMIDE MODELLING STUDY – PORT OF TAURANGA

D
R
A
F
Figure 22: 29 January 1-min Average MeBr Concentration

3.0
3.1

T

CALPUFF Dispersion Modelling
Introduction

Atmospheric dispersion modelling is a mathematical method of predicting the
concentration of contaminants downwind from a discharge source. The model
takes into account a number of factors including the emission rate of the
contaminant, the height of the discharge, building downwash effects, local
topography, and meteorology. The main meteorological aspects considered in
modelling are wind speed and direction, atmospheric mixing height and
atmospheric stability.
The CALPUFF dispersion model was used for this project considering the local
terrain features and proximity to the coast, and the capacity of the model to
consider light and variable winds. CALPUFF also has the benefit of being able to
consider sub-hourly time steps to simulate the short duration of the fumigation
release events.
The model was setup in general accordance with the model-specific
recommendations set out in the Generic Guidance and Optimum Model Settings
for the CALPUFF Modelling System for Inclusion into the ‘Approved Methods for
the Modelling and Assessments of Air Pollutants in NSW, Australia’ (TRC, 2011).
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These model-specific guidelines are consistent with more generalised guidance
for any model, such as the New Zealand Ministry for the Environment, Good
Practice Guide for Atmospheric Dispersion Modelling (MfE, 2004).

3.2

Modelling Scenarios

To meet the time frame for the project, we have selected two monitoring events
to simulate with CALPUFF. The two events were selected based on data
availability at the time of the modelling and the detection of significant
concentrations of methyl bromide in the monitoring reports. The two monitoring
events selected were the tarpaulin-covered log stack fumigations on 11
December 2019 and 9 January 2020.
The modelling of the log stacks considered the ventilation phase of the
fumigations only, during the period following the fumigation when the tarpaulins
are lifted. These events are expected to be the main source of methyl bromide
measured at the monitoring sites. Methyl bromide may also be discharged as
fugitive emissions during the application phase of the fumigation process, and
during the period following ventilation in which the fumigated logs slowly release
absorbed methyl bromide back to atmosphere. These emissions occur at much
lower rates than during the ventilation period and are not expected to contribute
significantly to observed concentrations at the monitoring sites.

3.3

Meteorology

Meteorological datasets for use with CALPUFF were developed by Atmospheric
Science Global (ASG). The CALMET meteorological model (Version 6.334) was
used to prepare a 3D meteorological data set for the Port area. Meteorological
data was obtained from three, one minute recording surface stations at the Port;
PoT berth 8, PoT berth 10 and Tanker berth monitoring sites for a 48 hour period
for each of the fumigation events. A simple vertical profile of winds and
temperature were defined based on the surface data. The vertical layers were
defined as 10 m, 60 m and 1500 m. The surface winds were used to describe
layers one and 2 and westerly winds were assigned to winds aloft. The
temperature profile was assigned to be slightly adiabatic which was expected
during the sampling periods which were undertaken in the middle of the day.
The temperature profile was set similar to the cloud data collected during each
of the two sampling periods.
3.3.1

Surface stations

Three one-minute surface meteorological stations have been used in the
development of the 3-dimensional 2019 and 2020 sub-hourly data sets for
modelling purposes. These are listed in Table 14 below. Appendix B includes
surface (10 m) wind roses for each of the following surface stations listed in
Table 14 for each of the two episodes.
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Table 13: Surface Meteorological Stations Used in the Fumigation Modelling
Station
NO.

Station Name

Owner/
Authority

UTM X
(km)

UTM Y
(km)

Anemometer
Height (m)

88888

Berth 8

Port

427.898

5831.865

15.0

10101

Berth 10

Port

427.861

5831.092

20.0

44444

Tanker Berth

Port

427.809

5832.27

15.0

3.3.2

CALMET Settings

D
R

The CALMET data set provides three-dimensional wind fields, temperature, and
atmospheric stability, over a 9.2 km x 8.7 km region with a 100 m grid resolution.

A

•

A 92 by 87 grid of 100 m intervals centred over the Port area, with 3
vertical levels at heights of 20 m, 300 m and 1000 m;

F

•

Local terrain and land use data was obtained from Land Information New
Zealand (LINZ); Land Use map is shown below.

T

•

CALMET default geophysical parameters were used based on local land
use categories contained in the topographical maps;

•

Hourly cloud observations (cloud cover) was obtained from historic
records from a web based weather company
https://www.worldweatheronline.com/tauranga-weather-history/nz.aspx

•

Hourly variables of temperatures, pressure, relative humidity and rainfall
were all taken from historic records from a web based weather company;
https://www.worldweatheronline.com/tauranga-weather-history. Hourly
meteorological data was backed up from photos wherever possible.
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Figure 23: Land Use and terrain elevations

3.4

CALPUFF Settings

The CALPUFF dispersion model (Version 7.2.1) was used for this assessment.
CALPUFF was set up as follows:
•

The discharges were modelled as volume sources;

•

Dispersion estimated using the micro-meteorological dispersion
algorithms;
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•

Dispersion rates were calculated using turbulence computed from
micrometeorology;

•

Transitional plume rise was switched on;

•

No chemical transformation was modelled;

•

The model was run to predict one-minute and 1-hour averages; and

•

The default model settings for CALPUFF were used except as otherwise
specified.

•

Variable emissions profiles were developed for each of the sources for
the modelling period.

•

Deposition of methyl bromide as a dry gas was allowed to occur.

3.5

D
R

Source and Emissions Characterisation

A

Emissions were estimated for each modelled event based on the information
provided by Genera and Air Matters as described previously.
3.5.1

F

Source Characterisation

Each log stack was modelled as a series of 5-metre square volume sources. Each
volume source was assigned an initial sigma y (indicative of lateral dispersion) of
1.16m and initial sigma z (indicative of vertical dispersion) of 1m. Figure 24 and
Figure 25 show the individual volume sources for the 11 December and 20
January modelling scenarios, respectively.
Variable emission files were prepared to model the emissions of each volume
source at a 1-minute temporal resolution. After a number of trial model runs, it
was determined that the model predictions most closely replicated the
monitoring data under the assumption that all of the methyl bromide is released
within the first minute of uncovering the log stacks.
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Figure 24: Volume Sources Modelled for 11 December Fumigation Release

F
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Figure 25: Volume Sources Modelled for 9 January Fumigation Release
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3.5.2

Mass Emission Rate

The quantity of methyl bromide released from each log stack or ship hold is
estimated by Genera based on assumptions of headspace volume and measured
pre-release concentration of methyl bromide. Headspace volume is taken as the
total fumigation volume minus the volume of the logs. We consider the pre release concentration would be relatively accurate as it is easily measured.
However, the determination of headspace volume is likely a rough estimate, and
so has a moderate level of uncertainty.
The total mass of methyl bromide estimated for each log stack was apportioned
equally amongst the volume sources assigned to represent the stack.
3.5.3

Timing of Releases

During most of the monitoring events, Air Matters used a spotter to record the
times during which the tarpaulins covering each log stack were removed. These
were not always able to be observed due to the distance of the fumigations from
the Port Boundary. The nature of the ventilation does not lend itself to easy
characterisation, as the removal of a tarpaulin may take anywhere from less than
one minute up to several minutes. There is therefore a high level of uncertainty
with the timing of releases.

