
 
 
 
 

 
 
 

Macquarie University ResearchOnline 
 

 
 
This is the author’s version of an article from the following conference: 
 
Halliburton, B. W., Carras, J. N., Nelson, P. F., Morrison, A. L. and Rowland, 
R. (2007) Comparison of three different real time particle measuring 
instruments. International Union of Air Pollution Prevention and Environmental 
Protection Associations (IUAPPA) World Congress (14th : 2007 : 9 - 13 
September, 2007 : Brisbane)  

 
Access to the published version: 
 
Halliburton, B. W., Carras, J. N., Nelson, P. F., Morrison, A. L. and Rowland, 
R. (2007) Comparison of three different real time particle measuring 
instruments. In D. Doley (Ed.), 14th IUAPPA World Congress : Clean air 
partnerships : coming together for clean air : Brisbane 2007 : conference 
proceedings, incorporating the 18th CASANZ Conference hosted by the 
Clean Air Society of Australia and New Zealand, Brisbane Convention and 
Exhibition Centre, Brisbane, Queensland, Australia. Brisbane: IUAPPA ; 
CASANZ. 



Comparison of three different real time particle measuring 
instruments.  

Brendan W Halliburton1, John N Carras1, Peter F Nelson2 Anthony L Morrison2 and 
Robert Rowland1, 

1 2 Private Mail Bag 7, Bangor NSW 2234, Australia 

2 Graduate School of the Environment, Macquarie University. NSW 
 

Abstract 
The Hunter Valley in New South Wales contains many open-cut coal mines 
and there is widespread interest in quantifying the contribution which mining 
and associated activities makes to particle concentrations in the local 
airshed. A study in the Hunter Valley to examine possible sources for 
measured particulate emissions has deployed three different instruments 
(TEOM, OSIRIS and GRIMM spectrometer) capable of determining fine 
particle concentrations. Of these instruments the TEOM is the only 
instrument that provides a direct mass measurement. The other two 
instruments use optical methods to infer particle mass and concentration. 
The current paper compares the response of all three different types of 
instruments when exposed to the same air mass. The paper also discusses, 
briefly, the issue of harmonisation of TEOM data, and by association, 
OSIRIS and GRIMM data, with reference methods.  
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1. Introduction 
As the link between fine particle exposure and 

human morbidity, mortality and general well being 
becomes increasingly well established, many 
communities are showing greater concern 
regarding the impact of fine particles on their health 
and livelihood. Furthermore, epidemiological 
studies of acute health effects suggest that peak 
exposures to fine particles have an important 
impact on human health (Pope et al., 1991; 
Michaels and Kleinmann, 2000) while many chronic 
health effects originate from repeated exposure to 
fine particles (Schwartz, 2000).  

 
Particle instrumentation such as filter based Hi 

Vol methods require significant investment in both 
labour and capital and provide limited overall time 
resolution. This has led to the search for cost 
efficient particle assessment instruments that can 
provide reliable, detailed and time resolved particle 
concentration data that can be used to monitor and 
assess human exposure to fine particles. This 
paper reports the performance of three different 
particle monitoring instruments during a multi-year 
study focussed on investigating fine particle 
exposure in the NSW Hunter Valley in both Urban 
and Rural settings. 

2. Methodology  
The current field study employed four OSIRIS 

samplers of identical model (Turnkey Instruments 
LTD), a GRIMM spectrometer (GRIMM Aerosol 
Technik GmbH & Co KG, model 107) and a 
Tapered Element Oscillating Microbalance (TEOM, 
Rupprecht & Patashnick Co, Model 1400a).  

 
The OSIRIS sampler utilises the principle of low 

angle forward scattering of light to determine 
particle concentration and can be set to classify 
particles in TSP, PM10, PM2.5 and PM1 size 
fractions. In a similar manner to the TEOM, the 
OSIRIS used a heated inlet to precondition the 
particle sample and account for moisture derived 
artefacts. However, the OSIRIS heated inlets used 
in the current study were not temperature regulated 
to a preset value (typically 50ºC for the TEOM). The 
GRIMM was supplied without a sample 
preconditioning device. In its absence a heated 
inlet, identical to that of the OSIRIS but temperature 
controlled to 50ºC, was used. While this is not the 
manufacturers preferred method for moisture 
conditioning (the GRIMM uses a dry air dilution 
system to account for sample moisture) the use of 
an  OSIRIS inlet heater, regulated to 50ºC using an 
external temperature controller, was considered an 
adequate alternative for this comparative study. 

 



The samplers were placed at two near-mine rural 
sites and two town centres in the mining region of 
the NSW Hunter Valley. Each sampler was 
operated on a continuous basis except for 
breakdown periods and periods when the samplers 
were returned to the supplier for annual repairs and 
recalibration. To capture short-term particle 
exposure peaks, each instrument was operated at 
high temporal resolution (10 mins) with these high 
resolution data averaged to provide longer term 
concentration data. During the study the inter-
instrument variability of the OSIRIS sampler was 
assessed as well as comparisons undertaken 
between co-located OSIRIS, TEOM and the 
GRIMM samplers. All three instruments were 
calibrated by the suppliers and the instruments 
were deployed in an as-received state in order to 
mimic the actual manner in which most instruments 
would be used in practice. 

