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Abstract

The MMG Rosebery mine in western Tasmania conducts a comprehensive
dust monitoring program which includes dust-deposition gauges, high-volume
air samplers (HVAS) and optical-scatter particle instruments (TSI DustTraks)
at multiples sites in and around Rosebery. The HVASs are operated in a one-
day-in-six cycle for TSP (and metals analysis) and for dust as PM;,. The
DustTraks are operated at four sites co-located with the HVASs, and collect
data at one-minute cadence. Two of these monitoring sites are located in
residential areas where winter woodsmoke from domestic woodheaters also
contributes to the PMo measurement.

In late 2020 EPA Tasmania recommended MMG change from DustTrak Il to
DustTrak DRX to differentiate between the effects of woodsmoke and dust in
the HVAS PM; data for the two sites near residential areas. EPA Tasmania
undertook to provide the initial calibrations of these DRXs, based on their am-
bient air network experience. The wintertime increase in PMs 5 due to smoke
is clearly distinguishable in the calibrated Rosebery DRX data.

The agreement between the HVAS and day-averaged DRX PMy is often good,
but discrepant days are present. Inspection of these data showed some as-
sociation of the most discrepant instances and very short-duration spike-like
DRX PMyjincreases. It is hypothesised that these arise from local vehicle
movements, resulting in a short-lived and spatially-localised dust event. The
different sample rates (HVAS: 1 cubic metre per minute; DRX: 3 litres per
minute) likely contribute to the differences in the derived PMyq, as do the dif-
ferent upper-size cut-off limits.

An analytical method is developed to specially incorporate the spike-signatures
to augment the DRX data, giving an improved agreement with the HVAS
PM;, . The work suggests there will be fundamental limitations to the agree-
ment between HVAS and DRX measurements, but also that there is signifi-
cant value in having the 1-minute DRX data along with the compliance HVAS
PM;, measurements.

Keywords: PMy, ; Dust; High—Volume Sampler; DustTralk

1.1 Air monitoring at Rosebery township

MMG Rosebery conducts environmental air
monitoring at and near the Rosebery town-
ship, western Tasmania. High—Volume Air Sam-
plers (HVAS) are used for compliance monitor-
ing of dust as PM;yand metal analysis on one

day in six, along with dust—deposition gauges.
This is supported with continuous (1—minute ca-
dence) optical-scatter measurements of sus-
pended dust, initially with DustTrak Il units
(model 8530), which report only a single frac-
tion (usually PM;y). By mid 2020 with indica-
tions that woodsmoke, especially in winter, may
be confounding results for dust levels near to
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residential aread] EPA Tasmania advised that
the DustTrak DRX (model 8533) would provide
both PM, 5 and PM;o data, if the units were ap-
propriately calibrated, allowing woodsmoke (as
PMs 5) and dust (as PMy) to be differentiated.
MMG installed DRXs at the two residential area
sites in late 2020. As part of a now on-going pro-
gram EPA Tasmania calibrates the MMG DRX
DustTraks prior to deployments, and periodically
reviews these data. The HVAS and DRX day—
averaged PM;oshow general agreement, but
also instances of significantly different PM;o. A
detailed study, aspects of which are reported
here, was undertaken to understand why these
discrepancies arose.

2 HVAS and DRX DustTrak -
similarities and differences

2.1 HVAS at Rosebery

The HVAS operates with a flow—rate of a nom-
inal 1500 m~3 (cubic metres) per da Am-
bient air is drawn through a size—selective in-
let to select PMgand passed through a pre—
weighed particle filter, which is subsequently re—
weighed. The resulting mass—concentration is
a well-determined, traceable, gravimetric mea-
surement.

The performance of typical size selective inlets
for PMyo and PMs 5 was considered by Keywood
et al, 1999. Figure (1| taken from that paper,
shows the collection efficiency for a number of
designs, including the HVAS PMy (labelled as
HV PMyy). The blue shaded area has been
added to the original figure, and shows the
‘leakage’ of particles larger than 10 xm through
a nominal PM;, HVAS inlet. Also some par-
ticle less than 10um will be ffiltered out’ by
the HV inlet. The consequences of this for
PM;o measurement will depend on the particle—
size distribution of the aerosols under study. i.e.
the effect would likely be less if the ambient
aerosols have few particles over say 5 um in
diameter, compared to when there are many
~15 um-sized particles present.
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Figure 1: Collection efficiency of various size—

selctive inlets, from Keywood et al, 1999. The
blue shaded area represents the ‘leakage’ of
particles larger than 10 um through an HVAS
PMloinIet.