3.6
3.6.1

CALPUFF Model Results
11 December CALPUFF Predictions

The results of the CALPUFF modelling for the 11 December fumigation event are
tabulated in Table 15 below. Isopleth diagrams showing the highest predicted 1minute concentrations and as a 1-hour average provided as Figure 26 and Figure
27 respectively. As the model shows the plume centreline is not coincident with
the monitoring sites, we have presented the results at the plume centreline at a
distance from the fumigation that is equivalent to that of the monitoring sites.
This is to account for any potential differences between the wind directions as
modelled and what actually occurred during the monitoring event.
CALPUFF is shown to significantly underpredict methyl bromide compared to the
computed methyl bromide from the PID monitoring for 1-minute averages. For
1-hour averages CALPUFF agrees much better with the measured methyl bromide
from the SUMMA canisters especially at locations 6, 9 and 11 where the model is
within a factor of 2 of the measured data, or just outside. However, CALPUFF is
under predicting by almost a factor of 4 at location 10.
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Table 14: Monitoring Versus Modelled Methyl Bromide Concentrations
Site
Location

Distance
to
fumigation
(m)

1-minute average (µg/m 3)

1-hour average (µg/m 3)

Highest
Measured 1

Highest
Predicted 3

Highest
Measured 2

Highest
Predicted 3

6

1,260

2700

<100

80

50

9

210

27000

1750

630

350

10

260

27000

1250

950

250

11

630

3900

300

33

75

Notes:
1.
2.
3.

D
R

As measured by PID and converted to methyl bromide
As measured by Summa Canister
Highest model predictions in the plume centreline at equivalent distances from the fumiga tion to the
monitoring sites.
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F
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Figure 26: Highest Predicted 1-minute Average (µg/m 3), 11 December Fumigation
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Figure 27: Highest Predicted 1-hour Concentrations (µg/m 3), 11 December Fumigation
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3.6.2

9 January Model Predictions

The results of the CALPUFF modelling for the 9 January fumigation event are
tabulated in Table 15 below. Isopleth diagrams showing the highest predicted 1 minute concentrations and as a 1-hour average provided as Figure 29 and Figure
30 respectively. The 1-minute averaged TVOC concentrations (as converted to
equivalent concentration of methyl bromide) shows three orders of magnitude
difference in concentration between location #14 and location #15 over a
distance of no more than 120m. If these concentrations at locations #15 and #16
are correct they suggest a highly concentrated plume from a particular wind
direction that CALPUFF has not replicated. It is possible that there are some
slight errors in the wind direction bearing, possibly calibration issues which have
caused the CALPUFF plume to be spread over a larger area than what is actually
occurring. The result of this is a more diluted plume than would otherwise be the
case.
The model is consistently for both the 1-minute average and 1-hour average over
predicting at the two furthest locations #2 and #14 and is under predicting at #15
and #16, the two closer locations.
At the two closer locations, #15 and #16, the model is out side the factor of two
under prediction criteria of 2.4 and 2.9, respectively, but at the 1-hour average
the model is a factor of 3 and 7 under predicting. This result also points to some
inconsistencies in the assumption of methyl bromide from the PID monitors.
Table 15: Monitoring versus Modelled Methyl Bromide Concentrations
Site
Location

Distance to
fumigation
(m)

1-minute average (µg/m 3)

1-hour average (µg/m 3)

Highest
Measured 1

Highest
Predicted 3

Measured 2

Predicted 3

#2

360

555

3,860

<20

269

#14

420

95

2,036

53

174

#15

300

11,960

4,951

1,069

344

#16

200

28,000

9,641

4,758

639

Notes:
1.
2.
3.

As measured by PID
As measured by Summa Canister
Highest model predictions in the plume centreline at equivalent distances from the f umigation to the
monitoring sites.

Figure 28 shows a comparison of the CALPUFF model’s predictions of methyl
bromide extracted at the equivalent monitoring site #16, at which the highest
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concentrations of methyl bromide were measured. While the model results are
lower than the measured concentrations, both the model predictions and the
measured concentrations indicate spikes relating to the individual tarpaulin
removals throughout the monitoring period. The timing of the spikes roughly
align between the measured and modelled methyl bromide, with differences
likey being a consequence of imprecision in the recording of the tarpaulin
removals.
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Figure 28: Time Series of CALPUFF Predictions and Measured Concentrations of
Methyl Bromide
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Figure 29: Highest Predicted 1-minute Average (µg/m 3)
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Figure 30: Highest Predicted 1-hour Concentrations (µg/m 3)
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3.7

Discussion of CALPUFF Modelling Results

The CALPUFF dispersion model has been used to predict the downwind
concentrations of methyl bromide resulting from the fumigation of log stacks on
two separate fumigation events. The model predictions have been compared to
monitoring data at sites downwind of the fumigation activities. Modelling and
monitoring have both focussed on the ventilation stage of the fumigation process
as this is the period in which the majority of methyl bromide from the
fumigations is released to the atmosphere.
The CALPUFF model predictions for both days are generally lower and, in some
cases, significantly lower than the measured concentrations at the nearer sites.
This is particularly the case for the highest 1-minute average predictions, which
are around an order of magnitude lower than the peak measured concentrations.
Model predictions for 1-hour averages are closer to the 1-hour measured
concentrations and for a couple of instances on the 11 December are within a
factor of two of the 1-hour results but are mostly still low compared to the
measurements. This is an unexpected result, as dispersion models such as
CALPUFF which are used for regulatory purposes have been developed to be
conservative in order to be protective of human health.
Possible reasons for the model under predictions include:
•

Uncertainties associated with the estimation by Genera of the quantities
of methyl bromide released. If the quantity of methyl bromide released
is greater than has been provided, then the model is less likely to
underestimate the downwind concentrations. The main source of error
in estimation of emissions is likely to be the computation of the volume
of headspace within the log stacks.

•

We understand the PoT meteorological stations may not be regularly
serviced. While it is unlikely they are significantly out of calibration, any
difference in wind direction between actual winds and what has been
used to model the discharges could result in the prediction of higher or
lower downwind predictions depending at specific locations.

•

The timing of ventilation releases is critical to match the model
predictions with the spikes in measured methyl bromide concentrations.
Timing of the removal of coverings from individual log stacks has been
recorded by Air Matters staff for the 9 January fumigation event.
Incorporation of this timing in the model has shown good correlation
with the monitoring data and indicates that the majority of methyl
bromide from log stack ventilations is released within a minute follow ing
the removal of the covers.

•

The height of the anemometers on the individual masts as used in the
modelling; are Berth 10 (15m), Tanker Berth (20m) and, Berth 8 (15m).
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These measurements are not ideal for the initial dispersion of Methyl
Bromide from the log piles at 5m and may predicting too strong winds.

