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GLOSSARY

Simple definitions of various technical terms aieeg here to assist the reader. If required,
the reader should look to other sources for momadiband technical definitions.

Aerosol

BTEX

CALM

CALPUFF

CC

CMAR

CSIRO

Deposition flux

DOIR

GAW station

GC/FID
HNO;

Limit of detection

LNG
LPG

mg

A suspension of fine solid, liquid or mikphase particles in air.

Gaseous mixture of benzene, toluene, ethykeezo-xylene, m-
xylene and p-xylene.

Conservation and Land Management (WA Governitnen

An air pollution dispersion model developeg Earth Tech Inc.
(USA). It simulates the transport and diffusionaoplume via the
puff approach in which a plume is described as isting of a
series of puffs. CALPUFF typically uses meteorotadi data

generated by the processor CALMET.
(http:/lwww.src.com/calpuff/calpuffl.htm).

Conservation Commission (WA Government).

CSIRO Marine and Atmospheric Research

http://www.cmar.csiro.au).

Commonwealth Scientific and Industrial Reskafrganisation
(http:/lwww.csiro.au).

deposition of mass in the form afsg particle or rainwater to an
area of ground over a particular period of timeen€ral units are in
mass per area per time.

Department of Industry and Resources (WA Goremt).

Global Atmosphere Watch stations agaoised through the World
meteorological Organisation. Bukit Koto Tabanggdnesia and
Tanah Rata, Malaysia are regional GAW stations.

Gas chromatograph with a flame ionisatiotedtr.

Nitric acid gas.

The lowest concentration detbtdaby a measurement system as
the concentration of the substance being measp@oaches zero.

Liquified natural gas. It is composed mainfynoethane.
Liguefied petroleum gas. It is composed madilpropane.

Milligram (1 mg = 1 gram = 0.001 gram). One thousandth of a
gram.




Milli-Q water
NH;

nm

NO;

PMyo

ppb

ppt

SKM

SG;

TAPM

TSP

Mg

High purity water having resistivigf 18 M cm.
ammonia gas.

Nanometre (1 nm = fanetre = 0.000000001 metre). One billionth
of a metre.

Nitrogen dioxide.

Particulate matter in the air, with an aerodynamiameter of
10 um (micrometres) or less.

Parts per billion (by volume): a unit for trencentration of a gas in
the atmosphere based on the mixing ratio appr@achncentration
of 1 ppb is equivalent to a volume of 1 cubic metfe pure
undiluted gas in 1 thousand million cubic metres adf. The
expression ppb is without dimensions. The ppb umituseful
because its value is unaffected by changes in teatype and
pressure, and also because many sampling techrégedsased on
volume concentrations. Concentrations of gaseougpoands can
be converted from mixing ratio units, e.g. ppb sifitolumetric), to
density units, e.g. pgTt (mass/volume), using the following
formula:

Cugm = 27315 M, C
224136 (27315+T)

where C is the concentration (ppb), Mw is the molacweight of
the gas, and T is the ambient temperature in de@tetsius.

Parts per trillion (by volume): a unit of contetion of a gas in air.
1 ppt = 1 cubic metre in 1million million cubic nes of air.

Sinclair Knight de(an environmental consulting company).
Sulfur dioxide gas.

The Air Pollution Model. A prognostic meteoogical and air
pollution dispersion model developed by CSIRO Atplemic
Research (http://www.dar.csiro.au/tapm). The melegrcal
component of TAPM predicts the local-scale flowgclsuas sea
breezes and terrain-induced circulations, given ldrger-scale
synoptic meteorology. The air pollution componesg¢sithe model-
predicted three-dimensional meteorology and turimde and
consists of a set of species conservation equadindsan optional
particle trajectory module.

Total Suspended Particulates all particlesvbelbout 50 pm in
diameter suspended in the atmosphere.

Microgram (1 pg = I®gram = 0.000001 gram). One millionth of a
gram




um

ug mi

pmol I*

VWM

Micrometre (1 um = I®metre = 0.000001 metre). One millionth of
a metre.

microgram per cubic metre. 1 pg’m one millionth of a gram per
cubic metre of air.

one millionth of a mole per litre.

Volume weighted mean. A method used to caleuthe average
concentration of ions in rainwater. This accouotsvariability in
rainwater sample volumes and allows larger samygesfluence
the average compared with smaller samples.




1. EXECUTIVE SUMMARY

The Burrup Peninsula is located in the Pilbara afé&estern Australia, northeast of Dampier. It is
bounded by latitude 20.42 °S and 20.65 °S andtodgi116.71 °S and 116.90 °S comprising about 110
km® This area is home to a large number of abalgietroglyphs or etchings that are of enormous
cultural significance to Australia, particularlyttee local indigenous communities. The etchingsaaound
10,000 to 20,000 years old, and provide a glimptethe life of the early inhabitants of the aréa.
addition, the rock etchings are still of signifitapiritual importance to indigenous people.

