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The quantile-quantile plots in the right hand column of Figure 3.5.8 are used to examine how
well the model has been able to reproduce the overall population of observed 1-hour ozone at
Bringelly. As such, the quantile-quantile plots compare the ranked distributions of observed and
modelled ozone with no regard to coupling in time, and thus is indicative of the capacity of the
model to match the range of observed ozone concentrations. The plots suggest that the outcome
of the inventory change is a modelled ozone distribution at Bringelly, which is now more
consistent with the observed range of ozone concentrations. This is evidenced by an increase
(0.83-0.92) in the slope of the line of best fit.

Figure 3.5.9 and Figure 3.5.10 give a summary of the combined model performance for all
monitoring sites in the Sydney and Illawarra regions. With regard to interpreting the statistical
measures shown in Figure 3.5.7, it is desirable to have comparable mean and standard
deviations of the observed and modelled concentrations (with the latter requirement given by
SKILLv = 1); to have a root mean square error which is smaller than the observed concentration
variation (with is equivalent to SKILLr < 1); to have an unsystematic component of the RMSE
(RMSEu which represents random model noise) which is smaller than the natural variation
(SKILLe < 1); and to have a systematic component of the RMSE (RMSEs which represents
model bias) which is smaller than RMSEu. Additionally it is desirable to have a correlation
coefficient and Index of Agreement (IOA) which are both close to unity. Given these criteria,
the following can be concluded with respect to use of the revised biogenic emissions inventory:

e Ozone predictions generated using either version of the biogenic inventory are reasonably
accurate when considered in accordance with the above criteria. When using the revised
biogenic inventory, the mean of the modelled concentrations increase from 16.3 ppb to
17.7 ppb compared to the observed mean of 17.8 ppb, which is a good outcome.

e The standard deviation of the modelled concentrations increases from 11.6 ppb to 12.6 ppb
compared to an observed standard deviation of 14.3 ppb. This results in SKILLv
(CTMstd/OBSstd) increasing from 0.81 to 0.88. This is a good outcome.

e The root mean square error is reduced from 10.9 ppb to 10.7 ppb and SKILLr
(RMSE/OBSstd) decreases slightly from 0.76 to 0.75. Thus the RMSE, which is already
smaller than the observed standard deviation, is reduced slightly more, which is a good
outcome.

e The systematic RMSE (RMSEs) is reduced from 6.9 ppb to 5.9 ppb which indicates that the
bias in the modelled 1-hour ozone concentrations has been reduced. On the other hand, the
unsystematic RMSE (RMSEu) increased from 8.6 ppb to 9.1 ppb (and SKILLe from 0.60 to
0.64), which indicates that there has been a transfer of the error in the modelled result from
a systematic bias to a random error. This may be a result of the increased biogenic
emissions leading to higher modelled ozone concentrations and hence, for some hours,
larger absolute errors.

e The correlation and Index Of Agreement increased from 0.67 to 0.69 and from 0.79 to 0.81,
respectively, which is a good outcome.
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Figure 3.5.9. TAPM-CTM performance statistics for 1-hour ozone for all monitoring stations in the Sydney and lllawarra regions for 18" Jan
2007 to 28" Feb 2007. Top- default biogenic inventory; Bottom- revised biogenic inventory. CTMmean- mean modelled concentration;
OBSmean- mean observed concentration; CTMstd- standard deviation of modelled concentrations; OBSstd- standard deviation of observed
concentrations; RMSE- root mean square error; RMSEs- systematic proportion of RMSE; RMSEu- non-systematic proportion of RMSE;
IOA=Index of Agreement; SKILLe- RMSEuU/OBSstd; SKILLv- CTMstd/OBSstd; SKILLr- RMSE/OBSstd.
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Figure 3.5.10. Taylor diagram showing the model performance for 1-hour ozone for 15 monitoring stations in the Sydney and lllawarra region for 18" Jan 2007 to 28"
Feb 2007. Left- default biogenic emissions inventory; Right- revised biogenic emissions inventory.
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Figure 3.5.9 and Figure 3.5.10 summarise how the correlation, ratio of modelled and observed
standard deviations (SKILLv) and the unbiased RMSE vary between monitoring stations for the
two biogenic emission scenarios. The use of the revised inventory resulted in a number of the
stations now lying closer to the unity line for SKILLv, which is a favourable outcome. The
correlation of most stations also increased (equivalent to a clockwise shift when comparing the
station locations between the two Taylor diagrams). Finally, the stations are now more tightly
clumped in the right-hand Taylor diagram, which indicates that the relative differences between
the model performance at individual stations has reduced and the overall performance is more
consistent across the Sydney and Illawarra region when the revised inventory is used.

In conclusion, a small revision to the biogenic emissions inventory resulted in a significant
improvement in the modelled isoprene and isoprene product concentrations as observed at
Bringelly monitoring station. Moreover, the revision also resulted in a general improvement in
the modelled ozone concentrations for the majority of monitoring stations within the Sydney
and Illawarra region.

This outcome demonstrates the value of using the observed ratios of key trace gas species as a
diagnostic tool to identify and resolve shortcomings within individual components of a complex
air quality modelling system.
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3.6 Conclusions Regarding Model/Measurement Comparison

The second objective of this work is to make measurements to test photochemical models. In
this study, the modelling framework of TAPM-CTM was used with the Carbon Bond 05 and
Lurmann, Carter and Coyner chemical mechanisms, with the following conclusions:

The measurements were inadequate to test the accuracy of the simulation of the initial
attack on highly reactive VOCs in the model.

The production of secondary oxidation products was tested, with the production of
formaldehyde being low and the production of acetaldehyde being well simulated by the
model.

The role of isoprene, a biogenic VOC, was underestimated in the modelling at Bringelly,
which was probably due to inadequate biogenic emissions in that area.

Further development of the biogenic emissions inventory by changing the woody species to
isoprene emitters makes a significant improvement to ozone modelling in the inland regions

of the GMR.

Aspects of the model which will be improved include:

L.

