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NOTE ABOUT AUTHOR 
 
Dr Craig Stevenson passed away in May 2009 before he was able to finalise the report 
following the peer review process.  The main issue highlighted by both peer reviewers was 
the conservatism used to estimate both the dioxin emission rate and some of the parameters 
used in the assessment process.  As a result, a number of changes have been made, which are 
noted within the body of the report.  These revisions mainly cover the dioxin exposure 
assessment presented in Section 5 and result in lower predicted exposure rates. 
 
However, it is clear that Dr Stevenson intended this to be a screening study of possible dioxin 
exposures.  He therefore assumed highly conservative values for the various parameters used 
in the calculations.  The assumed dioxin emission rate was based on what appeared to be an 
unusually high result from a stack test during the Proof of Performance trials in April 2004.  
Even using such highly conservative values, the exposure estimates indicate minimal 
increases in personal exposures for people living in the immediate vicinity of the remediation 
project during the period of concern. 
 
However, it should be noted that some additional information regarding dioxin emissions 
from the remediation plant has recently been found.  This was not available to Dr Stevenson 
at the time he prepared the report, and indicates that some of the assumptions made in the 
assessment may require further revision. 
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EXECUTIVE SUMMARY 
 
Review of the data available on dioxin emissions from the soil dryer at the Mapua FCC 
remediation project indicates that for all of the emission tests the concentrations of dioxins 
were extremely low, except for a single test during the Proof of Performance trials in April 
2004 during which stoppages of the outlet auger occurred, probably resulting in overheating 
of the dryer.  Nevertheless, there are not sufficient recorded measurements of temperatures in 
the dryer or sufficient dioxin measurements to prove that dioxin emissions were low at 
essentially all times apart from the single instance of elevated emission concentrations during 
the Proof of Performance trials, even though it appears most likely that this may have been 
the situation. 
 
In view of the lack of clear demonstration of acceptably low dioxin emissions over the period 
of the remediation project, this report has considered a highly conservative emission scenario 
in which it is assumed that the emission concentration of dioxins in the discharge from the 
dryer stack was at about the same concentration as measured in the single high test during the 
Proof of Performance trials whenever the plant was in operation during the November 2004 - 
October 2005 year.  This period was chosen as it was specifically identified as being of 
concern by the Parliamentary Commissioner for the Environment in their 2008 report on the 
remediation project.  
 
For the highly conservative emission rate modelled, the maximum predicted annual average 
concentration of dioxins resulting from the discharge at any house in Mapua is 8 fg TEQ/m3, 
for a house about 10 m south of the site boundary.  This concentration can be compared with 
annual average concentrations measured in Auckland, Hamilton, Masterton, Greymouth and 
Christchurch, which are in the range 28-84 fg TEQ/m3.  It appears likely that the background 
annual average concentration of dioxins in Mapua, in the absence of any contribution from 
the remediation project, is in the range 10-25 fg TEQ/m3.  Accordingly, at the most affected 
house in Mapua, for the extreme scenario modelled, emissions from the dryer stack in 2005 
may have increased the typical annual average background dioxin concentration by 30-80%.  
The increases further away from the site would have been much smaller.  The cumulative 
annual average concentration including both the background and the contribution from the 
dryer stack would have been about one sixth or less of the measured annual average 
concentrations in Hamilton, Masterton, Greymouth and Christchurch. 
 
A screening, multipathway exposure assessment for dioxins has been done for people living 
at the most affected house (located about 10 m south of the site boundary). The exposure 
model assumed that the residents were present on the property throughout the November 
2004-October 2005 year, obtained all of their drinking water from the roof of the house and 
grew 100% of their consumption of exposed, above-ground produce (such as lettuces, silver 
beet, broccoli and tomatoes), chicken and eggs on the property.  If people had lived in this 
way at that location over the November 2004-October 2005 year, and if the emissions from 
the dryer stack had been as high as those modelled, the increase in their exposure to dioxins 
may have reached 8% of the typical New Zealand dietary intake.  Their cumulative intake of 
dioxins, including both the typical dietary intake and the contribution from the dryer stack 
emissions, would have been well below the tolerable daily intake recommended by the UK 
Committee on Toxicity of Chemicals in Food, Consumer Products and the Environment in 
2001 and the WHO/FAO Provisional Tolerable Monthly Intake (2001), which are the two 
most recent and authoritative published health effect criteria for dioxins.  Accordingly, even 
for the highly conservative dioxin emission scenario modelled, the estimated increases in 
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dioxin exposures during the year when these exposures resulting from the dryer stack 
discharges are likely to have been highest do not indicate any appreciable risk of adverse 
health effects for people at the most affected residential property. 
 
It is very likely that the actual dioxin emissions from the dryer stack were less than 4% of the 
emissions modelled, and are most likely to have been in the range 0.02% to 0.67% of the 
emissions modelled.  Accordingly, for the most likely levels of dioxin emissions during the 
worst year of exposure (November 2004-October 2005) increases in dioxin exposures for 
people living at the most affected residential property, obtaining all of their drinking water 
from the roof and growing 100% of their consumption of chicken, eggs and exposed, above-
ground vegetables and fruit, on the property would have been less than 0.3% of typical New 
Zealand dietary intakes.  Increases in dioxin exposures for people living further from the site 
would have been negligible. 
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1. INTRODUCTION 
 
The report "Investigation into the remediation of the contaminated site at Mapua" by the 
Parliamentary Commissioner for the Environment in 2008, in the summary of its 
consideration of discharges to air stated: 
 
Two matters stand out as being of serious significance: 

1. The limited range of the substances measured means that people may have been exposed 
to a range of toxins, most notably dioxins as well as mercury compounds, especially between 
September 2004 and November 2005. 

2. The design and management of the plant meant that from June 2004 until November 2005, 
the risk of generation and emission of a range of toxins, most notably dioxins, was elevated. 

 
Concerns relating to possible exposures to dioxins centred on the soil dryer used to prepare 
the soil for treatment in the MCD plant and its air emissions control system from which, 
during one test during Proof of Performance trials in April 2004, a small amount of dioxin 
was created and emitted as a consequence of stoppages of the outlet auger from the dryer, 
which is believed to have resulted in overheating of the dryer.  Although three other tests 
during the Proof of Performance trials showed dioxin levels that were not distinguishable 
from measurements made when no soil was being processed through the dryer, the test during 
which the outlet auger stoppages occurred demonstrated that dioxins could be formed in the 
dryer.  Although testing of the activated carbon from the filter on the air emissions control 
system in September 2006 demonstrated that, under the operating conditions over the 
previous month, only very low levels of dioxin were formed in the dryer, and even lower 
levels were discharged from the stack, concerns about possible dioxin emissions have 
remained, particularly before early 2006 from when temperature measurements on the dryer 
were recorded on a regular basis.   
 
This report examines what exposures to dioxins might have occurred if the level of dioxin 
emissions found in the test during which the outlet auger stoppages occurred during the Proof 
of Performance trials had occurred over the whole year between the start of regular operation 
of the plant in November 2004 and October 2005 (the period of most concern), shortly before 
regular temperature measurements on the dryer became available in late February 2006.  It 
must be emphasised that this is an extremely improbable emission rate and can be regarded as 
a highly conservative estimate.  Only one dioxin test showed emission concentrations this 
high, and there is a highly credible (outlet auger stoppage and associated overheating) 
explanation for why the rate of dioxin formation is likely to have been more than 1,000 times 
higher during this test than under normal operating conditions.  As far as the author is aware, 
similar conditions, apart from this breakdown during the Proof of Performance trials, did not 
occur subsequently. 
 
