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This memo provides some updated advice regarding a conservative screening assessment of 
contaminants measured under the Eltham EADER cover on 12 December 2013 and 31 March 2014 
(Watercare, 2013 and 2014).  It replaces earlier memos dated 29 April 2014, 10 July 2014 and 
18 August 2014 to address technical issues raised by peer reviews.  This has not materially affected 
the overall conclusions.  

I have carried out a conservative screening air quality assessment of measured fugitive emissions 
from the EADER to estimate the worst-case potential short-term downwind effects.  A screening air 
quality assessment is likely to overestimate the actual concentrations and in this case is further 
limited by only having emission rates estimated to an order of magnitude.  However, it does provide 
a quantitative assessment that, being conservative, will not underestimate impacts.   

Individual assessments are in Appendix A along with summary information on the health effects of 
each contaminant where available.  I have referenced this information with hyperlinks so that 
interested parties (e.g. the public) can find out more details.  All data have been converted to parts 
per billion (ppb) for consistency and clarity.1  Full details of the methodology and a detailed rationale 
for the selection of the dilution ratios are in the attached memo.   

The screening assessment is in accordance with the Good Practice Guide for Assessing Discharges to 
Air from Industry (Ministry for the Environment, 2008) and the Good Practice Guide for Atmospheric 
Dispersion Modelling (Ministry for the Environment, 2004).  However, it is important to note that the 
screening assessment relies on data with the following uncertainties: 

  

                                            

 

1
 Conversions assume 25°C, which should be reasonable for under the EADER cover during December - March. 
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 Testing under the EADER cover (unstated uncertainty);  

 Analysis of each contaminant (±25%);  

 Estimated emission rate in the absence of any data (± order of magnitude); and  

 Accuracy of modelling (±100%). 

These are large uncertainties and underline the need for a particularly conservative approach so as 
not to underestimate potential effects. 

The screening assessment is further limited in that: 

 It only considers compounds measured by Watercare;2 

 It does not consider the variability of compounds outside of the dates of measurement; 

 There is no consideration of synergistic effects; and  

 I cannot draw conclusions about measured compounds with no established health-based air 
quality criteria (butyric and pentanoic acid). 

Screening air quality assessment  

A screening assessment is an initial estimate of the magnitude of maximum ground level 
concentrations using conservative assumptions.  The purpose is to ‘screen’ contaminants against 
criteria to see which, if any, require further detailed assessment.  It is important to understand that a 
key limitation of a screening assessment is that it cannot provide any indication of actual public 
exposure over periods of days or longer.  This is because it focusses on worst-case potential short-
term (1-hour) levels only. 

A conservative screening assessment based on source testing conducted on 12 December 2013 
estimates that worst-case levels of some sulphide compounds (e.g. hydrogen sulphide and methyl 
mercaptan) exceed short-term (1-hour) ambient air quality criteria downwind (i.e. within 100 
metres).   

Similarly, a conservative screening assessment based on source testing conducted on 31 March 2014 
estimates that worst-case downwind levels of some sulphide compounds (e.g. dimethyl disulphide 
and possibly methyl mercaptan) exceed short-term ambient air quality criteria.  

Exceedance of these criteria does not necessarily mean that adverse effects would occur, (or even 
that they did occur), rather it means that adverse health effects cannot be ruled out and further 
work is recommended.   

Screening odour assessment  

With respect to odour, a conservative screening assessment based on source testing on 
12 December 2013 estimates that fugitive emissions from the EADER were likely to be very odorous 
downwind.   

Similarly, a conservative screening assessment based on source testing on 31 March 2014 estimates 
that fugitive emissions from the EADER at this time were also likely to be odorous downwind.   

                                            

 

2 For example, carbon disulphide was not measured, but was likely to have been present under the EADER 
cover.  Appendix B discusses typical contaminants emitted to air from wastewater treatment plants. 
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Whilst the screening assessment is conservative and considers only worst-case meteorology, the 
magnitude of predicted concentrations is sufficiently high that odours appear likely under more 
mixed meteorological conditions. 

Taranaki Regional Council has verified objectionable and offensive odours in Eltham on eight 
occasions between November 2013, and May 2014.3  These complaints occurred under a variety of 
meteorological conditions.  I have previously reported my conclusions that resident’s complaints 
regarding odour were not vexatious in nature (Emission Impossible Ltd, 2014).      

Conclusions 

The screening modelling is a conservative assessment of worst-case potential short-term effects 
undertaken for indicative purposes only.  It is not sufficiently accurate to estimate actual downwind 
levels because the emissions are fugitive and cannot be accurately characterised.  It further provides 
no indication of frequency or duration of exposure, i.e. it implies only that such levels may have 
been possible, not that they actually occurred.  

A conservative screening assessment estimates that some fugitive emissions from the EADER exceed 
ambient criteria at locations close to the EADER (i.e. 100 m).   

The screening assessment further estimates that fugitive emissions would be very odorous.  The 
estimated magnitude of odour is significant, implying that emissions would be odorous at additional, 
more distant, locations under a variety of meteorological conditions.  I note there have been 
multiple, verified odour complaints under mixed meteorological conditions at varying distances from 
the EADER. 

Sensitivity testing indicates the screening assessment is relatively insensitive to the minimum 
dilution selected for screening purposes.  In both upper and lower bound modelling, worst-case 
downwind levels of key sulphide contaminants (e.g. methyl mercaptan) are elevated in comparison 
with ambient air quality criteria.  This supports the overall conclusions being robust within the stated 
limitations of the assessment. 

Some of the health effects associated with the contaminants identified as potentially elevated 
downwind are consistent with those reported by residents to medical practitioners in the Eltham 
area (Jarman, 2014).  However, they are also consistent with adverse health effects associated with 
general exposure to odours (Ministry for the Environment, 2003): 

Effects of odour that have been reported by people include nausea, headaches, retching, 
difficulty breathing, frustration, annoyance, depression, stress, tearfulness, reduced appetite, 
being woken in the night and embarrassment in front of visitors.   

People can also develop physiological effects from odour even when their exposure is much 
lower than that typically required to cause direct health effects.  This effect is sometimes 
termed ‘odour worry’ and is due to the perception that if there is a smell it must be doing 
physical harm. 

I note that some residents have reported significant improvement in adverse health symptoms upon 
leaving Eltham during March 2014.   

                                            

 

3 Complaint and investigation WWTP Eltham spreadsheet as at 18 September 2014, courtesy TRC 
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Given the limitations of the screening assessment, most notably the lack of an accurate emission 
rate, it is impossible to be definitive as to whether or not fugitive emissions from the EADER had any 
direct, short-term health effects as separate from adverse health effects due to odour.  However, 
considering the following: 

 The nature of the source (ground level, non-buoyant, fugitive emissions of heavier than air 
gases with no vertical velocity) 

 The short distance (only 100 m to nearest house, 18 houses within 250 m) 

 The magnitude of source strength 

o >3,000,000 ppb hydrogen sulphide in December 2013 (lowest observable effects 
level 2,000 ppb) 

o 161,000 ppb methyl mercaptan in December 2013 

o 43,000 ppb dimethyl disulphide and 23,000 ppb methyl mercaptan in March 2014 

 Multiple occasions of verified offensive and objectionable odours at distances ranging from 
200 - 600 metres under mixed meteorological conditions 

I conclude that between December 2013 and March 2014:  

1. Some contaminant emissions from the EADER may have resulted in short-term, direct health 
effects on residents downwind.  

2. Offensive and objectionable odours from the EADER have caused adverse health effects 
(such as headaches and nausea) in residents downwind.   

This memo has been externally reviewed a number of times with subsequent revisions.  It is worth 
noting the reason for the multiple memos and updates are the inherent technical difficulties in 
attempting to characterise the potential impacts of an unquantified, and changing, emission source.  
I have made considerable efforts to be conservative in the face of unknown variables and 
uncertainties and this is justifiably open to criticism.  The peer review process, whilst protracted in 
this case, has assisted towards a more robust outcome. 

However, it is also worth noting that the reason the multiple updates have not affected my overall 
conclusions is that I have only made very broad conclusions.  This conservative screening 
assessment was prepared to provide some relevant technical context for Dr Jarman (and concerned 
members of the public).  It does not and cannot address actual exposure.  I urge readers to consider 
it in this light. 

Yours sincerely, 

 

Louise Wickham 
Senior Air Quality Specialist 
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1.0 Introduction 

The history of the odour problems associated with fugitive emissions from the Eltham Wastewater 
Treatment Plan have been succinctly summarised by South Taranaki District Council (STDC) in their 
report to Taranaki Regional Council (STDC, 2014).  In summary, Fonterra placed over three million 
litres of waste buttermilk into an Earthern Anaerobic Digester (EADER) at the Eltham Wastewater 
Treatment Plant between 3 September and 28 October 2013.  Odour complaints by Eltham residents 
were first received by Taranaki Regional Council on 31 October 2013 and were regularly received 
until mid-May 2014. 

1.1 Testing 

Source Testing under EADER Cover 

Watercare (contracted to STDC) carried out gas sampling under the cover of the EADER on 
12 December 2013 and 31 March 2014.  Watercare utilised an analytical technique called selective 
ion flow tube mass spectrometry (SIFT-MS).  Watercare advised that the suite of compounds 
analysed included a range of organic compounds, amines and reduced sulphur compounds typically 
associated with odours from wastewater treatment plants.4  However, the suite of compounds 
chosen does not necessarily reflect all those potentially emitted from the Eltham Wastewater 
Treatment Plant.   Notably, the analysis excluded carbon disulphide, despite this compound being 
measurable by SIFT-MS and likely to be emitted from the EADER.   

Appendix B provides a brief discussion of typical compounds emitted to air from wastewater 
treatment plants. 

Ambient Testing near EADER 

Hand-held Monitoring  

STDC conducted workplace monitoring of hydrogen sulphide between 10 December 2013 and 26 
February 2014 using a Tetra Crowcon hand-held gas detector.  The Tetra Crowcon has a minimum 
detection limit of 1 ppm (1,000 ppb).  The purpose of this monitoring was for health and safety 
protection of onsite staff working near the EADER. 

STDC staff took readings for approximately two minutes, except when staff walked the perimeter of 
the EADER, which was a 5 - 10 minute reading.  Readings were taken almost daily during this period, 
at 8 am and periodically during the day.   

At no time did staff measure anything other than zero when reading ambient air near the EADER. 

The monitor did read elevated levels of hydrogen sulphide when placed near a vent under the 
EADER cover (around 175 ppm on 10 December 2013).  This confirms that the monitor was working.  

                                            

 

4
 Email J Harland (Watercare) to B Manning (STDC), 10 June 2014. 
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STDC advised the monitor is calibrated six monthly with the last calibration being 18 February 2014.5  
This indicates the monitor is within range. 

STDC also contracted Ms Tracey Freeman of Air Quality Professionals to undertake some grab 
sampling between 7 and 11 April 2014 (Air Quality Professionals, 2014).  Ms Freeman used gas 
detector tubes, which are not a recommended screening method for source evaluation (Ministry for 
the Environment, 1998).   

Gas detector tubes lack specificity and suffer from positive, or negative, interferences in the 
presence of mixtures of compounds - as is the case with the EADER emissions.  To perform correctly 
and consistently, gas detector tubes require ambient temperature and moisture – as is not the case 
under the EADER cover.6   

Continuous Monitoring near EADER 

AirQuality Ltd commenced continuous ambient monitoring of hydrogen sulphide (minimum 
detection levels 1 ppb) at the Eltham wastewater treatment plant on 1 April 2014.  The ambient 
monitor detected hydrogen sulphide near the EADER through all of April and May 2014 (Air Quality 
Professionals, 2014b).  Continuous monitoring showed levels fluctuated daily, with a maximum (1-
hour average) of 109 ppb recorded on 17 May 2014.    

1.2 Plant operation 

In early December 2013, STDC were measuring hydrogen sulphide levels around 160 - 180 ppm at a 
vent point on the EADER cover using the hand-held meter (STDC, 2014).  On 12 December 2013, 
Watercare collected three samples of gas under the EADER cover (Watercare, 2013).  This was a 
period of elevated biological oxygen demand (BOD) in the EADER as shown in Figure 1. 

Following continued odour complaint and an enforcement order served in February 2014, STDC 
engaged an independent air quality professional to prepare a short-term odour management plan.  
Ms Tracey Freeman, during a site visit on 5 February 2014 reported that the odour from the EADER 
“did not seem to have a predominant hydrogen sulphide (“Rotorua smell”) or amine (fishy) tone” 
(Air Quality Professionals, 2014c).  She concluded that extensive dosing of the EADER with ferric 
chloride had been successful in significantly reducing levels of hydrogen sulphide under the EADER 
cover.   

Watercare undertook further gas sampling under the EADER cover on 31 March 2014 and did not 
detect hydrogen sulphide (minimum detection level <500 ppb).  At this time odour complaints were 
still frequent, however, residents considered that the nature of the odour had changed (EIL, 2014). 

                                            

 

5
 Personal comm. Fiona Greenhill, STDC, 23 June 2014. 

6
 The results of the grab sampling were not useful and I have not considered them further. 
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Figure 1 EADER Waste Monitoring, Source: STDC 

Key  
BOD = biological oxygen demand 
TSS = total suspended solids 
FOG = fats, oil and grease 
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2.0 Assessment Methodology 

The closest house to the EADER is only around 100 m away.  This necessitates a particularly 
conservative approach so as not to underestimate potential impacts. 

The emission rate is a critical parameter for dispersion modelling.  However, in the case of the 
EADER we do not know the emission rate because the leaks are all fugitive.  To overcome this I have 
used what we do know to estimate order of magnitude likely emission rates for key contaminants 
(refer Appendix C).  Using a very conservative emission rate, that in reality would mean all the 
pollutant present would be emitted within only a day or two, ensures a measure of conservatism.  
This approach ensures emissions are unlikely to be any higher in reality. 

I then undertook some screening, atmospheric dispersion modelling to estimate the worst-case (i.e. 
minimum) dilution between the EADER and houses downwind. 

The modelling uses hypothetical case scenarios to explore the likely dispersion of odours at 
distances representative of residents’ locations downwind.  The purpose of this modelling is to 
determine likely order of magnitude dilution ratios for odour from the EADER – only.   As noted 
above, it is not sufficiently accurate to estimate actual downwind levels because it focuses only on 
worst-case, maximum 1-hour average concentrations. 

