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environment and the means of disposal: the second 
ultimately political, flowing from disagreement about 
how the solution to the problem should be processed 
and implemented. 

The Independent Panel first publicly articulated .ts 
processes at the time of the release of its Terms of 
Reference in September 1991. It was announced then 
that the process would initially operate at three levels:-

- Consultation with key interest groups 
- Consultation with interested citizens 
- Exploration of general attitudes and understandings 

through community opinion polling. 
Just as the intractable waste issue is in fact a complex 

group of issues, the evidence to hand indicates that 
it is necessary to look to a range of solutions rather 
than seeking one simple answer. 

It has been said that war is too important to be left 
to the generals. The Independent Panel believes that 
the range of issues concerning intractable and non-
BAT waste are too important to be left to politicians 
or experts to solve. 

Nor should the resolution of the intractable waste 
issue be seen as a matter of 'who wins' n terms of 
the protagonists of various options for waste disposal 
or waste management. 

The immediate benefit of commun;ty consultation has 
been that 1 >s llustrated that there are a number o' 
issues, many po nts of view, a number of fixed positions 
and no current scenario for resolution. 

There are strong indications that the ultimate mix o£ 

solutions will be characterised by:-
- Different solutions for different waste streams 
- More actve encouragement for the development of 

alternative technologies 
- A clear p:an for more imaginative and comprehensive 

waste management 
- A shared understanding of the dimensions of the 

problem and a social and political environment which 
encourages industry, the community and government 
to collaborate in fnding the implementing solutions. 
A special newsletter published early July 1992. 

canvassed options in greater details nitiated the first 
tentative steps towards defining a resolution. 
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BACKGROUND ODOUR LEVELS IN 
SUBURBAN SYDNEY 

DAViD G LAING-, ANDREW EDDY* AND CATHERINE JAMES 
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ABSTRACT 

In order to determine whether residents of Glenfield who live adjacent to a sewage treatment 
plant are subjected to greater levels of odorous chemicals during their normal daily life than 
a community distant from a sewage plant iWahroonga). samples of air were collected over 
several months from both locations and assessed by a human panel who were not associated 
with either location. An eight channel air-dilution olfactometer and a forced choice triangle 
test were used to establish odour thresholds. 

Statistical analyses of the data showed that there was no significant difference between 
the levels of odour to which communities at Glenfield and Wahroonga were exposed, the levels 
being 4.4 and 4.8 odour dilution units respectively. These odour levels were significantly higher 
than that of the control sample [Medical air, 2.8 odour dilution units). Thus, the study showed 
that during a normal day the residents of Glenfield living closest to the sewage plant are not 
exposed to levels of odorous chemicals that are higher than those found in an industry-free 
location at Wahroonga. 

INTRODUCTION 

Odours from the Sydney Water 
Board's Glenfield sewage treatment 
plant have been the cause of com
plaints by nearby residents for a 
number of years. Although there has 
been a significant reduction in the 
frequency of complaints as a result 
of the upgrading of processes within 
the plant there is concern in the 
community that residents may be 
exposed to airborne odorous chem
icals when they are downwind from 
the plant even when no odour can 
be perceived. Since lengthy expo
sures to an odorant can result in 
olfactory adaptation and reduce the 
sensitivity to odours, it is possible that 
residents could be exposed to odours 
without sensing their presence. 

Accordingly, the objective of the 
present study was to determine if the 
usual background level of odour at 
locations in Glenfield approximately 
500 metres from the plant, where 
complaints are frequently registered 
when emission rates are high, are 
higher than those at a location in a 
suburb free of industry, sewage plant, 
and exposed to minimal vehicle 
emissions. 

Since it is very difficult to relate 
chemical analyses of complex odour 
mixtures such as those from sewage 
to odour thresholds, the procedure 

adopted in this study was to deter
mine the level of odour by measuring 
odour thresholds using a group of 
panellists to assess air samples 
collected from the two designated 
suburban locations. By using panel
lists not resident at either location and 
therefore less I'kely to be affected by 
adaptation to odours encountered at 
those locations, it was proposed that 
this 'neutral' panel would be capable 
of establishing the odour thresholds 
of air collected from these distant 
locations. Furthermore, conducting 
the assessment at the relatively 
odour-free olfaction laboratory at 
CSIRO. a site remote from either 
collection location, enhanced the 
chances of measuring differences in 
odour quantity between the two 
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locations. 
The objective, there'ore, was to 

determine and compare the back
ground odour levels in two suburbs 
representing a location adjacent to a 
sewage treatment plant and a loca
tion free of industry, sewage plant ana 
exposed to minimal venicle 
emissions. 