Modelling climate change impacts on air quality, particularly with respect to
photochemical smog, which is a strong function of biogenic VOC emission fluxes and
the emission-temperature dependency of these fluxes

Modelling SOA generation, given that biogenic SOA is probably a significant

proportion SOA burden in Sydney (this also appears likely to be the case in Melbourne)

and it is becoming increasingly established that isoprene is a major contributor of
biogenic SOA, and

Modelling for strategic policy development. Peak 1-hour and 4-hour ozone

concentrations frequently exceed AAQ NEPM ozone standards in Sydney and strategies

based on reducing anthropogenic emissions of VOC, NOx and CO are being

investigated as a method of reducing these exceedences. However, anthropogenic VOC

reductions are offset by biogenic VOC production, potentially leading to reduced
efficiency when applying this approach. In this regard, it is very important to quantify

the fluxes of biogenic VOCs and, hence, the degree to which such emissions will offset

anthropogenic VOC reductions.
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4. COMPARISON OF BTEX MEASUREMENTS

The third objective of this study is “To compare the continuous data obtained from these
instruments for BTEX compounds with the standard analytical techniques prescribed in the
NEPM for air toxics.”

BTEX measurements were carried out by both PTR-MS and adsorbent tubes for this study.
Details of the PTR-MS and adsorbent tube methods are described in Appendix B and C.

The method of AT VOC analysis in this study is consistent with ISO16017-1:2000 (ISO 2000).
Sampling was conducted according to USEPA Compendium method TO-17 (USEPA TO-17)
which was noted in the NEPM Air Toxics as an alternative method (See Appendix F). The
adsorbent tube desorbent method is also in accordance with USEPA TO-17.

Information on the NEPM Air Toxics Measure can be found in Appendix F.

4.1 Comparison of PTR-MS and AT-BTEX

A comparison is made of concentrations measured by the PTR-MS for BTEX, and the
concentrations measured by AT techniques. The data comes from 33 7-hour periods, which
include 22 observations from Bringelly and 11 from Randwick. The 33 7-hour periods are listed
in Appendix A Table A.3. The mean, minimum and maximum concentrations and standard
deviation of the BTEX measured by PTR-MS and AT technique for the 33 7-hour period in the
study are listed in Table 4.2.1. Table 4.2.1.shows that the mean concentrations of the BTEX
measured by both techniques are in general quite low with benzene of 0.06+0.06 ppb (PTRMS)
and 0.1120.07 ppb (AT-VOC), toluene of 0.32+0.30 ppb (PTRMS) and 0.42+0.26 ppb (AT
VOC) and ethylbenzene and total xylenes of 0.22+0.21 ppb (PTRMS) and 0.25+0.17 ppb (AT[
VOC), these values being mean concentrations and standard deviations respectively.

The maximum concentrations determined over a single 7-hour period by the adsorbent tubes as
a percentage of the NEPM investigation levels are: benzene less than 11% of the annual
average, toluene less than 2% of the annual average, xylenes less than 1% of the annual
average. The levels of BTEX observed in this study are very low from a regulatory standard as
well as from the perspective of urban pollution levels. It is well known that the differences
observed in instrument measurement comparisons increases at lower concentrations (Horwitz
(1982), as cited in Harris D.C (2003) ). A full instrument comparison at these low
concentrations, near the limit of detection of the measurement systems, is not appropriate.

In the case of benzene, the average concentration from the PTR-MS is comparable with the
limit of detection, and the hourly average concentrations for benzene are above the limit of
detection only 30% of the time, and so a detailed comparison is not valid.

In the case of toluene, the average values of the two instruments are the same within two
standard errors (95% C.1I,). A comparison of the individual measurements of the two
instruments for toluene, Figure 4.2.1, gives a regression relationship of

Toluene (PTR-MS) = 0.95 x Toluene (AT) - 0.08 in ppb. r* = 0.68 N = 31.
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This gives confidence that the two systems are measuring comparable toluene concentrations.

In the case of ethylbenzene plus the three xylene isomers, (Figure 4.2.2) the average values of
the two instruments are the same within two standard errors (95% C.L.).

14
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Fig 4.2.1. 7-hour average toluene concentrations observed simultaneously by the absorbent tubes (AT-
VOC) and by the PTR-MS during this study.
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Fig 4.2.2. The sum of 7-hour average the ethylbenzene and xylene concentrations observed
simultaneously by the absorbent tubes (AT-VOC) and by the PTR-MS during this study.

4.2 BTEX Comparison Conclusions

In summary, because of the low concentrations of BTEX observed during this study a full
instrument comparison between the PTR-MS and standard methods of measuring BTEX was
not possible. The limited analysis that was carried out indicated that both measurement systems
measured comparable concentrations under the low concentrations of BTEX observed.
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Table 4.2.1 Comparison of the BTEX concentrations of 33 7-hour periods by PTRMS and AT-VOC. The units are ppb. The MDL for the PTR-MS is calculated for a 7-hour
average. The PTR-MS measures the sum of ethylbenzene and the three isomers of xylene.

VOC PTR-MS AT-VOC Count
Mean | StDev | Max | Min MDL | Mean | StDev | Max | Min LOD
Benzene 0.06 0.06 0.23 | 0.03 | 0.05 0.11 0.07 0.33 | 0.02 | 0.02 33
Toluene 0.32 0.30 1.25 | 0.06 | 0.13 0.42 0.26 1.24 | 0.06 | 0.03 31
Ethylbenzene n/a n/a n/a n/a n/a 0.05 0.03 0.14 | 0.01 | 0.01 33
(m+p)-Xylene n/a n/a n/a n/a n/a 0.14 0.10 0.47 | 0.03 | 0.01 33
o-Xylene n/a n/a n/a n/a n/a 0.05 0.04 0.17 | 0.01 | 0.01 33
Ethylbenzene & total xylenes 0.22 0.21 0.99 | 0.12 | 0.24 0.25 0.17 0.76 | 0.05 | 0.01 32
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in front of the LpDNPH cartridge. The derivatives are eluted from the cartridge in 2.5ml of
acetonitrile.