It is worth noting that the Ministry for the Environment Good Practice Guide for Assessing and 
Managing Odours does not generally recommend dispersion modelling for existing sources of odour 
(MfE, 2003).  I agree it is not generally recommended and hence the limitations stated above, and 
primary purpose of screening modelling (i.e. direct health impacts), need to be borne in mind when 
considering the results.   

I used AERSCREEN, the US Environmental Protection Agency (US EPA) recommended screening 
version of AERMOD, which is also the model adopted last year by the Environmental Protection 
Authority Victoria.7  AERSCREEN assumes only one wind direction and uses simulated meteorological 
and terrain data based on key input parameters to generate ‘worst-case’ downwind concentrations 
as a 1-hour average.  The modelling is in accordance with the Good Practice Guide for Atmospheric 
Dispersion Modelling (MfE, 2004).   

The screening assessment itself is a comparison of the indicative worst-case estimated 1-hour 
average downwind concentrations (based on minimum dilution) against each contaminants ambient 
air quality criteria (where available).   

I have also compared worst-case estimated downwind levels against immediately dangerous to life 
and health (IDLH) criteria.  This is to check if the assumed minimum dilution ratio is too conservative.   

I have further compared worst-case estimated downwind levels against published odour thresholds.  
This was to assess the magnitude of the odour for comparison with known complaints. 

A full discussion on the emissions estimate and screening modelling is in Appendix C. 

                                            

 

7
 Historically New Zealand has used AUSPLUME, which was the EPA Victoria air dispersion regulatory model 

until 1 January 2014 when EPA Victoria switched to AERMOD as a regulatory model (AERSCREEN is part of 
AERMOD).  It is likely that New Zealand will continue to follow EPA Victoria and similarly adopt AERSCREEN.   

http://www.epa.vic.gov.au/our-work/monitoring-the-environment/monitoring-victorias-air/aermod-air-pollution-modelling
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2.1 Screening air quality criteria 

Watercare measured a large number of contaminants under the EADER.  The majority of these do 
not have ambient air quality standards against which to assess estimated downwind levels.  Best 
practice, as articulated in the Good Practice Guide for Assessing Discharges to Air from Industry 
(Ministry for the Environment, 2008), is to use health-based, air quality criteria derived traceably 
from toxicological data.   

To do so, and in accordance with best practice, I have used international criteria and referenced the 
fundamental purpose of each standard or guideline.  If the conservatively estimated downwind 
levels are well within the assessment criteria, then the effects on public health should be minor 
(MfE, 2008).  However, if the results exceed the criteria, then it does not necessarily mean that 
adverse effects will occur, rather it means that adverse health effects cannot be ruled out.   

I used the following hierarchy of international, health-based air quality criteria (in order): 

1. US Centre for Disease Control Immediately Dangerous to Life and Health (IDLH) Concentrations 

In the first instance, I referred to published immediately dangerous to life and health (IDLH) 
concentrations as an upper bound limit.  The IDLH concentration is defined as: 

An atmospheric concentration of any toxic, corrosive or asphyxiant substance that poses an 
immediate threat to life or would cause irreversible or delayed adverse health effects or would 
interfere with an individual's ability to escape from a dangerous atmosphere. 

The inclusion of these criteria is largely for transparency purposes – based on conservative 
screening modelling, no worst-case estimated concentrations of contaminants exceeded the IDLH 
concentrations downwind in Eltham.  However, this approach serves as a ground truthing exercise to 
ensure that the screening assessment is not being unreasonably conservative. 

http://www.cdc.gov/niosh/idlh/intridl4.html 

2. California Office of Environmental Hazard Assessment acute reference exposure levels  

Reference exposure levels are concentrations of a chemical at or below which adverse, non-cancer 
health effects are not anticipated to occur for a specified exposure duration.   

Reference exposure limits are intended to protect the individuals who live or work in the vicinity 
of emissions of these substances.  This includes infants, children and adults. 

The focus of the acute reference exposure limits is generally a one-hour exposure for non-cancer 
health impacts.  The Good Practice Guide for Assessing Discharges to Air from Industry (Ministry for 
the Environment, 2008) recommends the California reference exposure levels as screening criteria.  
As such, I consider them entirely appropriate for a screening assessment of worst-case, short-term 
concentrations in Eltham. 

If worst-case estimated downwind levels are within the criteria then the effects on public health and 
the environment should be minor (MfE, 2008).  However, if the results exceed the criteria, then a full 
health impact risk assessment is required. 

The California reference exposure levels were updated in July 2014 to ensure that: 

http://www.cdc.gov/niosh/idlh/intridl4.html
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OEHHA’s risk assessment methods adequately protect infants and children, and incorporates 
scientific advances since the methodologies for acute and chronic RELs were first developed. 

There were no changes to reference exposure levels for contaminants originally assessed in April 
2014. 

http://www.oehha.ca.gov/air/allrels.html 

3. Occupational workplace standards 

For some contaminants, in the absence of any other criteria, I have derived ambient air quality 
criteria from occupational health and safety workplace exposure standards.  I did so in accordance 
with the best practice recommendations of the Good Practice Guide for Assessing Discharges to Air 
from Industry (Ministry for the Environment, 2008) as follows: 

Workplace exposure standard time weighted average divided by 50 for low and moderately 
toxic hazardous air pollutants. 

This derivation is based on division by 42 (rounded to 50).  The factor of 42 is used to convert the 
eight-hour workplace exposure standard time weighted average into a 24-hour average over a 
whole week of discharges and then adding a further safety factor of 10 to account for protecting 
more sensitive portions of the population than healthy workers.   

For ethanol (detected under the EADER in December 2013 only), I used the following approach: 

Workplace exposure standard time weighted average divided by 100 for highly toxic 
bioaccumulative or carcinogenic hazardous air pollutants. 

The 100 factor has been derived by the same method as that for 50, except that a safety factor of 20 
has been used to account for more long-term chronic effects.  This is a very conservative for a short-
term, screening assessment such as this but will ensure no underestimate of potential impacts. 

Occupational standards: 

New Zealand: www.business.govt.nz International: http://www.inchem.org/ 

  

http://www.business.govt.nz/worksafe/information-guidance/all-guidance-items/workplace-exposure-standards-and-biological-exposure-indices/workplace-exposure-standards-and-biological-indices-2013.pdf
http://www.inchem.org/
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2.2 Published odour thresholds 

Generally, I used the most conservative (i.e. lowest) published odour threshold from the following 
references: 

 American Industrial Hygiene Association, 1989 

 California Air Resources Board 

 Česká společnost chemického inženýrství 

 European Commission 

 International Programme on Chemical Safety (Environmental Health Criteria) 

 Ruth, 1986 

 US National Oceanic and Atmospheric Administration 

 US National Institute of Health 

However, I did give preference to the AIHA odour thresholds, because this is a meta-review of many 
published thresholds.  Selected references for each compound are in Appendix C. 

 

  

http://books.google.co.nz/books?id=Lh8nLs9ZuKwC&pg=PA1&lpg=PA1&dq=American+Industrial+Hygiene+Association+odour+threshold&source=bl&ots=FWR3P-Bazw&sig=J2dFf9wnVR_NS8dF63-lmL0xKdc&hl=en&sa=X&ei=lxpGU4_1BMHWkAWqioHIBg&ved=0CC4Q6AEwAQ#v=onepage&q&f=false
http://www.arb.ca.gov/ch/ceh/aqstandards/oehhah2scontractorreport091200.doc
http://www.cschi.cz/odour/files/world/Thresholds%20table.pdf
http://www.google.co.nz/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0CDkQFjAC&url=http%3A%2F%2Fec.europa.eu%2Fsocial%2FBlobServlet%3FdocId%3D7877%26langId%3Den&ei=VBJGU676M8XnlAX5zIDABQ&usg=AFQjCNFneWbKo30K-2TKEwAOeR2dT1IVBg&bvm=bv.64507335,d.dGI
http://www.inchem.org/
http://hazmap.nlm.nih.gov/category-details?id=218&table=copytblagents
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3.0 Results 

The screening modelling shows that indicative dilution ratios for worst-case meteorological 
conditions are around 2,000 (i.e. the concentration at 100 metres downwind will be 1/2,000th of that 
at the EADER).  This is somewhat higher than I would expect given: 

 It is a ground level source 

 The emissions are not thermally buoyant in any way 

 The emissions are leaks (i.e. no real exit velocity) 

 The contaminants of interest are heavier than air 

 The distance (100 m) is very short 

To ensure I was not underestimating effects, I therefore also used upper and lower bound dilution 
ratios (300 – 3,000) estimated from back-casting likely downwind levels on the day the EADER 
headspace was tested in December 2013.  A full discussion of this is in Appendix C. 

Table 1 summarises a conservative screening assessment for contaminants, based on source testing 
under the EADER cover carried out on 12 December 2013, against available and derived ambient air 
quality criteria.  The indicative worst-case, concentrations are those estimated 100 metres 
downwind of the EADER assuming a minimum dilution ratio of 2,000.  Table 1 also presents upper 
and lower bound estimates for dilution ratios of 300 – 3,000. 

Table 2 summarises the conservative screening assessment results against published odour 
thresholds.   

Table 3 summarises a conservative screening assessment for selected contaminants, based on 
source testing under the EADER cover carried out on 31 March 2014, against available and derived 
ambient air quality criteria.  Table 3 also presents upper and lower bound estimates for dilution 
ratios of 300 – 3,000. 

Table 4 summarises the conservative screening assessment results against published odour 
thresholds. 

Full details of the conservative screening assessment for each contaminant are in Appendix A. 
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Table 1. Conservative screening air quality assessment based on source testing 12 Dec 2013 

Compound Measured 

EADER 

(ppb) 

Worst-case 

Downwind 

(ppb) 

Upper/ Lower 
Bound  

(±ppb) 

Ambient Air 
Quality Criteria* 

(ppb) 

Acetaldehyde 1,400 0.7 0.5 – 5 260 

Acetone <500 <0.25 0.2 – 2 26,000 

Acetic acid <500 <0.25 0.2 – 2 200 

Ammonia <500 <0.25 0.2 – 2 4,600 

Butanoic acid 840 0.4 0.3 – 3 NA 

Butylamine <500 <0.25 0.2 – 2 100 

Dimethylamine 700 0.4 0.2 – 2 200 

Dimethyl disulphide 2,300 1.2 0.8 – 8 10 

Dimethyl sulphide <500 <0.25 0.2 – 2 200 

Ethanol 20,000 10 7 – 70 10,000 

Ethyl mercaptan <500 <0.25 0.2 – 2 10 

Formaldehyde <500 <0.25 0.2 – 2 44 

Hydrogen sulphide  3,107,000 1,550 1,040 – 10,400 30 

Methyl mercaptan  161,000 80 50 – 500 10 

Pentanoic acid 2,600 1.3 0.9 – 9  NA 

Propoanoic acid <500 <0.25 0.2 – 2 200 

Toluene 10,000 5 3 – 30 9,660 

Trimethylamine <500 <0.25 0.2 – 2 1,140 

Notes 
* All 1-hr except acetone (14 days or less)  
< Indicates compound below level of detection 
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Table 2. Conservative screening odour assessment based on source testing 12 Dec 2013 

Compound Measured 

EADER 

(ppb) 

Worst-case 
Downwind 

(ppb) 

Upper/ Lower 
Bound  

(±ppb) 

Odour 
Threshold 

(ppb) 

Acetaldehyde 1,400 0.7 0.5 – 5 50 

Acetone <500 <0.25 0.2 – 2 4,000 

Acetic acid <500 <0.25 0.2 – 2 74 

Ammonia <500 <0.25 0.2 – 2 17 

Butanoic acid 840 0.4 0.3 – 3 1.0 

Butylamine <500 <0.25 0.2 – 2 80 

Dimethylamine 700 0.4 0.2 – 2 0.76 

Dimethyl disulphide 2,300 1.2 0.8 – 8 0.1 

Dimethyl sulphide <500 <0.25 0.2 – 2 20 

Ethanol 20,000 10 7 – 70 100,000 

Ethyl mercaptan <500 <0.25 0.2 – 2 0.35 

Formaldehyde <500 <0.25 0.2 – 2 8 

Hydrogen sulphide 3,107,000 1,550 1,040 – 10,400 4.5 

Methyl mercaptan 161,000 80 50 – 500 0.54 

Pentanoic acid 2,600 1.3 0.9 – 9  0.62 

Propoanoic acid <500 <0.25 0.2 – 2 30 

Toluene 10,000 5 3 – 30 1,600 

Trimethylamine <500 <0.25 0.2 – 2 0.2 

Notes 
< Indicates compound below level of detection 
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Table 3. Conservative screening air quality assessment based on source testing 31 Mar 2014 

Compound Measured 

EADER 

(ppb) 

Worst-case 

Downwind 

(ppb) 

Upper/ Lower 
Bound  

(±ppb) 

Ambient Air 
Quality Criteria* 

(ppb) 

Acetaldehyde 3,800 1.9 1 – 10  260 

Acetone 6,300 3.2 2 – 20  26,000 

Acetic acid <500 <0.25 0.2 – 2 200 

Ammonia <500 <0.25 0.2 – 2 4,600 

Butanoic acid 780 0.4 0.3 – 3  NA 

Butylamine <500 <0.25 0.2 – 2 100 

Dimethylamine <500 <0.25 0.2 – 2 200 

Dimethyl disulphide 43,000 22 14 – 140  10 

Dimethyl sulphide 4,000 2 1 – 10  200 

Ethanol <500 <0.25 0.2 – 2 10,000 

Ethyl mercaptan 4,000 2 1 – 10  10 

Formaldehyde <500 <0.25 0.2 – 2 44 

Hydrogen sulphide <500 <0.25 0.2 – 2 30 

Methyl mercaptan 23,000 12 8 – 80  10 

Pentanoic acid 520 0.3 0.2 – 2  NA 

Propoanoic acid 520 0.3 0.2 – 2 200 

Toluene 24,000 12 8 – 80  9,660 

Trimethylamine 670 0.3 0.2 – 2  1,140 

Notes 

* Ambient air quality criteria derived from occupational standard 
< Indicates compound below level of detection 
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Table 4. Conservative screening odour assessment based on source testing 31 Mar 2014 

Compound Measured 

EADER 

(ppb) 

Worst-case 
Downwind 

(ppb) 

Upper/ Lower 
Bound  

(±ppb) 

Odour 
Threshold 

(ppb) 

Acetaldehyde 3,800 1.9 1 – 10  50 

Acetone 6,300 3.2 2 – 20  4,000 

Acetic acid <500 <0.25 0.2 – 2 74 

Ammonia <500 <0.25 0.2 – 2 17 

Butanoic acid 780 0.4 0.3 – 3  1.0 

Butylamine <500 <0.25 0.2 – 2 80 

Dimethylamine <500 <0.25 0.2 – 2 0.76 

Dimethyl disulphide 43,000 22 14 – 140  0.1 

Dimethyl sulphide 4,000 2 1 – 10  20 

Ethanol <500 <0.25 0.2 – 2 100,000 

Ethyl mercaptan 4,000 2 1 – 10  0.35 

Formaldehyde <500 <0.25 0.2 – 2 8 

Hydrogen sulphide <500 <0.25 0.2 – 2 4.5 

Methyl mercaptan 23,000 12 8 – 80  0.54 

Pentanoic acid 520 0.3 0.2 – 2  0.62 

Propoanoic acid 520 0.3 0.2 – 2 30 

Toluene 24,000 12 8 – 80  1,600 

Trimethylamine 670 0.3 0.2 – 2  0.2 

Notes 
< Indicates compound below level of detection 
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4.0 Discussion 

Screening air quality and odour assessment based on source testing 

The screening assessment is reasonably conservative in that it assumes relatively high emissions 
rates in the absence of any data.  This is offset to some extent by a higher than expected dilution 
ratio which, nonetheless, is within ballpark of expected levels. 