2.2 DRX at Rosebery

The DRX DustTraks operate continuously,
and report a 60—second averaged value for
PMs s and PMyg. The DRX also reports PMy,
PMy, and a quantity called PM;y;. A zero—
air calibration is also conducted once per hour
to correct for possible base—line instrumental
drifts. Firmware algorithms interpret the optical—
scatter signal and assign particle size and parti-
cle number. (Note: For particles of inferred size
less than 1 um the DRX functions as a photome-
ter, not a particle counter, as described by Wang
et al, 2009.) These data are converted to an
equivalent mass—fraction using on—-board (effec-
tively particle—density) calibrations. Calibration
factors are user programmable. Different factors
can be used for PM3 5 and for the coarse fraction
of PMyy(i.e. PMig —PMs5), which are known
as the Photometric Calibration Factor — PCF —
and the Size Calibration Fctor — SCF — respec-
tively (Wang et al. 2009). The reported mass—
concentrations in field use must be considered
as indicative: If the calibration factors are not
appropriate for the aerosols being measured the
mass—concentrations will be in error. However
the DRX and similar optical-scatter particle in-
struments offer the advantages of low operating
resource—costs and continuous high—temporal

TAlec Street and Giblin Street air stations. The DRX and HVAS instruments are approximately 4 metres apart at each

site
2This is approximately 1 m~3 per minute.

3In Tasmania, elevated PMs, s is almost always from woodsmoke, while elevated PM;, —PM,_5 is mostly from sea—salt
aerosols. The DRX calibration factors in use in Tasmania reflect this.
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resolution data.

DRX DustTraks are also used in EPA Tas-
mania’s near—statewide BLANKET ambient air
monitoring network, which began in 2009.
EPA Tasmania calibrates DRX PMs5and
PM,y mass—fraction channels against refer-
ence (Low—volume Air Sampler) and equiva-
lent (TEOM) instruments®, but has not made
use of the PM; and PM, data as no calibra-
tion has been possible. Use has been made of
the PM,,;,; data at times as an indication of the
presence of particles bigger than 10 um. The
upper size limit for PM;,; is not specified, but
is likely to be in the range of 12 um to 15 um
and is also likely to vary from unit to unit, and
potentially over time. PM;,,; data will be used
in the work reported here.

The default sample flow of the DRX DustTrak
is 3 litres per minute, which is significantly less
than that of the HVAS. The DRX does not need
mechanical particle—size segregation hardware
(e.g. cyclones or impactors). The nominal
upper-size cut at 10um for the DRX would be
close to the ideal PM;, function shown in Fig-
ure [1}if the algorithms are correct. This and the
lower sample flow of the DRX compared to the
HVAS suggests that the PM;q reported by both
instruments could differ under certain circum-
stances.

3 PM,,: HVAS and ‘raw’ DRX

Figure [2| shows example comparison PM;, data
between the HVAS and day—averaged DRX
PMj, for the two near-residential stations at
Alec St and Giblin St for an approximately
18 month interval from January 2022 to June
2023. The DRXs had been calibrated by
EPA Tasmania for wood—smoke and sea—salt
aerosol, as noted above, prior to deployment
at Rosebery, with the aim of further compar-
ing Rosebery field data to investigate if the cal-
ibration required revision. In winter elevated
PMy usually has a significant PMs 5 contribution
due to woodheater smoke, while in summer,
away from bushfire intervals, PM,5is usually
lower. While the general trends in both the
HVAS and day—averaged DRX PM;,data were
similar, the DRX PM;, systematically underesti-
mates the HVAS PM;, at Alec St in early 2023,
while at Giblin St the DRX PMjyis generally
lower, especially in early 2022 and early 2023.
Note too that the days with the highest HVAS
PM;, at both sites show much lower DRX PMy .
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—B— HVAS PM10 —&— DRX PM10

Mean HVAS 7.5, mean DRX PM10 = $.6 f

Giblin St
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Mean HVAS = 5.8, mean DRX PM10 = #1.2
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Figure 2: Comparison of the HVAS PMq (black

squares) and the raw, day-averaged DRX
PMyq (blue diamonds) for the two Rosebery
sites with co—located HVAS and DRX instru-
ments, January 2022 to June 2023. Top: Alec
St station; Lower: Giblin St station.