The HPLC system employed in this work consisted of a Dionex GP40 gradient pump, a Waters
717 autosampler, a Shimadzu System controller SCL-10A VP, a Shimadzu diode array detector
SPD-M10A VP, a Shimadzu Column Oven CTO-10AS VP and Shimadzu CLASS-VP
chromatography software. The compound separation was performed with a Supelco Supelcsil
LC-18 column, 5 pm, 4.6 mm ID x 250 mm in length, Part No 58298. The chromatographic
conditions included a flow rate of 2.0 ml min-1 and an injection volume of 20 pl, and detector
wavelength of 360nm. The peaks were separated by gradient elution with a mobile phase of
60% acetonitrile and 40% Milli-Q water initial conditions to 100% acetonitrile at 17min, and
column temperature of 30°C. Standard solutions were prepared from Supelco Carb Method
1004 DNPH Mix 2, and the HPLC grade acetonitrile was purchased from Merck. The water
used for analysis was 18.2 mQ.cm grade produced from a Millipore Milli-Q Advantage 10
system.

The several days of missing carbonyl data were due to problems such as pump failure, and
failure of the serial ports which relayed information about the pump flow. A further reason for
lost data at Bringelly was blockage of valves in the sequencer, which occurred on humid days
when the Potassium Iodide in the ozone scrubbers became mobile and moved through the tubes
and valves causing blockage. This problem was resolved by replacing ozone scrubbers
frequently and placing a Teflon filter downstream to stop movement of any Potassium lodide
into the tubing and valves.

AT-VOCs by GC-MS-FID

The method of AT-VOC analysis in this study was compatible with ISO16017-1:2000 (ISO
2000). Sampling was conducted according to USEPA Compendium method TO-17 (USEPA
TO-17). The sorbent tube desorption method is also in accordance with USEPA TO-17.

Air samples were collected onto PerkinElmer’s Chromosorb™ 106 adsorbent tubes using
constant-flow air sampling pumps (SKC Model 222) at 32 mL/min over a 7-hour period, giving
a typical volume of 13.44 L. The tubes were analysed by using a PerkinElmer TurboMatrix™
650 ATD (Automated Thermal Desorber) and a Hewlett Packard 6890A gas chromatography
(GC) equipped with a Flame lonization Detector (FID) and a Mass Selective Detector (MSD).

The ATD/GC/MS procedure was as follows: The tube was thermally desorbed at 180°C for 2
minutes while back-flushed into the GC/FID/MSD. Analysis was carried out on an Alltech AT
1 capillary column (60 m x 0.32 mm internal diameter x 1.0 um film thickness) using a GC
program from 35-240°C. Compounds were identified by MS and quantified by FID. There were
4 working standard gases used for the calibration before each batch of samples. They are a
BTEX, a VOC 42, a Carbonyl and an Alcohol mixture purchased from Scott Specialty Gases,
San Bernadino, CA, USA.

Tubes were cleaned prior to shipping to the field site by heating the tubes with helium (ultra
high purity grade) for 20 mins at 210°C and 15 mins at 180°C consecutively. The cleaned tubes
were capped with Swagelok fitting with PTFE ferrules and then stored in sealed containers.
Twenty seven tubes were shipped to the field site and returned unused. These were used as field
blanks to determine the blank levels of the compounds detected. A further 14 laboratory blanks
were also analysed.

The quantification of these compounds in the air by AT-VOC and GC-MS-FID requires that (a)
the compounds be trapped and subsequently thermally desorbed from the adsorbent tubes with
an efficiency approximating 100%, (b) there be a satisfactory separation of the compound on

Sources of ozone precursors and atmospheric chemistry in a typical Australian city
December 2008



Report to the Department of Environment, Water, Heritage and the Arts 82

the column and satisfactory identification free from interferences and (¢) there be a quantitative
response from the detector.

Compounds meet the requirement (a) when the sampling volume used in this study of
approximately 14 L, is less than the “Safe Sampling Volume” for that compound for the amount
and type of adsorbent used (Chromosorb 106). If the volume sampled is greater than the Safe
Sampling Volume then there will be some breakthrough of the material being sampled and only
a qualitative measurement will be obtained. A set of “Safe Sampling Volumes” for Chromosorb
106 has been published (MDHS 72, 1993). The available results indicate that for alkanes of
carbon number 6 (hexane) and above, for benzene and higher aromatics, for the alcohols
butanol and above, the carbonyls methyl ethyl ketone and above and the esters ethyl acetate and
above, the “Safe Sampling Volumes™ are greater than 10L. Thus these chemicals meet criteria
(a). The abbreviations used in the following Tables for comparison of the sampled volume with
the Safe Sampling Volume for the compound and adsorbent used (Chromosorb 106), are: OK =
volume sampled is less than the Safe Sampling Volume. Exceeded = volume sampled is greater
than the Safe Sampling Volume., u/k = the Safe Sampling Volume is unknown. In many cases
where the Safe Sampling Volume is unknown, we can infer, from the chemical properties of the
compound and those of related compounds where the Safe Sampling Volume is known, that the
unknown Safe Sampling Volume is most likely greater than 10 L. In these cases we have
calculated a detection limit based on the assumption that the ratio of volume sampled to Safe
Sampling Volume is adequate.
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APPENDIX C: OBSERVED AMBIENT CONCENTRATIONS
Table C.1 AQMS stats from Bringelly and Randwick

Units Max hourly Min hourly 95%ile 90%ile 75%ile 50%ile 25%ile 10%ile
BRINGELLY_HUMID % RH 96.7 13.1 95.0 93.8 88.9 71.9 55.0 45.4
BRINGELLY_NEPH 0.7 0.0 0.5 0.4 0.3 0.2 0.1 0.1
BRINGELLY_NO ppb 41.4 0.0 135 8.8 3.0 1.2 0.5 0.1
BRINGELLY_NO2 ppb 23.6 0.0 12.4 10.6 7.8 5.3 3.1 1.6
BRINGELLY_NOX ppb 48.3 0.0 215 17.2 12.0 7.0 4.1 2.3
BRINGELLY_OZON ppb
E 78.9 0.0 52.3 41.1 26.0 14.3 5.6 0.5
BRINGELLY_PM10 150.1 0.7 47.6 43.3 33.1 23.4 15.2 9.2
BRINGELLY_SD1 73.1 5.6 52.6 48.3 32.1 21.0 17.0 13.7
BRINGELLY_SO2 ppb 10.5 0.0 2.7 1.8 0.6 0.2 0.0 0.0
BRINGELLY_SOLAR wm? 1089.0 0.0 935.9 757.8 402.2 27.7 0.5 0.2
BRINGELLY_TEMP °C 35.7 10.9 30.3 28.7 25.8 22.1 19.3 17.7
BRINGELLY WSP km/hr 6.4 0.1 4.4 3.9 3.1 1.6 1.0 0.6