Based on this and considering the sensitivity analysis, it appears that: 

12 December 2013  

 Concentrations under the EADER cover did exceed IDLH concentrations for hydrogen 
sulphide and methyl mercaptan on 12 December 2013.  I detailed my concerns for worker 
health and safety to yourself and the Ministry of Health at that time.  Assuming very 
conservative emission rates and minimum dispersion, none of the detected compounds 
posed any immediate serious adverse health effects downwind.   

 Based on source testing at this time, worst-case estimated downwind levels of hydrogen 
sulphide were around 1,500 ppb (lower bound 1,040 ppb, upper bound 10,400 ppb).  Even 
as an order of magnitude level, this is well in excess of the California Office of Environmental 
Hazard Assessment acute reference exposure level (30 ppb).  The California Office of 
Environmental Hazard Assessment notes the critical effects of hydrogen sulphide are 
headache, nausea and physiological responses to odour.  The World Health Organisation 
references 2,000 ppb (2.8 mg/m3) as the lowest observable effects level for hydrogen 
sulphide (WHO, 2003). 

 Worst-case estimated downwind levels of methyl mercaptan were around 80 ppb (lower 
bound 50 ppb, upper bound 500 ppb), which is above short-term air quality criteria (10 ppb).   

 Two compounds (butyric acid and pentanoic acid) have no health-based air quality criteria 
against which to assess health effects.  No conclusions can be drawn about these 
compounds. 

 Worst-case estimated downwind concentrations of a number of sulphide compounds 
exceeded their individual odour thresholds.  At an order of magnitude level, hydrogen 
sulphide and methyl mercaptan exceeded the odour threshold by a significant margin.   

I understand December 2013 was a time of multiple odour complaints with residents 
reporting effects such as headache and nausea.  These incidents occurred under a variety of 
meteorological conditions and at distances much further than 100 m.   

31 March 2014 

 Assuming very conservative emission rates and minimum dispersion, none of the detected 
compounds posed any immediate serious adverse health effects downwind. 

 Worst-case estimated downwind levels of dimethyl disulphide were around 20 ppb (lower 
bound 14 ppb, upper bound 140 ppb), which is just over its short-term air quality criteria 
(10 ppb).   

 Similarly, worst-case estimated downwind levels of methyl mercaptan were 12 ppb (lower 
bound 8 ppb, upper bound 80 ppb), which is close to short-term air quality criteria (10 ppb).   
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 Two compounds (butyric acid and pentanoic acid) have no health-based air quality criteria 
against which to assess health effects.  No conclusions can be drawn about these 
compounds.  

 Worst-case estimated downwind concentrations of a number of sulphide compounds 
exceeded their individual odour thresholds.  At an order of magnitude level, two compounds 
(dimethyl disulphide and methyl mercaptan) were estimated to exceed their individual 
odour threshold by a significant margin.   

I understand March 2014 was a time of multiple odour complaints, three of which were 
validated.  Such incidents occurred under a variety of meteorological conditions and at 
distances further than 100 m.   

Levels of contaminants measured at source in December 2013 vary significantly to those measured 
in March 2014.  This indicates that emissions are likely to have changed over time and that the 
conservative screening assessment is limited to the time of each measurement. 

Ambient Monitoring 

The hand-held hydrogen sulphide readings taken periodically immediately around the EADER (all 
<1,000 ppb) between December 2013 and February 2014 appear slightly contradictory to worst-case 
estimated downwind concentrations of 1,500 ppb. 

It may be that the screening assessment is overly conservative.  However, the absence of elevated 
hydrogen sulphide measurements on the hand-held monitor does not mean that hydrogen sulphide 
was not present. 

For example, I note that the hand-held readings were for health and safety purposes.  It is my 
understanding that STDC were not using the hand-held monitor to investigate or characterise 
emissions from the EADER (i.e. staff were not actively seeking fugitive emissions or attempting to 
trace plumes downwind of identified leaks).  

Further, the hand-held monitor takes a few seconds to register the presence of a toxic gas (20 
seconds according to the Tetra Crowcon datasheet, but in reality it is usually much quicker than 
this).  It is possible that a small pocket of odour would result in a very small plume at source, which 
may not register on a hand-held monitor being walked at the perimeter of the EADER.   

The continuous ambient monitoring undertaken by AirQuality Ltd confirmed that the EADER did not 
appear to have been emitting much hydrogen sulphide after April 2014.  Analysis of the pollution 
rose for the continuous ambient monitor indicated the main oxidation pond was the primary source 
of hydrogen sulphide onsite (Air Quality Professionals, 2014b).  This was supported by EADER source 
testing on 31 March 2014 (< 500 ppb).  It is disappointing that continuous monitoring for hydrogen 
sulphide and meteorology at source did not commence much earlier as it would have afforded a 
more robust air quality assessment. 

As an aside, the continuous monitoring near the EADER (refer Figure 2) shows how ambient levels 
fluctuate significantly over time.  This is due to the influence of prevailing winds, meteorology and 
topography, as well any changes in the emission source itself.  It is important to remember that a 
screening assessment is conservative and focuses only on the maximum worst-case 1-hour 
average concentrations (i.e. only the peaks in Figure 2).  In reality downwind concentrations will 
fluctuate in an even more pronounced manner that those shown in Figure 2. 
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Figure 2 Continuous ambient monitoring of hydrogen sulphide near EADER, Apr – May 2014   
 (Source: Air Quality Professionals, 2014b) 

 

Sensitivity Analysis 

As noted in Appendix C, an attempt to ground truth minimum dilution indicates the only thing we 
can say with confidence is that worst-case, minimum dilution is more than 20 and probably ranges 
between 300 and 3,000.  These provide a good upper and lower bound for sensitivity analysis.   

Sensitivity testing indicates the screening assessment is relatively insensitive to the minimum 
dilution selected.  In both upper and lower bound modelling, worst-case downwind estimates of 
hydrogen sulphide and methyl mercaptan based on source testing in December 2013 are elevated in 
comparison with ambient air quality criteria.  Similarly, worst-case downwind estimates of dimethyl 
disulphide and methyl mercaptan based on source testing in March 2014 are elevated in comparison 
with ambient air quality criteria. 

Similarly, in both upper and lower bound modelling for December 2013 and March 2014 a number 
of pollutants are elevated in comparison with individual odour thresholds, some significantly so.  The 
magnitude of predicted concentrations is sufficiently high that odours appear likely under more 
mixed meteorological conditions – which was found to be the case in reality.  

The sensitivity analysis supports the overall minimum dilution being robust within the stated 
limitations of the assessment.  
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Appendix A Air Quality and Odour Screening Assessment 
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Acetaldehyde 

Date Tested EADER  Estimate 
Downwind   

Odour 
Threshold 

Air Quality 
Criteria 

Critical Effect(s) 

 (ppb) (ppb) (ppb) (ppb)  

12 Dec 13 

31 Mar 14 

1,400  

3,800 

0.7 (0.5 – 5) 

1.9 (1 – 13) 

50 
a
 261 

b
 

 

Sensory irritation, broncoconstriction, 
eye redness and swelling 

    2,000,000 
c
 Immediately dangerous to life and 

health 
a 

INCHEM
 

b 
California OEHHA, Reference Exposure Levels (December 2008), 1-hour average 

c 
NIOSH 

Assessment of maximum 1-hour concentrations at 100 metres downwind assuming minimum 
dilution ratio of 2,000 with upper and lower bound modelling at 300 and 3,000 based on 
concentrations detected under the EADER cover on: 

12 December 2013 

 Worst-case estimated downwind acetaldehyde concentrations were well below the acute 
California Reference Exposure Level.  This indicates that it was not anticipated to present a 
significant risk of an adverse non-cancer health effect. 

 Worst-case estimated downwind acetaldehyde concentrations were below its odour 
threshold. 

31 March 2014 

 Worst-case estimated downwind acetaldehyde concentrations were well below the acute 
California Reference Exposure Level.  This indicates that it was not anticipated to present a 
significant risk of an adverse non-cancer health effect. 

 Worst-case estimated downwind acetaldehyde concentrations were well below its odour 
threshold.   

 

Conclusion:  

Acetaldehyde was detected under the EADER cover on 12 December 2013 and 31 March 2014.   

Conservative screening modelling indicates that worst-case estimated concentrations downwind 
were unlikely to have any short-term direct health effects.  Acetaldehyde would be unlikely to be 
odorous downwind. 

  

http://www.inchem.org/documents/ehc/ehc/ehc167.htm
http://www.oehha.org/air/hot_spots/2008/AppendixD1_final.pdf#page=5
http://www.cdc.gov/niosh/idlh/intridl4.html
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Acetaldehyde continued 

Additional Information: Acetaldehyde [INCHEM]8 

Acetaldehyde is a colourless, volatile liquid with a pungent suffocating odour.  The reported odour 
threshold is 50 ppb.  Levels of acetaldehyde in ambient air generally average 3 ppb. 

In limited studies on human volunteers, acetaldehyde was mildly irritating to the eyes and upper 
respiratory tract following exposure for very short periods to concentrations exceeding 
approximately 50 and 130 ppm, respectively.   

  

                                            

 

8
 All concentrations converted to ppm/ppb at 25 °C 

http://www.inchem.org/documents/ehc/ehc/ehc167.htm
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Acetone 

Date Tested EADER  Estimate 
Downwind   

Odour 
Threshold 

Air Quality 
Criteria 

Critical Effect(s) 

 (ppb) (ppb) (ppb) (ppb)  

12 Dec 13 

31 Mar 14 

<500 

6,300 

<0.3 (0.2 – 2) 

3.2 (2 – 21) 

4,000 
a
 26,000 

b
 

 

Sensory irritation, broncoconstriction, 
eye redness and swelling 

    2,500,000 
c
 Immediately dangerous to life and 

health 
a 

INCHEM 
b 

(14 days or less), US Dept Health and Human Services: Agency for Toxic Substances and Disease Registry 
c
 NIOSH 

NB: < indicates below level of detection 

Assessment of maximum 1-hour concentrations at 100 metres downwind assuming minimum 
dilution ratio of 2,000 with upper and lower bound modelling at 300 and 3,000 based on 
concentrations detected under the EADER cover on: 

12 December 2013  

 Acetone was not detected under the EADER cover on 12 December 2013.   

 If present at minimum detection levels (500 ppb), worst-case estimated downwind 
concentrations of acetone would be well below the minimum risk level for acute inhalation 
exposure and also well below lowest observable effects in experimental studies on people. 

31 March 2014  

 Worst-case estimated downwind concentrations of acetone were well below the minimum 
risk level for acute inhalation exposure and also well below levels of lowest observable 
effects in experimental studies on people. 

 Worst-case estimated downwind concentrations of acetone were well below its odour 
threshold and consistent with typical levels measured in urban areas.   

 

Conclusion:  

Acetone was detected under the EADER cover on 31 March 2014 (6,300 ppb).   

Conservative screening modelling indicates that worst-case estimated concentrations downwind 
were unlikely to have any short-term direct health effects or be odorous.   

 

  

http://www.inchem.org/documents/ehc/ehc/ehc207.htm#SectionNumber:1.4
http://www.atsdr.cdc.gov/toxprofiles/tp21-c2.pdf
http://www.cdc.gov/niosh/idlh/intridl4.html
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Acetone continued 

Additional information: Acetone 

[OEHHA] There is no acute reference exposure level for acetone 

[INCHEM] Acetone is a clear and colourless liquid with a strong "fruity" odour. It is miscible with 
water and organic solvents such as ether, methanol, ethanol and esters (Nelson & Webb, 1978). The 
physical properties of acetone, such as high evaporation rate, low viscosity and miscibility, make it 
suitable for use as a solvent (Krasavage et al., 1982).  

Concentrations of acetone monitored in the atmosphere range from 0.2-53 ppb. 

Acetone is of a low order of acute toxicity. However a significant number of poisonings have 
occurred in humans following accidental or intentional misuse. 

Acetone can produce neurobehavioural and other changes, including headache, dizziness, confusion 
and, at high vapour concentrations, CNS depression and narcosis.  Exposures to acetone vapour will 
cause irritation of eyes, nose and throat.  Continuous exposure to vapour can lead to adaptation to 
the odour. 