METHODS 

A. Panelists 

The panellists were all staff of the 
CSiRO Division of Food Processing 
and most had some experience with 
sensory testing. A pool of 16 panel
lists aged between 23 and 50 years 
(10 females, 6 males; was used 
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throughout the study, an aim being 
to keep th's pool size to a minimum 
to ensure that as far as was prac
ticable the same panellists v/sra usee 
to assess sarnples from both loca-
tions. 

All panellists underwent a prelirni-
nary test of their sense of srnell. In 
this test each panellist was presented 
with to very different odours (Table 
1). Each odour, in a gauze covered 
brown bottle, was number coded and 
presented singly along with a list of 
four odour descriptions (Table 2). A 
panellist was required to select the 
description from the list of words 
which best described the odour they 
had sniffed. For a panellist to bo 
accepted into the study at least 8 out 
of the 10 odours had to be correctly 
identified. 

This form of test has been shown 
to correlate well with the outcome of 
odour threshold tests and is used 
routnely ,'n the United States (Doty 
et al 1984 and Australia (Lewitt et 
al.1989) in clincal tests for smell 

deficiency. 
In each assessment of a collected 

air sample 10 panellists were 
employed. 

B. Olfactometer 

An eight-channel air dilution olfac
tometer was designed and con
structed to deliver low levels of 
environmental odours and to mea
sure human responses to these 
odours. The instrument provided 
dilutions of between 0 and 127 as 
shown in Table 3. A schematic 
diagram of the olfactometer is shown 
in Figure 1. 

Flow of diluent air (Medical air) and 
odorous air to panellists was com
puter controlled (Sancom XT Turbo) 
with the computer directing these air 
streams through specific solenoid 
valves to the three sniff outlets. These 
outlets were constructed from cylin
drical Plex.glas and Teflon. The final 
flow of air through each sampling 
outlet was 1.5L min -1. 

Fig.1. Shown is a diagrammatic representation of the olfactometer. 1-16 designate two-way 
Teflon solenoid valves connected to Teflon or stainless steel capillaries of different lengths 
and internal diameters, providing dilutions described in Table 3. Solenoids 1-8 control odorous 
air from the collection bags and 9-16 diluent air from the cylinder. 17 is a three-way solenoid 
valve normally open to exhaust except for 20 s during each sample presentation when it allows 
odorous air to pass to the flow switching valve - manifold complex containing the three-way 
solenoid valves 18, 19 and 20. Two of these valves deliver control air and the other odorous 
air to the three sniff outlets during a sample presentation. Selection of the valve through which 
odorous air passed during a sample presentation was computer-controlled. 
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C. Collection Procedure 

Air from each location was collected 
in three Tedlar bags (100 L capacity. 
Air-Met Scientific Pty Ltd) contained 
inside three Polyethylene bins (120 
L. Rheem Aust. Pty Ltd). The top of 
each bin was fitted with a Teflon-glass 
needle valve (Gilmont, USA) which 
allowed entry and exit of collected air 
to a bag, and for 'flushing' air 
[Medical air, ex CIG) when cleaning 
the bags. Each bin top was also fitted 
with a brass tail piece to which was 
attached PVC tubing ( id), and the 
latter connected to a vacuum pump 
(Dynavac Eng. Pty Ltd. OD 2-12) to 
allow filling and evacuation of air from 
around the bag inside each drum. 