4.0
4.1

ALOHA Modelling
Introduction

As an alternative to CALPUFF modelling, we have investigated the use of an
emergency release model to simulate downwind concentrations of methyl
bromide from a fumigation ventilation event. The ALOHA (Areal Locations of
Hazardous Atmospheres) model, developed jointly by the National Oceanic and
Atmospheric Administration (NOAA) and the U.S. Environmental Prot ection
Agency (EPA), is a computer program designed to model potential chemical
releases, as well as thermal radiation and overpressure related to toxic chemical
releases resulting from, fires, and/or explosions. A complete technical
description of the model can be found in the ALOHA Technical Documentation
manual2.
The purpose of the ALOHA model is to provide predictive estimates of downwind
contaminant concentrations which will inform the potential impacts to human
health and safety for the general public. Model outputs are in the form of plume
diagrams showing the distance from the point of release to levels of concern for
health risk from chemical scenarios.
ALOHA determines the release rate of a substance from the discharge
parameters, such as size of the release, total volume or mass of the released
substance, temperature, etc. ALOHA uses both a heavy gas dispersion model to
predict the concentration of a released contaminant downwind of the source. As
the gas plume travels downwind, it entrains in ambient air and the plume density
and contaminant concentration reduces. Once the plume becomes neutrally
buoyant, the plume dispersion characteristics are assumed to mimic those of a
Gaussian Plume, and the model algorithm changes accordingly.
Meteorological conditions (wind speed, wind direction, and atmospheric
stability) are entered manually, and assumed to be constant for the duration of
the release.
Terrain conditions and obstructions also affect gas dispersion. Terrain features
can affect general meteorological conditions such as localised wind direction
whereas surface structures affect smaller scale eddies and turbulence. While
terrain effects are not specifically considered in the model, obstruction factors
are indirectly considered in ALOHA by assumptions of surface roughness.

2

National Oceanic and Atmospheric Administration, ALOHA (Areal Locations of Hazardous Atmospheres)
5.4.4 Technical Documentation, November 2013.
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Aloha was configured to (as closely as possible) match the release conditi ons of
the fumigation release for comparison with monitoring results. Predicted
concentrations were exported from the model at the same distances downwind
(and crosswind) as the event monitoring locations. These were then assessed as
to whether ALOHA could be reliably used to predict downwind concentrations
from a release.
ALOHA is an advantageous model as it is easy to configure and has a short
runtime. The biggest limiting factor for modelling methyl bromide releases from
fumigations was source characterisation. ALOHA does not include
parameterisation for volume or area sources, and releases must be of a pure
substance. In reality, the Methyl Bromide is already mixed with air at time of
release.

4.2

R

Model Configuration

The monitoring event which occurred on 12 December 2019 was selected for the
ALOHA model assessment. Interim Report #2 prepared by air matters on the
December 11 th monitoring event provided detail on the amount of methyl
bromide released. Six log stack rows were fumigated and vented. Concent ration
data at time of release, and volume estimates of the tarpaulins indicates that a
total of 144.4kg of methyl bromide was released. Without specific information on
the timing of the stack venting’s, three scenarios were modelled, and the results
compared:
1. Log stacks vented over the course of an hour (1 stack per 10 mins). This
resulted in an hour-long release with an average of 2.4kg of methyl
bromide released per minute.
2. All six log stacks vented within a 10 minute period. This timing was
chosen to match the length of time the high concentration pulse was
observed at the closest downwind monitoring sites. This resulted in a 10minute release with an average of 14.4kg of methyl bromide released per
minute.
3. An ‘instantaneous’ release. This resulted in all 144.4kg of methyl bromide
being released within a 1-minute window.
Monitoring data from the ‘PoT 8’ monitoring station was interrogated for the
hour of interest. A northerly wind direction and average wind speed of 3.39m/s
(6.59 knots) was assumed. Other inputs include:
•

Temperature = 24°C

•

Stability = D

•

No inversion

•

50% humidity

D
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•

Cloud cover = 3 tenths

Results of peak methyl bromide concentration were extracted at three distances
for each monitoring location for each of the following scenarios:
a) At the monitoring locations as indicated in Figure 12 below. Downwind
and off-axis distances relative to the plume centreline were measured
from an assumed point of origin.
b) At the same downwind distance, but with a 40 m eastward shift of the
assumed plume centreline (e.g. 102 m off-axis distance becomes 62 m).
This is to check the significance of the point of origin, relative to the
monitoring locations (as limited data was available).
c) Along the modelled centreline. This is because observations at the time
of sampling indicated a north-westerly wind direction, which is not
reflected in the northerly predominant windrose data. If the actual
conditions were more north-westerly, sampling locations 9 and 10 could
be located quite close to the plume centreline.

D
R
A
F
T

Figure 31: Release and Receptor Locations for ALOHA Emergency Release Model
Inputs

4.3

ALOHA Model Results

Results of the ALOHA model compared to the peak monitoring concentrations
measured during the 11 December monitoring event are provided in Table 14
below. Contour plots of the three modelling scenarios are shown in Figure 30, 31
and 32 respectively, with the 1 ppm, 5 ppm and 10 ppm contours indicated.
The model predictions along the plume centreline most closely match the peak
measured concentrations for the Scenario 1 model, in which the methyl bromide
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release is assumed to occur continuously over the 1-hour monitoring period. The
predictions along the plume centreline for the Scenario 2 and Scenario 3
modelling are significantly higher than measured, though decrease to more
realistic concentrations away from the plume centreline.
The plume maps in Figures 30 through 32 illustrate the sensitivity of the model to
emission rates.
Overall, the model does not demonstrate the sensitivity required to correlate
real-world monitoring data with the model predictions. However, the model may
be constructively used to estimate exclusion zones for different rates of methyl
bromide emissions.

D
R

Table 16: Results Summary
Monitoring Results

Loc. #9

Loc. #10

Loc. #11

Loc. #6

Peak TVOC Measured

ppm

8.1

4.8

0.7

0.5

Peak Methyl Bromide ¹

ppm

13.7

8.1

1.1

1.7

A
F
T

Scenario 1: 60min release

Loc. #9

Loc. #10

Loc. #11

Loc. #6

a) Peak Conc. At Location

ppm

0

0

0

0.26

b) Peak Conc. 40m Shift

ppm

0

0

0.006

0.93

c) Peak Conc. On Centreline

ppm

8.1

4.5

0.93

0.27

Loc. #9

Loc. #10

Loc. #11

Loc. #6

Scenario 2: 10min release
a) Peak Conc. At Location

ppm

0

0

0

1.5

b) Peak Conc. 40m Shift

ppm

0.022

0

0.05

1.1

c) Peak Conc. On Centreline

ppm

45.7

25.9

5.5

1.6

Loc. #9

Loc. #10

Loc. #11

Loc. #6

Scenario 3: Instant release
a) Peak Conc. At Location

ppm

0.0062

0

0.093

11.1

b) Peak Conc. 40m Shift

ppm

8.0

0.47

1.29

8.55

c) Peak Conc. On Centreline

ppm

307

194

45.1

11.4

Notes:
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1.

Based on a conversion factor of 1.7 between total VOC and Methyl Bromide concentration

D
R
THREAT ZONE:
Red: 188 meters --- (10 ppm)
Orange: 273 meters --- (5 ppm)
Yellow: 642 meters --- (1 ppm)

A
F
T

Figure 32: Scenario 1 – ALOHA Model Results

THREAT ZONE:
Red: 482 meters --- (10 ppm)
Orange: 699 meters --- (5 ppm)
Yellow: 1.6 kilometers --- (1 ppm)

Figure 33: Scenario 2 - ALOHA Model Results
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D
THREAT ZONE:
Red: 1.4 kilometres --- (10 ppm)

R

Orange: 1.8 kilometres --- (5 ppm)
Yellow: 3.3 kilometres --- (1 ppm)