 

  

http://www.oehha.ca.gov/air/allrels.html
http://www.inchem.org/documents/ehc/ehc/ehc207.htm#SectionNumber:1.4
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Acetic Acid 

Date Tested EADER  Estimate 
Downwind   

Odour 
Threshold 

Air Quality 
Criteria 

Critical Effect(s) 

 (ppb) (ppb) (ppb) (ppb)  

12 Dec 13 

31 Mar 14 

<500 

<500 

<0.3 (0.2 – 2) 

<0.3 (0.2 – 2) 

74 
a
 200 

b
 Derived from occupational standard 

for healthy, working population 

    50,000 
c
 Immediately dangerous to life and 

health 
a
 AIHA 

b
 INCHEM Occupational limits/50, (ACGIH, 2010 and NZ, 2013), 1-hour average 

c
 NIOSH 

NB: < indicates below level of detection 

Assessment of maximum 1-hour concentrations at 100 metres downwind assuming minimum 
dilution ratio of 2,000 with upper and lower bound modelling at 300 and 3,000 based on 
concentrations detected under the EADER cover on: 

12 December 2013 and 31 March 2014 

 Acetic acid was not detected under the EADER cover on 12 December 2013 or 31 March 
2014.   

 There are no air quality criteria established for acetic acid, other than occupational 
standards.  If present at minimum detection levels (500 ppb), worst-case estimated 
downwind concentrations of acetic acid would be well below ambient criteria derived from 
occupational health standards. 

 If present at minimum detection levels, worst-case estimated downwind concentrations of 
acetic acid would be below its odour threshold. 

Conclusion: 

Acetic acid was not detected under the EADER cover on 12 December 2013 or 31 March 2014.  If 
present at minimum detection levels, conservative screening modelling indicates that acetic acid 
would be unlikely to pose any odour or short-term direct health effects downwind. 

Additional information: Acetic acid 

[OEHHA] There is no acute reference exposure level for acetic acid. 

[INCHEM] A colourless liquid or crystalline solid, having a pungent characteristic odour and, when 
well diluted with water, an acid taste. 9  Inhalation:  Sore throat. Cough. Burning sensation. 
Headache. Dizziness. Shortness of breath. Laboured breathing.  

                                            

 

9
 Joint FAO/WHO Expert Committee on Food Additivies, Rome, 13-20 December, 19651 Geneva, 11-18 

October, 1966 

http://books.google.co.nz/books?id=Lh8nLs9ZuKwC&pg=PA1&lpg=PA1&dq=American+Industrial+Hygiene+Association+odour+threshold&source=bl&ots=FWR3P-Bazw&sig=J2dFf9wnVR_NS8dF63-lmL0xKdc&hl=en&sa=X&ei=lxpGU4_1BMHWkAWqioHIBg&ved=0CC4Q6AEwAQ#v=onepage&q&f=false
http://www.inchem.org/documents/icsc/icsc/eics0363.htm
http://www.cdc.gov/niosh/idlh/intridl4.html
http://www.oehha.ca.gov/air/allrels.html
http://www.inchem.org/documents/icsc/icsc/eics0363.htm
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Ammonia 

Date Tested EADER  Estimate 
Downwind   

Odour 
Threshold 

Air Quality 
Criteria 

Critical Effect(s) 

 (ppb) (ppb) (ppb) (ppb)  

12 Dec 13 

31 Mar 14 

<500 

<500 

<0.3 (0.2 – 2) 

<0.3 (0.2 – 2) 

17 
a
 4,603 

b
 Eye and respiratory system 

    300,000
 c
 Immediately dangerous to life and 

health 
a
 AIHA 

b
 California OEHHA, Reference Exposure Levels, December 2008, 1-hour average 

c
 NIOSH 

NB: < indicates below level of detection 

Assessment of maximum 1-hour concentrations at 100 metres downwind assuming minimum 
dilution ratio of 2,000 with upper and lower bound modelling at 300 and 3,000 based on 
concentrations detected under the EADER cover on: 

12 December 2013 and 31 March 2014 

 Ammonia was not detected under the EADER cover on 12 December 2013 or 31 March 2014.  

 If present at minimum detection levels (500 ppb), conservative screening modelling indicates 
that worst-case estimated downwind concentrations of ammonia would be below the 
California Reference Exposure Level.  This indicates that it was not anticipated to present a 
significant risk of an adverse non-cancer health effect. 

 If present at minimum detection levels, worst-case estimated downwind concentrations of 
ammonia would be below its odour threshold. 

 

Conclusion: 

Ammonia was not detected under the EADER cover on 12 December 2013 or 31 March 2014.   

If present at minimum detection levels, conservative screening modelling indicates that ammonia 
would be unlikely to pose any odour or short-term direct health effects downwind.   

 

Additional Information: Ammonia [INCHEM] 10 

Ammonia is a colourless acrid-smelling gas at ambient temperature and pressure.  Ammonia is 
present in the environment as a result of natural processes and industrial activity, including certain 
types of intensive farming.  Atmospheric concentrations vary according to underlying land usage.  

                                            

 

10
 All concentrations converted to ppm/ppb at 25 °C 

http://books.google.co.nz/books?id=Lh8nLs9ZuKwC&pg=PA1&lpg=PA1&dq=American+Industrial+Hygiene+Association+odour+threshold&source=bl&ots=FWR3P-Bazw&sig=J2dFf9wnVR_NS8dF63-lmL0xKdc&hl=en&sa=X&ei=lxpGU4_1BMHWkAWqioHIBg&ved=0CC4Q6AEwAQ#v=onepage&q&f=false
http://www.oehha.ca.gov/air/allrels.html
http://www.cdc.gov/niosh/idlh/intridl4.html
http://www.inchem.org/documents/ehc/ehc/ehc54.htm#SectionNumber:1.4
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Urban concentrations are typically in the range of 7 - 35 ppb and rural concentrations, 3 – 9 ppb.  
Areas with intensive manure production or use may produce concentrations of 140 – 290 ppb.   

Ammonia continued 

Odour thresholds have been variously reported according to the definition used and technique of 
measurement.  Most people can identify ammonia in air at about 50 ppm and can detect it at about 
one-tenth of this level. 

Exposure to ammonia in air at a concentration of 400 ppm produced throat irritation; 1,700 ppm 
produced cough; 2,500 ppm was life-threatening, and more than 5,000 ppm caused a high mortality.  
Respiratory symptoms were usually reversible, but chronic bronchitis has been reported to develop.  
Volunteers exposed by oro-nasal mask experienced irritation and increased minute volumes.  
Retention of inspired ammonia decreased progressively to about 24% after about 19 min of 
exposure.  The blood chemistry remained normal.  Respiratory indices were insignificantly altered at 
concentrations up to 140 ppm (which was tolerable).  Other studies have demonstrated a high 
incidence of symptoms at this level.  Irritation occurred at 50 ppm, which was neither discomforting 
nor painful.  Industrial exposure at 130 ppm was described as "definitely irritating". 
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Butanoic (butyric) acid 

Date Tested EADER  Estimate 
Downwind   

Odour 
Threshold 

Air Quality 
Criteria 

Critical Effect(s) 

 (ppb) (ppb) (ppb) (ppb)  

12 Dec 13 

31 Mar 14 

840 

780 

0.4 (0.3 – 3) 

0.4 (0.3 – 3) 

1 
a
 None - 

a 
US NOAA 

 

Assessment of maximum 1-hour concentrations at 100 metres downwind assuming minimum 
dilution ratio of 2,000 with upper and lower bound modelling at 300 and 3,000 based on 
concentrations detected under the EADER cover on: 

12 December 2013 and 31 March 2014 

 There are no established air quality criteria for butyric acid.   

 Worst-case estimated downwind concentrations of butyric acid were generally below its 
odour threshold.  Upper bound modelling indicated potential exceedance but at this order of 
magnitude is unlikely to be significant. 

 

Conclusion: 

Conservative screening modelling indicates that worst-case estimated downwind concentrations of 

butyric acid are unlikely to be odorous downwind.  Health effects are not known. 

 

Additional Information: Butyric Acid 

[OEHHA] There is no acute reference exposure level for butanoic acid. 

[INCHEM]  

Inhalation: Sore throat. Cough. Burning sensation. Shortness of breath. Laboured breathing. 

Symptoms may be delayed. 

Colourless oily liquid with a characteristic odour. 

[HSDB] 

Butyric acid is a colourless, oily liquid with an unpleasant, rancid odour. 

 

No occupational limits established 

 

http://cameochemicals.noaa.gov/chris/BRA.pdf
http://www.oehha.ca.gov/air/allrels.html
http://www.inchem.org/documents/icsc/icsc/eics1334.htm
http://toxnet.nlm.nih.gov/cgi-bin/sis/search/f?./temp/~JjTDZU:1
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Butylamine 

Date Tested EADER  Estimate 
Downwind   

Odour 
Threshold 

Air Quality 
Criteria 

Critical Effect(s) 

 (ppb) (ppb) (ppb) (ppb)  

12 Dec 13 

31 Mar 14 

<500 

<500 

<0.3 (0.2- 2) 

<0.3 (0.2- 2) 

80 
a
 100 

b
 Derived from occupational standard 

for healthy, working population 

    300,000 
c
 Immediately dangerous to life and 

health 
a
 AIHA 

b 
Occupational standard/50 (ceiling limit, ACGIH, 2008), 1-hour average 

c
 NIOSH 

NB: < indicates below level of detection 

Assessment of maximum 1-hour concentrations at 100 metres downwind assuming minimum 
dilution ratio of 2,000 with upper and lower bound modelling at 300 and 3,000 based on 
concentrations detected under the EADER cover on: 

12 December 2013 and 31 March 2014 

 Butylamine was not detected under the EADER cover on 12 December 2013 or 31 March 
2014.   

 There are no air quality criteria for butylamine other than occupational standards which are 
established for normal, healthy working populations.  If present at minimum detection levels 
(500 ppb), worst-case estimated downwind concentrations of butylamine would be well 
below ambient criteria derived from occupational standards. 

 If present at minimum detection levels, worst-case estimated downwind concentrations of 
butylamine would be below its odour threshold. 

 

Conclusion: 

Butylamine was not detected under the EADER cover on 12 December 2013 or 31 March 2014.   

If present at minimum detection levels, conservative screening modelling indicates that butylamine 
is unlikely to pose any odour or short-term direct health effects. 

 

Additional Information: Butylamine 

[OEHHA] There is no acute reference exposure level for butylamine. 

[NZ WES] There are no occupational workplace exposure standards in New Zealand for butylamine. 

[HSDB] Butylamine is a clear, colourless liquid with a fishy, ammonia-like odour.  

http://books.google.co.nz/books?id=Lh8nLs9ZuKwC&pg=PA1&lpg=PA1&dq=American+Industrial+Hygiene+Association+odour+threshold&source=bl&ots=FWR3P-Bazw&sig=J2dFf9wnVR_NS8dF63-lmL0xKdc&hl=en&sa=X&ei=lxpGU4_1BMHWkAWqioHIBg&ved=0CC4Q6AEwAQ#v=onepage&q&f=false
http://toxnet.nlm.nih.gov/cgi-bin/sis/search/f?./temp/~rDoAQn:2
http://www.cdc.gov/niosh/idlh/intridl4.html
http://www.oehha.ca.gov/air/allrels.html
http://www.business.govt.nz/worksafe/information-guidance/all-guidance-items/workplace-exposure-standards-and-biological-exposure-indices/workplace-exposure-standards-and-biological-indices-2013.pdf
http://toxnet.nlm.nih.gov/cgi-bin/sis/search/f?./temp/~rDoAQn:2
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Dimethylamine 

Date Tested EADER  Estimate 
Downwind   

Odour 
Threshold 

Air Quality 
Criteria 

Critical Effect(s) 

 (ppb) (ppb) (ppb) (ppb)  

12 Dec 13 

31 Mar 14 

700 

<500 

0.4 (0.2 – 2) 

<0.3 (0.2 – 2) 

0.76 
a
 200 

b
 Derived from occupational standard 

for healthy, working population 

    500,000 
c
 Immediately dangerous to life and 

health 
a
 US NIH

  
 

b
 Occupational standard/50 (NZ, 2013)  

c
 NIOSH, 1-hour average 

NB: < indicates below level of detection 

Assessment of maximum 1-hour concentrations at 100 metres downwind assuming minimum 
dilution ratio of 2,000 with upper and lower bound modelling at 300 and 3,000 based on 
concentrations detected under the EADER cover on: 

12 December 2013 

 There are no air quality criteria established for dimethylamine other than occupational 
standards.  Worst-case estimated downwind dimethylamine concentrations were well below 
ambient criteria derived from occupational health standards. 

 Worst-case estimated downwind dimethylamine concentrations were generally below its 
odour threshold.  Upper bound modelling indicated potential exceedance but at this order 
of magnitude is unlikely to be significant. 

31 March 2014 

 Dimethylamine was not detected under the EADER cover on 31 March 2014.   

 If present at minimum detection levels (500 ppb), worst-case estimated downwind 
concentrations of dimethylamine would be well below ambient criteria derived from 
occupational health standards. 

 If present at minimum detection levels, dimethylamine would likely be below its odour 
threshold downwind. 

 

Conclusion: 

Dimethylamine was detected on 12 December 2013, but not 31 March 2014.   

Conservative screening modelling indicates that worst-case estimated downwind concentrations of 
dimethylamine were unlikely to pose any short-term direct health effects or be odorous downwind. 

 

 

http://hazmap.nlm.nih.gov/category-details?id=218&table=copytblagents
http://www.cdc.gov/niosh/idlh/intridl4.html
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Dimethylamine continued 

Additional Information: Dimethylamine 

[OEHHA] There is no acute reference exposure level for dimethylamine. 

[INCHEM] Inhalation: Burning sensation. Cough. Headache. Laboured breathing. Shortness of 
breath. Sore throat.  Symptoms may be delayed.    

Colourless compressed liquefied gas with pungent odour. 

  

http://www.oehha.ca.gov/air/allrels.html
http://www.inchem.org/documents/icsc/icsc/eics0260.htm
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Dimethyl disulphide 

Date Tested EADER  Estimate 
Downwind   

Odour 
Threshold 

Air Quality 
Criteria 

Critical Effect(s) 

 (ppb) (ppb) (ppb) (ppb)  

12 Dec 13 

31 Mar 14 

2,300 

43,000 

1.2 (0.8 – 8) 

22 (14 – 140) 

0.1 
a
 10 

b
 Derived from occupational standard 

for healthy, working population 

a
 Ruth, 1986 

b
 Occupational standard/50 (ACGIH, 2008), 1-hour average 

Assessment of maximum 1-hour concentrations at 100 metres downwind assuming minimum 
dilution ratio of 2,000 with upper and lower bound modelling at 300 and 3,000 based on 
concentrations detected under the EADER cover on: 

12 December 2013 

 There are no air quality criteria established for dimethyl disulphide other than occupational 
standards which are established for healthy, working populations.  Worst-case estimated 
downwind concentrations of dimethyl disulphide were below ambient criteria derived from 
occupational standards.  