Prior to collection of air samples, 
all three bags were flushed three 
times with Medical air. emptied by 
pressurising each bin with Medical 
air, and the needle valves closed. 
Once at the collection location the 
three drums containing the bags were 
connected by a common transfer 
manifold (glass), the Teflon tubing 
fitted to the needle valves and PVC 
tubing to the brass tail pieces. The 
PVC tubing was attached to the 
vacuum pump to evacuate air from 
the drums and allow the intake of 
sample air into the bags. To fill the 
sample bags, the needle valves were 
opened and the open end of the 
Teflon tube held at arms length into 
the air and the vacuum pump 
switched on. Bags were filled until 
they virtually filled the drums but not 
so that the bag wall was taut, to 
avoidstress and damage to the 
seams. Filling was monitored through 
a small window in the lid of one of 
the drums. Once the bags were filled 
the needle valves were closed, the 
pump turned off and the transfer 
manifold dismantled. 

On returning to the laboratory from 
the collection location, the drums 

were re- connected via the transfer 
manifold, the PVC tubing connected 
to the cylinder containing Medical air 
and the Teflon tubing to the sample 
line. Air pressure was adjusted to 15 
psi at the air cylinder which was 
reduced to a pressure of 5-7 psi in 
the drums. This pressure forced the 
sample out of the bags at the correct 
flow rate into the olfactometer. Using 
software developed in this laboratory, 
the test sample of collected air and 
Medical air (control) was delivered 
under computer control via solenoid 
valves to the three Teflon sniff'ng 
ports. 

D. Collection Siies 

The two suburbs where air samples 
for the study were collected were: 
1) Glenfield. 
The specific locations at Glenfield 
were dictated by wind direction. 
Initially, the plan was to sample from 
a street location within Glenfieid 
where many of the complaints about 
sewage odours originated. However, 
due to the low frequency that the wind 
was in the correct direction, i.e., 
blowing from the plant to the particular 
street, the strategy adopted was to 
collect air downwind from the Plant 
at street locations in Glenfield which 
were similar distances from the Plant 
(-500 metres) to the original target 
street and had similarterrain between 
each location and the plant. Street 
locations, date and time of collection 
as well as wind direction are given 
in Table 4. Wind direction was 
obtained before each collection from 
the wind gauge at the sewage plant. 
From this information and a map of 
the immediate environs, a collection 
site was chosen. Samples were 
collected late in the afternoon (1600-
1700 hrs) close to the time period 
when members of the local Resi
dent's Committee and the Sydney 
Water Board indicated most corn
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plaints involving sewage odours 
occurred. 
2) Wahroonga. 
Following a review of locations in the 
Sydney Metropolitan area, a location 
in Wahroonga in the North Western 
part of Sydney was chosen as an 
example of a relatively pollution free 
envronment. The collection site was 
at the centre of a grassy oval which 
was surrounded by bush and there 
were relatively few cars and houses 
in the immediate vicinity. In addition, 
there are no local industries or a 
sewage plant within several kilome
tres of the site, and all residences in 
the area are sewered. The site, 
therefore, provided an excellent 
example of a relatively pollution free 
location to compare with the back
ground odours experienced by res
idents of Glenfield downwind from the 
sewage plant. 

E. Odour Threshold Test 

It is widely recognised that a very 
sensitive and reliable method for the 
determination of odour tnresholds is 
the three-alternative forced choice 
procedure. This method involves the 
selection of the odd sample from a 
set of three, where two of the samples 
are controls, in this Instance Medical 
air. Furthermore, to ensure minimal 
interference from olfactory adaptation 
the test samples should be presented 
in an ascending order of concentra
tion which maximises panellist sen
sitivity and reliability. 

The method followed in the present 
study, therefore, was an ascending 
three-alternative forced choice 
procedure. A computer controlled 
both the delivery of a sample and 
monitored the responses of each 
panellist. A panellist assessed a 
sample following an instruction given 
on She computer monitor which 
displayed three rectangles repres
enting me three sniff outlets before 
the panellist. Once all three outlets 
nad been sniffed the panellist used 
a 'mouse' to indicate on the monitor 
which outlet contained the different 
sample of the three presented, two 
of which were controls. The first 
sample was at a very low concen
tration (high dilution), normally corres
ponding to about 32 dilutions 
(volume volume) (Table 3). A 
response was required on each trial 
even if no difference between the 
samples could be discerned. An 
incorrect response by a panellist 
resulted in a sample twice the con
centration being presented on the 