A

Figure 34: Scenario 3 ALOHA Modelling Results

F

5.0

T

Conclusions and Recommendations

The monitoring undertaken by Air Matters has shown that the 1-hour TEL for
methyl bromide has the potential to be exceeded at the boundary of the Por t.
Furthermore, for each of the monitoring events there were measured
concentrations of methyl bromide at the boundary monitoring locations that
were well above background levels. It is likely therefore that the 1-hour TEL will
be exceeded at some locations during normal operations. Undertaking additional
monitoring events will help inform the likelihood of exceedances over a range of
meteorological and fumigation conditions.
It is considered highly unlikely based on the monitoring data collected to date
that the TEL for 24-hour averages will be exceeded under normal fumigation
practices.
The CALPUFF model has underpredicted concentrations of methyl bromide for
the two fumigation scenarios as measured at monitoring sites nearest to the
fumigation activity. Given the use of measured on-site 1-minute meteorology
from the PoT the next most important input into the model for predicting
dispersion downwind is the rate of contaminant discharge, it is possible that the
emissions have been underestimated. It is recommended that additional
monitoring events be modelled to provide more case studies for the comparing
monitoring data to modelling results, and to allow for more fine tuning of the
model. If the model continues to under predict then further investigation and
refinement of emission factors may be needed.
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CALPUFF has, however, shown good agreement on a temporal scale with the
monitoring data when the timing of the ventilation events is incorporated into
the model on a minute by minute basis.
The ALOHA model shows limited utility for the purpose of modelling real-case
scenarios of methyl bromide fumigations, though it may be of use for planning
purposes (e.g. in the event of a large-scale emergency release of methyl bromide
due to containment failure). No further modelling with ALOHA is considered
necessary for the purpose of this study.

6.0

References

ASG (2019) “Review of an Air Concentration Dispersion Modelling Assessment of
Methyl Bromide Concentrations in Tauranga Port, New Zealand”, prepared for
Bay of Plenty Regional Council by Atmospheric Science Global (ASG),
August 2019.
MfE (2004) Good Practice Guide for Atmospheric Dispersion Modelling,
June 2004.
NZ Government (2018) “Workplace Exposure Standards and Biological Exposure
Indices – 10th Edition”, New Zealand Government, November 2018.
TRC (2011), Generic Guidance and Optimum Model Settings for the CALPUFF
Modelling System for Inclusion into the Approved Methods for the Modelling and
Assessments of Air Pollutants in NSW, Australia", Prepared for the NSW Office of
Environment and Heritage by TRC Environmental Corporation.

UPDATED DRAFT REPORT: please note that this is an updated edition of the initial report which relates to ongoing
monitoring activities. While this is an update to the report published in February 2020, this report only covers the data
available at writing and there remains the intention to update the report with the full data set following the completion
of monitoring activity.
W02347800R001_Dr aft_To_C li entv2.docx

P A T T L E

D E L A M O R E

P A R T N E R S

L T D

D
R
A
F
T

A-1
WORKSAFE - METHYL BROMIDE MODELLING STUDY – PORT OF TAURANGA

Appendix A: Port of Tauranga Ambient Air Monitoring Reports
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Terms and abbreviations

Terms & abbreviations

Explanation

EPA

Environmental Protection Authority

ppb

Parts of vapour or gas per billion parts of air.

TVOC

Total volatile organic compounds

PID

Photo-ionisation detector

TEL

Tolerable Exposure Limit
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1. EXECUTIVE SUMMARY
[A standalone overview of the report contents. Including aims and objectives, findings and
recommendations of the scope of work covered in the report. Any required action should be made
clear as this may be the only part of the report that is read by the client.]
One page or shorter. Includes the questions and their answers as raised when requesting work.
Click here for Executive Summary guide document.

A(n) initial/screening/comprehensive/follow-up workplace exposure assessment for what (noise,
solvents, particulates, etc), was undertaken at where (client and site address). This assessment was
performed on when (dates) by who (consultant) of Air Matters Ltd. The assessment was requested
why (include previous report details if follow-up).
Personal (contaminant) exposures for workers in (location) were above/below the NZ WES for all
personnel, (even when extended work shifts were taken into account). Personal (other contaminant)
exposures for workers in (other location) were close to the WES and as such exposures to
(contaminant) should be better controlled in this/these area(s).
What does the client need to do about the results? This can be bullet points.
recommendations here, in order of importance.

Put any urgent

If there’s too many to fit, put ‘further

recommendations are contained within the body of the report’.
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2. INTRODUCTION
Fumigation of logs and containers is carried out at the Port of Tauranga using methyl bromide. This
type of fumigation work is carried out in accordance with Resource Consents, Port Fumigation
Procedures and Environmental Protection Authority (EPA) Guidance. WorkSafe engaged Air Matters to
carryout monitoring of methyl bromide at the buffer zone during venting to assess 1-hour and 24hour concentrations to determine compliance with the Tolerable Exposure Limits (TEL).
Monitoring for methyl bromide using canisters and measurement of total volatile organic compounds
using real-time photo ionisation detectors (PID) took place at various locations along the Port of
Tauranga’s boundary. This report presents the results from monitoring undertaken on 20th and 27th
November 2019 during fumigation venting events.

3. OBJECTIVES
1) To measure concentrations of methyl bromide using canisters across 1-hour and 24-hour periods
at various locations along the port boundaries (Buffer Zone), or within areas of the port if required,
during fumigation venting activities.
2) To measure concentrations of total volatile organic compounds using real-time monitors across 1hour periods at various locations along the port boundaries (Buffer Zones), or within areas of the
port if required, during fumigation venting activities.
3) To compare all measurements against the Tolerable Exposure Limits set by Environmental
Protection Authority

4. METHYL BROMIDE VENTING MONITORING DETAILS
Table 4.1: Monitoring details
Date

20/11/19

27/11/19

Fumigation Type

Log stacks

Ship hold

Fumigation amount (kg)

839

3524

Fumigation Location

Fumopad

Berth 10

Venting Time

13:10-15:15

14:07-23:55

Sample time (1hour)

13:28-14:28

13:50-14:50

Predominant wind direction over 1-hour

Westerly

Northerly

Average wind speed over 1-hour period

6.45 m/s

2.6 m/s

Sample date (24 hour)

20th to 21st November

27th to 28th November

Sample time/s (24 hour)

13:29-14:29

Other venting in the 24-hour period

None

13:37-13:37 and 13:4013:40
7 log rows from 1305-1450
on the 28/11/19
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5. METHODOLOGY
Methyl Bromide
Whole air samples were collected in a canister based on the US EPA Compendium Method TO-15
‘Determination of Volatile Organic Compounds in Air Collected in Specifically-Prepared Canister and
Analysed by Gas Chromatography/Mass Spectrometry (GC/MS)’. Both 1-hour samples in 1.4L
canisters and 24-hour samples in 6L canisters were collected. Analysis for methyl bromide
concentrations was carried out by Hill Laboratories. This is an IANZ accredited analysis.
The table below presents the samplers used at the sampling locations across the two sampling days.
Table 5.1: Canister Details
Date

20/11/19

Canister
type

Canister
serial number

Regulator
serial number

Sample Number

Sampling Location

510

06060

19827-1

Near shed 10

1333

04427

19827-2

Near coal shoot

1335

06059

19827-3

KiwiRail weigh bridge

1338

04428

19827-4

Genesis

5141

04102

19827-4A

Genesis

2341

06059

19827-2711-5

Maui Street

2339

04427

19827-2711-6

Stolthaven

2346

06060

19827-2711-7

Golden Bay

512

04428

19827-2711-8

Grain Corp Liquid

5143

01935

19827-2711-6A

Stolthaven

5144

04102

19827-2711-8A

Grain Corp Liquid

1.4L

6L

1.4L
27/11/19

6L

Total Volatile Organic Compounds (TVOC)
Real time datalogging photo ionisation detectors (PID), were used to collect data on the concentration
of total volatile organic compounds. These monitors were zero calibrated and span checked using 10
ppm isobutylene gas prior to each round of monitoring. These monitors are within calibration and
certificates can be provided on request. These instruments were set up to log either every second or
every three seconds across the sampling period. Information regarding the instruments used at the
various locations across the sampling days and calibrations are provided in the table below.
Table 5.2: PID Monitor Details
Monitor
ppbRAE 3000
ppbRAE 3000