The rationale for this assessment is that if a highly conservative estimate of dioxin emissions 
from the dryer over the period of most concern about possible dioxin releases does not show 
levels of exposure high enough to present an appreciable risk of adverse heath effects, the 
true level of dioxin releases (even though somewhat uncertain, but certainly much lower than 
the rate assessed) could most certainly not have presented any appreciable risk of adverse 
heath effects. 
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The author of this report was a member of the Peer Review Panel for the Mapua FCC 
remediation project from December 2005 onwards.  His contributions to the Panel included 
assessment of the performance of the air emissions control system on the dryer and of the 
likely emissions of dioxins from the dryer and the air emissions control system.  This report 
draws heavily on information and insights gained through membership of the Peer Review 
Panel. 
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2. DESCRIPTION OF THE SOIL DRYER AND AIR EMISSIONS 
CONTROL SYSTEM. 

Before soils could be treated in the Mechano-Chemical Dehalogenation (MCD) plant, which 
destroyed the organochlorine pesticides (OCPs), it was necessary to dry the soil.  This was 
done in a diesel-fired, rotating cylinder dryer, as illustrated in Figure 1.   
 
In order to supply the heat needed to dry the soil, diesel was burned in the diesel burner, 
producing hot air that passed through the burner chamber into the rotating soil dryer.  The 
burner chamber was lined with firebricks and served to separate the rotating soil dryer 
cylinder from the burning diesel flames.  The firebricks in the burner chamber either took up 
heat from or released heat to the airflow through the chamber, so that the chamber also 
helped even out the temperature of the hot air entering the dryer cylinder as the fuel supply to 
the diesel burner was turned up and down by the control system. 

Figure 1.  Soil dryer  and air  emissions control system. 

 
 
Damp soil was added to the rotating soil dryer cylinder near the burner chamber end and 
gradually moved along the cylinder to the soil outlet auger, where the now-dry soil was 
removed for processing in the MCD plant. 
 
During heating and drying of the soil, some of the organochlorine pesticide content of the soil 
was volatilised and dust was also released from the dry soil into the air stream through the 
dryer.  This air stream entered the air emissions control system, which reduced the dust and 
organochlorine pesticide content of the air stream before discharge through the discharge 
stack.  This emissions control system consisted of cyclones, a fabric filter baghouse, a venturi 
scrubber and an activated carbon filter.  The cyclones removed the larger dust particles.  The 
fabric filter baghouse was designed to remove the remaining fine dust from the air stream.  
The venturi scrubber was provided to remove water-soluble pollutants and the activated 
carbon filter was provided to remove organochlorine pesticides and other organic compounds 
from the air stream. 
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The venturi scrubber was upstream of the activated carbon filter until September 2005, as 
shown in Figure 1, when it was determined that the moist conditions that it was creating in 
the air stream resulted in rapid corrosion of the structure retaining the activated carbon in the 
activated carbon filter, resulting in failure of the filter.  It was then changed so that the air 
stream passed through the activated carbon filter before the venturi filter, and operated in this 
configuration for the remainder of the remediation project. 
 
Temperatures were measured at the end of the burner chamber where the hot air entered the 
dryer cylinder (chamber temperature), and at the air outlet from the dryer cylinder (outlet 
temperature), and recorded from March 2006. 
 

2.1 DRYER TEMPERATURES AND THE POSSIBILITY OF DIOXIN 
FORMATION. 

Resource consent condition RM030523:22 required that the control system maintain the 
dryer inlet temperature at less than 120°C.  The author understands that this consent condition 
was included to ensure that there was no realistic possibility of significant formation of 
dioxins in the dryer, since significant dioxin formation does not occur at temperatures below 
250°C.  In practice, the airflow through the dryer could not carry sufficient heat to dry the 
soil if the inlet temperature, interpreted to be the chamber temperature, was limited to 120°C, 
and the dryer was operated with higher chamber temperatures, ranging up to 396°C. 
 
Figure 2 shows the temperature measurements that were recorded for the dryer between mid-
February 2006 and essentially the end of the remediation project in July 2007.  The figure 
also shows the period over which the activated carbon charge that was tested for dioxins was 
in service (Section 3.2) and the time when the dioxin stack test for the Parliamentary 
Commissioner for the Environment was undertaken (Section 3.1.2). 
 

Figure 2.  Temperature measurements on the dryer . 
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There was no contact between the hot air in the burner chamber and soil or volatiles or 
particulates driven off the soil in the dryer until after the air has left the chamber.  The set 
point is the temperature setting in the chamber used to control the flow of diesel going to the 
burner.  Generally, the chamber temperature did not go above the set point. 
 
The outlet temperature is the temperature of the air leaving the dryer. 
 
Significant quantities of dioxins are likely to be formed only if chlorine-containing volatile 
compounds, such as organochlorine pesticides, are in the air stream at temperatures above 
250°C.  The dioxin formation reactions may also be assisted by soil particulates suspended in 
the air stream.  However, it appears that some dioxins were formed from burning the diesel 
required to raise the temperature in the chamber, as indicated by the "Dry run" test in Table 1.  
This is a very low measured level of dioxin, and may also indicate the level of detection of 
the overall method in the absence of results from a field blank.   
 
It is not certain what the temperature was where significant quantities of volatiles and soil 
particulates first mixed with hot air from the chamber.  As long as the soil was moist, little 
particulate material from the soil was likely to be suspended into the air flow.  At the same 
time, evaporation of the moisture from the soil was generally the major factor extracting heat 
from the hot air from the chamber and this would have caused a substantial drop in the 
temperature of the air in the dryer.  Also, some heat was extracted from the air in the dryer 
into the steel dryer cylinder and was transferred from there into the soil and also lost to the 
open air from the outer surface of the cylinder.  There would have been a temperature 
gradient in the air moving along the dryer cylinder, from the chamber temperature, falling to 
the outlet temperature.  This temperature decrease ranged between 100°C and 285°C. 
 
Generally, higher chamber temperatures were needed when the soils entering the dryer were 
wetter, or when there were higher soil throughputs.  This means that the temperature 
decreases along the dryer cylinder would have occurred more quickly when the chamber 
temperatures were higher.  This is illustrated by the outlet temperatures remaining within a 
relatively narrow range (90-122°C) and not being affected by the wide range of chamber 
temperatures (210-396°C).  Accordingly, higher chamber temperatures did not necessarily 
mean that the temperatures within the soil would necessarily have been much higher than 
when chamber temperatures were lower. 
 
However, the possibility of some dioxin formation in the dryer cannot be ruled out on the 
basis of the temperature information available, because we cannot establish from such 
considerations whether, under any particular operating condition, there were zones within the 
dryer where the temperatures exceeded 250°C and there were high enough concentrations of 
organochlorine compounds and soil particulates in the air stream to result in formation of 
dioxins.  Furthermore, we do not know what these "high enough concentrations" that might 
have given rise to significant levels of dioxins were.   
 