4 Exploring a better estimate of
DRX ‘PM,,’

Initial work seeking an improved level of agree-
ment between the HVAS and DRX centred on
adjusting the DRX PMyurse (i.6. PMig-PMs5)
calibration factor, the SCF. However, it was ap-
parent that adjusting this would not rectify the
entire dataset: Adjusting the SCF to obtain bet-
ter agreement in the summer—time data led to
poorer agreement in winter. Sequentially adjust-
ing the SCF then PCF (PM, 5 calibration factor)
to suit winter smoke resulted in poor agreement
during summer bushfire intervals. Hence an-
other approach appeared neede

There is potential for the HVAS to pass parti-
cles bigger than 10 um (Figure[{). The potential
for improving the agreement between the HVAS
PM; and the DRX PM;,was explored by con-
sidering the DRX PM;;,;. We use a quantity we
denote as PM,;, which is arithmetically

PMbig = PMjotal — PMio (1)

that is, the DRX inferred mass—concentration for
particles greater than 10 um.

A number of trials were conducted exploring the

“The multi-year data set was compiled using different in—service DRXs over this interval, as instruments were changed
for repair and maintenance. The analysis described here and later in the paper split the data set by instrument change

dates as appropriate.
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utility of using a function of the form

Modified DRX PM;y = A(DRX PMs5)
+B(DRX PMcoarse) (2)
+ C(DRX PMy,)

where the Modified DRX PMy is to be close to
the HVAS PM,, and A, B, and C are constants
that were, as part of the exploration, either set
to unity, or were determined by a mathematical
fit. Note that setting A and B to unity is, in effect,
using the DRX calibration factors set prior to the
deployment of each DRX.

Trials were conducted with A and B equal to
unity, and with C determined in the fit. Trials
were also made with A set to unity, and B and
C determined in the fit, and also with all three
of A, B and C being determined in the fitting.
The best-fit values, when applied to the DRX
measurements, where those that gave a Modi-
fied DRX PMj, closest to the HVAS PM;, data.
The fitting was conducted using the Singu-
lar Value Decomposition (SVD) method, rather
than solving the least-squares normal equa-
tions. The SVD technique is less affected
by measurement noise®l In general, it was
found that while the fitting produced results that
gave annual mean values for the modified DRX
PM;, that were close to the annual mean HVAS
PMyq, results for individual days were generally
not improved. Hence simply including a contri-
bution from the DRX PM,;, did not resolve the
discrepancies between HVAS and DRX PMyj.
On close inspection of the days with the most—
discrepant HVAS and DRX PM, values, some
features were noted. For example, on the 6th of
November 2022 at Giblin St the HVAS PM;,was
among the highest seen at 13.6 ug m=3, while
the DRX PM;,was much lower at 4.7 ug m=3.
The times—series of the DRX data from Gib-
lin St for the 6th of November 2022 is given
in Figure 8 The top panel shows the data
with a maximum y-scale of 25 ug m—3to show
the detail of the data. The lower panel shows
the same data but with a maximum y-scale
of 1000 g m—3to show the maximum value
of a ‘spike’ in the data. The ‘spike’ was the
highest signal of that type seen in the data in
2022. The relative sizes of the peak signal in
PM35(~100 g m~=3), PMi(~700 pug m~—3),
and PM,,;q; (~900 g m—3) are in general con-
sistent with dust—signatures seen in DRX data
collected by EPA Tasmania in other studies else-
where in the state. It seemed more than co—
incidental that this high spike occurred on a day
when the HVAS recorded on the highest (non—
bushfire) PM;, days thus far seen.
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Figure 3: DRX data from Giblin St, 6th
November 2022. Top panel: Time—series of
PMy 5 (red), PMyg (blue), and PM;., (green)
with a maximum y—scale of 25 g m—3. Lower
panel, as above, but with a maximum y-scale of
1000 pug m—3.

The hypothetical question was asked of this
6th of November 2022 event: ‘Could the differ-
ence in the HVAS PM;yand the DRX PM;gbe
due solely to a very—short—duration but very in-
tense dust event, such as a dust cloud raised
by a passing vehicle, that resulted in an ex-
tra ~10 g m—3being recorded for the day’s
HVAS PM;, but with a smaller (~100 g m=3)
PM;,:a: SPike recorded by the DRX?’. The HVAS
samples at 1500 m? per 24 hours, or roughly
1 m? per minute. Hence, to record an ex-
tra 10 4g m—3in the 24—hour measurement (so
the HVAS value is 10 ug m—3 greater than the
DRX) solely from a 1-minute event, the re-
quired HVAS sampled dust concentration in this
1 minute interal, C, can be found from:

13.6 = (1439)/(1440) x 4.7 4+ C/(1440) pg m~>
(3)

hence C~12,800 ug m=3, or 12.8 mg m=3.
This concentration is approximately 13 times the
value recorded on the DRX PM;;; at the time
of the spike.