3. Results and Discussion 

3.1. OSIRIS Sampler Precision 
Figures 1 and 2 display 60 minute averaged PM2.5 
data from the four OSIRIS samplers (identified as 
OSIRIS 1 to 4) that were co-located at a rural 
sampling site. 
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Figure 1. Comparison of OSIRIS 1 and 2 with the 

average data from samplers 1, 2, 3 and 4. 

In Figures 1 and 2 the data recorded by each 
individual OSIRIS sampler is compared with the 
average of all four samplers. 

 All OSIRIS samplers used the heaters supplied 
by the manufacturers and during the course of the 
field study measurements showed that the 
temperature of the inlets could range to excess of 
100ºC for an individual OSIRIS sampler.  

The position of the sampling inlets for each of 
these instruments was within a distance of no more 
than 0.5m from any other OSIRIS inlet and each 
sampler was operated in an identical manner.  

The data in Figure 1 show that while the 
individual OSIRIS samplers display reasonable 
precision, with the minimum R2 correlation for 
OSIRIS 2 being 0.93, a systematic offset is evident 
between data recorded by two different OSIRIS 
samplers. (The 1:1 correlation between the two 
samplers and the average of the four samplers has 
been identified by the broken line). 
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Figure 2. Comparison of OSIRIS 3 and 4 with the 

average data from samplers 1,2,3 and 4. 

Similar results can be observed in Figure 2 
where the results for the OSIRIS instruments 3 and 
4 are compared with the average from all 
instruments. In this case the values for the R2 
correlation are greater than or equal to ~0.97. 
However, even though the R2 values are large 
there appears to be bifurcation in the data for 
instruments 2 and 3 and the suggestion of this 
effect for instruments 1 and 4. This apparent 
bifurcation was also observed for the PM10, PM1 
and TSP size fractions. The cause of this effect is 
currently unknown. 

The data in Figures 1 and 2 also show that the 
OSIRIS concentrations range from 1.14 to 0.84 
times the average formed from the data for all four 
instruments ie ~±15% of the average 
measurement. 

 

3.2. Heated Inlets 
It is widely known that heated inlets on particle 

samplers can remove both semi-volatile 
hydrocarbons and some inorganic compounds, 
such as ammonium nitrate, in addition to providing  



a constant temperature at which to attempt to 
compensate for humidity artefacts.  

Figure 3 compares the data from two samplers 
with one sampler operating with the constant 
heated inlet and the other operating without a 
heated inlet. Figure 4 shows the corresponding 
data for PM2.5. 
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Figure 3.  OSIRIS “Heater ON” and “Heater OFF”  

PM10 
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Figure 4.  “Heater ON” and “Heater OFF”  PM 2.5 

The data in both Figures 3 and 4 reveal 
significant reductions in the OSIRIS recorded 

particle mass in the “Heater ON” case compared to 
an OSIRIS without inlet heating.  

Figure 5 compares PM10 data from two OSIRIS 
samplers where the inlet temperature of one 
sampler was controlled to 50°C while the other 
used the manufacturers non-temperature controlled 
inlet heater. 
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Figure 5.  “Heater ON” and “Heater at 50°C”  PM10

Figure 6 shows similar data to Figure 5 but for 
PM2.5.  
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Figure 6.  “Heater ON” and “Heater at 50°C”  PM2.5 

In comparing the ‘Heater ON’ case to the ‘Heater 
at 50°C’ case in Figure 6, the OSIRIS with the 
heater on records ~83% of the values measured by 
the ‘heater at 50ºC’ case consistent with 
expectations. Further, the data in Figure 6 for PM2.5 
show considerably less scatter than the data in 



Figure 5 for PM10 while the ratio of the average 
concentration for OSIRIS 1 compared with OSIRIS 
3 is similar for both particle size fractions (ie 0.79 
for PM10 and 0.83 for PM2.5). The origin of the 
smaller scatter for PM2.5  is currently unknown.  

3.3. Instrument comparison – OSIRIS, 
GRIMM and TEOM 

Figure 7 and Figure 8 compare 60 minute 
averaged PM10 results of both the OSIRIS sampler 
and a GRIMM sampler with results from a co-
located TEOM. Since the TEOM is the only 
gravimetric instrument it has been used as the base 
instrument with which the optical instruments have 
been compared.  
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Figure 7.  Comparison of OSIRIS and TEOM results  

PM10 

Figure 7 reveals a correlation between OSIRIS 
and TEOM results of R2= 0.79 and a slope of 0.97. 
These results are similar to those of Gulliver and 
Briggs, 2004 (R2= 0.83, slope of 0.97). (Note the 
OSIRIS was operated in uncontrolled inlet heater 
mode).  