It was for this reason that the author proposed to the Peer Review Panel in June 2006, to test 
the activated carbon from the filter in order to establish whether dioxins were actually formed 
in the dryer, leading to the test results discussed in Section 3.2.  These tests showed that 
dioxins were present at a low concentration in the air entering the carbon filter, which is 
likely to be similar to the concentration in air leaving the dryer, although it is not clear 
whether these dioxins originated from burning the diesel or from dioxin formation reactions 
in the dryer itself, or both.  It is not possible to compare the stack test results for the "Dry 
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run" (Section 3.1.1, Table 1) with the calculated concentration of dioxins in the air entering 
the activated carbon filter to distinguish between dioxins from burning the diesel and formed 
in the dryer, because the activated carbon would have removed a substantial proportion of the 
dioxins in the air entering the carbon filter before being discharged from the stack. 
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3. DIOXIN EMISSIONS FROM THE AIR EMISSIONS 

CONTROL SYSTEM. 
 
Measurements of dioxin emissions from the air emissions control system were made in 
February and April 2004, during the Proof of Performance trials, and during early 2007, in 
response to a request from the Parliamentary Commissioner for the Environment.  
Measurements of the levels of dioxins captured on the activated carbon filter in the air 
emissions control system were made on samples taken in September 2006 and these 
measurements were used to estimate both the concentration of dioxins in the air entering the 
carbon filter and leaving the carbon filter (effectively the concentration in the emissions from 
the discharge stack). 
 

3.1 EMISSIONS TESTS ON THE DISCHARGE STACK. 

3.1.1 Proof of Performance (POP) tr ials. 
Table 1 gives the dioxin test results from the Proof of Performance (POP) trials during early 
2004.  The dry run was with the dryer operating, but no soil being processed through it.  The 
numbering of the tests is not sequential because the intermediate test samples were for other 
parameters, such as organochlorine pesticides. 

Table 1.  Dioxin stack test results from POP tr ials. 

Round 2 Round 3
Dry run Test 1 Test 3 Test 8 Test 9
16/02/04 18-19/2/04 24/02/04 2&5 04/2004 21/04/04

 LOD=0 0.00015 0.00015 0.0001 0.56 0.00015
 LOD=0.5LOD 0.0014 0.0014 0.0014 0.56 0.0017
 LOD=LOD 0.0026 0.0026 0.0028 0.56 0.0032

 LOD=0 0.00021 0.0002 0.00018 0.0013 0.000045
 LOD=0.5LOD 0.0016 0.0017 0.0018 0.0024 0.0017
 LOD=LOD 0.003 0.0032 0.0033 0.0035 0.0033

 LOD=0 0.00036 0.00035 0.00028 0.5613 0.000195
 LOD=0.5LOD 0.003 0.0031 0.0032 0.5624 0.0034
 LOD=LOD 0.0056 0.0058 0.0061 0.5635 0.0065

Particulate

Total particulate and gaseous

Round 1

Gaseous
ng TEQ/m3 0°C dry gas

 
 
The "LOD=0" gives only the concentrations of dioxins found above the detection limits of 
the method.  "LOD=0.5LOD" gives the estimated concentration obtained by counting those 
dioxins that were not detected as being present at half of the limits of detection (LOD).  
"LOD=LOD" gives the estimated concentration obtained by counting those dioxins that were 
not detected as being present at the limit of detection concentrations.  This method of 
expression indicates the level of uncertainty arising from detection limits that are too high to 
detect all of the dioxin compounds in samples containing very low levels of dioxins. 



 

8 

 
Within experimental uncertainty, the Dry run, Test 1, Test 3 and Test 9 are indistinguishable 
and all contain extremely low concentrations of dioxins.  In contrast, Test 8 showed dioxin 
concentrations 1500-2900 times higher than in the other four samples.  This was the test 
during which there were stoppages of the outlet auger on the dryer, which is thought to have 
resulted in overheating of the soil in the dryer.   

3.1.2 Stack tests in March 2007. 
Table 2 gives the results from stack tests carried out in March 2007 for the Parliamentary 
Commissioner for the Environment.  The results are closely similar to those given in Table 1, 
indicating extremely low dioxin concentrations. 

Table 2.  Stack tests for  PCE. 

Test 1 Test 3 Test 6

 LOD=0 0.00013 0.00007 0.00004
 LOD=0.5LOD 0.0029 0.0039 0.0030

ng TEQ/m3 0°C dry gas

 
 
These concentrations of dioxins in the emissions can be put in context by comparison with 
the dioxin emission limit of 0.1 ng TEQ/m3 from the European Commission Waste 
Incineration Directive, which applies to emissions from municipal waste incinerators.  All of 
the stack tests, apart from Test 8 during which there were stoppages of the outlet auger from 
the dryer, showed concentrations between 25 times and 2400 times lower than the European 
Commission emission limit, which has become a de facto emission standard internationally.  
In contrast, Test 8 showed a dioxin concentration 5 times the European Commission limit. 
 
If Test 8 and the dry run (Table 1) are excluded, the 6 other stack tests (3 during the Proof of 
Performance trials (Table 1) and 3 done for MfE at the request of the PCE (Table 2)) 
consistently show extremely low concentrations of dioxins.  In view of the stoppages of the 
outlet auger during Test 8, which can readily explain the formation of dioxins as a result of 
the likely overheating of the dryer, this test is considered not to be representative of normal 
operation of the plant.  In the absence of any other information, it is reasonable to consider 
that dioxin emissions from the dryer stack were very low during normal operation, which, 
presumably, occurred most of the time when the plant was in operation. 
 

3.2 DIOXIN TESTS ON ACTIVATED CARBON FROM THE AIR EMISSIONS 
CONTROL SYSTEM. 
In September 2006, samples were taken from the activated carbon filter in the air emissions 
control system.  This sampling was designed to estimate the average concentration of dioxins 
in the air entering the activated carbon filter, to indicate the level of dioxin formation in the 
dryer, and also to estimate the efficiency of the filter for removal of dioxins, and therefore the 
dioxin concentration in the stack.  This work was proposed, promoted and reported through 
the Peer Review Panel for the Mapua remediation project. 
 
 
By this stage of the remediation project, the activated carbon charge in the activated carbon 
filter was replaced with fresh activated carbon at approximately monthly intervals.  The total 
quantity of dioxins collected in the activated carbon charge in the filter over the month for 
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which the activated carbon was in service was 21,180 ng TEQ.  Over this period it was 
estimated that 1,148,000 m3 of air from the dryer passed through the filter, so that the 
average concentration of dioxins in the air entering the filter was 0.018 ng TEQ/m3. 
 