Serial number
594-913311
594-901673

Last calibration date
14.07.2019
14.08.2019

ppbRAE 3000

594-901823

13.11.2019

miniRAE

592-911667

05.09.2019

Date

Location

20/11/19

Near Shed 10

27/11/19

Maui Street

20/11/19

Near Coal Shoot

27/11/19

Stolthaven

20/11/19

Behind KiwiRail weigh bridge

27/11/19

Golden Bay

27/11/19

Grain Corp Liquid
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Figure 5.1: Map showing fumigation and sampling locations on 20th and 27th November 2019

Log stack venting on 20th (please note locations are only approximate)

Sample locations on 20th

General wind direction on 20th

Ship hold venting on 27 th (please note locations are only approximate)

Sample locations on 27th

General wind direction on 27th
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6. EXPOSURE LIMITS AND HEALTH EFFECTS
Tolerable Exposure Limits (TELs) can only be used as guidelines in making decisions regarding safe
levels of exposure to various chemical agents in the environment. These limits are based on available
information and suggest a level of exposure that a person outside of the buffer zone during a
fumigation event (public) can experience without suffering adverse health effects, however, individual
susceptibility may lead to a varying response.
The health effects and applicable TELs as referred to in this assessment are presented below.
Table 6.1: Exposure limits and health effects
Substance

Tolerable Exposure
Limit (ppb)
1-hour

Methyl
Bromide

1000

Health effects

24-hour

333

Acute: The most serious effects of acute inhalation exposure involve the
Central Nervous System. Depending on the concentration and duration
of exposure, initial neurologic effects include headache, nausea,
vomiting, dizziness, malaise, and visual disturbances.
Chronic: Repeated exposures have been associated with peripheral
neuropathies, especially sensory neuropathy, impaired gait, behavioural
changes, and mild liver and kidney dysfunction. Chronic exposure may
be more serious for children because of potential longer latency period.

7. RESULTS
The key results have been summarised in the charts and tables below. The TVOC data from the PIDs
has not been compared to any exposure limits as these monitors detect other compounds aside from
methyl bromide.
For some events the observers were able to record information regarding when each log stack or ship
hold was being uncovered. Where this information was available, it has been added to the charts with
the total volatile organic compound data.
Laboratory reports have been included in the appendices and raw data is available on request.

20th November 2019
Table 7.1: Measured average and peak TVOC concentrations
Sampling period
(hh:mm)

Location
Near Shed 10 (1)
Next to coal shoot (2)
KiwiRail weighbridge (3)

Measured average
concentration (ppb)
265
507
545

13:28-14:28

Measured peak
concentration (ppb)
1658
2624
7481

Table 7.2: Measured average methyl bromide concentrations
Location
Near Shed 10 (1)
Next to coal shoot (2)
KiwiRail weighbridge (3)
Genesis Building (4)

Sample Number

Sample
Time
(hh:mm)

Canister
size (L)

19827-2011-1
19827-2011-2
19827-2011-3
19827-2011-4

13:2814:28

1.4

19827-2011-4A

13:2914:29

6

Methyl bromide
Concentration
(ppbv)
180 ± 28
259 ± 40
409 ± 63
116 ± 18
12.6 ± 1.9*

Tolerable
Exposure
Limit (ppb)
1000 (1-hr)

333 (24-hr)

*concentration adjusted to 24-hours
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7500
7000
6500

Concentration (ppb)

6000

5500
Stack tarp
removal
commencing

5000
4500
4000
3500
3000
2500
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Figure 7.1: Real-time TVOC measurements at all 1-hour sampling locations on 20/11/19
Canister sampling period from 13:28 during venting. Please note: TVOC concentrations have not been corrected for methyl bromide
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27th November 2019
Table 7.3: Measured average and peak TVOC concentration
Location

Sampling period
(hh:mm)

Measured average
concentration (ppb)

Measured peak
concentration (ppb)

26

1000

303

1552

Maui Street (5)
Stolthaven (6)

13:50-14:50

Golden Bay (7)
Grain Corp (8)

155

977

<0.1

<0.1

Table 7.4: Measured average methyl bromide concentration
Location

Sample Number

Maui Street (5)

19827-2711-5

Stolthaven (6)

19827-2711-6

Golden Bay (7)

19827-2711-7

Sample Time
(hh:mm)

Canister
size (L)

Methyl bromide
Concentration
(ppbv)

Tolerable
Exposure Limit
(ppb)

21.3 ± 3.3
13:50-14:50

Grain Corp (8)

19827-2711-8

Stolthaven (6)

19827-2711-6A

13:37-13:37

Grain Corp (8)

19827-2711-8A

13:40-13:40

1.4

180 ± 28
37.4 ± 5.7

1000 (1-hour)

<0.5 ± 0.2
6

<0.2 ± 0.1
17.8 ± 2.8

333 (24-hour)
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Figure 1: Real-time TVOC measurements at all 1-hour sampling locations on 27/11/19
Canister sampling period from 13:50 during venting. Please note: TVOC concentrations have not been corrected for methyl bromide
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Limitations and assumptions of this report include:
•

There will be variations in the concentrations along the boundary of the port and these
concentrations are only representative at the location at the time of sampling.

•

A real-time photo ionisation detector was used to measure TVOC across the 1-hour sampling
period as an indicator of methyl bromide concentrations. This monitor however, cannot
determine what percentage of the TVOC is methyl bromide. TVOC can be conservatively
assumed to be methyl bromide and a correction factor of 1.7 needs to be applied to the TVOC
readings.

8. CONCLUSION
The monitoring of methyl bromide on the boundary of the Port of Tauranga indicated that the EPAs 1hour and 24-hour tolerable exposure limits were not exceeded at the various sampling locations during
venting of log stacks on 20th November 2019 and ship holds on 27th November 2019. The monitoring
of total volatile organic compounds during the 1-hour canister sample and notes taken on visual
observations of the venting indicated that there were some increases in TVOC concentrations that
correlated with the venting.
Exposures for the public to methyl bromide along the boundary of Port of Tauranga were likely to be
low in the sampled locations on the days of sampling.

9. REFERENCES
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2) Methods for the Determination of Hazardous Substances (MDHS) Health and Safety Executive.
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Explanation
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1. INTRODUCTION
Fumigation of logs and containers is carried out at the Port of Tauranga using methyl bromide. This
type of fumigation work is carried out in accordance with Resource Consents, Port Fumigation
Procedures and Environmental Protection Authority (EPA) Guidance. WorkSafe engaged Air Matters to
carryout monitoring of methyl bromide at the buffer zone during venting to assess 1-hour and 24hour concentrations to determine compliance with the Tolerable Exposure Limits (TEL).
Monitoring for methyl bromide using canisters and measurement of total volatile organic compounds
using real-time photo ionisation detectors (PID) took place at various locations along the Port of
Tauranga’s boundary. This report presents the results from monitoring undertaken on 11th December
2019 during fumigation venting events.