 Worst-case estimated downwind concentrations of dimethyl disulphide were above its 
odour threshold. 

31 March 2014 

 Worst-case estimated downwind concentrations of dimethyl disulphide exceed ambient 
criteria derived from occupational standards.   

 Worst-case estimated downwind concentrations of dimethyl disulphide were above its 
odour threshold. 

 

Conclusion: 

Dimethyl disulphide was detected under the EADER cover on 12 December 2013 and 31 March 2014.  
Tested concentrations were significantly higher in March 2014 (43,000 ppb) compared with 
December 2013 (2,300 ppb). 

Conservative screening modelling indicates that worst-case estimated downwind concentrations of 
dimethyl disulphide were above criteria derived from occupational standards in March.  This does 
not mean that adverse health effects will occur, only that they cannot be ruled out. 

The modelling further indicates that worst-case estimated downwind concentrations may have been 
odorous. 

 

 

  

http://www.inchem.org/documents/icsc/icsc/eics1586.htm
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Dimethyl disulphide continued 

Additional Information: Dimethyl Disulphide 

[OEHHA] There is no acute reference exposure level for dimethyl disulphide. 

 [INCHEM] Inhalation:  Headache.  Nausea. Dizziness. Drowsiness 

LIQUID WITH CHARACTERISTIC ODOUR.  

 [US EPA Hazard characterisation document] 

Dimethyl disulphide is a pale yellow liquid at room temperature having high water solubility and high 
vapor pressure. Dimethyl disulphide is expected to have high mobility in soil. Volatilization is 
expected to be high given the Henry’s Law constant of this substance. This chemical is not subject to 
hydrolysis because it lacks functional groups that hydrolyze under normal environmental conditions. 
The rate of atmospheric photooxidation is rapid. This chemical is not readily biodegradable. 
Dimethyl disulphide is expected to have moderate persistence (P2) and low bioaccumulation 
potential (B1).  

  

  

http://www.oehha.ca.gov/air/allrels.html
http://www.inchem.org/documents/icsc/icsc/eics1586.htm
http://www.epa.gov/chemrtk/hpvis/hazchar/624920_dimethyl%20disulfide_March_2012.pdf
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Dimethyl sulphide 

Date Tested EADER  Estimate 
Downwind   

Odour 
Threshold 

Air Quality 
Criteria 

Critical Effect(s) 

 (ppb) (ppb) (ppb) (ppb)  

12 Dec 13 

31 Mar 14 

<500 

4,000 

<0.3 (0.2 – 2) 

2 ( 1 – 13) 

20 
a
 200 

b
 Derived from occupational standard 

for healthy, working population 

a 
INCHEM 

b
 Occupational standard/50 (ACGIH, 2009), 1-hour average 

NB: < indicates below level of detection 

Assessment of maximum 1-hour concentrations at 100 metres downwind assuming minimum 
dilution ratio of 2,000 with upper and lower bound modelling at 300 and 3,000 based on 
concentrations detected under the EADER cover on: 

12 December 2013 

 Dimethyl sulphide was not detected under the EADER cover on 12 December 2013. 

 If present at minimum detection levels (500 ppb), worst-case estimated downwind 
concentrations of dimethyl sulphide would be below ambient criteria derived from 
occupational standards.  They would also be below its odour threshold. 

31 March 2014 

 Worst-case estimated downwind concentrations of dimethyl sulphide were below ambient 
criteria derived from occupational standards. 

 Worst-case estimated downwind concentrations of dimethyl sulphide were below its odour 
threshold. 

 

Conclusion: 

Dimethyl sulphide was detected under the EADER cover on 31 March 2014 (4,000 ppb) only. 

Conservative screening modelling indicates that worst-case estimated downwind concentrations of 
dimethyl disulphide were unlikely to cause any short-term direct health effects or have been 
odorous downwind. 

 

  

http://www.inchem.org/documents/icsc/icsc/eics1586.htm
http://toxnet.nlm.nih.gov/cgi-bin/sis/search/f?./temp/~3UJhVu:1
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Dimethyl sulphide continued 

Additional Information: Dimethyl sulphide 

[OEHHA] There is no acute reference exposure level for dimethyl sulphide. 

[INCHEM] No entries. 

 [Hazardous Substances Data Bank] Dimethyl sulphide is a colourless, volatile liquid with an 
unpleasant wild radish, cabbage-like odour. 

[US Department of Labour: OSHA] 

Health Factors 

Potential Symptoms: Irritation of eyes and skin; cough, sore throat; nausea; weakness 
 
Health Effects: Irritation-Eyes---Marked (HE14); Irritation-Skin---Mild (HE16) 
 
Affected Organs: Eyes, skin, respiratory system  

  

http://www.oehha.ca.gov/air/allrels.html
http://www.inchem.org/documents/icsc/icsc/eics1586.htm
http://toxnet.nlm.nih.gov/cgi-bin/sis/search/f?./temp/~p7XNMD:1
https://www.osha.gov/dts/chemicalsampling/data/CH_236505.html
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Ethanol 

Date Tested EADER  Estimate 
Downwind   

Odour 
Threshold 

Air Quality 
Criteria 

Critical Effect(s) 

 (ppb) (ppb) (ppb) (ppb)  

12 Dec 13 

31 Mar 14 

20,000 

<500 

10 (7 – 70) 

<0.3 (0.2 – 2) 

100,000 
a
 10,000 

b
 Derived from occupational standard 

for healthy, working population 

    3,300,000 
c
 Immediately dangerous to life and 

health 
a
 AIHA

 
   

b
 Occupational standard/100 (NZ, 2013), 1-hour average 

c
 NIOSH 

NB: < indicates below level of detection  

Assessment of maximum 1-hour concentrations at 100 metres downwind assuming minimum 
dilution ratio of 2,000 with upper and lower bound modelling at 300 and 3,000 based on 
concentrations detected under the EADER cover on: 

12 December 2013 

 There are no air quality criteria established for ethanol other than occupational standards.  
Worst-case estimated concentrations of ethanol downwind were well below ambient criteria 
derived from occupational standards. 

 Worst-case estimated downwind ethanol concentrations were well below its odour 
threshold. 

31 March 2014 

 Ethanol was not detected under the EADER cover on 31 March 2014.   

 If present at minimum detection levels (500 ppb), worst-case estimated downwind 
concentrations of ethanol were well below criteria derived from occupational health 
standards. 

 Assuming minimum detection levels, worst-case estimated downwind concentrations of 
ethanol were far below its odour threshold. 

 

Conclusion: 

Ethanol was detected under the EADER cover on 12 December 2013 (20,000 ppb) but not on 
31 March 2014.   

Conservative screening modelling indicates that ethanol posed no short-term direct health or odour 
effects downwind. 

 

  

http://www.business.govt.nz/worksafe/information-guidance/all-guidance-items/workplace-exposure-standards-and-biological-exposure-indices/workplace-exposure-standards-and-biological-indices-2013.pdf
http://www.cdc.gov/niosh/idlh/intridl4.html
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Ethanol continued 

Additional Information: Ethanol 

[OEHHA] There is no acute reference exposure level for ethanol. 

 [INCHEM] Ethanol has a low order of acute toxicity by all routes of exposure. Lowest robust 
reported values are an inhalation LC 50 of >60,000ppm, 1 hour, mouse), and an oral LD 50 of 
8,300mg/kg.bw (mouse). Ethanol is a moderate eye irritant but is neither a skin irritant nor a 
sensitizer.  

  

http://www.oehha.ca.gov/air/allrels.html
http://www.inchem.org/documents/sids/sids/64175.pdf
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Ethyl mercaptan 

Date Tested EADER  Estimate 
Downwind   

Odour 
Threshold 

Air Quality 
Criteria 

Critical Effect(s) 

 (ppb) (ppb) (ppb) (ppb)  

12 Dec 13 

31 Mar 14 

<500 

4,000 

<0.3 (0.2 – 2) 

2 (1 – 13) 

0.35 
a
 10 

b
 Derived from occupational standard 

for healthy, working population 

    500,000 
c
 Immediately dangerous to life and 

health 
a
 AIHA 

b
 Occupational standard/50 (NZ, 2013), 1-hour average 

c
 NIOSH

  

NB: < indicates below level of detection 

Assessment of maximum 1-hour concentrations at 100 metres downwind assuming minimum 
dilution ratio of 2,000 with upper and lower bound modelling at 300 and 3,000 based on 
concentrations detected under the EADER cover on: 

12 December 2013 

 Ethyl mercaptan was not detected under the EADER cover on 12 December 2013. 

 There are no air quality criteria for ethyl mercaptan other than occupational standards which 
are established for normal, healthy working populations.  If present at minimum detection 
levels (500 ppb), worst-case estimated downwind concentrations of ethyl mercaptan would 
be below ambient criteria derived from occupational standards. 

 If present at minimum detection levels, worst-case estimated downwind concentrations of 
ethyl mercaptan would be around its odour threshold.  

31 March 2014 

 Worst-case estimated downwind concentrations of ethyl mercaptan significantly were 
generally below ambient criteria derived from occupational standards. Upper bound 
modelling indicated potential exceedance but at this order of magnitude is unlikely to be 
significant. 

 Worst-case estimated downwind concentrations of ethyl mercaptan were above its odour 
threshold. 

Conclusion: 

Ethyl mercaptan was detected under the EADER cover on 31 March 2014 (4,000 ppb) only.  

Based on this testing, conservative screening modelling indicates that worst-case estimated 
downwind concentrations of ethyl mercaptan were generally below ambient criteria derived from 
occupational standards.  However, it may have been odorous. 

  

http://www.business.govt.nz/worksafe/information-guidance/all-guidance-items/workplace-exposure-standards-and-biological-exposure-indices/workplace-exposure-standards-and-biological-indices-2013.pdf
http://www.cdc.gov/niosh/idlh/intridl4.html
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Ethyl mercaptan continued 

Additional Information: Ethyl Mercaptan 

[OEHHA] There is no acute reference exposure level for ethyl mercaptan. 

[INCHEM] Inhalation: Dizziness. Headache. Nausea. Vomiting. Tremor. Weakness. Unconciousness.  

Colourless liquid with pungent odour. 

[OSHA] 

Studies of human volunteers, exposed at 4 ppm for three hours daily for 5 to 10 days, have reported 
adverse effects. At this level, all subjects experienced altered taste and olfactory reactions, periodic 
nausea, mucous membrane irritation, and fatigue. Exposure to 0.4 ppm produced no unpleasant 
symptoms (ACGIH 1986/Ex. 1-3, p. 262).   

[1999 New Jersey Fact sheet] 

Ethyl mercaptan is a colourless or yellowish liquid or a gas with a pungent, garlic or skunk-like odour. 
It is used as an additive to odourless gases like butane, propane, and petroleum to give them a 
warning odour.  

Acute 

 Breathing ethyl mercaptan can irritate the nose and throat.  

 Breathing ethyl mercaptan can irritate the lungs causing coughing and/or shortness of 
breath. Higher exposures can cause a build-up of fluid in the lungs (pulmonary edema), a 
medical emergency, with severe shortness of breath. 

 Breathing ethyl mercaptan can cause headache, nausea, vomiting, diarrhea, muscle 
weakness, convulsions, and tiredness. Higher levels can cause dizziness, lightheadedness, 
coma and death. 

QUESTIONS AND ANSWERS  

Q: If I have acute health effects, will I later get chronic health effects?  

A: Not always. Most chronic (long-term) effects result from repeated exposures to a chemical.  

Q: Can I get long-term effects without ever having short-term effects?  

A: Yes, because long-term effects can occur from repeated exposures to a chemical at levels not high 
enough to make you immediately sick.  

Q: What are my chances of getting sick when I have been exposed to chemicals?  

A: The likelihood of becoming sick from chemicals is increased as the amount of exposure increases. 
This is determined by the length of time and the amount of material to which someone is exposed.  

  

http://www.oehha.ca.gov/air/allrels.html
http://www.inchem.org/documents/icsc/icsc/eics0470.htm
http://www.cdc.gov/niosh/pel88/75-08.html
http://nj.gov/health/eoh/rtkweb/documents/fs/0894.pdf
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Ethyl mercaptan continued 

Q: When are higher exposures more likely?  

A: Conditions which increase risk of exposure include physical and mechanical processes (heating, 
pouring, spraying, spills and evaporation from large surface areas such as open containers), and 
"confined space" exposures (working inside vats, reactors, boilers, small rooms, etc.).  

Q: Is the risk of getting sick higher for workers than for community residents?  

A: Yes. Exposures in the community, except possibly in cases of fires or spills, are usually much lower 
than those found in the workplace. However, people in the community may be exposed to 
contaminated water as well as to chemicals in the air over long periods. This may be a problem for 
children or people who are already ill. 
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Formaldehyde 

Date Tested EADER  Estimate 
Downwind   

Odour 
Threshold 

Air Quality 
Criteria 

Critical Effect(s) 

 (ppb) (ppb) (ppb) (ppb)  

12 Dec 13 

31 Mar 14 

<500 

<500 

<0.3 (0.2 – 2) 

<0.3 (0.2 – 2) 

8 
a
 44 

b
 

 

Mild and moderate eye irritation 

    20,000
 c
 Immediately dangerous to life and 

health 
a
 INCHEM 

b 
California OEHHA, December 2008, 1-hour average 

c 
NIOSH 

NB: < indicates below level of detection 

Assessment of maximum 1-hour concentrations at 100 metres downwind assuming minimum 
dilution ratio of 2,000 with upper and lower bound modelling at 300 and 3,000 based on 
concentrations detected under the EADER cover on: 

12 December 2013 and 31 March 2014 

 Formaldehyde was not detected under the EADER cover on 12 December 2013 or 31 March 
2014.  

 If present at minimum detection levels (500 ppb), worst-case estimated downwind 
concentrations of formaldehyde would be below the short-term California Reference 
Exposure Level.   

 At minimum detection levels, worst-case estimated downwind concentrations of 
formaldehyde would be below its odour threshold downwind.  