Units Max hourly Min hourly 95%ile 90%ile 75%ile 50%ile 25%ile 10%ile
RANDWICK_HUMID % RH 91.31 30.82 87.87 84.93 79.20 69.10 61.93 58.31
RANDWICK_NEPH 0.8 0.0 0.3 0.2 0.2 0.1 0.1 0.0
RANDWICK_NO ppb 138.6 0.0 52.1 26.7 35 0.5 0.0 0.0
RANDWICK_NO2 ppb 37.5 0.3 25.0 19.4 14.1 3.7 1.8 1.0
RANDWICK_NOX ppb 161.4 0.2 68.4 45.7 19.0 4.1 2.1 11
RANDWICK_OZON ppb
E 51.1 0.5 37.2 31.6 24.6 20.9 14.2 2.1
RANDWICK_PM10 63.9 0.4 34.7 30.4 22.4 17.5 12.6 8.9
RANDWICK_SD1 68.5 12.6 41.9 32.3 24.5 19.3 15.7 14.5
RANDWICK_S0O2 ppb 9.8 0.0 4.0 3.0 1.4 0.3 0.0 0.0
RANDWICK_TEMP °C 31.3 12.6 25.1 24.1 21.8 20.6 195 18.1
RANDWICK_WSP km/hr 12.2 0.1 5.7 5.3 4.0 2.7 1.2 0.6
Randwick CO ppb 1114.4 26.9 673.8 478.5 220.4 118.4 77.4 62.7

Sources of ozone precursors and atmospheric chemistry in a typical Australian city
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Table C.2 Bringelly PTR-MS hourly concentrations (ppb) for key masses. MDL values marked with an " are calibrated compounds.

Mass Max hourly 95%ile 90%ile 75%ile 50%ile 25%ile 10%ile Min hourly MDL t>MDL
31 16.7 9.8 8.0 5.2 2.2 nd nd nd 1.3 0.6
33 105.0 311 24.3 18.4 125 9.0 6.9 3.2 1.0° 1.0
41 8.9 3.8 2.9 2.3 1.4 0.9 0.5 nd 0.11" 1.0
42 0.5 0.3 0.2 0.2 0.2 0.1 0.1 nd 0.03" 1.0
43 54.6 21.3 15.5 10.4 55 3.0 1.7 nd 0.33 1.0
45 3.3 1.8 1.2 0.8 0.5 0.3 0.2 nd 0.05" 1.0
46 3.7 1.7 1.3 0.6 0.2 nd nd nd 0.16 0.6
47 2.4 1.2 0.9 0.6 0.3 0.1 0.1 nd 0.05 0.9
55 6.8 2.8 2.1 1.1 nd nd nd nd 0.50" 0.4
56 3.0 0.7 0.4 0.2 nd nd nd nd 0.17 0.3
57 0.6 0.2 0.2 0.1 0.1 0.0 nd nd 0.02 0.9
59 8.1 25 2.0 1.4 0.9 0.6 0.4 nd 0.03" 1.0
60 0.3 0.1 0.1 0.1 0.0 nd nd nd 0.03 0.7
61 3.8 1.0 0.8 0.5 0.3 0.1 0.0 nd 0.03 0.9
62 0.4 0.1 0.1 0.1 0.0 nd nd nd 0.02 0.7
69 4.3 1.2 0.9 0.7 0.4 0.2 nd nd 0.10° 0.9
71 2.6 1.0 0.8 0.5 0.2 0.1 nd nd 0.05 0.8
73 1.6 0.6 0.5 0.3 0.2 0.1 nd nd 0.04" 0.9
75 0.6 0.2 0.1 0.1 0.0 nd nd nd 0.02 0.7
79 0.4 0.2 0.1 0.1 nd nd nd nd 0.05 0.3
81 1.1 0.6 0.4 0.2 0.1 nd nd nd 0.08" 0.5
83 0.3 0.1 0.1 0.0 0.0 nd nd nd 0.02 0.6
87 1.0 0.2 0.2 0.1 0.1 nd nd nd 0.04 0.6
93 2.5 1.0 0.9 0.6 0.3 nd nd nd 0.13" 0.7
107 8.3 3.4 25 1.2 0.3 nd nd nd 0.24" 0.5

TVOC 203.5 72.5 57.6 42.0 28.1 16.8 6.8 nd nd n/a
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Table C.3 Randwick PTR-MS hourly concentrations (ppb) for key masses. MDL values marked with an " are calibrated compounds
25%ile

Mass
31
33
41
42
43
45
46
47
55
56
57
59
60
61
62
69
71
73
75
79
81
83
87
93

107
TVvOC

Max hourly
13.31
121.43
25.51
0.71
57.81
3.41
1.36
2.28
9.90
3.32
1.52
28.05
0.95
1.76
0.23
2.07
1.56
9.56
0.26
0.92
0.99
0.11
0.28
17.74
17.64
272.94

95%ile
7.09
25.17
11.54
0.45
20.28
1.80
0.82
0.77
3.41
0.47
0.59
2.27
0.13
0.65
0.12
0.93
0.61
1.31
0.08
0.47
0.45
0.07
0.15
3.29
7.89
79.73

Sources of ozone precursors and atmospheric chemistry in a typical Australian city

90%ile

5.30

20.28
7.10
0.34

15.36
1.20
0.63
0.53
2.68
0.31
0.34
1.75
0.10
0.50
0.08
0.71
0.47
0.64
0.07
0.32
0.33
0.05
0.13
2.13
4.96

67.43

75%ile
3.36
11.88
2.59
0.19
7.50
0.63
0.40
0.29
1.64
nd
0.13
0.91
0.07
0.21
0.05
0.40
0.21
0.29
0.04
0.12
0.17
0.03
0.07
0.60
1.62
32.43