2. OBJECTIVES
1) To measure concentrations of methyl bromide using canisters across 1-hour and 24-hour periods
at various locations along the port boundaries (Buffer Zones), or within areas of the port if
required, during fumigation venting activities.
2) To measure concentrations of total volatile organic compounds using real-time monitors across 1hour periods at various locations along the port boundaries (Buffer Zones), or within areas of the
port if required, during fumigation venting activities.
3) To compare all measurements against the Tolerable Exposure Limits set by Environmental
Protection Authority

3. METHYL BROMIDE VENTING MONITORING DETAILS
Table 4.1: Monitoring details
Date

11/12/2019

Fumigation Type

Log stacks

Fumigation amount (kg)

735

Fumigation Location

Fumopad

Venting Time

Unknown

Sample time (1hour)

14:39-15:39

Predominant wind direction over 1-hour

North Westerly

Average wind speed over 1-hour period

1 m/s

Sample date (24 hour)

11th to 12th December

Sample time/s (24 hour)

13:01-13:01 (location 6) and 13:00-13:00 (location 10)

Other venting in the 24-hour period

Unknown
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4. METHODOLOGY
Methyl Bromide
Whole air samples were collected in a canister based on the US EPA Compendium Method TO-15
‘Determination of Volatile Organic Compounds in Air Collected in Specifically-Prepared Canister and
Analysed by Gas Chromatography/Mass Spectrometry (GC/MS)’. Both 1-hour samples in 1.4L
canisters and 24-hour samples in 6L canisters were collected. Analysis for methyl bromide
concentrations was carried out by Hill Laboratories. This is an IANZ accredited analysis.
The table below presents the samplers used at the sampling locations.
Table 5.1: Canister Details
Date

Canister
type

Canister
serial number

Regulator
serial number

Sample Number

Location

508

04428

19827-1112-6

Stolthaven

1334

06060

19827-1112-9

Old ISO Office

513

06059

19827-1112-10

Hull Road Gate House

2345

04427

19827-1112-11

Astrolabe Street

5363

04102

19827-1112-6A

Stolthaven

5142

01935

19827-1112-10A

Hull Road Gate House

1.4L
11/12/19

6L

Total Volatile Organic Compounds
Real time datalogging photo ionisation detectors (PID), were used to collect data on the concentration
of total volatile organic compounds. These monitors were zero calibrated and span checked using 10
ppm isobutylene gas prior to each round of monitoring. These monitors are within calibration and
certificates can be provided on request. These instruments were set up to log either every second or
every three seconds across the sampling period. Information regarding the instruments used at the
various locations across the sampling day and calibrations are provided in the table below.
Table 5.2: PID Monitor Details
Monitor

Serial number

Last calibration date

Location

ppbRAE 3000

594-913311

14.07.2019

Hull Road Gate House

ppbRAE 3000

594-901673

14.08.2019

Astrolabe Street

ppbRAE 3000

594-901823

13.11.2019

Old ISO Office

miniRAE

592-911667

05.09.2019

Stolthaven
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Figure 5.1: Map showing fumigation and sampling locations on 11th December 2019

Log stack venting on 11th (please note locations are only approximate)
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5. EXPOSURE LIMITS AND HEALTH EFFECTS
Tolerable Exposure Limits (TELs) can only be used as guidelines in making decisions regarding safe
levels of exposure to various chemical agents in the environment. These limits are based on available
information and suggest a level of exposure that a person outside of the buffer zone during a
fumigation event (public) can experience without suffering adverse health effects, however, individual
susceptibility may lead to a varying response.
The health effects and applicable TELs as referred to in this assessment are presented below.
Table 6.1: Exposure limits and health effects
Substance

Tolerable Exposure
Limit (ppb)
1-hour

Methyl
Bromide

1000

Health effects

24-hour

333

Acute: The most serious effects of acute inhalation exposure involve the
Central Nervous System. Depending on the concentration and duration
of exposure, initial neurologic effects include headache, nausea,
vomiting, dizziness, malaise, and visual disturbances.
Chronic: Repeated exposures have been associated with peripheral
neuropathies, especially sensory neuropathy, impaired gait, behavioural
changes, and mild liver and kidney dysfunction. Chronic exposure may
be more serious for children because of potential longer latency period.

6. RESULTS
The key results have been summarised in the charts and tables below. The TVOC data from the PIDs
has not been compared to any exposure limits as these monitors detect other compounds aside from
methyl bromide.
For some events the observers were able to record information regarding when each log stack or ship
hold was being uncovered. Where this information was available, it has been added to the charts with
the total volatile organic compound data.
Laboratory reports have been included in the appendices and raw data is available on request.

11th December 2019
Table 7.1: Measured average and peak TVOC concentration
Location
Stolthaven
Old ISO office
Hull Rd gate house
Astrolabe St

Sampling period

14:39-15:39

Measured average
concentration (ppb)
110
229
172
106

Measured peak
concentration (ppb)
500
8084
4770
670

Table 7.2: Measured average methyl bromide concentration
Location

Sample Number

Stolthaven
Old ISO Office
Hull Road Gate House
Astrolabe Street
Stolthaven
Hull Road Gate House

19827-1112-6
19827-1112-9
19827-1112-10
19827-1112-11
19827-1112-6A
19827-1112-10A

Sample Time

Canister
size

14:39-15:39

1.4L

13:01-13:01
13:00-13:00

6L

Methyl bromide
Concentration
(ppbv)
20.5 ± 3.2
162 ± 25
243 ± 37
8.4 ± 1.3
1.1 ± 0.2
10.6 ± 1.7

Tolerable
Exposure
Limit (ppb)
1000 (1-hr)
333
(24-hr)
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Figure 7.1: Real-time TVOC measurements at all 1-hour sampling locations on 20/11/19
Canister sampling period from 13:28 during venting. Please note: concentrations have not been corrected for methyl bromide
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Limitations and assumptions of this report include:
•

There will be variations in the concentrations along the boundary of the port and these
concentrations are only representative at the location at the time of sampling.

•

A real-time photo ionisation detector was used to measure TVOC across the 1-hour sampling
period as an indicator of methyl bromide concentrations. This monitor however, cannot
determine what percentage of the TVOC is methyl bromide. TVOC can be conservatively
assumed to be methyl bromide and a correction factor of 1.7 needs to be applied to the TVOC
readings.

7. CONCLUSION
The monitoring of methyl bromide on the boundary of the Port of Tauranga indicated that the EPAs 1hour and 24-hour tolerable exposure limits were not exceeded at the various sampling locations during
venting of log stacks on 11th December 2019. The monitoring of total volatile organic compounds
during the 1-hour canister sample and notes taken on visual observations of the venting indicated that
there were some increases in TVOC concentrations that correlated with the venting.
Exposures for the public to methyl bromide along the boundary of Port of Tauranga were likely to be
low in the sampled locations on the day of sampling.