 

Conclusion:  

Formaldehyde was not detected under the EADER cover during testing on 12 December 2013 or 
31 March 2014.   

If present at concentrations close to the minimum detection level, conservative screening modelling 
indicates it is unlikely to have any short-term direct health effects.   Formaldehyde would be unlikely 
to be odorous downwind. 

 

  

http://www.inchem.org/documents/ehc/ehc/ehc89.htm
http://www.oehha.ca.gov/air/hot_spots/2008/AppendixD1_final.pdf#page=128
http://www.cdc.gov/niosh/idlh/intridl4.html
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Formaldehyde continued 

Additional Information: Formaldehyde 

[INCHEM]  

At room temperature, formaldehyde is a colourless gas with a pungent, irritating odour. 
Formaldehyde is present in rural and urban ambient air at concentrations ranging from 0.042 – 23 
ppb. 

In a number of clinical studies, generally mild to moderate sensory eye, nose, and throat irritation 
was experienced by volunteers exposed for short periods to concentrations of formaldehyde ranging 
from 0.25 to 3.0 ppm (Andersen & Mølhave, 1983; Sauder et al., 1986, 1987; Schachter et al., 1986; 
Green et al., 1987, 1989; Witek et al., 1987; Kulle, 1993; Pazdrak et al., 1993). Mucociliary clearance 
in the anterior portion of the nasal cavity was reduced following exposure of volunteers to 0.25 ppm 
formaldehyde (Andersen & Mølhave, 1983). Based upon the results of experimental studies, it 
appears that in healthy individuals as well as those with asthma, brief exposure (up to 3 h) to 
concentrations of formaldehyde up to 3.0 ppm had no significant clinically detrimental effect upon 
lung function (Day et al., 1984; Sauder et al., 1986, 1987; Schachter et al., 1986, 1987; Green et al., 
1987; Witek et al., 1987; Harving et al., 1990). 

 [OEHHA] 
 
The non-cancer adverse health effects of formaldehyde are largely a manifestation of its ability to 
irritate mucous membranes.  As a result of its solubility in water and high reactivity, formaldehyde is 
efficiently absorbed into the mucus layers protecting the eyes and respiratory tract where it rapidly 
reacts, leading primarily to localized irritation.  Acute high exposure may lead to eye, nose and 
throat irritation, and in the respiratory tract, nasal obstruction, pulmonary edema and dyspnea.   
Prolonged or repeated exposures have been associated with allergic sensitization, respiratory 
symptoms (coughing, wheezing, shortness of breath), histopathological changes in respiratory 
epithelium, and decrements in lung function.   

Although the RELs presented in this document are not based on studies that used asthma as the 
critical endpoint, uncertainty factors were applied in the REL estimates to explicitly consider the 
potential of formaldehyde to cause or exacerbate asthma-like wheeze and cough symptoms, 
especially in asthmatic children. 

 
 
 

  

http://www.inchem.org/documents/cicads/cicads/cicad40.htm#2.
http://www.oehha.ca.gov/air/hot_spots/2008/AppendixD1_final.pdf#page=128
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Hydrogen Sulphide 

Date Tested* EADER  Estimate 
Downwind   

Odour 
Threshold 

Air Quality 
Criteria 

Critical Effect(s) 

 (ppb) (ppb) (ppb) (ppb)  

12 Dec 13 

 

3,107,000 

 

1,550          (1,040 
– 10,400) 

4.5 
a
 30 

b
 Headache, nausea, physiological 

responses to odour 

31 Mar 14 <500 <0.3 (0.2 – 2)    

    100,000 
c
 Immediately dangerous to life and 

health 

*Additional ambient monitoring of hydrogen sulphide was carried out.  This is discussed in the body of the memo. 
a
 AIHA 

b 
California [OEHHA], June 2008, 1-hour average 

c 
NIOSH 

NB: < indicates below level of detection under EADER cover 

Assessment of maximum 1-hour concentrations at 100 metres downwind assuming minimum 
dilution ratio of 2,000 with upper and lower bound modelling at 300 and 3,000 based on 
concentrations detected under the EADER cover on: 

12 December 2013 

 Extremely high concentrations (3,107,000 parts per billion) of hydrogen sulphide were 
detected under the EADER cover on 12 December 2013.  These concentrations exceed the 
immediately dangerous to life and health concentration (under the EADER cover).   

 Worst-case estimated downwind concentrations of hydrogen sulphide were below the 
immediately dangerous to life and health concentration.  However, they were elevated in 
comparison with the acute California Reference Exposure Level and significantly in excess of 
its odour threshold. 

31 March 2014 

 Hydrogen sulphide was not detected under the EADER cover on 31 March 2014 (<500 ppb).  
This is a significant drop from concentrations measured on 12 December 2013.   

 If present at minimum detection levels (500 ppb), worst-case estimated downwind 
concentrations of hydrogen sulphide would be below the acute California Reference 
Exposure Level.  This indicates that it was not anticipated to present a significant risk of an 
adverse non-cancer health effect. 

 At minimum detection levels, worst-case estimated downwind concentrations of hydrogen 
sulphide would be below its odour threshold.   

Conclusion:  

Extremely high concentrations of hydrogen sulphide were detected under the EADER cover on 
12 December 2013.  Based on this testing, conservative screening modelling indicates that worst-
case estimated downwind concentrations of hydrogen sulphide could possibly have had short-term 
direct health effects.  Worst-case estimated concentrations downwind were likely to have been 
odorous.   

http://www.oehha.ca.gov/air/allrels.html
http://www.cdc.gov/niosh/idlh/intridl4.html
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Testing on 31 March 2014 did not detect hydrogen sulphide under the EADER cover (detection limit 
< 500 ppb).  Even if present at minimum detection levels (500 ppb), conservative screening 
modelling indicates it would be unlikely to have any short-term direct health effects downwind or be 
odorous.   

 

Additional Information: Hydrogen Sulphide [INCHEM] 

Inhalation: Headache. Dizziness. Cough. Sore throat. Nausea. Laboured breathing. Unconciousness. 
Symptoms may be delayed.  

Hydrogen sulfide is a flammable colourless gas with the characteristic odour of rotten eggs.  
Hydrogen sulphide in ambient air in concentrations of the order of the odour threshold has not been 
shown to have any significant biological activity in man or animals.   

In controlled laboratory studies, the odour threshold for hydrogen sulphide has been reported to 
range from 0.0005-0.13 ppm. Little information is available on the odour detection limits for 
hydrogen sulphide either under experimental field conditions or in the ambient air. However, the 
Task Group considered that a level of 0.005 ppm averaged over 30 min should not produce odour 
nuisance in most situations.  

In the occupational setting, the earliest toxic response appears to be eye irritation, which has been 
reported to occur at 11-21 ppm after several hours' exposure.  

 
 
Human health effects at various hydrogen sulfide concentrations [WHO] 
 

Exposure (ppb)* Effect / observation Reference 

15 Odour threshold Amoore & Hautala, 1983 

2,000 Bronchial constriction in asthmatic 
individuals 

Jappinen et al., 1990 

 

7,000 Increased eye complaints Vanhoorne et al., 1995 

9,800 or 19,500 Increased blood lactate concentration, 
decreased skeletal muscle citrate synthase 
activity, decreased oxygen uptake 

Bhambhani & Singh, 1991; 
Bhambhani et 

al., 1996b, 1997 

7,000–40,000 Eye irritation IPCS, 1981 

39,000 Fatigue, loss of appetite, headache, 
irritability, poor memory, 

dizziness 

Ahlhorg, 1951 

 

> 195,000 Olfactory paralysis Hirsch & Zavala, 1999 

> 781,000 Respiratory distress Spolyar, 1951 

≥ 976,000 Death Beauchamp et al., 1984 

*Converted from mg/m
3
 at 25 °C 

 

http://www.inchem.org/documents/ehc/ehc/ehc019.htm#SubSectionNumber:1.1.6
http://apps.who.int/iris/handle/10665/42638
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Hydrogen Sulphide continued  

[US Department of Labour Occupational Safety and Health Administration]11 

Concentration 
(ppb) 

Symptoms/Effects 

0.11-0.33 Typical background concentrations 

10-1,500 Odour threshold (when rotten egg smell is first noticeable to some).  Odour 
becomes more offensive at 3,000-5,000 ppb.  Above 30,000 ppb, odour 
described as sweet or sickeningly sweet. 

2,000-5,000 Prolonged exposure may cause nausea, tearing of the eyes, headaches or 
loss of sleep.  Airway problems (bronchial constriction) in some asthma 
patients. 

20,000 Possible fatigue, loss of appetite, headache, irritability, poor memory, 
dizziness. 

50,000-100,000 Slight conjunctivitis ("gas eye") and respiratory tract irritation after 1 hour.  
May cause digestive upset and loss of appetite. 

100,000 Coughing, eye irritation, loss of smell after 2-15 minutes (olfactory fatigue).  
Altered breathing, drowsiness after 15-30 minutes.  Throat irritation after 1 
hour.  Gradual increase in severity of symptoms over several hours.  Death 
may occur after 48 hours. 

100,000-150,000 Loss of smell (olfactory fatigue or paralysis). 

200,000-300,000 Marked conjunctivitis and respiratory tract irritation after 1 hour.  
Pulmonary edema may occur from prolonged exposure.  

500,000-700,000 Staggering, collapse in 5 minutes.  Serious damage to the eyes in 30 minutes.  
Death after 30-60 minutes. 

700,000-1,000,000 Rapid unconsciousness, "knockdown" or immediate collapse within 1 to 2 
breaths, breathing stops, death within minutes. 

1,000,000-2,000,000 Nearly instant death 

 

  

                                            

 

11
 Website – accessed 19 Sept 2014. 

https://www.osha.gov/SLTC/hydrogensulfide/hazards.html
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Methyl mercaptan 

Date Tested EADER  Estimate 
Downwind   

Odour 
Threshold 

Air Quality 
Criteria 

Critical Effect(s) 

 (ppb) (ppb) (ppb) (ppb)  

12 Dec 13 

31 Mar 14 

161,000 

23,000 

80 (54 – 540) 

12 (8 – 80) 

0.54 
a
 10 

b
 Derived from occupational standard 

for healthy, working population 

    150,000 
c
 Immediately dangerous to life and 

health 
a
 AIHA 

b
 Occupational standard/50 (NZ, 2013), 1-hour average 

c 
NIOSH 

Assessment of maximum 1-hour concentrations at 100 metres downwind assuming minimum 
dilution ratio of 2,000 with upper and lower bound modelling at 300 and 3,000 based on 
concentrations detected under the EADER cover on: 

12 December 2014 

 Extremely high concentrations (161,000 parts per billion) of methyl mercaptan were 
detected under the EADER cover on 12 December 2013.  These concentrations exceed the 
immediately dangerous to life and health concentration (under the EADER cover).   

 Worst-case estimated downwind concentrations of methyl mercaptan were well well below 
the immediately dangerous to life and health concentration.   

 There are no air quality criteria for methyl mercaptan other than occupational standards 
which are established for normal, healthy working populations.  Worst-case estimated 
downwind concentrations of methyl mercaptan were elevated in comparison with ambient 
criteria derived from occupational standards. 

31 March 2013 

 Methyl mercaptan was detected under the EADER cover on 31 March 2014, but at 
concentrations well below those measured in December 2013.  Concentrations in March 
(under the EADER cover) were well below the immediately dangerous to life and health 
concentration. 

 Worst-case estimated downwind concentrations of methyl mercaptan were around the 
same as ambient criteria derived from occupational standards.  They were elevated in 
relation to its odour threshold. 

  

http://www.business.govt.nz/worksafe/information-guidance/all-guidance-items/workplace-exposure-standards-and-biological-exposure-indices/workplace-exposure-standards-and-biological-indices-2013.pdf
http://www.cdc.gov/niosh/idlh/intridl4.html
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Conclusion: 

Extremely high concentrations of methyl mercaptan were detected under the EADER cover on 
12 December 2013.  Based on this testing, conservative screening modelling indicates that worst-
case estimated downwind concentrations of methyl mercaptan could possibly have had short-term 
direct health effects.  Worst-case estimated downwind concentrations were likely to have been 
odorous. 

Testing on 31 March 2014 revealed much lower concentrations of methyl mercaptan compared with 
those measured in December 2013.  Conservative screening modelling indicates that worst-case 
estimated downwind concentrations were close to ambient criteria derived from occupational 
standards.  Worst-case estimated concentrations downwind were also likely to have been odorous. 

 

Additional Information: Methyl Mercaptan 

[OEHHA] There is no acute reference exposure level for methyl mercaptan. 

 [INCHEM] Inhalation: Cough. Sore throat. Dizziness. Headache. Nausea. Vomiting. Unconciousness. 

 

  

http://www.oehha.ca.gov/air/allrels.html
http://www.inchem.org/documents/icsc/icsc/eics0299.htm
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Pentanoic acid 

Date Tested EADER  Estimate 
Downwind   

Odour 
Threshold 

Air Quality 
Criteria 

Critical Effect(s) 

 (ppb) (ppb) (ppb) (ppb)  

12 Dec 13 

31 Mar 14 

2,600 

520 

1.3 (0.9 – 9) 

0.3 (0.2 – 2) 

0.62 
a
 None - 

a 
US NIH 

 

Assessment of maximum 1-hour concentrations at 100 metres downwind assuming minimum 
dilution ratio of 2,000 with upper and lower bound modelling at 300 and 3,000 based on 
concentrations detected under the EADER cover on: 

12 December 2013 and 31 March 2014 

 Pentanoic acid was detected under the EADER cover on 12 December 2013 and 31 March 
2014.   

 Worst-case estimated downwind concentrations of pentanoic acid were above its odour 
threshold in December (only). 

 There are no established air quality criteria for pentanoic acid. 

 

Conclusion: 

Conservative screening modelling indicates that worst-case estimated downwind concentrations of 
pentanoic acid may have been odorous in December (only).  Health effects are not known. 

 

Additional Information: Pentanoic Acid 

[OEHHA] There is no acute reference exposure level for pentanoic acid. 

[INCHEM] Inhalation: Burning sensation. Cough. Sore throat 

[HSDB] 

Colourless liquid with an unpleasant odour, similar to butyric acid. 