50%ile
1.69
5.49
0.77
0.14
2.54
0.24
nd
0.17
0.59
nd
0.05
0.41
0.03
0.11
0.03
0.18
0.07
0.11
nd
nd
nd
nd
nd
0.21
nd
14.84

nd
3.53
0.34
0.08
1.32
0.10
nd
0.09
nd
nd
nd
0.26
nd
0.06
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
7.10

10%ile

nd
1.09
nd
0.03
nd
nd
nd
nd
nd
nd
nd
0.07
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
1.22

Min hourly

nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd

December 2008

MDL
1.3
1.0

0.11

*

0.03

0.33
0.05"
0.16
0.05
0.50°
0.17
0.02
0.03
0.03
0.03
0.02
0.10°
0.05"
0.04"
0.02
0.05°
0.08
0.02
0.04
0.13
0.24°

nd

85

t>MDL
0.6
0.9
0.9
0.9
0.9
0.9
0.5
0.8
0.6
0.2
0.7
0.9
0.5
0.9
0.5
0.6
0.6
0.7
0.4
0.5
0.5
0.4
0.4
0.6
0.5
n/a
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Table C.4. 7-hour integrated Carbonyl concentrations (ppb) LOD, mean, stdev, min, max and count from Bringelly and Randwick

LOD Bringelly Randwick

mean stdev min max count Obs>LOD | mean stdev min max count Obs>LOD

Formaldehyde 0.119 211 1.00 0.52 4.28 15 15 1.22 1.32 0.04 4.24 13 11
Acetaldehyde 0.112 0.30 0.26 0.05 0.88 15 11 0.09 0.07 0.04 0.27 13 4
Acrolein 0 0.00 0.00 0.00 0.00 15 0 0.00 0.00 0.00 0.00 13 0
Acetone 0.127 0.13 0.16 0.05 0.53 15 4 0.07 0.04 0.05 0.16 13 2
Propanal 0.221 0.10 0.01 0.09 0.12 15 0 0.10 0.04 0.08 0.23 13 0
Butenal 0 0.00 0.02 0.00 0.07 15 1 0.00 0.00 0.00 0.00 13 0
Methacrolein 0 0.04 0.10 0.00 0.32 15 2 0.00 0.01 0.00 0.03 13 1
MEK 0.012 0.01 0.01 0.00 0.04 15 7 0.22 0.14 0.01 0.38 13 12
Butanal 0.041 0.02 0.01 0.02 0.04 15 1 0.02 0.01 0.01 0.04 13 0
Benzaldehyde 0.009 0.03 0.02 0.00 0.07 15 14 0.03 0.01 0.01 0.05 13 12
Glyoxal 0 0.14 0.16 0.00 0.56 15 11 0.01 0.03 0.00 0.09 13 5
Cyclohexanone 0.043 0.02 0.00 0.02 0.02 15 0 0.02 0.01 0.02 0.05 13 0
Pentanal 0 0.00 0.00 0.00 0.01 15 1 0.00 0.00 0.00 0.00 13 1
m-Methyl-
benzaldehyde 0 0.02 0.03 0.00 0.09 15 6 0.00 0.00 0.00 0.00 13 0
Methyl Glyoxal 0.022 0.70 0.44 0.09 1.64 15 15 0.13 0.15 0.01 0.48 13 11
Hexanal 0 0.01 0.00 0.00 0.01 15 0 0.01 0.00 0.00 0.02 13 1
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Table C.5. 7-hour integrated AT-VOC LOD (ppb), concentrations (ppb) mean, stdev, min, max and count from Bringelly and Randwick

VOC LOD Bringelly Randwick
Mean stdev | min | max | count | Obs>LOD Mean stdev | min | max | count | Obs>LOD

2-Methylpentane 0.01 0.10 0.07 | 0.00 | 0.26 25 22 0.08 0.07 | 0.00 | 0.28 13 12
2-Butanone 0.01 0.37 0.27 | 0.06 | 1.47 25 25 0.28 0.18 | 0.05| 0.71 13 12
3-Methylpentane 0.05 0.07 0.05| 0.00 | 0.18 25 22 0.05 0.05| 0.00 | 0.20 13 10
Benzene 0.01 0.11 0.07 | 0.01 | 0.27 25 23 0.11 0.09 | 0.00| 0.32 13 12
Cyclohexane 0.02 0.06 0.04 | 0.00| 0.127 25 22 0.04 0.04 | 0.00| 0.17 13 9
2-Methylhexane 0.01 0.04 0.02 | 0.00 | 0.10 25 23 0.03 0.03| 0.01| 0.11 13 13
3-Methylhexane 0.01 0.04 0.03 | 0.00 | 0.10 25 23 0.03 0.03| 0.01| 0.12 13 13
2,2,4-Trimethylpentane 0.01 0.07 0.04 | 0.00 | 0.17 25 24 0.05 0.03| 0.00| 0.11 13 12
n-Propyl acetate 0.01 0.04 0.05| 0.00 | 0.15 25 12| <0.01 0.03| 0.00 | 0.11 13 1
Heptane 0.01 0.04 0.03 | 0.00 | 0.08 25 23 0.03 0.03| 0.00 | 0.11 13 12
Methylcyclohexane 0.01 0.02 0.02 | 0.00 | 0.07 25 18| <0.01 0.02 | 0.00 | 0.08 13 5
Toluene 0.01 0.45 0.24 | 0.13| 1.23 25 25 0.31 0.26 | 0.05| 1.08 13 13
Butylacetate 0.03 0.03 0.03| 0.00| 0.12 25 18 | <0.01 0.03 | 0.00 | 0.10 13 1
Octane 0.01 0.02 0.01 | 0.00 | 0.06 25 23| <0.01 0.01| 0.00| 0.04 13 9
Ethylbenzene 0.01 0.06 0.03 | 0.02| 0.14 25 25 0.03 0.03| 0.01| 0.12 13 13
Xylenes 0.01 0.20 0.13 | 0.07 | 0.55 25 25 0.14 0.15| 0.03 | 0.63 13 13
Nonane 0.01 0.02 0.01| 0.00 | 0.07 25 22| <0.01 0.01| 0.00 | 0.05 13 10
1-Ethyl-3-methylbenzene 0.03 0.02 0.01 | 0.00 | 0.06 25 24 0.02 0.02 | 0.00 | 0.09 13 11
1,3,5-Trimethylbenzene 0.01 0.01 0.01 | 0.00| 0.04 25 21 0.02 0.01| 0.00 | 0.06 13 10
1,2,4-Trimethylbenzene 0.01 0.04 0.02 | 0.02 | 0.10 25 25 0.06 0.05| 0.03 | 0.19 13 13
Decane 0.01] <0.01 0.01 | 0.00 | 0.04 25 24 0.01 0.01 | 0.00 | 0.05 13 10
1-Methyl-4-(1-methyl) benzene 0.01 0.02 0.01| 0.00 | 0.06 25 21 0.02 0.03 | 0.00| 0.10 13 8
1,2,3-Trimethylbenzene 0.01 0.01 0.01 | 0.00 | 0.02 25 16 0.02 0.02 | 0.00 | 0.07 13 11
Benzene/Toluene 0.23 0.08 | 0.07 | 0.46 25 0.44 0.43 | 0.07 | 1.53 13
Xylenes/Toluene 0.45 0.14 | 0.24 | 0.79 25 0.45 0.15| 0.26 | 0.70 13
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Report to the Department of Environment, Water, Heritage and the Arts 88