There are likely to be several potential expla-
nations for the low DRX reading. One would
be be if the dust particles present in the at-
mosphere included a significant portion greater
than ~12 um to ~15 um in diameter, and

®In applying the SVD method in this way, it is necessary to set to zero the reciprocal of certain singular values in order

to prevent observational errors (noise) dominating the solution.
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hence which would not be recorded by the DRX,
but are passed by the HVAS inlet (Figure [1).
Another explanation would be if a dust—cloud
raised by a passing vehicle was spatially non—
uniform, the DRX may not sample enough of
the cloud to obtain a representative average as
compared to the HVAS sample. EPA Tasma-
nia field—experience and a literature review sup-
ports the assertion that vehicle—raised dust can
be of short—duration (~1 minute) and spatially—
variable on metre—scales.

5 ‘Spikes’ — locally-raised dust

The premise is that spikes are the signature
of localised, short—duration dust events, and
that the dust particles may have light—scattering
properties different to the background (smoke
and sea—salt aerosol) particles for which the
DRX has been calibrated. Hence in the follow-
ing, the spikes will firstly be identified and re-
moved from the daily mean PM,,,,{f}, mathemat-
ically transformed by what is, potentially or ef-
fectively, a dust—specific calibration, then added
back to give the what is called the ‘augmented’
DRX.

Inspection of the data indicated that PM_ qq;sc
(i.,e. PMyy—PMy5) was rarely greater than
10 g m—3to 15 g m—3 except when the data
had the appearance of a significant ‘spike’. Sim-
ilarly PMy;q (PM;otai—PM1o) was rarely greater
than 5 g m—3 except for a spike. Hence thresh-
olds of PMcqrse=20 and PMy;,=15 ug m—3 were
used to select spike—events in the data for both
the Alec St and Giblin St data.

The data—sets were processed and spikes iden-
tified. Some basic diagnostic plots were pro-
duced to understand their character, such as
daily and seasonal occurrence (see the ap-
pendix). At Alec St there is a clear clustering
of PM¢ourse and PM;,:o; Spike occurrence in the
warmer months of the year. At Giblin St the sea-
sonality is less marked, but still present. At Alec
St the occurrence of PM,yq.se Spikes is less from
midnight to near 07:00 hours, when spikes be-
come far more common till mid—morning, withe
PMy;, spikes more prevalent during the middle
of the day. For Giblin St there appears an in-
teresting and marked peak for PM_oqrse  Spikes
near 05:00, with a general more frequent occur-
rence during the day until near 20:00. PM,,
spikes can occur at any time, though there is
a similar prevalence as for PM ,q;-sc Spikes from
~05:00 to ~20:00 hours.

Giblin St
W'E\ 2000
o © PMcoars
Z 1500
3
8 1000
= o
o
= 500
(0] o S| o
%i 0 o 2B %8 ©0 °
@ -10 5 0 5 10 15 20
HVAS - DRX PMy, (g m™)
Giblin St
5~ 2000
S PMbi;
g 1500
2
< 1000
o
c
= 500
v
] |
o 0
-10 5 0 5 10 15 20
HVAS - DRX PM, (ug m™)
Giblin St

3500 ; ; ;

3000 } - PMcoarse"'PMbig}“
2500
2000
1500

1000 = =
500 " u [ ]
0 "y - -" '.- l.l -
-10 -5 0 5 10 15 20

. . -3
spike in PMcgarse + PMpig (Hg m™)

HVAS - DRX PMy, (g m™)

Figure 4: Data from Giblin St, showing scatter
plots of the daily sum of the ‘spike’ signal versus
the residual HVAS PM;, — raw DRX PM;,. Top
panel: PM...sc verus residuals; Middle panel:
PMy;, versus residuals; Lower panel: Sum of
PMcoarse @nd PMy,;, versus residuals.

Figure [4| shows scatter plots of the daily—sum
of the identified spikes plotted against the dif-
ference HVAS PM;yminus raw DRX PM;q for
Giblin St. There is a tendency for the positive
residuals to correlate with numerically greater
summed spike values. (Note that residuals up to
perhaps +4 ;g m—3 may arise from solely from
measurement uncertainties.) Data from Alec St
show a similar pattern, with large daily spike
sums correlated with positive residuals, though
with more scatter.