 
The results for the GRIMM are shown in Figure 

8. These results show that data from the GRIMM 
are better correlated with the raw TEOM (R2=0.89), 
but with a larger slope of 1.46 i.e. the GRIMM 
recorded nearly 50% larger mass than the TEOM. 
These GRIMM data also suggests a somewhat 
curvilinear response with respect to the TEOM 
results with the GRIMM over-reading above ~15 
micrograms/m3, but under-reading below ~15 
micrograms/m3. The scatter in these data also 
tends to increase above ~20 micrograms/m3. 
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Figure 8.  Comparison of GRIMM and TEOM results 

for  PM10

Figure 9 compares the recorded OSIRIS data 
(uncontrolled heater) with the TEOM data at PM2.5. 
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Figure 9.  Comparison of OSIRIS and TEOM results 

(60 mins)  for PM2.5

The data in Figure 9 display significant scatter 
and variability in the masses recorded by the 
OSIRIS and TEOM. It is well established that the 
TEOM can record negative mass values on 
occasions. These are a normal response of the 



instrument during periods of changing relative 
humidity. This response is most common for 
particles containing a large fraction of hygroscopic 
compounds and at high filter loadings (Charron et 
al 2004).  However, the large scatter in these 
results for the PM2.5 made comparisons between 
instruments at high temporal resolutions difficult 
and as such 24-hour averaging times were used.  

Figure 10 shows the PM2.5 data for the OSIRIS 
and GRIMM plotted against those from the TEOM 
for a 24-hour averaging period for a Town 
environment while Figure 11 shows similar OSIRIS 
data but for a rural environment. 
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Figure 10.  Comparison of OSIRIS and TEOM results 

in a Town environment PM2.5
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Figure 11.  Comparison of OSIRIS and TEOM results 

for a Rural environment PM2.5

As was seen previously in Figure 8 for the PM10 
size range, the GRIMM is well correlated (R2=0.94) 
but reads significantly higher than the TEOM raw 
data. The OSIRIS correlation with the TEOM raw 
data is poorer (R2=0.53 for the urban site, R2=0.63 

for the rural site) and the instruments read lower 
than the TEOM.  

3.4. Optical Instruments Compared to 
Gravimetric methods. 

The fundamental or ‘Reference’ particle mass 
measurement is a filter based measurement where 
the instrument draws ambient air through a particle 
sizing device, in the case of size selective samples, 
and deposits the particle fraction on a filter. The 
High Volume Air Sampling (HVAS) method 
provides an integrated sample determined 
gravimetrically (see Australian Standards 
AS3580.9.6-2003, PM10 High Volume sampler and 
AS3580.9.7-1990, Dichotomous sampler, for 
descriptions of Reference methods). 

 
Numerous studies have compared TEOM data 

with reference method measurements (Allen et al., 
1997; Ayers et al., 1999; Bridgman et al., 2005; 
Cyrys et al, 2001; Charron et al., 2004; Vega et al., 
2003; Williams and Bruckmann., 2002) and have 
shown that the harmonising of TEOM and 
reference filter-based results requires site specific 
and seasonal correction factors. This makes the 
task of comparing TEOM results and optical 
measurement results with HVAS methods, 
problematic. Use of a general harmonising factor of 
0.77 for PM10 TEOM and HVAS data (Williams et 
al, 2002), and 0.63 for PM2.5 (Ayers et al, 1999), 
suggests that the GRIMM particle sampler will 
provide results in closer agreement with HVAS data 
than will be the OSIRIS. However, choices of other 
harmonising factors would produce different results. 
Consequently, it is difficult to draw firm conclusions 
on this point except to note that it is likely that the 
general under-reporting of the PM10 and PM2.5 data 
by the OSIRIS is most likely due to the relatively 
uncontrolled heated sample inlet lines provided with 
the instruments used in the current study. 

It should be noted that the results of the current 
study are in direct contrast with those of Watson et 
al (2003) who compared OSIRIS to HVAS 
measurements for a Sydney site and reported that 
while the OSIRIS displayed similar trends to HVAS 
the OSIRIS tended to overestimate the mass 
concentration by between 50% and 300% for PM10.  

The instrumental correlations shown in Figure 9 
and 10 have significant implications for the use of 
optically based particle measuring instruments to 
determine accurate atmospheric loadings for fine 
particles. In addition, further work is clearly required 
to determine corrections factors to adjust TEOM, 
GRIMM and OSIRIS data with regard to the 
Reference method, for the Hunter Valley. It should 
be noted that the issue of harmonising TEOM data 
with the Reference method is currently being 
addressed under the NEPM (2003) equivalence 
program.  



4. Conclusion 
Real-time optically-based particle instruments 

provide a method for obtaining rapid response data 
on particle concentrations. However, the accuracy 
and precision of the data obtained relative to 
Reference methods requires careful consideration. 
The heated inlets of the OSIRIS instruments used 
in the current study, while useful in reducing 
moisture artefacts were insufficiently controlled and 
introduced further uncertainty into the results.  
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