APPENDIX D: CHEMICAL IDENTIFICATION OF PTR-MS
OBSERVED MASSES

There is little systematic work published in the scientific literature providing methodologies to
relate measurements of masses made by PTR-MS with chemical composition measurements
made by other techniques. A summary of identifications that have been made under varying
atmospheric environments is presented in de Gouw and Warnecke (2007). Depending on the
chemical processes and emissions in the surrounding environment, a single mass measured by
the PTR-MS may have varying chemical composition.

A thorough study of the possible identities of the observed masses includes:

(a) sorting all the mass data from the PTR-MS to identify those masses that have sufficient
indicative concentration to facilitate unique identification

(b) examination of all known chemical species that are detected by the PTR-MS at those
masses either directly or as fragments to determine an initial range of candidate
compounds

(c) exclusion of inconsistent species by consideration of fragmentation and isotope patterns
where they occur,

(d) using independent analytical techniques, to determine the contribution to the
concentration of the observed masses from the remaining selected range of candidate
compounds

On the basis of this, a series of probable observed compounds and a series of queries concerning
unknown compounds can be prepared. Through application of independent specific techniques
in parallel with PTR-MS measurements there should be extensive and specific determination of
the range and concentration of organic pollutants occurring in the atmosphere, with on occasion,
some outstanding questions about specific masses.

In this analysis there are 24 compounds that have discernable non-zero measurements in the
data set. The techniques that have been utilized in this study to provide specific chemical
species identification are DNPH sampling and High Performance Liquid Chromatography
(HPLC) analyses for carbonyls, and adsorbent tube sampling and Gas Chromatography — Mass
Spectrometry (GC-MS) for VOC analyses.

In Table D.1, possible candidates are suggested for the identities of 11 of the masses examined.
We have weighted our choice of possible compounds towards those that have already been
positively identified by PTR-MS in the ambient atmosphere. As noted above, there are also
other possible candidate compounds, not listed in table D.1.
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Table D.1.ldentities of the calibrated protonated masses measured with the PTR-MS in the Bringelly and Randwick atmospheric measurements. Compiled from the following
references (1) lonicon Analytik (2007) (2) deGouw and Warneke (2007) and Karl et al., (2007) . the 13 ‘Likely Compounds were all identified in references 1-3. All compounds
have been detected by PTR-MS or PTR-ToF.

Mass Likely Compounds with the | Compound fragment ions of the same mass Compound Refs
Number | Compound same mass cluster ions of
(amu) the same mass
31 Formaldehyde Methyl hydroperoxide 1
33 Methanol Methyl formate 1,3
42 Acetonitrile 1-Butene 1
45 Acetaldehyde Ethanediol; 2-methylbutanal; 2-hexanol; 2-pentanone; 1
59 Acetone Propanal; propanediol; acetylacetone; 1
methylvinyl-ether;
69 Isoprene Furan Methyl butanal; Methanol 1,3
71 Methylvinyl[] cyclopentane Ethyl acetate; 2-methyl,; propanoic acid, 2-methyl, 3methylbutyl ester; 2] 1,3
ketone, methyl, 2-propenal; n-CsH;;ONO, ; CsH;;ONO,; isoprene
Methacrolein hydroperoxides1-butanol, 3-methyl, acetate ; 2-nonanol ; 2-pentanol; 3]
methyl, 1-butanol; C,Hs ONO,; octyl acetate; 2-/3- octanol; pentanol;
butyric acid; butyl butyrate; propyl butyrate; ethyl butanoate; methyl
hexanoate; ethyl hexanoate; ethyl decanoate
Sources of ozone precursors and atmospheric chemistry in a typical Australian city December 2008
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73 Methyl ethyl- Butanal; 2 1,3
ketone methylpropanal;
tetrahydrofuran;
79 Benzene Isopropyl acetate; butyl acetate; benzaldehyde; xylene; ethylbenzene Acetic acid; 1,3
Methanol
93 Toluene linalool;2-carene; a-pinene; b-myrcene; b-pinene; camphene; limonene; p[] | Ethanol ; 1
cymene; terpinolene; nopinone propionic acid,
107 Xylenes, 1,2,3/ 1,2,4-/ 1,3,5- trimethylbenzene; benzaldehyde; pinonaldehyde Ethanol 1,3

Ethylbenzene
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APPENDIX E: INVENTORIES FOR THE SYDNEY AIRSHED

In this appendix tables of emissions of gases for various inventory categories for the Sydney region and areas within it are listed. It is not immediately obvious
which emissions are contained in the category Commercial-Domestic compared with the category Commercial. To clarify this, the following two lists are

provided.