Comparison of the dioxin concentration in a composite sample collected at a range of depths 
throughout the activated carbon charge in the filter in order to allow estimation of the total 
quantity of dioxins collected on the activated carbon charge (discussed above) was 70.6 ng 
TEQ/kg, compared with 0.33 - 3.49 ng TEQ/kg for a sample taken from the outlet end of the 
filter.  The concentrations of many of the dioxin compounds in the sample from the outlet end 
of the filter were below the detection limit, as was the case for many of the dioxin compounds 
in the stack tests as discussed in Section 3.1.  From these concentrations, the efficiency of the 
activated carbon filter for removal of dioxins was estimated to be 95–99.5%.  Based on this 
efficiency estimate, the average dioxin concentration in the air discharged from the activated 
carbon filter was 0.00009-0.0009 ng TEQ/m3.  The lower concentration of 0.00009 ng 
TEQ/m3 was calculated by setting the concentrations of dioxin compounds not found above 
the detection limit to zero, and is within the range of stack test concentrations calculated on 
the same basis (0.00004-0.0002).  The upper concentration of 0.0009 ng TEQ/m3 was 
calculated by setting the concentrations of dioxin compounds not found above the detection 
limit to half of the limits of detection, and is less than half of the lowest stack test 
concentration calculated on the same basis (0.0029 ng TEQ/m3).  The estimate from the 
activated carbon analyses is likely to be more accurate, because of the greater quantities of 
dioxins in the sample of carbon taken for analysis, compared with the quantities of dioxins in 
the stack test sample. 
 
The results from the testing of the activated carbon can also be considered to give a more 
reliable indication of the typical levels of dioxins in both the air leaving the dryer and in the 
discharge from the stack.  This is because these analyses represent the concentrations in the 
air leaving the dryer over the whole month of operation during which the activated carbon 
charge was in service.  The stack tests, on the other hand, only represent the concentrations in 
the stack discharges over the times of sampling, which is typically equivalent to about 2.4 
days of operation out of a month. 
 

3.3 DRYER TEMPERATURE MEASUREMENTS IN RELATION TO 
DIOXIN TESTS. 

Over the month before the activated carbon samples for dioxin analysis were taken in 
September 2006, the maximum chamber temperature (302°C) was effectively the same as the 
highest chamber temperature at any stage since March 2006 (305°C), when regular 
temperature recording started (Section 2.1, Figure 2).  The average temperature over the 
month when the sampled activated carbon charge was in service (284°C) was significantly 
higher than that over the period from March until 16th August (252°C) when the activated 
carbon charge that was sampled on 15th September was placed in the filter.  This means that 
there is a very good assurance of low levels of dioxins both entering the activated carbon 
filter and discharged from the stack between March 2006 and September 2006. 
 
From Figure 2, for a substantial proportion of the time between 21 September 2006 and the 
completion of the project, the chamber temperatures were higher than the temperatures over 
the month when the activated carbon was taken for analysis was in service, ranging up to 
96°C higher.  Accordingly, there is a possibility of higher concentrations of dioxins in the air 
leaving the dryer and entering the carbon filter over this period.  However, the analyses of 
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organochlorine pesticides in the carbon removed in September 2006 clearly showed a 
dramatic improvement in the absorption capacity of the activated carbon resulting from 
earlier repairs and maintenance on the fabric filter baghouse.  This greatly decreased the load 
of dust on the activated carbon filter which had, on earlier occasions when the activated 
carbon was sampled for analysis of organochlorine pesticides, clogged the surface of the 
activated carbon, resulting in channelling through the filter and overloading of the carbon 
along the channels, resulting in early breakthrough of the less strongly absorbed OCPs, such 
as lindane. 
 
Assuming that the fabric filter baghouse was appropriately maintained after September 2006, 
applying the findings from analysis of the carbon samples at that stage, it is reasonable to 
consider that, even if there were some increase in the level of dioxin formation in the dryer 
when the chamber temperatures were higher than over the month when the activated carbon 
sampled for dioxins analysis was in service, the efficiency of the activated carbon filter for 
removal of dioxins would have been high, so that only low concentrations of dioxins are 
likely to have been emitted from the stack. 
 

3.4 SUMMARY OVERVIEW OF EMISSIONS DATA FOR THE DRYER AND 
DRYER STACK. 

There is strong evidence that, when the dryer was operating normally with chamber 
temperatures below 300°C, emissions of dioxins from the stack were extremely low.  
Furthermore, under these conditions, the concentrations of dioxins in the air entering the 
activated carbon filter were also very low, at about 18% of the European Commission Waste 
Incineration Directive emission limit of 0.1 ng TEQ/m3. 
 
The only evidence of higher levels of dioxin emissions is from the one test during the Proof 
of Performance trials when there were stoppages of the outlet auger from the dryer, which is 
likely to have resulted in overheating of the dryer and, consequently, greatly increased 
formation of dioxins. 
 
It is uncertain whether significantly higher concentrations of dioxins were formed when the 
dryer was operating normally, but with chamber temperatures above 300°C.  However, it 
appears likely that, after September 2006, the assumed avoidance of clogging of the activated 
carbon filter by dust from the fabric filter baghouse (by appropriate baghouse maintenance) 
increased the absorption capacity of the activated carbon filter and this is likely to have 
ensured low levels of dioxin emissions from the stack. 
 
From the start of the remediation project until regular temperature recording on the dryer 
began, it is possible that dioxin emissions were higher, at least at times, than over the month 
during which the activated carbon sampled for dioxin analysis in September 2006 was in 
service or as shown by the stack emission tests for dioxins (excluding the test during the 
Proof of Performance trials when there were outlet auger stoppages and probable overheating 
of the dryer). 
 
The PCE report records that little or no soil was successfully treated during the initial period 
of the remediation project between mid October 2004 and January 2005.  This suggests that 
the period of greatest concern in relation to possible dioxin emissions from the dryer stack 
may be between January 2005 and late February 2006, after which temperature records for 
the dryer are available.  However, it is not clear from this information whether substantial 
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quantities of soil may have been processed through the dryer, but not treated successfully in 
the MCD plant over the October 2004-January 2005 period, in which case the period of 
concern may have included some period during 2004.  In the summary of its "Discharges to 
air" section, the PCE report identifies the periods September 2004-November 2005 and June 
2004-November 2005 as periods when possible exposures to dioxins and other toxins were of 
particular concern.  Unfortunately, the records of plant operation before early 2005 do not 
provide a definitive basis to establish when substantial quantities of soil were processed 
through the dryer.  As discussed in the following Section 3.5, the best estimate is that regular 
operation of the dryer is unlikely to have started before November 2004. 
 

3.5 THE DIOXIN EMISSION RATES CHOSEN FOR DISPERSION AND 
DEPOSITION MODELLING AND EXPOSURE ASSESSMENT. 

In order to be sure of not underestimating possible exposures to dioxins for people living near 
the remediation project, this report considers emission concentrations at the level of 
0.5 ng TEQ/m3, occurring whenever the dryer was in operation over the year from 
1 November 2004-31 October 2005.  This concentration approximates the concentration 
found during the Proof of Performance trial tests when stoppages of the outlet auger were 
occurring, probably resulting in overheating of the dryer.  This is considered to be an 
extremely improbable high emission concentration that could not have occurred continuously 
throughout the year modelled, even if it did occur on occasions during the year.  The author is 
not aware of any breakdowns similar to those that occurred during the Proof of Performance 
trials occurring after completion of those trials.  This emission concentration is chosen, not 
because it is realistic, but to illustrate the levels of exposure that might have occurred if this 
unrealistically high emission concentration did actually apply over the whole year, whenever 
the dryer was operating. 
 