next trial, whilst with a correct 
response the same concentration 
was repeated. Following a second 
correct response a third replicate at 
the same concentration was given. If 
all three replicates at a particular 
concentration elicited a correct 
response, that concentration was 
taken as detection threshold 1 for the 
panellist. The same procedure for 
establishing the threshold was then 
repeated a further two times during 
the session and the median value of 
the three thresholds was defined as 
the detection threshold for that par
ticular individual for that day. Using 
this stringent but conservative thre
shold criterion there was only a 1/27 
probability that the three correct 
choices made during each replicate 
had occurred by chance. From 
experience with each panellist prior 
to commencing the study, a starting 
d lution was chosen for each panellist 
wnich was approximately three con
centration steps below their detection 
threshold, i.e.. about 1/8 x threshold. 
This tactic saved time and sample, 
and proved to be satisfactory for 
establishing the threshold three times 
during each session. 

The timing for sample presentation 
to each panellist and flusfiing of the 
olfactometer lines between test trials 
was: 
Pre-sniffing delivery of sample 5 sec 
Sniffing time allowed 15 sec 
Flushing of sampling ports and 
delivery lines 10 sec 
Flushing of olfactometer mixing 
manifold to exhaust 10 sec 
Total time for delivery, sampling and 
flushing during one test trial, there
fore, was 40 sec. 

RESULTS 

The data from 10 collections at 
Glenfield and 8 collections at Wah
roonga are shown in Table 5. The 
Table shows tne number of panellists 
and mean panel thresholds (dilution 
step) for samples from the two 
locations. The calculation of the 
threshold for an individual panellist for 
a single air collection was defined as 
the median of three thresholds using 
the three forced-choice procedure. 
From these data the mean thresholds 
(dilution step) and standard errors (in 
parenthesis) over all collections were 
calculated to be 5.9 (0.14) and 5.8 
(0.18) for Glenfield and Wahroonga 
respectively, which correspond to 4.4 
and 4.8 odour dilution units (Table 6). 
The mean value and standard error 
for the control (Medical air) sample 
was 6.6 (0.33) or 2.8 odour dilution 
units. 

A chi-square test (Mood et al.1974) 
indicated that the distributions of 
thresholds for samples from the two 
collection sites (Fig. 2) were not 
significantly different (X2 = 2.25. p = 
0.95i. A one way analysis of variance 
using the median threshold values for 
individuals as the data, also indicated 
that there was no significant differ
ence between the odour levels at 
Wahroonga and Glenfield :F = 0.52. 
P = 0.473). but that there was a 
significant difference between the 
odour levels from these two locations 
(combined because of their similar 
values) and the control (Medical air) 
(F = 4.25. P = 0.04). 
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Further analyses (t tests) were 
employed to investigate whether the 
absence of a significant difference 
between the distributions for the two 
locations was being masked by much 
larger differences between individual 
panellists. Accordingly the analyses 
assessed whether tne thresholds of 
individual panellists were differert for 
the two sites. In this instance only the 
data from panellists who had partic
ipated in a significant proportion of 
the tests from both sites were con-
sidered. The analyses clearly 
snowed (Table 7) that in no instance 
was there a significant difference 
between the mean thresholds (dilu
tion step) of a panellist for the two 
sites. An analysis was aiso conducted 
to determine if there was a significant 
variation in odour levels across 
collections from the same site. e.g.. 
Wahroonga. A one-way analysis of 
variance indicated that there were 
significant differences between odour 
levels of air collected at Wahroonga 
(F = 3.70. P = 0.002) but not across 
collections from Glenfield (Table 5). 

Since there was no significant 
difference between the odour levels 
at the two collection locations but the 
levels were significantly higher than 
the control, a preliminary assessment 
of the type of odours perceived at the 
two locations and their pleasantness 
was conducted. This was achieved 
by establishing the threshold of each 
panellist using the same procedures 
as outlined earlier, then giving each 
panellist a single presentation of the 
sample at increasing suprathreshold 
concentrations. At each dilution step 
above threshold, panellists were 
required to provide a description of 
the odour and to rate its pleasantness 
on a 150 mm line scale which had 
the words 'Extremely Pleasant' and 
'Extremely Unpleasant' on opposite 
ends. A similar procedure was used 
with a control sample. 