The Commercial Air Emissions Inventory includes emissions from commercial businesses that are not scheduled under the Protection of the Environment
(Operations) Act 1997 and do not hold an EPA licence. The commercial air emissions inventory includes 5,056 facilities covering 68 ANZSIC Classes. The

18 ANZSIC Subdivisions that these 68 Classes lie in are as follows:

1

14
21
22
23
24
25
26
27
28
29
41
45
53
57
66
86
95

Refer to DECC (2007b) for further information regarding the source types included in the Commercial Air Emissions Inventory and the emission estimation

Agriculture

Other mining

Food, beverage and tobacco

Textile, clothing, footwear and leather manufacturing
Wood and paper product manufacturing

Printing, publishing and recorded media

Petroleum, coal, chemical and associated product manufacturing
Non-metallic mineral product manufacturing

Metal product manufacturing

Machinery and equipment manufacturing

Other manufacturing

General construction

Mineral, metal and chemical wholesaling

Motor vehicle services

Accomodation, cafes and restaurants

Services to water transport

Health services

Personal services

methodology.

Sources of ozone precursors and atmospheric chemistry in a typical Australian city
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The Domestic-Commercial Air Emissions Inventory includes emissions from the following sources:
e Aecrosols and solvents (domestic & commercial)
0 adhesives and sealants, automotive aftermarket products, coatings and related products, household products, insecticide, fungicide,
rodenticide and herbicide products, miscellaneous products and personal care products
e Barbecues (domestic)
0 briquette, butane, LPG and wood
e Cutback bitumen
e Gaseous fuel combustion (domestic)
0 LPG and natural gas
e Lawn mowing and garden equipment (domestic)
0 2-stroke and 4-stroke petrol
e Lawn mowing and garden equipment (public open space)
0 2-stroke and 4-stroke petrol and diesel
e Liquid fuel combustion (domestic)
e Natural gas leakage
e Solid fuel combustion (domestic)
0 coal and wood
e Surface coating (domestic, commercial & industrial)
0 oil based, water based, timber finishes and thinners
Refer to DECC (2007c¢) for further information regarding the source types included in the Domestic-Commercial Air Emissions Inventory and the emission
estimation methodology.
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Table E.1. Emissions (tonnes/year) from Sources in the Sydney Airshed

Substance Commercial Domestic - Industrial Off On- Biogenic Total
Commercial Road Road

acetaldehyde 0 783 6 114 615 136 1654

benzene 51 574 92 66 1833 2616
Cco 1260 67200 8000 20300 431270 27346 555376

formaldehyde 89 841 411 117 709 2168

xylenes 325 2070 380 245 2679 5699
NOXx 1870 1360 14000 9510 65996 1585 94321
S02 48 108 11000 1370 1254 69 13849

toluene 1250 3210 1220 218 1902 7800
isoprene 0 0 0 0 0 25755 25755

monoterpene 0 0 0 0 0 4184 4184

s
MEK

TVOCs 9970 51900 14000 4770 50171 33989 164800

Sources of ozone precursors and atmospheric chemistry in a typical Australian city
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Table E.2. Emissions in the Sydney Airshed where the emissions of a compound have been ratioed to NOx emissions from the same source

Substance Commercial Domestic - Industrial Off On- Biogenic Total
Commercial Road Road

acetaldehyde 0.000 0.576 0.000 0.012 0.009 0.086 0.018
benzene 0.027 0.422 0.007 0.007 0.028 0.000 0.028
CO 0.674 49.412 0.571 2.135 6.535 17.253 5.888
formaldehyde 0.048 0.618 0.029 0.012 0.011 0.000 0.023
xylenes 0.174 1.522 0.027 0.026 0.041 0.000 0.060
NOXx 1.000 1.000 1.000 1.000 1.000 1.000 1.000
SO2 0.026 0.079 0.786 0.144 0.019 0.044 0.147
toluene 0.668 2.360 0.087 0.023 0.029 0.000 0.083
isoprene 0.000 0.000 0.000 0.000 0.000 16.249 0.273

monoterpene
s 0.000 0.000 0.000 0.000 0.000 2.640 0.044

MEK

TVOCs 5.332 38.162 1.000 0.502 0.760 21.444 1.747
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Table E.3. Emissions in the Sydney Airshed where the emissions of a compound have been ratioed to Toluene emissions from the same source

Substance

acetaldehyde
benzene
CO
formaldehyde
xylenes
NOx
S0O2
toluene
isoprene
monoterpene
S
MEK
TVOCs

Commercial

0.000
0.041
1.008
0.071
0.260
1.496
0.038
1.000
0.000

0.000

7.976

Domestic -
Commercial

0.244
0.179
20.935
0.262
0.645
0.424
0.034
1.000
0.000

0.000

16.168

Industrial

0.005
0.075
6.557
0.337
0.311
11.475
9.016
1.000
0.000

0.000

11.475

Off
Road

0.523
0.301
93.119
0.537
1.124
43.624
6.284
1.000
0.000

0.000

21.881

On-
Road

0.323
0.964
226.711
0.373
1.408
34.693
0.659
1.000
0.000

0.000

26.374

Biogenic

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

n/a
n/a

Total

0.212
0.335
71.199
0.278
0.731
12.092
1.775
1.000
3.302

0.536

21.127

Sources of ozone precursors and atmospheric chemistry in a typical Australian city
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Table E.4. Randwick and surrounding districts NPI emissions

Compound

Acetaldehyde
Acetone
Benzene

CO

Ethylbenzene

Formaldehyde
Methanol

MEK
Oxides of
nitrogen

Sulfur Dioxide
Toluene

TVOC
Xylenes

Randwick
Total Emissions

(kglyear)

16,000
6,300
58,000
11,000,000
18
n/a
35,000
10,000

1,500,000
59,000
140,000
2,600,000
120,000

NPl Botany Bay
Emissions

(kglyear)

n/a
4,500
51,000
11,000,000
220
9
20,000
6,900

2,600,000
420,000
110,000

2,800,000

99,000

NPI Sydney
Emissions
(kglyear)

n/a
9,300
110,000
26,000,000
n/a
n/a
32,000
9,600

4,000,000
210,000
250,000

4,200,000
230,000

Woollahra
Emissions

(kglyear)

n/a
1,700
17,000
3,000,000
n/a
n/a
11,000
3,100

380,000
15,000
41,000

710,000
34,000

Waverley
Emissions

(kglyear)

n/a
1,600
15,000
2,600,000
n/a
n/a
11,000
3,200

300,000
12,000
37,000

650,000
31,000

Sum point
sources Kurnell
Emissions

(kglyear)