Although there are no dioxin measurements or temperature records on which a reliable 
assessment of actual dioxin emissions over the year modelled can be based, it appears most 
likely that the actual average dioxin emission concentration was much closer to the 
concentrations found in the stack tests during the Proof of Performance trials (excluding the 
test when outlet auger stoppages were occurring) and in March 2007, and as indicated by the 
analysis of the activated carbon filter, sampled in September 2006.  This test data indicates 
emission concentrations of dioxins in the range 0.00009-0.006 ng TEQ/m3, between 0.02% 
and 0.67% of the 0.5 ng TEQ/m3 chosen for the dispersion/deposition modelling and 
exposure assessment. 
 
It is recognised that there were complete failures of the activated carbon filter at times during 
2005.  However, these failures affected emissions for only a small proportion of the total 
plant operating time during the year.  Even during these complete failures, it is most likely 
that dioxin concentrations in the emissions were not much higher than in the air entering the 
activated carbon filter over the month before the activated carbon sample was taken for 
analysis in September 2006.  This concentration of 0.018 ng TEQ/m3 is 4% of the 0.5 ng 
TEQ/m3 chosen for the dispersion/deposition modelling and exposure assessment. 
 
Taking into account the small proportion of the total plant operating time over the 
1 November 2004-31 October 2005 year modelled when the dryer would have been operating 
during complete activated carbon filter failures, it would be very unlikely that the average 
concentration of dioxins in the discharge from the stack would have been as high as 0.018 ng 
TEQ/m3, even making a substantial allowance for the possibility that, at times, the 
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concentration of dioxins in the air entering the activated carbon filter may have been higher 
than during August-September 2006.    
 

3.6 CHOICE OF PERIOD FOR DISPERSION AND DEPOSITION 
MODELLING. 

As discussed in Section 3.4, the period of greatest concern in relation to possible dioxin 
emissions from the dryer stack is from the start of regular processing of soils through the 
dryer until late February 2006, after which temperature records for the dryer are available.  
From discussions with the Ministry for the Environment and consideration of the production 
records for the MCD plant, little soil appears to have been processed before November 2004.  
Accordingly, the period of most concern appears to be from November 2004 until late 
February 2006. 
 
Modelling over the period of a year was chosen so that predicted concentrations could be 
compared with effectively annual average concentrations of dioxins measured at a number of 
locations around New Zealand under the Ministry for the Environment (MfE) 
Organochlorines Programme in 1996/97 (MfE, 1999).  It was decided that the most 
appropriate, 1-year period over which to run the dispersion and deposition modelling is 
1 November 2004-31 October 2005.  Although it would have been possible to model the 
dispersion and deposition over the full 16 month period from 1 November 2004-28 February 
2006, the inclusion of a double set of summer months in the modelling was likely to result in 
lower predicted average concentrations of dioxins, because dispersion conditions are usually 
more favourable during summer, resulting in lower concentrations in ambient air.  The 
additional 4 months of deposition would have increased the estimated exposures via the soil 
ingestion and consumption of chicken and egg pathways, but this is likely to have been more 
than balanced by the likely lower estimated exposures via the other pathways considered, 
which make the dominant (over 90%) contributions to exposures. 
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4. DISPERSION AND DEPOSITION MODELLING. 

4.1 METHODOLOGY. 
Emissions from the dryer stack were modelled using the AUSPLUME (v6) dispersion model. 
AUSPLUME is a straight line, Gaussian plume dispersion model developed by the Victorian 
Environmental Protection Agency and is widely used throughout Australasia as a regulatory 
assessment model for industrial point sources. AUSPLUME is an appropriate dispersion 
model when complex terrain and meteorological conditions are unlikely to significantly 
influence pollutant dispersion, as is the case in this instance.  
 
The stack was subject to downwash effects resulting from two buildings on site, one being 
10 m x 15 m and 7 m high, and the other being 8 m x 2 m and 6.4 m high.  These downwash 
effects were incorporated into the model using the BPIP subroutine and the PRIME building 
downwash algorithm. 1

 
 

4.1.1 Discharge stack parameters and per iods of operation. 
Up until April 2005, the discharge stack was 8.0 m high and discharged horizontally through 
a right angle bend at the top of the stack.  This discharge stack configuration requires the use 
of a near-zero vertical exit velocity and, in order to maintain the buoyancy flux of the 
discharge, it is necessary to compensate for the near-zero exit velocity by increasing the 
effective stack diameter.  The MfE Good Practice Guide for Atmospheric Dispersion 
Modelling (MfE, 2004) does not address maintenance of buoyancy flux for this type of stack 
discharge.  In accordance with the Ontario Proposed Guidance for Air Dispersion Modelling 
(Lakes Environmental Inc, 2003), the exit velocity was set to 0.1 m/s, combined with a stack 
diameter of 4.44 m, giving the same rate of gas discharge (1.5 m3/sec) as from the actual 
stack.  In April 2005, the stack was modified to provide vertical discharge and the height was 
increased to 9.5 m. 
 
Records of the operating periods for the MCD plant over the month at the end of which the 
activated carbon was sampled for dioxins analysis in September 2006 showed that the MCD 
plant operated for up to about 12 hours/day (average 11 hours/day) and the author was 
advised that the dryer operated for similar periods.  Based on this information, the dryer was 
taken to operate between 7 a.m. and 7 p.m. every day.  No allowance was made for not 
operating on Sundays, so that predicted annual average concentrations and deposition rates 
were overestimated by a factor of 7/6. 
 
The PCE report states that the plant was shut down for maintenance between 26 July and 20 
September 2005.  No emissions were modelled over this period, but the corresponding zero 
concentrations and deposition rates of dioxins were included in calculation of the annual 
average concentrations and total deposition rates for the year. 
 
Table 3 summarises the discharge stack parameters used for modelling for the various 
conditions over the course of the 1 November 2004–31 October 2005 year.  The discharge 
parameters are based on data from the emission tests carried out by K2 Environmental Ltd. 

                                                 
1 Added by M Noonan, Nov. 2009 
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Table 3.  Discharge parameters used for  modelling. 
 1 Nov. 2004 - 
30 Apr. 2005

1 May - 
25 Jul. 2005

26 Jul. - 
20 Sept. 2005

21 Sept. - 
31 Oct. 2005

Diameter m 4.44 0.4 0.4
Exit velocity m/sec 0.1 12.3 12.3
Temperature °C 47.0 47.0 47.0
Discharge m3/sec (0°C, dry) 1.1 1.1 1.1

m3/sec (47°C, wet) 1.5 1.5 1.5
Concentration ng TEQ/m3 0.5 0.5 0.5
Discharge rate ng TEQ/sec 0.56 0.56 0.56

No discharge. 
Plant 

maintenance

 
 

4.1.2 Par ticle size distr ibution. 
Deposition modelling requires specification of the particle size distribution and wet 
scavenging coefficients for the emissions.  In the absence of a particle size distribution for the 
discharge from the dryer plant stack, the relatively conservative default particle size 
distribution given in the US EPA (2005) Human Health Risk Assessment Protocol for 
Hazardous Waste Combustion Facilities was used.  Wet scavenging coefficients were 
estimated from Figure 1-11 of the ISC User Guide, Volume 2. 
 