The very preliminary results indi
cated that odours from all three 
sources were generally unpleasant 
(Table 8). As regards the type of odour 
no specific type emerged with differ
ent panellists using different descrip
tions for a particular location and 
there was little variation in the odour 
descriptions by an Individual for 
odours from the two sources. Thus 
there was no odour which was 
characteristic of Glenfield or Wah
roonga. It is stressed, however, that 
this was a preliminary study and the 
data are based on a single collection 
from each location. It is possible that 
different odours might be perceived 

in samples collected on other days. 
However, it should be noted (Table 
3) that during every collection at 
Glenfield, although there was an 
obvious odour at the plant, none could 
be perceived downwind at any of the 
collection sites. 

DISCUSSIONS AND 
CONCLUSIONS 

The most important finding of the 
present study was that the levels of 
odours at the sampling sites at 
Glenfield and Wahroonga were low 
and not significantly different. Indeed 
the results indicate that this finding 
held for each of the panellists who 
participated in most of the assess
ments (Table 7j. demonstrating both 

the consistency and validity of the 
data. Importantly, although statistical 
analysis showed that the level of 
odours at the two iocations was 
higher than that found for the control 
sample (Medical air), the difference 
in practical terms was small i.e.. 2.8 
v. 4.4- 4.8 odour dilution units. This 
conclusion is supported oy the fact 
that no clear descrptions of tne 
odours at both locations emerged 
from a preliminary assessment of the 
characteristics of the odours. To put 
the levels in another context, hydro
gen sulphide, for example, at a level 
of about 4 odour dilution units is 
described as 'faint'. 

An interesting and perhaps contro
versial outcome of the present study 
was the finding that the odour back-
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ground ar.sing from new Tedlar bags 
was found to be 2.8 odour dilution 
urits One implication of this result s 
that tne current thrust in Australia to 
legislate tor a level of one odour 
dilut:on unit at the boundary of a 
sewage plant or factory will be difficult 
to establish since it appears impos
sible to measure that level with the 
best quality collection bags despite 
repeated flusning with Medical air. 

In concluson it seems clear that 
the community at Glenfield is not 
exposed to higher levels of odorous 
chemicals than other communities in 
the Sydney Metropolitan region, 
except on nfrequent occasions when 
high odour emission rates from the 
sewage plant and appropriate 
weather conditions prevail. 
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ABSTRACT 

The three accelerator based ion beam analysis tecnniques of particle nduced X-ray emission 
(PIXE). particle induced gamma ray emission (PIGME) and particle elastic scattering (PESA) are 
described. Their application and suitability to aerosol particulate analyss is discussed and it is 
shown that these ion beam analysis techniques are fast, relatively cheap, non destructive, very 
sensitive to a broad range of elements across the periodic table from hydrogen to uranium and 
ideally suited to the elemental analysis of filter papers obtained in these studies. The tecnniques 
require access to a megavolt particle accelerator, however, there are hundreds of these available, 
mainly in nuclear physics laboratories, around the world which have adapted their nuclear structure 
studies to include ion beam analysis techniques. 

INTRODUCTION 

Over the past decade there has been 
a steady growth both in the number 
and the sophistication of elemental 
analysis techniques being applied to 
the particulates on aerosol samples. 
These elemental techniques include 
neutron activation analysis (NAA), X-
ray fluorescence (XRF), atomic 
absorption spectrometry (AAS). 
inductively coupled plasma mass 
spectrometry (ICPMS) and ion beam 
analysis (IBA). The principles, instru
mentation and methodological 
aspects of several of these as applied 
to aerosol studies have been 
reviewed by Johansson and Camp
bell 1988 and Maenhaut 1990. It is 
the purpose of this article to describe 
the application of some accelerator 
based IBA techniques to elemental 
analysis of particulate matter on filter 
papers obtained during atmospheric 
aerosol studies. These techniques 
have been used extensively over
seas for pollution studies but have not 
been used quantitatively for large 
number of samples in Australia until 
now. 