42

0

16,005
467,000
2,000

0

0
62,000

2,539,000
3,840,800
76,000
2,717,200
32,000
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Table E.4 continued

Compound

Acetaldehyde
Acetone
Benzene

CO

Ethylbenzene

Formaldehyde
Methanol

MEK
Oxides of nitrogen

Sulfur Dioxide

Toluene
TVOC
Xylenes

Randwick

Total Emissions
(kglyear)
Randwick
16,000
6,300
58,000
11,000,000
18
n/a
35,000
10,000
1,500,000
59,000
140,000
2,600,000
120,000

Motor Vehicles

Total Emissions
(kglyear)
Randwick

2,300
34,000
9,400,000

1,300,000
49,000
73,000

1,100,000
72,000

Solid Fuel Burning
(domestic)
Total Emissions
(kglyear)
Randwick

7,000
750,000

560
9,500
1,700
4,100

290,000
2,100

Domestic/commercial
solvents & aerosols
Total Emissions
(kglyear)
Randwick

35000
2,500

21,000
390,000
10,000

Sources of ozone precursors and atmospheric chemistry in a typical Australian city

Motor Vehicle
Refinishing
Total Emissions
(kglyear)
Randwick

2200

7,200

12,000
59,000
9,000

December 2008
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Table E.5 Liverpool NPI emissions

Total Motor Solid Fuel Burning Ceramic Product Domestic/commercial
Compound Liverpool Vehicles (domestic) Manufacturing solvents & aerosols
Liverpool Liverpool Liverpool Liverpool
kglyear kglyear kglyear kglyear kglyear
Acetaldehyde n/a
Acetone 12,000 7,500
Benzene 140,000 110,000 9,300 0
CO 34,000,000 31,000,000 1,000,000 130,000
Ethylbenzene 1
Formaldehyde 2
Methanol 46,000 46,000
MEK 14,000 740 3,400
Oxides of nitrogen 4,900,000 4,800,000 13,000 99,000
Sulfur Dioxide 270,000 160,000 2,300 100,000
Toluene 330,000 240,000 5,500
TVOC 5,500,000 3,700,000 380,000 6,500 520,000
Xylenes 300,000 230,000 2,700 14,000
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APPENDIX F: NEPM MONITORING AND INVESTIGATION
LEVELS AND METHODS FOR MONITORING AND ASSESSMENT
OF BTEX

NEPM Monitoring and Investigation Levels

The following is an extract from the National Environment Protection (Air Toxics) Measure,
Explanatory document, April 2004.

*“Schedule 3
METHODS FOR MONITORING AND ASSESSMENT OF AIR TOXICS
(5) Monitoring Investigation levels

The monitoring investigation levels specified in Table 2 are for use in assessing any air
monitoring data collected for the purposes of this Measure. The monitoring
investigation levels are established for use in assessing the significance of the
monitored levels of air toxics with respect to protection of human health. If the
monitoring investigation levels are exceeded then some form of further investigation by
the relevant jurisdiction of the cause of the exceedance is appropriate.

Note: The monitoring investigation level values are levels of air pollution below which
lifetime exposure, or exposure for a given averaging time, does not constitute a
significant health risk. If these limits are exceeded in the short-term it does not mean
that adverse health effects automatically occur.

Investigation of exceedances may include, but is not limited to:

« Further monitoring to ascertain whether the exceedance was an anomaly to typical of
this area;

« Further monitoring over shorter time periods for the irritants to assess whether the
health based guideline value is being exceeded;

« Identification of unusual events, such as bushfires, spills, major traffic accidents;
* Assessment of unusual meteorological conditions.

If there are regular exceedances at the same site jurisdictions may wish to consider
management actions.

Sources of ozone precursors and atmospheric chemistry in a typical Australian city
December 2008



Report to the Department of Environment, Water, Heritage and the Arts

TABLE 2: MONITORING INVESTIGATION LEVELS
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Column 1 Column 2 Column 3 Goal
Pollutant Averaging Monitoring
period investigation level
Benzene Annual 0.003ppm 8-year goal is to gather sufficient
average* data nationally to facilitate
development of a standard.
Toluene 24 hours# 1 ppm 8-year goal is to gather sufficient
Annual 0.1 ppm data nationally to facilitate
average* development of a standard.
Xylenes (as total of 24 hours# 0.25ppm 8-year goal is to gather sufficient
ortho, meta and para | Annual 0.2 ppm data nationally to facilitate
isomers) average* development of a standard.

*For the purposes of this Measure the annual average concentrations in Column 3 are
the arithmetic mean concentrations of 24-hour monitoring results.

# For the purposes of this Measure monitoring over a 24 hour period is to be conducted
from midnight to midnight.

Note 1. For toluene and xylenes the Annual average and 24 hour monitoring
investigation levels have been derived independently for different (chronic and acute)
health endpoints.

Note 2. The 24 hour monitoring investigation levels in table 2 have been derived from
health based guidelines of shorter averaging periods.

« For toluene the health based guideline is 4 ppm for a 6 hour averaging period; and

« For xylene the health based guideline is 1 ppm for a 30 minute averaging period.”

Methods for Monitoring and Assessment of Air Toxics

The following is an extract from the National Environment Protection (Air Toxics) Measure
Explanatory document April 2004

“Schedule 3

METHODS FOR MONITORING AND ASSESSMENT OF AIR TOXICS
1. Monitoring of benzene, toluene, xylenes and polycyclic aromatic hydrocarbons (PAHs)
must be carried out in accordance with the appropriate methods listed in Table 2 and
Section 3 (1) of this Schedule.
2. Jurisdictions may use alternative sampling and analysis methods where equivalence can
be demonstrated in accordance with US EPA Method Reference for equivalence testing
USEPA Code of Federal Regulations (40 CFR, Protection of Environment, Chapter I,
Environmental Protection Agency (continued), Subchapter C - Air programs (continued),
Part 53 - Ambient Air Monitoring, Reference and Equivalent Methods), or in accordance
with National Association of Testing Authorities (NATA), Australia requirements
Technical Note 17 — Format and Content of Test Methods and Procedures for Validation
and Verification of Chemical Test Methods,
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