4.1.3 Meteorological data. 
A meteorological data set for dispersion modelling was prepared by Mathew Noonan of Air 
and Environmental Sciences Ltd. using meteorological data recorded at Mapua over 2004 and 
2005.  Mixing heights, stability classes, frictional velocities and Monin-Obukhov lengths 
were estimated using the TAPM programme, developed by CSIRO. 
 

4.2 MODELLING PREDICTIONS. 

4.2.1 Annual average dioxin concentrations. 
Figure 3 shows the predicted annual average concentrations of dioxins over the year 
1 November 2004-31 October 2005.  The highest concentration predicted at any house is 
8 fg TEQ/m3, at the house closest to the southern boundary of the site (10 m from the 
boundary).  The discharge stack is located at the centre of the figure (at 0, 0) and the numbers 
along the left-hand and bottom axes are the distances in metres from the discharge stack. 
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Figure 3.  Predicted annual average concentrations of dioxins (fg TEQ/m3) for  
1 November  2004-31 October  2005. 
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The predicted annual average concentrations of dioxins shown in Figure 3 can be usefully 
compared with dioxin concentrations measured at a number of urban, rural and background 
sites during the MfE Organochlorines Programme in 1996/97 (MfE, 1999), shown in Table 4.  
The highest concentration predicted at any house (8 fg TEQ/m3) is about double that 
measured on farm land 6 km from Culverden (population about 400) in North Canterbury 
(3.8 fg TEQ/m3) and less than one third of that measured in Newmarket in Auckland (28 fg 
TEQ/m3).  This highest concentration predicted at any house in Mapua is less than one sixth 
of the concentrations measured in Masterton, Hamilton, Christchurch and Greymouth. 
 
The population of Mapua is about 2000 and background annual average dioxin 
concentrations within this settlement can be expected to be substantially higher than on 
farmland 6 km from Culverden, but lower than in the substantially larger town of Masterton 
(population of about 20,000).  A background annual average concentration in the range 10-25 
fg TEQ/m3 seems likely in Mapua, probably arising largely from domestic heating emissions.  
The predicted maximum concentration of 8 fg TEQ/m3 at any house in Mapua is likely to be 
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less than or similar to the background annual average concentration.  If the highly 
conservative emission rate modelled from the discharge stack had actually occurred, this 
would have resulted in an increase over the estimated background concentration at a few 
houses over the November 2004-October 2005 year by 30-80%.  Beyond about 60 m from 
the southern boundary of the remediation site, and within the site in most other directions, 
predicted contributions fall below 5 fg TEQ/m3.  In the north easterly direction, predicted 
contributions fall below 5 fg TEQ/m3 on Aranui Rd, adjacent to the site.  Over the great 
majority of Mapua, the predicted contributions to annual average dioxin concentrations are 
unlikely to have made a substantial contribution to the annual average concentration, even 
from the highly conservative emissions from the discharge stack modelled over the 
November 2004-October 2005 year. 
 

Table 4.  Average concentrations of dioxins from the Organochlor ines Programme. 

 
 
It must be emphasised that all of the predictions presented in this section are for the highly 
conservative dioxin emission scenario from the dryer stack.  It is very likely that the actual 
level of dioxin emissions was less than 4% of the emissions modelled here, and most likely to 
have been 150-5800 times lower than the emissions modelled.  Even at 4% of the emissions 
modelled, the predicted annual average concentrations resulting from the discharge stack 
emissions over the November 2004-October 2005 year would have made a negligible 
contribution anywhere outside the remediation site compared with typical annual average 
background concentrations in Mapua in the absence of the remediation project. 

4.2.2 Predicted deposition rates. 
Figure 4 shows the predicted annual deposition rates, including both wet and dry deposition, 
of dioxins from the modelled discharge stack emissions over the November 2004-October 
2005 year.  These deposition rates cannot be interpreted directly, but feed into the exposure 
assessment presented in Section 5. The results show a rapid decrease in deposition rates with 
distance from the site. 
 
Apart from the overestimation likely to result from the unrealistically high dioxin emission 
rates used in the modelling, the deposition rates are further overestimated because all of the 
dioxins were assumed to be in the particulate (dust) phase.  This results in higher deposition 
rates than if proper allowance is made for a proportion of the dioxins being in the vapour 
phase, which does not deposit as readily as particulate phase dioxins.  Nevertheless, this 
simplifying assumption still demonstrates acceptable levels of exposure, as presented in 
Section 5, in spite of the resulting overestimation of deposition rates. 

Monitoring site fg TEQ/m3 
Auckland City (Newmarket) 28 
Auckland South (Industrial) 317 
Hamilton 54 
Masterton 57 
Baring Head 3.4 
Nelson Lakes 1.4 
Greymouth  84 
Culverden 3.8 
Christchurch 77 
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Figure 4.  Predicted annual deposition rates (wet and dry) of dioxins (ng TEQ/m2) for  
1 November  2004-31 October  2005. 
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5. ASSESSMENT OF DIOXIN EXPOSURES. 
A screening, simplified multi-pathway exposure assessment was used to estimate overall 
dioxin exposures that could have occurred for people living at the residential property most 
affected by dioxin emissions from the dryer stack, assuming that the dioxin emission 
concentration was 0.5 ng TEQ/m3 whenever the dryer was in operation over the November 
2004-October 2005 year. Conservative assumptions were made throughout the exposure 
assessment and are expected to overestimate actual exposures. The intention of the 
assessment was to determine if the additional exposures could have been significant under 
worst case exposures conditions, rather than determining actual exposures. 

5.1 EXPOSURE PATHWAYS. 
Exposures to dioxins occur through a number of pathways including: 

• inhalation 

• ingestion of soil 

• ingestion of currently depositing dust 

• dermal contact 

• drinking water collected from the roof 

• consumption of produce  

• consumption of eggs and poultry  

• consumption of meat and dairy products 
 
For people living in the vicinity of the Mapua FCC remediation project, the meat and dairy 
products pathway is not relevant because there is no grazing agriculture within the dispersion 
field where significant contributions to dioxin concentrations from the modelled emissions 
from the dryer stack are predicted.   
 

5.2 CALCULATION OF EXPOSURES VIA PATHWAYS. 
Calculation of exposures via inhalation, ingestion and dermal contact of currently depositing 
particulate material for this assessment uses the procedures described in Stevenson (2009), 
with the predicted dioxin concentration and deposition rate replacing the measured 
concentrations and deposition rates.  The US EPA (2004) dermal absorption factor of 0.03 
was used in the assessment. 
 