In modern day environmental stu
dies there is an increasing need for 
atmospheric aerosol studies. Partic
ulate matter in the size range up to 
100 μm in diameter effects human 
lungs and health, deposits on vege
tation and buildings and impairs 
visibility. Concentrations of these 
particulates may vary from around 10 
ng m3 in the stratosphere to 1 kg m 3 

in stacks and industrial environments. 

We will show that accelerator 
based IBA techniques are ideal for 
elemental analysis of aerosols. They 
are fast, non- destructive, require no 
sample preparation and can analyse 
submicrogram samples on a filter 
paper in just a few minutes of 
machine time for more than 35 
different elements simultaneously. 
The range of possible elements 
covers most of the periodic table 
including hydrogen with more than 
sufficient sensitivity. Furthermore, 
because the techniques are so fast 
hundreds of samples a day can be 
analysed. 

The ion beam analysis techniques 
to be discussed here are: 
(a) PIXE - Particle induced x-ray 
emission, useful for the analysis of 
elements from silicon to uranium in 
concentrations from a few μgg -1 to 
100%. 
(b) PIGME - Particle induced gamma 
ray emission, useful for the analysis 
of light elements such as Li. B, F, Na, 
Mg. Al and Si in concentrations from 
a few μgg -1 to 100%. 
(c) PESA - Particle elastic scattering 
analysis, useful for the analysis of light 
elements such as H. C and N in 
concentrations from tens of μgg -1 to 
100%. 

In general, analytical techniques 
with capabilities of detecting elemen
tal concentrations of parts per million 
by weight on milligram samples will 
have the ability to quantify nanograms 
of material in the sample. Aerosol filter 

papers are such samples, typically 
weighing around 0.3 mg cm" with 
elemental concentrations several 
orders of magnitude below this. The 
ion beam techniques discussed here 
are ideally suited to perform such 
elemental analyses on filter papers. 
Cahill 1990 shows that IBA tech
niques have been used to detect 
elemental quantities as small as 50 
p g m 3 of air obtained from only 50 
μg of sample on a filter paper. 

A complete ion beam analysis 
system consists of three basic 
components: 
(a) Low voltage :few tens of kV) on 
source which produces slow low 
energy keV ions usually of protons 
of helium ions. 
(b) An accelerator consisting of a high 
voltage terminal (1 to 10MVi whicn 
accelerates the low erergy ons to 
MeV energies for interaction with the 
target. 
(c) A target chamber generally under 
vacuum, into which the accelerated 
ion beams are passed and made to 
interact with the target or sample. The 
chamber can contain three or more 
detectors to detect interaction pro
ducts such as X-rays, gamma rays 
and scattered particles. Data from all 
of these detectors may be collected 
simultaneously and target manipula
tion and data acquisition are typically 
fully automated so hundreds of 
samples a day can be handled. 

MeV ion accelerators are not small 
devices. Accelerator tanks can vary 
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COMPARISON WITH KNOWN 
REFERENCE STANDARDS 

The PIXE icch-uque is not only 
capabie of producing data on f ace 
element concentrations at the parts 
per million level but also at the same-
time can produce estimates of the 
bulk maf ix composition. F:g. 6 ta<en 
from. Cohen and Clayton 1989 shows 
the measured PIXE concentrations 
versus the reference concentrations 
of hundreds of standard reference 
materials measurec at ANSTO over 

the years. The concentrations cove r 

six decades from 1/ugg'1 to l00°oand 
tne solid line of least squares f.t is 
given by :T.0O - 0.20;. The standard 
reference mater ials cover an 
e x f e m e l y rjroad range of trace 
elements and matrices from biolog
ical to geolog'cal and cemonstrate 
the real breadth of tne PIXE analys s 
technique. 

Thin and thick target PiXE calcu
lations, and the daia bases asso
ciated with these have reached such 
a deg ree of sophistication that X-ray 
yields for trace elements can now be 
predicted at the 5°= level for an 
extremely diverse range of known 
target matrices. Further evidence for 
this is given by Maenhaut and Raem-
donck 1984 who measured a set of 
accurate thin fum standards and 
compared this with absolute theoret
ical calculations. They found an 
individual element could be analysed 
with an accuracy of better than 4°c 
for elements from Na to Sn using the 
PIXE technique. 
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