 

No occupational limits established 

  

http://hazmap.nlm.nih.gov/category-details?table=copytblagents&id=3492
http://www.oehha.ca.gov/air/allrels.html
http://www.inchem.org/documents/icsc/icsc/eics1334.htm
http://toxnet.nlm.nih.gov/cgi-bin/sis/search/f?./temp/~sN5VBb:1
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Propanoic acid 

Date Tested EADER  Estimate 
Downwind   

Odour 
Threshold 

Air Quality 
Criteria 

Critical Effect(s) 

 (ppb) (ppb) (ppb) (ppb)  

12 Dec 13 

31 Mar 14 

<500 

520 

<0.3 (0.2 – 2) 

0.3 (0.2 – 2) 

30 
a
 200 

b
 Derived from occupational standard 

for healthy, working population 

a 
European Commission 

b
 Occupational standard/50 (NZ, 2013), 1-hour average 

NB: < indicates below level of detection 

Assessment of maximum 1-hour concentrations at 100 metres downwind assuming minimum 
dilution ratio of 2,000 with upper and lower bound modelling at 300 and 3,000 based on 
concentrations detected under the EADER cover on: 

12 December 2013 

 Propanoic acid was not detected under the EADER cover on 12 December 2013. 

 There are no air quality criteria for propanoic acid other than occupational standards which 
are established for normal, healthy working populations.  If present at minimum detection 
levels (500 ppb), worst-case estimated downwind concentrations of propanoic acid would be 
below ambient criteria derived from occupational standards. 

 At minimum detection levels, worst-case estimated downwind concentrations of propanoic 
acid were well below its odour threshold. 

31 March 2014 

 Propanoic acid was detected under the EADER cover on 31 March 2014 (520 ppb).   

 Worst-case estimated downwind concentrations of propanoic acid were below criteria 
derived from occupational standards and its odour threshold. 

 

Conclusion:  

Conservative screening modelling indicates that worst-case estimated downwind concentrations of 
propanoic acid posed little potential adverse health or odour effects downwind. 

 

Additional Information: Propanoic Acid 

[OEHHA] There is no acute reference exposure level for propanoic acid. 

 [INCHEM] Inhalation: Burning sensation. Cough. Shortness of breath. Sore throat.  

Oily colourless liquid with pungent odour. 

http://www.google.co.nz/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CDAQFjAB&url=http%3A%2F%2Fec.europa.eu%2Fsocial%2FBlobServlet%3FdocId%3D3845%26langId%3Den&ei=GRRGU-WeNomtkAXQ5IHoCw&usg=AFQjCNEWmBQhrfhcOekvo-mo0oK0lZLZJw&bvm=bv.6450733
http://www.business.govt.nz/worksafe/information-guidance/all-guidance-items/workplace-exposure-standards-and-biological-exposure-indices/workplace-exposure-standards-and-biological-indices-2013.pdf
http://www.oehha.ca.gov/air/allrels.html
http://www.inchem.org/documents/icsc/icsc/eics0806.htm
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Toluene 

Date Tested EADER  Estimate 
Downwind   

Odour 
Threshold 

Air Quality 
Criteria 

Critical Effect(s) 

 (ppb) (ppb) (ppb) (ppb)  

12 Dec 13 

31 Mar 14 

10,000 

24,000 

5 (3 – 33) 

12 (8 – 80) 

1,600 
a
 9,658 

b
 Headache, dizziness, slight eye and 

nose irritation 

    500,000 
c
 Immediately dangerous to life and 

health 
a
 AIHA 

b
 California OEHHA, Reference Exposure Levels, December 2008, 1-hour average 

c 
NIOSH 

Assessment of maximum 1-hour concentrations at 100 metres downwind assuming minimum 
dilution ratio of 2,000 with upper and lower bound modelling at 300 and 3,000 based on 
concentrations detected under the EADER cover on: 

12 December 2013 and 31 March 2014 

 Toluene was detected under the EADER over on 12 December 2013 and 31 March 2014. 

 Worst-case estimated downwind concentrations of toluene were below the short-term 
California Reference Exposure Level.  This indicates that it was not anticipated to present a 
significant risk of an adverse non-cancer health effect.   

 Worst-case estimated downwind concentrations of toluene were well below its odour 
threshold. 

 

Conclusion:  

Conservative screening modelling indicates that worst-case estimated downwind concentrations of 
toluene posed little odour or potential adverse health effects. 

   

Additional Information: Toluene 

[INCHEM] 

Toluene is a clear, colourless liquid at ambient temperature and has a benzene-like odour.  The 
odour threshold for toluene in air has been determined to be 2.5 ppm.  The sensory threshold (the 
concentration at which volunteers, when exposed for 15-min inhalation periods, had olfactory 
fatigue, mild eye irritation, "tasting something", "light-headed", and headache, but, nevertheless, 
were willing to work for 8 h) was 180 ppm (section 9.1.2.) (Carpenter et al., 1976a,b).  

  

http://www.oehha.ca.gov/air/allrels.html
http://www.cdc.gov/niosh/idlh/intridl4.html
http://www.inchem.org/documents/ehc/ehc/ehc52.htm#SubSectionNumber:1.1.5
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Toluene continued 

The primary effect of toluene is on the central nervous system (CNS).  The effect may be depressant 
or excitatory, with euphoria in the induction phase followed by disorientation, tremulousness, mood 
lability, tinnitus, diplopia, hallucinations, dysarthria, ataxia, convulsions, and coma.  

Acute controlled and occupational exposures to toluene in the range of 200 – 1,500 ppm caused 
dose-related CNS effects.  Acute exposure to high levels of toluene (e.g., 9,700 ppm or higher for a 
few min) during industrial accidents was characterized by initial CNS excitative effects (e.g., 
exhilaration, euphoria, hallucinations) followed by progressive impairment of consciousness, 
eventually resulting in seizures and coma.  

Single, short-term exposures to toluene (200 ppm for 8 h) have reportedly caused transient eye and 
respiratory tract irritation with lachrymation at 400 ppm.  

Occupational limits (ACGIH 2004, NZ 2013):  

50 ppm (50,000 ppb) as 8-hour average;  
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Trimethylamine 

Date Tested EADER  Estimate 
Downwind   

Odour 
Threshold 

Air Quality 
Criteria 

Critical Effect(s) 

 (ppb) (ppb) (ppb) (ppb)  

12 Dec 13 

31 Mar 14 

<500 

670 

<0.3 (0.2 – 2) 

0.3 (0.2 – 2) 

0.2 
a
 1,139 

b
 Visual disturbances and ocular 

irritation in healthy human 
volunteers 

      

a
 US NIH 

b 
California OEHHA, Reference Exposure Levels, (2008), 1-hour average 

NB: < indicates below level of detection 

Assessment of maximum 1-hour concentrations at 100 metres downwind assuming minimum 
dilution ratio of 2,000 with upper and lower bound modelling at 300 and 3,000 based on 
concentrations detected under the EADER cover on: 

12 December 2013  

 Trimethylamine was not detected under the EADER cover on 12 December 2013. 

 If present at minimum detection levels (500 ppb), worst-case estimated downwind 
concentrations of trimethylamine were well below the acute California Reference Exposure 
Level.  This indicates that it was not anticipated to present a significant risk of an adverse 
non-cancer health effect. 

 At minimum detection levels, worst-case estimated downwind concentrations of 
trimethylamine were likely to be below its odour threshold in ambient air. 

31 March 2014 

 Trimethylamine was detected under the EADER cover on 31 March 2014 (670 ppb).  Based 
on this testing, worst-case estimated downwind concentrations of trimethylamine were 
below the acute California Reference Exposure Level.  This indicates that it was not 
anticipated to present a significant risk of an adverse non-cancer health effect. 

 Worst-case estimated downwind concentrations of trimethylamine were close to its odour 
threshold. 

Conclusion:  

Trimethylamine was detected under the EADER cover on 31 March 2014 (only). 

Conservative screening modelling indicates that worst-case estimated downwind concentrations of 
trimethylamine would be unlikely to have any short-term direct health effects.   

 

  

http://hazmap.nlm.nih.gov/category-details?id=219&table=copytblagents
http://www.oehha.ca.gov/air/allrels.html
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Additional Information: Trimethylamine 

Occupational limits (NZ, 2013):  

10 ppm (10,000 ppb) as 8-hour average;  

[INCHEM] 

Inhalation: Cough. Sore throat. Shortness of breath. Laboured breathing. Headache. Dizziness. 
Weakness. Nausea. Symptoms may be delayed.  

 

 

 

 

  

http://www.inchem.org/documents/icsc/icsc/eics0203.htm
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Appendix B Emissions to air from wastewater treatment plants 

Typical (wastewater treatment plant) compounds of concern from an odour perspective include the 
following: 

 Hydrogen sulphide 

 Ammonia 

 Mercaptans 

 Amines 

 Carbon disulphide 

 Dimethyl sulphide 

 Dimethyl disulphide 

However, emissions of volatile organic compounds (VOCs) can also be significant for plants serving 
industrial and commercial establishments that discharge large quantities or organic chemicals – 
especially when combined with treatment of sanitary waste.   

Table B.1 lists the following “typical target compounds” from wastewater treatment plants (WWTP).  
This (American based) list may or may not be relevant for Eltham, which does have industrial sources 
in addition to town sewage.  Those contaminants included in the suite measured at Eltham are 
highlighted in yellow in Table B.1. 

Table B.1 Typical target compounds from WWTPs (Source: AWMA, 2000) 

1. Vinyldene chloride (1,1, DCE) 16. Chlorobenzene 

2. Ethylene dichloride (1,2, DCA) 17. Methylphenol-4 

3. Vinyl chloride 18. Natphalene 

4. Tetrachloroethene 19. Hexone (MIBK) 

5. Methylene chloride 20. Phenol 

6. Tetrachlororethane-1,1,1,2,2 21. Dichlorobenzene-1,2 

7. Chloroform 22. Ethanol 

8. Bromomethane 23. Trans-1,2-Dichloroethene 

9. Benzene 24. Ethylbenzene 

10. Trichloroethene 25. Trichloroethane-1,1,1 

11. Styrene 26. Ethanol, 2 methoxy 

12. Xylene (total, m, o, p) 27. Carbon disulphide 

13. Toluene 28. Ethane, 1,1-oxybis 

14. Acetone 29. Methylphenol-2  

15. Butanone MEK (2-butanone)  
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Appendix C Screening air quality assessment 

 

Location, meteorology and occurrence of odours 

Figure C-1 shows the EADER in relation to neighbouring houses.  There are around 18 houses within 
250 m of the EADER. 

There is very little difference in elevation between the EADER and the neighbouring houses (< 10 
metres), all being located some 16 km to the south-east of Mt Taranaki.   

Also, as shown in Figure C-2 is a stream running roughly north-south from the direction of the EADER 
towards neighbouring houses.  Topography is known to have a strong effect on dispersion 
characteristics, with streams known to result in channelling and low-lying areas and depressions 
being subject to air ‘pooling’.  

Given the layout, I would therefore expect katabatic flow to be in the direction from the houses and 
towards the EADER.12  This is fortunate as it would take odour away from the houses at night-time 
and in the early morning when there is less thermal mixing and dispersion.   

However, this layout does lend itself to odours coming from the EADER to the houses under the 
reverse conditions, i.e. an anabatic wind.13  These winds typically occur during the daytime in calm 
sunny weather.  I understand that a south easterly wind (i.e. from the EADER towards the houses) 
was a prevailing wind in Eltham, at least during March and April 2014 (Refer Figure C-2 which 
follows).   

The following is an excerpt from my memo to Dr Jarman dated 28 March 2014 reporting on my site 
visit of 21 March 2014: 

Residents stated that the odours did not occur at any set time, rather they were a direct 
result of the wind direction (“anything from the south”).  Odours were experienced under a 
variety of meteorological conditions, from a gentle breeze to moderate winds (leaves and 
twigs in constant motion, around 3-4 on the Beaufort scale).  Residents reported that the 
intensity varied depending on wind conditions. 

The residents we spoke to were a mixture of farmers and townsfolk who tend to work all 
hours of the day (for example milking and moving stock).  Their experiences of the odours 
were thus at all hours of the day. 

A review of the TRC odour investigation reports shows that of the 63 odour complaints received 
between 29 October 2013 and 16 May 2014, the majority (87%) were between the hours of 7 am 
and 7 pm.14  This is notable in that it supports odours occurring under meteorologically mixed 

                                            

 

12
 Katabatic flow describes a wind directed down a slope, caused by downhill drainage of cooler, dense 

mountain air. 
13

 An anabatic wind is a warm wind which blows up a steep slope or mountain side, driven by heating of the 
slope through insolation (also known as an upslope flow). 
14

 Complaint and investigation WWTP Eltham spreadsheet as at 18 September 2014, courtesy TRC 
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conditions (i.e. not calm, still conditions).  It further supports the residents’ observations of odours 
aligning with wind flow towards the houses and an expectation that this typically occurs primarily 
during daylight hours (i.e. not katabatic flow).   

 

 

Figure C-1  Location and layout 
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Figure C-2 April 2014 Wind Rose for Eltham (Source: AirQuality Ltd) 

 

Emission Rate 

The emission rate is a critical parameter for dispersion modelling.  However, in the case of the 
EADER we do not know the emission rate because the leaks are all fugitive.  We do know the 
following: 

 Dimensions of EADER – roughly 75 x 35 m 

 Concentrations of gases under the EADER cover at two points in time (Dec 2013, Mar 2014) 

The actual volume of the EADER headspace is uncertain.  The EADER was designed with a flexible 
cover so that gases could collect in a headspace above the (theoretically biodegrading liquid/sludge) 
contents.  This did initially occur as is evident in the photo in Figure C-3, taken in December 2013.  

However, the cover soon deflated as evident in the photo in Figure C-4, taken in March 2014. 

It is possible to estimate an order of magnitude emission rate by calculating how long it would take 
for any pollutant present under the cover to empty from the EADER based on the known 
concentration and volume at that point in time. 

For example, in December the (75 x 35 m) EADER had a gas vapour concentration of 3,107,000 ppb 
(4,407 mg/m3) hydrogen sulphide. 15  Assuming a 10 cm headspace, this equates to 263 m3 of gas 
present under the EADER cover. 16  Every cubic metre of gas contains 4,407 mg of hydrogen sulphide 
– thus the 263 m3 of headspace contains just over 1 kilogram of hydrogen sulphide.  Assuming the 
emission rate was 1.0 gram per second, it would take only 20 minutes before the EADER was empty 
of hydrogen sulphide.   