Exposure from the ingestion of currently depositing dust is discussed in detail in Stevenson 
(2009).  The exposure pathway represents the deposition of dust onto surfaces, such as 
outdoor play areas, lawns and furniture, from which children can ingest dust via hand-to-
mouth activity.  It is assumed that any rainfall will wash currently depositing dust off surfaces 
from where it may otherwise be picked up and ingested.  Accordingly, only the contribution 
from dry deposition is relevant to this pathway.  At the most exposed house approximately 
70% of the total particulate deposition is from dry deposition.  Consequently a dry deposition 
rate of 0.28 ng TEQ/m2 has been used to estimate dioxin dust concentrations. 2
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It should be noted that model emission rates are based on a single atypical emission test result 
when emitted dioxin concentrations exceeded 0.5 ng TEQ/m3 (Table 1). During this emission 
test 99.4% of the emitted dioxins (as TEQ) were discharged in the vapour phase and therefore 
would not contribute to the dioxin levels in recently deposited dust. The approach taken in the 
assessment whereby all of the emitted dioxin is assumed to be in the particulate phase is 
therefore highly conservative for this case and will significantly overestimate dioxin levels in 
recently deposited dust and subsequent dust intakes. If dust ingestion rates were based on the 
proportion of dioxin emitted in the particulate phase as recorded in the emission test result, 
predicted intakes would be approximately 0.6% of those calculated in the exposure 
assessment. 3

 
 

To calculate exposure via drinking water collected from the roof, the concentration of dioxins 
in the water is first calculated by dividing the annual dioxin deposition rate at the location of 
the house most affected by dioxin emissions from the dryer stack (0.4 ng TEQ/m2 from 
Figure 4) by the annual rainfall from the Mapua meteorological data for 1 November 2004-
31 October 2005 (643 mm).  The daily water consumption rates from the US EPA (2005) of 
1.4 l/day for a 70 kg adult and 0.67 l/day for a 15 kg child (3-year-old) are then used to 
calculate the dioxin intake. 
 
However, this calculation procedure almost certainly substantially overestimates the 
concentrations of dioxins in water actually consumed for a number of reasons.  Firstly, it 
assumes that all dioxins depositing on the roof remain on the roof until washed into the 
rainwater tank.  In fact a significant proportion of the particulates landing on the roof are 
likely to be blown off again before the next rain shower.  Also, dioxin-containing dust on the 
roof during sunny weather would be heated appreciably, driving off the more volatile dioxins 
that usually make a significant contribution to the overall toxicity expressed in toxicity 
equivalents (TEQ).  Particulates washed into the rainwater tank are likely to settle into the 
tank sludge, carrying most of their dioxin content with them and substantially reducing the 
dioxin concentrations in the water drawn into the household supply compared with that 
calculated on the assumption that the dioxins are evenly distributed throughout the water 
collected.  And finally, the assumption that all dioxin emissions are in the particulate phase 
will substantially overestimate exposures through this pathway compared to the almost 100% 
vapour phase emissions found during the high dioxin test. 
 
Exposed, above-ground produce is garden produce from which the outer surfaces are 
generally consumed (e.g. lettuce, silver beet, broccoli and tomatoes).  Protected, above-
ground produce has outer coverings that are not usually consumed, such as sweetcorn.  The 
outer covering protects the parts that are consumed from direct deposition or uptake of 
dioxins from the air, and therefore this type of produce contributes much less to dioxin 
exposures than exposed, above-ground produce.  Similarly, root vegetables make very small 
contributions to dioxin exposures.  For the present exposure assessment, only exposed, 
above-ground produce is considered.  From the author's experience with multipathway 
exposure calculations, the contributions from protected, above-ground produce and from root 
vegetables are negligible compared with those from exposed, above-ground produce. 
 
For calculation of the dioxin concentrations in above-ground produce resulting from vapour 
deposition, a model developed by McLachlan (1997), which included a procedure for 
calculating concentrations of dioxins in grass resulting from dioxin concentrations in air was 
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used.  This model uses the relationship between dioxin concentrations in air and in grass 
whereby each 1 g of dry grass takes up the dioxin content of 9 cubic metres of air.  This 
relationship applies across all dioxin congeners, so that it also applies to the total 
concentrations of dioxins in air, expressed in TEQ.  This procedure overestimates dioxin 
concentrations in exposed, above-ground produce to some degree, because the surface-to-
volume ratio for grass is generally higher than for garden produce.   
 
Calculation of the dioxin concentrations in above-ground produce resulting from deposition 
of particulate dioxins used the US EPA (2005) procedure, with the conservative, simplifying 
assumption that all of the dioxins in air are in the particulate phase.  This will result in 
overestimation of the concentrations in the produce, but this particulate deposition makes a 
very small contribution to the dioxin concentrations in the produce compared with vapour 
deposition, as calculated in the paragraph above. 
 
 
The US EPA (2005) above-ground produce empirical correction factor of 0.01 has been 
applied to the estimated vapour uptakes and particulate deposition for above-ground produce.  
The correction factor accounts for the effects of the protective outer skin, size and shape of 
bulky produce that limit the transfer of lipophilic compounds, such as dioxins, to the inner 
portions of the produce.  The daily above-ground produce consumption rates from the US 
EPA (2005) (0.3 mg DW/kg-day) is used to calculate the dioxin intakes. 4

 
 

Dioxin concentrations in locally-grown chickens and eggs were calculated using the 
procedure described in US EPA (2003).  This procedure provides different bioconcentration 
factors from soil to concentrations in chickens and eggs for each dioxin and furan congener. 
 
The congener bioconcentration factors used in the US EPA method are derived from the 
published experimental work of Stephens et al. (1995) and colleagues at the Hazardous 
Materials Laboratory (HML) of the California Environmental Protection Agency (Cal-EPA). 
In the assessment chicken and egg bioconcentration factors were calculated using the 
dioxin/furan congener TEQ distributions recorded for vapour and particulate phase dioxins 
during Test 8 of the Proof of Performance trials (Thiess, 2004) (see Table 1), and for which 
the highest dioxin emission rates were recorded. Chicken and egg lipid concentrations were 
obtained by applying these factors to the TEQ concentration in soil. 5

 
   

5.3 PREDICTED DIOXIN EXPOSURES. 
Table 5 sets out the predicted dioxin exposures resulting from the highly conservative dioxin 
emission rate scenario from the dryer stack modelled over the November 2004-October 2005 
year.  It must be emphasised that, because of the high emissions modelled, the predicted 
dioxin exposures resulting from those emissions are likely to be unrealistically high. 
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Table 5.  Predicted incremental dioxin exposures resulting from extremely improbable 
high emissions at the most affected residential proper ty. 

Adult Child
Pathway
Inhalation 0.002 0.004
Drinking water from roof 0.012 0.028
Dust ingestion 0.007 0.031
Dermal contact 0.000005 0.000013
Soil ingestion 0.00002 0.0002
Consumption of exposed produce 0.0002 0.0002
Consumption of chicken & eggs 0.0015 0.0011
Totals 0.02 0.06
Average New Zealand daily intake 0.33 0.84

pg TEQ/kg bw/day

  
 
Table 5 also gives the average daily intake of dioxins for a New Zealand male, as determined 
by Buckland et al. (1998).  Buckland et al. do not estimate the typical daily intake for a 
3-year-old child.  The estimate given in Table 5 is obtained by multiplying the New Zealand 
adult male intake of 0.33 pg TEQ/kg bw/day by the ratio of the child intake/adult intake 
(4.6/1.8) from the UK Committee on Toxicity of Chemicals in Food, Consumer Products and 
the Environment (COT, 2001).   
 
If the emission concentration of dioxins from the dryer stack had been 0.5 ng TEQ/m3 
whenever the plant was operating during 2005, the estimated increase in exposure from this 
source for people living at the most affected house in Mapua, about 10 m south of the site 
boundary, obtaining all of their drinking water from the roof of the house and growing 100% 
of their consumption of chicken, eggs and exposed vegetables and fruit from the property, 
would have been up to about 8% of the typical New Zealand dietary intake, as determined in 
1997.  However, even if the emission concentrations were 0.5 ng TEQ/m3 throughout the 
November 2004-October 2005 year, the estimated exposures in Table 5 would still be 
overestimates, particularly for drinking water, dust ingestion and exposed produce, because 
of the conservative simplifying assumptions made in their calculation. 
 