8. REFERENCES
1) National Institute for Occupational Safety and Health (NIOSH), Manual of Analytical Methods
(NMAM), Fourth Edition, August 1994.
2) Methods for the Determination of Hazardous Substances (MDHS) Health and Safety Executive.
Third Edition 1999.
3) Medical Management Guidelines for Methyl Bromide, Agency for Toxic Substances and Disease
Registry.
4) Environmental Protection Authority (EPA), Methyl Bromide Fumigations, Post-reassessment
guidance for fumigators, Technical Guide, April 2011.
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1. INTRODUCTION
Fumigation of logs and containers is carried out at the Port of Tauranga using methyl bromide. This
type of fumigation work is carried out in accordance with Resource Consents, Port Fumigation
Procedures and Environmental Protection Authority (EPA) Guidance. WorkSafe engaged Air Matters to
carryout monitoring of methyl bromide at the buffer zone during venting to assess 1-hour and 24hour concentrations to determine compliance with the Tolerable Exposure Limits (TEL).
Monitoring for methyl bromide using canisters and measurement of total volatile organic compounds
using real-time photo ionisation detectors (PID) took place at various locations along the Port of
Tauranga’s boundary. This report presents the results from monitoring undertaken on 9th, 25th and
29th January 2020 during fumigation venting events.

2. OBJECTIVES
1) To measure concentrations of methyl bromide using canisters across 1-hour and 24-hour periods
at various locations along the port boundaries (Buffer Zone), or within areas of the port if required,
during fumigation venting activities.
2) To measure concentrations of total volatile organic compounds using real-time monitors across 1hour periods at various locations along the port boundaries (Buffer Zones), or within areas of the
port if required, during fumigation venting activities.
3) To compare all measurements against the Tolerable Exposure Limits set by Environmental
Protection Authority

3. METHYL BROMIDE VENTING MONITORING DETAILS
Table 4.1: Monitoring details
Date

09/01/2020

25/01/2020

29/01/2020

Fumigation Type

Log stacks

Log stacks

Log stacks

Fumigation amount (kg)

559

Fumigation Location

Berth 9

Reefer/Fumo Pad

C Block

Venting Time

14:45-17:15

Sample time (1hour)

15:58-16:58
and
16:02-17:02 (loc 16)

14:12-15:12

15:17-16:17

WSW

N

W

2.7m/s

12 m/s

Sample date (24 hour)

9th – 10th Jan 20

25th – 26th Jan 20

29th – 30th Jan 20

Sample time/s (24 hour)

10:06-10:06 (loc 4)
10:25-10:25 (loc 17)

13:57-13:57 (loc 9)
13:57-14:09 (loc 18)

14:30-14:30 (loc 20)
14:15-14:15 (loc 21)

Other venting in the 24hour period

To be finalised

Predominant wind direction
over 1-hour
Average wind speed over 1hour period

UPDATED DRAFT REPORT: please note that this is an updated edition of the initial report which relates to ongoing
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4. METHODOLOGY
Methyl Bromide
Whole air samples were collected in a canister based on the US EPA Compendium Method TO-15
‘Determination of Volatile Organic Compounds in Air Collected in Specifically-Prepared Canister and
Analysed by Gas Chromatography/Mass Spectrometry (GC/MS)’. Both 1-hour samples in 1.4L
canisters and 24-hour samples in 6L canisters were collected. Analysis for methyl bromide
concentrations was carried out by Hill Laboratories. This is an IANZ accredited analysis.
The table below presents the samplers used at the sampling locations across the three sampling days.
Table 5.1: Canister Details
Date

Canister
type

Canister
serial number

Regulator
serial number

Sample Number

Sampling Location

5671

04428

19827-0901-2

KiwiRail Boundary

1337

06059

19827-0901-14

Genesis Fence

1340

06060

19827-0901-15

KiwiRail Fence

507

04427

19827-0901-16

Hull Road Gate House

5151

01935

19827-0901-4

Genesis Fence

5136

04102

19827-0901-17

Hull Road Gate House

512

12563

19827-2501-3

KiwiRail weigh bridge

2346

12565

19827-2501-9

Old ISO Building

1335

12568

19827-2501-18

KiwiRail fence by Shed 10

510

12567

19827-2501-19

Triton Ave

5153

12564

19827-2501-9A

Old ISO Building

5139

12566

19827-2501-18A

KiwiRail fence by Shed 10

509

06060

19827-2901-5

Maui Street

2347

06059

19827-2901-11

Astrolabe Street

513

04428

19827-2901-20

Cal Izuzu

2345

04427

19827-2901-21

North Island Forklift

5144

04102

19827-2901-20A

Cal Izuzu

5150

01935

19827-2901-21A

North Island Forklift

1.4L
9/01/20

6L

1.4L
25/01/20

6L

1.4L
29/01/20

6L

UPDATED DRAFT REPORT: please note that this is an updated edition of the initial report which relates to ongoing
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Total Volatile Organic Compounds (TVOC)
Real time datalogging photo ionisation detectors (PID), were used to collect data on the concentration
of total volatile organic compounds. These monitors were zero calibrated and span checked using 10
ppm isobutylene gas prior to each round of monitoring. These monitors are within calibration and
certificates can be provided on request. These instruments were set up to log either every second or
every three seconds across the sampling period. Information regarding the instruments used at the
various locations across the sampling days and calibrations are provided in the table below.
Table 5.2: PID Monitor Details
Monitor

ppbRAE 3000

Serial number

Last calibration
date

Date

Location

14.07.19

09/01/20

Hull Road Gate House Bike Shed

25/01/20

KiwiRail weigh bridge

29/01/20

Maui Street

09/01/20

KiwiRail Boundary

25/01/20

KiwiRail Fence by Shed 10

29/01/20

Astrolabe Street

09/01/20

KiwiRail Fence

25/01/20

Old ISO Building

29/01/20

North Island Forklift

09/01/20

Genesis Fence

25/01/20

Triton Ave

29/01/20

Cal Izuzu

594-913311
14.01.20

ppbRAE 3000

ppbRAE 3000

ppbRAE plus

594-901673

594-901823

250-103299

14.08.2019

13.11.2019

24/12/19

UPDATED DRAFT REPORT: please note that this is an updated edition of the initial report which relates to ongoing
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Figure 5.1: Map showing fumigation and sampling locations on 9th, 25th and 29th January 2020

Log stack venting on 9th (please note locations are only approximate)

Sample locations on 9 th

General wind direction on 9th

Log stack venting on 25th (please note locations are only approximate)

Sample locations on 25th

General wind direction on 25th

Log stack venting on 29th (please note locations are only approximate)

Sample locations on 29th

General wind direction on 29th
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5. EXPOSURE LIMITS AND HEALTH EFFECTS
Tolerable Exposure Limits (TELs) can only be used as guidelines in making decisions regarding safe
levels of exposure to various chemical agents in the environment. These limits are based on available
information and suggest a level of exposure that a person outside of the buffer zone during a
fumigation event (public) can experience without suffering adverse health effects, however, individual
susceptibility may lead to a varying response.
The health effects and applicable TELs as referred to in this assessment are presented below.
Table 6.1: Exposure limits and health effects
Substance

Tolerable Exposure
Limit (ppb)
1-hour

Methyl
Bromide

Health effects

24-hour

1000

333

Acute: The most serious effects of acute inhalation exposure involve the
Central Nervous System. Depending on the concentration and duration
of exposure, initial neurologic effects include headache, nausea,
vomiting, dizziness, malaise, and visual disturbances.
Chronic: Repeated exposures have been associated with peripheral
neuropathies, especially sensory neuropathy, impaired gait, behavioural
changes, and mild liver and kidney dysfunction. Chronic exposure may
be more serious for children because of potential longer latency period.

6. RESULTS
The key results have been summarised in the charts and tables below. The TVOC data from the PIDs
has not been compared to any exposure limits as these monitors detect other compounds aside from
methyl bromide.
For some events the observers were able to record information regarding when each log stack or ship
hold was being uncovered. Where this information was available, it has been added to the charts with
the total volatile organic compound data.
Laboratory reports have been included in the appendices and raw data is available on request.