 

                                            

 

15 Conversion assumes 25°C, which should be reasonable for under the EADER cover during December - March 
16

 The assumption of headspace size is in fact immaterial – a larger assumed headspace would simply have 
more pollutant present and would therefore, take the same time to empty (for any specified emission rate). 
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Figure C-3  Photo of Eltham EADER with gas present under cover taken on 12 Dec 2013 

 

Figure C-4  Photo of Eltham EADER with no gas present under cover taken on 21 Mar 2014 
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This is clearly far too short and makes no sense for assessment against a 1-hour time average 
downwind.  We can conclude that the emission rate is well below 1 gram per second. 

If we try assuming an emission rate of 0.1 grams per second, it would now take around 3.3 hours 
before the EADER is empty of hydrogen sulphide.  This is still very close to the 1-hour time average 
we want to assess downwind.  It also takes time for the biological processes in the EADER to 
generate gases and 3.3 hours appears unrealistically short for generating around a kilogram of 
hydrogen sulphide. 

If we try assuming an emission rate of 0.01 grams per second, it would now take around 33 hours 
(1.4 days) before the EADER is empty of hydrogen sulphide.  This is getting closer to what is ballpark 
reasonable for what is supposed to be anaerobic digestion but may still be rather high.  After all, we 
know it took a couple of weeks before the EADER started generating odour complaints after the 
waste was first emplaced. 

Assuming an emission rate of 0.001 grams per second equates to around 2 weeks before the EADER 
is empty of hydrogen sulphide.  This emission rate could imply an equilibrium between generating 
hydrogen sulphide and emitting at a rate so that not all of it is consumed.  However, it is not 
particularly conservative.  What if it only takes three days to generate that much hydrogen sulphide 
under the cover?   

It is reasonable, therefore to conclude that the emission rate lies somewhere between 0.001 and 
0.01 grams per second.  A very conservative approach would be to assume the higher rate because 
we can be safe in the knowledge that it would not be any higher.  Table C-1 presents the above 
calculations in tabular form.   

Similar order of magnitude emission rate calculations were performed for key contaminants as 
shown in Table C-2.  All assume each contaminant is all emitted over a period of around a day or 
two.  The exception to this is dimethyl disulphide, for which interpolation was necessary in order to 
generate a conservative, but not unrealistic, emission rate. 

Table C-1 Emission Rate Estimates: Hydrogen Sulphide December 2013 

Measured under cover in Dec 13 Hydrogen Sulphide 

Hydrogen sulphide 3,107 ppm 

 1 ppm = 1.42 mg/m3 

Hydrogen sulphide 4,407 mg/m3 

Hydrogen sulphide 4.4 g/m3 

Total present in 263 m3 1,157 g 

Rounded  1200 g 

Assumed emission rate All gone in 

(grams/second) (hours) (days) 

1.0 0.33  

0.1 3.3  

0.01 33 1.4 

0.001 333 14 

0.0001 3333 139 
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Table C-2 Emission Rate Estimates: Key Contaminants Dec 2013 & Mar 2014 

Measured under cover in Dec 13 Methyl mercaptan 

Methyl mercaptan 161 ppm 

 1 ppm = 2.00 mg/m3 

Methyl mercaptan 322 mg/m3 

Methyl mercaptan 0.3 g/m3 

Total present in 263 m3 85 g 

Rounded  100 g 

Assumed emission rate All gone in 

(grams/second) (hours) (days) 

1.0 0.03  

0.1 0.3  

0.01 3 0.1 

0.001 28 1 

0.0001 278 12 

Measured under cover in Mar 14 Methyl mercaptan 

Methyl mercaptan 23 ppm 

 
1 ppm = 2.00 mg/m3 

Methyl mercaptan 46 mg/m3 

Methyl mercaptan 0.05 g/m3 

Total present in 263 m3 12 g 

Rounded  15 g 

Assumed emission rate All gone in 

(grams/second) (hours) (days) 

1.0 0.004  

0.1 0.04  

0.01 0.4  

0.001 4 0.2 

0.0001 42 2 

0.00001 417 17 

 

Continues overleaf  
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Table C-2 Emission Rate Estimates: Key Contaminants Dec 2013 & Mar 2014 (continued) 

Measured under cover in Mar 14 Dimethyl disulphide 

Dimethyl disulphide 43 ppm 

 1 ppm = 3.92 mg/m3 

Dimethyl disulphide 168 mg/m3 

Dimethyl disulphide 0.2 g/m3 

Total present in 263 m3 44 g 

Rounded  50 g 

Assumed emission rate All gone in 

(grams/second) (hours) (days) 

1.0 0.01  

0.1 0.1  

0.01 1 0.1 

0.001 14 0.6 

0.0005 28 1.2 

0.0001 139 6 

 

Input Parameters 

I carried out screening dispersion modelling using estimated emission rates as outlined in Table C-1 
and Table C-2.  These are conservatively high emission rates based on an order of magnitude 
estimate to ensure no under-prediction of worst-case downwind short-term maximum 
concentrations. 

The actual geometry of the emissions from the EADER is also unknown.  To overcome this I have 
modelled a variety of sources to get a feel for indicative dilution as follows: 

1. Small odour pocket (volume and area source) 

Based on reports from STDC and my site visit, I suspected that odours were arising from small leaks 
around the edge of the EADER and possibly pools on the surface of the cover.  To get a feel for likely 
dispersion of each individual odour source, I first modelled a very small pocket of odour as a volume 
source of 0.1 x 0.1 x 0.1 m3 in size.  I then modelled a similarly, small area source of 0.1 m x 0.1 m in 
size (to see how an area source compares with a volume source over these distances and wind 
speeds).   

2. Medium volume source 

I note that STDC carried out a smoke test of the EADER cover on 13 January 2014 and this indicated 
only one minor vent-point in the cover (STDC, 2014).  STDC believed that the main source of leakage 
was from the ground liner/cover join, which is buried and breached in places with gas emanating as 
a diffuse source from within the soil.   

I therefore also modelled a medium sized volume source, but limited its size to a long, narrow 
volume source of dimensions 5 m x 0.1 m x 0.1 m. 
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3. Small odour pool 

Finally, I modelled what I saw at the EADER, i.e. a small area source approximately the size of the 
bubbles evident in pools on the EADER cover during my site visit on 21 March 2014 (the actual pools 
themselves being significantly larger).  I represented this as an area source 0.25 m x 0.25 m in size 
emitting odour.   

In reality, the fugitive emissions are likely to arise from a variety of leaks, which would be best 
represented by volume, area and line sources.  Given the lack of knowledge of the leaks themselves, 
modelling all types of sources to estimate minimum indicative dilution provides a conservative 
approach that should not underestimate potential downwind impacts. 

Receptor locations and default parameters 

The worst case dilution will always be at the closest location (assuming the wind blows in that 
direction).  In this case, there is a house approximately 100 m from the EADER so I selected this as 
the minimum distance for screening assessment. 

I selected the default minimum wind speed of 0.5 metres per second, this being representative of 
worst-case meteorological conditions (i.e. still and calm). 

Additional parameters assumed were: 

Minimum temperature   =  282K (7°C) (representative of March 2014) 
Maximum temperature   =  301K (26°C) (representative of March 2014) 
Minimum wind speed   =  0.5 m 
Anemometer height   =  10 m (default) 
Terrain    =  urban / rural 

Land use type for surface characteristics = 5 cultivated land 
Climatology type (for land use of 1 through 8) = 1 average moisture 

 

User defined albedo (not used/requested if land use type is 1 through 9) 
User defined Bowen ratio (not used/requested if land use type is 1 through 9) 
User defined surface roughness (not used/requested if land use type is 1 through 9) 
External surface characteristics filename (not used/requested if land use type is 0 through 8) 

 Initial probe distance   = 5,000 m 

 

NA 
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Results 

Table C-3 AERSCREEN modelling results 

Pollutant Modelled 
Source 

Height a Max 
horizon 

Min 
horizon 

σyo 
b 

 

σzo 
c 

 

Emission Source Max Conc 

@ 100 m 

Dilution 

  (m) (m) (m) (m) (m) (g/s) (µg/m3) (µg/m3)  

December 2013  

Hydrogen sulphide  

 

Volume (tiny) 0.05 - - 0.1 0.1 0.01 

4,407,000 

1,100 4,000 

Volume (large) 0.05 - - 5 0.1 0.01 850 5,200 

Area (tiny) 0 0.1 0.1 - 0 0.01 1,900 2,300 

Area (small) 0 0.25 0.25 - 0 0.01 1,900 2,300 

Area (large) 0 5 0.1 - 0 0.01 1,900 2,300 

December 2013 

Methyl mercaptan 

Volume (tiny) 0.05 - - 0.1 0.1 0.001 
322,100 

110 2,900 

Area (tiny) 0 0.1 0.1 - 0 0.001 190 1,700 

March 2014 

Methyl mercaptan 

Area (tiny) 0 0.1 0.1 - 0 0.0001 
46,000 

19 2,400 

Area (small) 0 0.25 0.25 - 0 0.0001 19 2,400 

March 2014 

Dimethyl disulphide 

Area (tiny) 0 0.1 0.1 - 0 0.0005 
168,500 

95 1,800 

Area (small) 0 0.25 0.25 - 0 0.0005 95 1,800 

Notes 
a
 Centre of volume height (for volume sources), height above ground level (for area sources) 

b
 Initial lateral dimension set to equal volume source parameters (for volume sources) 

c
 Initial vertical dimension set to equal volume source parameters (for volume sources), Initial vertical dimension set to zero for area sources (AERMOD Users Guide)  
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Discussion 

Screening modelling indicates that small area or volume sources have a minimum (i.e. worst case) 
dilution ratio of around 2,000 at 100 m from the EADER.  This is somewhat higher than I would 
expect given: 

 It is a ground level source 

 The emissions are not thermally buoyant in any way 

 The emissions are leaks (i.e. no real exit velocity) 

 The contaminants of interest are heavier than air 

 The short (100 m) distance 

It should be possible to get a feel for actual dilution in order to ground truth the dispersion 
modelling by considering odour complaints, known odour thresholds and the distances involved 
against measured concentrations under the EADER cover at the time of complaint. 

However, odour thresholds are determined under laboratory conditions in comparison with fresh, 
odour-free air.  Odour thresholds do not, therefore, represent the level at which each contaminant 
will be perceptible in the ambient environment.  Further, the level at which a contaminant becomes 
offensive also varies because some people are more sensitive than others are.  The difference 
between published odour threshold and offensiveness in the ambient environment also varies 
depending on the pollutant and there is limited exposure and effects data for the majority of 
pollutants under consideration. 

This level of detailed information is not typically available for the pollutants measured under the 
EADER cover.  The exception to this is hydrogen sulphide, for which there is significant published 
health and odour effects data.  Hydrogen sulphide was present in significant amounts during 
December 2013. 

Hydrogen sulphide has a published odour threshold of 4.5 ppb (AIHA, 1989).17  However, hydrogen 
sulphide is perceptible in ambient air from 10 to 1,500 ppb and more offensive at levels of around 
3,000 - 5,000 ppb (US DOL).  This is a ratio of anywhere between 2 and 300 between first perceiving 
the contaminant in a laboratory (published odour threshold) and first perceiving it in ambient air.  It 
is a further ratio of anywhere between 600 to 1,000, to it becoming ‘more offensive’ in ambient air 
(compared with the laboratory odour threshold). 

Hydrogen sulphide levels under the cover of the EADER were 3,107,000 ppb on 12 December 2013 
(Watercare, 2013).  Around 10 pm that night, TRC received an odour complaint from a location 
around 180 m from the EADER.  TRC did not validate the complaint – despite the officer being on site 
within 10 minutes.  There are many reasons why an odour complaint may not be validated, the most 
frequent is because the wind direction has changed in the time between registering the complaint 
and the officer arriving to investigate.    

                                            

 

17
 NB: Range of acceptable values in AIHA critique: 1 – 130 ppb 

https://www.osha.gov/SLTC/hydrogensulfide/hazards.html
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Assuming the odour represented a level of 3,000 ppb hydrogen sulphide typical to cause complaint, 
and assuming the complaint was not validated simply due to a change in meteorological conditions 
this implies a dilution ratio of (3,107,000 divided by 3,000) around 1,000 for a distance of 180 m.   

However, the actual levels causing complaint could reasonably be anywhere from 1,000 ppb 
hydrogen sulphide (for a person with a sensitive nose; dilution ratio = 3,000) to 10,000 ppb (for a 
person with an insensitive nose; dilution ratio = 300).   

In reality, odours may have also been influenced by the presence of another contaminant measured 
at elevated levels under the EADER cover that day - methyl mercaptan (161,000 ppb).  However, we 
do not have any definitive information on the levels of methyl mercaptan that result in complaint.18  
Measurements in the laboratory indicate that methyl mercaptan is only faintly perceptible at 
570 ppb (dilution = 280).19   

These highlight the inherent difficulties in attempting to work backwards to assess likely downwind 
dispersion. 

We do know that the levels of hydrogen sulphide were likely to be less than 100 ppm offsite 
otherwise people would have suffered very serious health impacts.  This implies dilution must be 
greater than 20, at least at the nearest house. 

The only thing we can say with confidence is that worst-case, minimum dilution is more than 20 
and probably ranges between around 300 and 3,000.  

Accordingly, I have undertaken a sensitivity analysis using these dilution ratios as upper and lower 
bound limits.  

 

Errata 

Previous versions of this assessment utilised a minimum dilution ratio of 100.  This was the minimum 
ratio between the concentration predicted at source by the model (i.e. default minimum distance 
typically 1 metre downwind) and the concentration predicted downwind for a variety of source 
geometries.  However, as noted by external peer review, this excludes the initial dilution that occurs 
as the emission leaves the source.  

To address this, I have remodelled a variety of source geometries using (order of magnitude) 
estimated emission rates as shown in Table C-3. 

 

 

 
 

                                            

 

18 NB: Range of acceptable values in AIHA critique 0.0002 – 41 ppb (AIHA, 1989) 
19

 Katz and Talbot, 1930 as reported in The National Academies Press (2013). 