The functional form of the adopted equation is:

DRX = [Mean(PMyta1) — (spikes)]
+ C(PMcoarse spikes)0'333 (4)
+ B(Pszg spikes)0.3337

where [Mean(PM;,.;)-(spikes)] means the
daily-mean PM,,, without the contribution of

8PM,.¢q: Will be used to produce a quantity to compare to the HVAS PM,,, due to the fact that the HVAS is sensitive to

particles bigger than 10 pm.
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SpikeS, PMcoarse spikes and PMbig spikes FEPre-
sent the total signal on a given day from the
spikes, if any, and C (‘coarse’) and B (‘big’) are
constants for a given DRX, to be found from the
fit. The cube root (i.e. exponential of 0.333)
was chosen from trial and error: If the DRX is
not correctly sizing the ‘spike’ dust particles, the
cube root would appear as a correction term.
The SVD approach was used to solve for the
C and B constants. As the DRX units were
changed once at each site in the study inter-
val the dataset were split appropriately. (See
Table[]in the appendix.)
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Figure 5: Alec St data. Top panel: Scatter
plot of HVAS PM;( and ‘raw’ DRX PMy, . Lower
panel: Scatter plot of HVAS PM;gand ‘aug-
mented’ DRX.

Figures [5] and [6] show respectively for Alec St
and Giblin St at top the scatter plots of the HVAS
and DRX ‘raw’ PMy (for January 2022 to De-
cember 2023), with the correlation co—efficient.
The lower panels show scatter plots of HVAS
PM;o and the ‘augmented’ DRX. At Alec St there
is a slight improvement in the correlation. A sig-
nificant improvement is seen for Giblin St. Sev-
eral days remain discrepant. This may reflect

a fundamental limit arising from very different
sample flow rates and the few metre separation
in instrument locations. Overall however, it ap-
pears that separately accounting for the ‘spikes’
results in an improved agreement between the
instruments.
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Figure 6: Giblin St data. Top panel: Scat-
ter plot of HVAS PMigand ‘raw’ DRX PMyg.
Lower panel: Scatter plot of HVAS PM;;and
‘augmented’ DRX.
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A Seasonal and Daily Occur-
rence of ‘spikes’, and results
of the SVD fitting

Figures[7|and[8show as a two—dimensional rep-
resentation the time-of-year and time-of-day of
the occurrence of the spikes in PMyuse and
PMy;, for Alec St and Giblin St respectively for
Janaury 2022 to June 2023. The symbol size is
proportional to the size of the spike in ug m=3.
The spikes occur more often in the warmer
months and also more often in daytime hours.
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Figure 7: Two—dimensional representation
of the occurrence of ‘spikes’ in the Alec St
data, January 2022 to June 2023, Top panel:
PMcoarse; Lower panel PMy;,.
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Figure 8: Two—dimensional representation of
the occurrence of ‘spikes’ in the Giblin St
data, January 2022 to June 2023, Top panel:
PM_oarse; Lower panel PMy;,.

The results for the C (‘coarse’) and B (‘big’) pa-
rameters from the SVD fits are given in Table
Two intervals are used as the DRX was changed
once at each site in the study period. The DRX
change at Alec St was on the 26th of October
2022, and at Giblin St on the 1st of April 2023.

AlecSt | SVDC | SVDB
Interval 1 | -0.06 -0.06
Interval 2 | 0.11 0.11
Giblin St | SVDC | SVDB
Interval 1 0.45 0.35
Interval 2 | 0.21 0.25

Table 1: C and B constants, by instrument in-
terval, for data from January 2022 to December
2023.

For completeness, the time—series of HVAS
PMyo, ‘raw’ DRX PM;q, and ‘augmented DRX’
for Alec St and Giblin St stations for the inter-
val January 2022 to December 2023 are given
in Figure[9] The improvement at Giblin St for the
augmented DRX relative to the HVAS PMyis
more marked than for the Alec St data.
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Alec St: C1 =-0.06, B1 =-0.06, C2 =0.11, B2 = 0.11
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Figure 9: Time—series of Rosebery HVAS PMy, (black squares), raw DRX PMy, (blue diamonds),
and ‘augmented DRX’ (red), January 2022 to December 2023. Upper panel: Alec St; Lower panel:
Giblin St. The improvement at Giblin St for the augmented DRX relative to the HVAS PM;,is more

marked than for the Alec St data.
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