9th January 2020
Table 7.1: Measured average and peak TVOC concentrations
Location

Sampling period
(hh:mm)

KiwiRail Boundary (2)
Genesis Fence (4)

Measured average
concentration (ppb)
68

15:58-16:58

KiwiRail Fence (15)
Hull Road Gate House (16)

16:02-17:02

Measured peak
concentration (ppb)
106

<1

58

183

5711

578

6970

Table 7.2: Measured average methyl bromide concentrations
Location
KiwiRail Boundary

Sample Number

Sample Time
(hh:mm)

19827-0901-2

Genesis Fence

19827-0901-14

KiwiRail Fence

19827-0901-15

Hull Road Gate House

19827-0901-16

16:02-17:02

19827-0901-4

10:06-10:06

Genesis Fence

Canister
size (L)

Hull Road
GateREPORT:
House
19827-0901-17
UPDATED
DRAFT
please
note that

15:58-16:58

this10:25-10:25
is an updated

Methyl bromide
Concentration
(ppbv)
<5 ± 0.7

1.4

13.5 ± 2.1
274 ± 42

Tolerable
Exposure
Limit (ppb)

1000 (1-hr)

1,220 ± 190
6

19.5 ± 3.0

333 (24-hr)

60.8report
± 9.3 which relates to ongoing
edition of the initial
monitoring activities. While this is an update to the report published in February 2020, this report only covers the data
available at writing and there remains the intention to update the report with the full data set following the completion
of monitoring activity.
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0

Time hh:mm
Location 15

Location 16

Location 14

Location 2

Figure 7.1: Real-time TVOC measurements at all 1-hour sampling locations on 09/01/20
Notes: Sampling of Location 16 started 4 minutes after other locations. 15:58/16:02 start of canister sampling. Please note: concentrations have not been
corrected for methyl bromide and measurements will account for all VOC’s including methyl bromide. The canister sample period covers the same time as the PIDs
Canister sampling period from during venting.
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25th January 2020
Table 7.3: Measured average and peak TVOC concentration
Sampling period
(hh:mm)

Location

Measured average
concentration (ppb)

Measured peak
concentration (ppb)

788

6068

273

2381

279

605

38

801

KiwiRail weigh bridge (3)
Old ISO – north fence (9)
KiwiRail fence by Shed 10 (18)

14:12-15:12

Triton Ave (19)

Table 7.4: Measured average methyl bromide concentration
Location

Sample Number

KiwiRail weigh
bridge

19827-2501-3

Old ISO Building

19827-2501-9

Sample Time
(hh:mm)

Canister
size (L)

Methyl bromide
Concentration
(ppbv)
720 ± 110
201 ± 31

14:12-15:12

1.4

KiwiRail fence shed 10

19827-2501-18

10.8 ± 1.7

Triton Ave

19827-2501-19

266 ± 41

Old ISO Building

19827-2501-9A

KiwiRail fence shed 10

13:57-13:57

97 ± 15
6

19827-2501-18A

Tolerable
Exposure
Limit (ppb)

13:57-14:09

6±1

1000
(1-hour)

333
(24-hour)

UPDATED DRAFT REPORT: please note that this is an updated edition of the initial report which relates to ongoing
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Figure 7.2: Real-time TVOC measurements at all 1-hour sampling locations on 25/01/20
Canister sampling period from 14:12 during venting. Please note: TVOC concentrations have not been corrected for methyl bromide
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29th January 2020
Table 7.5: Measured average and peak TVOC concentration
Location

Sampling period
(hh:mm)

Measured average
concentration (ppb)

Measured peak
concentration (ppb)

18

131

417

2889

Maui Street
Astrolabe Street
Cal Izuzu

15:17-16:17

North Island Forklift

<1

20

33

187

Table 7.6: Measured average methyl bromide concentration
Location
Maui Street
Astrolabe Street

Sample Number

Sample Time
(hh:mm)

Canister
size (L)

Methyl bromide
Concentration
(ppbv)

19827-2901-5

12.2 ± 1.9

19827-2901-11

603 ± 92
15:17-16:17

1.4

Cal Izuzu

19827-2901-20

4.3 ± 0.7

North Island Forklift

19827-2901-21

5.2 ± 0.8

Cal Izuzu

19827-2901-20A

14:30-14:30

3.1 ± 0.5
6

North Island Forklift

19827-2901-21A

Tolerable
Exposure
Limit (ppb)

14:15-14:15

2.8 ± 0.5

1000
(1-hour)

333
(24-hour)

UPDATED DRAFT REPORT: please note that this is an updated edition of the initial report which relates to ongoing
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Figure 7.3: Real-time TVOC measurements at all 1-hour sampling locations on 29/01/20
Canister sampling period from 15:17 during venting. Please note: TVOC concentrations have not been corrected for methyl bromide

WorkSafe [Methyl Bromide – January 2020] [Status] Report: 19827-January - [Report Date]

Page 16 of 22

Limitations and assumptions of this report include:
•

There will be variations in the concentrations along the boundary of the port and these
concentrations are only representative at the location at the time of sampling.

•

A real-time photo ionisation detector was used to measure TVOC across the 1-hour sampling
period as an indicator of methyl bromide concentrations. This monitor however, cannot
determine what percentage of the TVOC is methyl bromide. TVOC can be conservatively
assumed to be methyl bromide and a correction factor of 1.7 needs to be applied to the TVOC
readings.

7. CONCLUSION
The monitoring of methyl bromide on the boundary of the Port of Tauranga indicated that the 1-hour
tolerable exposure limit (TEL) of 1000 ppb was exceeded at the Hull Road Gate House on 9th January
2020. The monitoring of total volatile organic compounds during this 1-hour canister sample and
notes taken on visual observations of the venting indicated that there were significant increases in
TVOC concentrations that correlated with the venting of each log stack. This sample was closest to the
venting area out of the 1-hour samples on the 9th January and almost directly downwind across the
hour.
The other 1-hour and 24-hour canister samples undertaken on 9th January, along with all of the
samples undertaken on 25th and 29th January were below the relevant TELs for the monitored periods.
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APPENDICES
APPENDIX A:

ANALYTICAL REPORTS
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B-2
WORKSAFE - METHYL BROMIDE MODELLING STUDY – PORT OF TAURANGA

Appendix B: CALMET Wind Roses
48-hour wind roses for the fumigation event of 11 December 2019. The sampling
event occurred under southwest flow beginning at 14:39 – 15:39.

D
R
A
F
T
MetStation Berth10, 48 hours,
11(00h)-12(00h) December, 2019

MetStation Berth8, 48 hours, 11(00h)12(h00) December, 2019

MetStation 4, 48 hours, 11(00h)12(00h) December 2019 (Tanker
Berth)
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B-3
WORKSAFE - METHYL BROMIDE MODELLING STUDY – PORT OF TAURANGA

48-hour wind roses for the fumigation event of 9 January 2020. The sampling
event occurred under southwest flow beginning at 16:00 – 17:00.
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MetStation Berth10, 48 hours, 9(00h)10(00h) January, 2020

MetStation Berth8, 48 hours, 9(00h)10(00h) January 2020

The average 1 minute wind over the
sampling period was 234.81deg and
5.04 m/s

MetStation 4, 48 hours, 9(00h)10(00h) January 2020 (Tanker Berth)
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