It should be noted that the most affected houses closest to the site were on a reticulated water 
supply and therefore would not be exposed to the drinking water pathway. When drinking 
water exposures are excluded total exposures from the plant would be 3-4% of the typical 
New Zealand dietary intake. 6

 
 

If the predicted increase in dioxin exposures in Table 5 did actually occur, the cumulative 
exposures including both the average New Zealand daily intakes and the incremental intakes 
from the dryer stack emissions would be 0.35 pg TEQ/kg bw/day for an adult male and 
0.90 pg TEQ/kg bw/day for a 3-year-old child.  These daily intakes are small compared with, 
for example, the average dietary intakes of 1.8 pg TEQ/kg bw/day for adults and 
4.6 pg TEQ/kg bw/day for toddlers estimated for the UK in 1997 (COT, 2001). 
 
The Ministry of Health in New Zealand has adopted an interim (or provisional) maximum 
monthly intake of 30 pg TEQ /kg bw in 2002 on the recommendation of its Organochlorines 
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Technical Advisory Group.  The dioxin exposures for both adults and a 3-year old child are 
below this. 
 
The estimated cumulative exposures for the highly conservative emission rate scenario 
modelled are also well below the WHO/FAO Provisional Tolerable Monthly Intake of 70 pg 
TEQ/kg bw/month (equivalent to 2.3 pg TEQ/kg bw/day) (JECFA, 2001) and the tolerable 
daily intake of 2 pg TEQ/kg bw/day recommended by the UK Committee on Toxicity of 
Chemicals in Food, Consumer Products and the Environment (COT, 2001).  These two health 
effects criteria for dioxins are the most recent and authoritative published criteria for these 
compounds.  Although these health effects criteria are expressed in terms of monthly and 
daily intakes, both publications (and many others) emphasise that adverse health effects 
resulting from dioxin exposures are associated with long-term average levels of exposure, 
rather than short-term peak exposures.  Accordingly, consideration of annual average 
exposures, as estimated in this assessment is appropriate, although even annual average 
exposures can be considered relatively short-term in view of the 7-11 year half life of dioxins 
in the human body. 
 
Accordingly, even in the extremely unlikely event that the modelled emission concentration 
of 0.5 ng TEQ/m3 occurred in the discharge from the dryer stack at all times when the plant 
was operating during the November 2004-October 2005 year, there would have been no 
appreciable risk of adverse health effects resulting from the incremental or cumulative dioxin 
intakes for people living at the most affected house, located just south of the FCC 
remediation site boundary. 
 
Incremental intakes decrease quite rapidly with increasing distance from the site, falling to 
about half of the incremental exposures given in Table 5 within about 90 m from the site 
boundary in the southerly direction and within much shorter distances from the boundaries in 
other directions.  The decreases in exposures with increasing distance from the site and in 
other directions can be judged from the annual average dioxin concentrations shown in 
Figure 3.  The exposures at any location are roughly proportional to the annual average 
dioxin concentrations.  For example, noting that the annual average concentration predicted 
for the most affected house about 10 m south of the site boundary is about 8 fg TEQ/m3, 
exposures fall to about 1/8 of those given in Table 5 within about 250 m north northeast of 
the northern site boundary, where the predicted concentration of dioxins is 1 ng TEQ/m3. 
 
It is very likely that the average emission concentration of dioxins from the discharge stack 
was less than 4% of the modelled concentration of 0.5 ng TEQ/m3.  From the dioxin analyses 
available, the average emission concentration was most likely to have been between 0.67% 
and 0.02% of the modelled concentration.  Even at an emission concentration of 4% of that 
modelled, the incremental contributions to typical New Zealand dietary intakes of dioxins 
would have been less than 0.3% of the typical intakes, for people living at the most affected 
house 10 m south of the site boundary, obtaining all of their drinking water from the roof and 
growing 100% of their consumption of chicken, eggs and above-ground, exposed fruit and 
vegetables on the property. 
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7. APPENDIX 1.  DIOXIN TERMINOLOGY AND REPORTING 
UNITS. 

 
"Dioxins" is a generic term used to refer to a group of chemical compounds more accurately 
described as chlorinated dibenzo-p-dioxins and chlorinated dibenzofurans.  Most of the 210 
dioxin congeners (individual compounds) are thought to pose no risk to human health, and 
only 17 congeners are reported to have potential health effects.  Sometimes, "dioxins" is also 
used to include dioxin-like PCBs that can have similar health effects and there are 12 such 
compounds.   
 
Different chlorinated dibenzo-p-dioxins, chlorinated dibenzofurans and dioxin-like PCBs 
have widely varying toxicities.  The most toxic and best known of these is 2,3,7,8-
tetrachlorodibenzo-p-dioxin, often abbreviated to 2,3,7,8-TCDD.  The toxicity of all the other 
toxic congeners has been assessed relative to 2,3,7,8-TCDD and is expressed in the form of 
Toxic Equivalency Factors or TEFs.  These TEFs range from 1 for 2,3,7,8-TCDD to 0.00003 
for a number of the dioxin-like PCBs.   
 
Because exposures to dioxins usually involves exposures to several or all of the toxic dioxin 
and dioxin-like PCB congeners, a method of expressing the overall toxicity of the mixture 
has been developed, called the "toxic equivalent", abbreviated to TEQ.  This is calculated as 
the sum of the concentration of each toxic congener multiplied by its TEF.   
 
There are three sets of TEFs that are widely recognised, two established by the World Health 
Organisation (WHO) in 1998 and in 2005, and the International TEF scheme (I-TEF), 
established in 1990.  For any given set of congener concentrations, these different sets of 
TEFs result in slightly different TEQ values.  For the dioxin concentrations given in this 
report, the Proof of Performance (POP) trials used to the WHO 1998 scheme, and the other 
dioxin concentrations used the WHO 2005 scheme.  The differences in the TEQ values 
resulting from using different TEF schemes are minor, and are not material to the 
considerations in this report. 
 
Concentrations of dioxins in the environment are extremely low compared with 
concentrations of more common pollutants, such as nitrogen dioxide, sulphur dioxide or 
PM10.  Concentrations and quantities of dioxins are normally reported in terms of nanograms 
(ng), picograms (pg) or femtograms (fg).  Table 6 shows the relationship between more 
familiar measures, such as milligrams and micrograms and these very much smaller units of 
measurement. 

Table 6.  Repor ting units. 

1 milligram (mg) = 0.001 g
1 microgram (µg) = 0.000001 g
1 nanogram (ng) = 0.000000001 g
1 picogram (pg) = 0.000000000001 g
1 femtogram (fg) = 0.000000000000001 g  

 
Concentrations of dioxins in emissions are most commonly reported as nanograms TEQ per 
cubic metre (ng TEQ/m3), while concentrations in ambient air are most commonly reported 
as femtograms TEQ per cubic metre (fg TEQ/m3). 
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