In addition to the rock etchings, the Burrup Peuniasas several large industrial complexes inclgidtion
ore, liquefied natural gas production (LNG) and ssbduction. All are located around Dampier ahd t
southern area of the Peninsula. Since some abthkeetchings are adjacent to industrial areass@afy in
the southern Peninsula, there has been some camegrtihe etchings could be damaged by emissiams fr
industry.

To assess the likelihood that air pollution frone timdustrial area may damage the petroglyphs an air
pollution study was carried out on the Burrup Pseula by CSIRO Marine and Atmospheric Research
between August 2004 and September 2005 and betedsmary 2007 and September 2008. The study
comprised a total of 10 Sites; two of these wepatied on the northern Burrup Peninsula area andabne
Mardie Station 81 km southwest of Dampier, and weoesidered to be representative of the local
background concentrations of gases and partici@se site was located in the town of Karratha, dred t
other five were located on the lower Burrup Penlmsoear to the industrial areas.

Since the sites had no power and were quite rertizgg,were visited on a monthly basis to changepsessn
and to download data. Most of the measurementepted in this study are taken over periods of tboe
month so they represent monthly averaged resdll®e range of measurements included concentratibns o
sulfur dioxide, nitrogen dioxide, nitric acid andhmonia gases and concentrations of benzene, tgluene
ethylbenzene, p+m xylene and o-xylene. These mesured at nine sites using passive samplers fafea
such a sampling program, since they could be depldgr monthly periods at remote sites where power
was not available. Total suspended particulateptesmwere collected at the seven sites locatechen t
Peninsula using Microvol samplers. These sampteldva flow rates and provided monthly integrated
samples on Teflon filters which were used to prewyglavimetric mass and samples for chemical analyse
Microvol samplers were also installed at two stiesneasure PAM concentrations under particular preset
wind directions ie chosen to assess the;fddncentrations resulting from the ore loading prhoes at
Parker Point.

Rainwater samplers were installed at seven sitesltect rainwater during the wet season. Thewatar
samples were analysed for pH (acidity) and a rafig®luble ions. Unfortunately two samplers expeced
problems during 2004/2005 and one during 2006/28®7hat little data was available from those sites.
Hence chemical composition data are availableifer dites, one background and four in the industiea

in 2005/2007 and at two background sites and fates sn the industrial area. BTEX analysis is not
complete on samples collected during the latter gfa2007/2008 because regular maintenance wasreequ
for the GC/MS system used to analyse the samplénss analysis is expected to be completed duiveg t
coming weeks.

During one visit to the sites during 2004/2005 a&moaol spectrometer was used measure the particle
number distribution in a number of particle sizéghe sites. Although these measurements were only
carried out for a short period they did give sorakiable information on the magnitude of dust depmsiat

the various sites.

The results of the nitrogen dioxide gas measuresngimbw that concentrations are low at all sitefie T
highest monthly averaged concentration at the Busites in 2004/2005 was 3.5 ppb recorded at Saledd
3.8 recorded at site 8 during 2007/2008, both sitesn the industrial area of the Burrup Peninsugite 5
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had the highest annual average concentration ofpgbdand 2.8 ppb during 2004/2005 and 2007/2008
respectively. In contrast to this, the backgrouodcentration, defined by the Sites on the nortlgamup

and at Mardie Station, was about 0.6 ppb. Therg amobvious although small gradient in concerumati
between the background nitrogen dioxide concewinatand those in the industrial sector. There wense
small increases in ammonia gas concentrationdest Sj 6, 7 and 8 which are located near to ingusit

site 5 the increase was due almost entirely tornomlth in June/July when the concentration averaged
ppb. Local background concentrations, deduced fsdes 1, 3 and 10 during 2004/2005 and 2007/2008
were ammonia 0.5 ppb, nitrogen dioxide 0.6 pplfusuioxide 116 ppt and nitric acid 154 ppt. Thies
located in Karratha had higher concentrations #ranof the other sites, but this was probably duledal
influences such as use of fertilizers etc.

The concentrations of ammonia, nitrogen dioxidéfusulioxide and nitric acid are very low companeith
measurements made at other remote locations. BddaXentrations were also very low at all sites fand

all sampling periods. The benzene concentratidheabackground sites 1, 3 and 10 was about 1@rmbt
the average at the other sites about 21 ppt. Benznd other BTEX gas concentrations showed little
enhancement over the background levels suggedtatgheir concentration has a large natural compione
probably due to emissions from plants and animals.

Monthly average nitric acid concentrations rangssimf 21 ppt at Site 10 to 632 ppt at Site 9. The
background nitric acid concentration was about gstscompared with 229 ppt which was the averaghen
industrial sector, at Sites 4, 5, 6, 7 and 8. Agtiere is little evidence of a gradient betweaokiground
nitric acid concentration and that in the indus$tsictor.

Sulfur dioxide concentrations were also very lowiniy 2004/2005 and monthly average concentrations
ranged from 19 ppt at Site 10 to 367 ppt at SiteThe annual average sulfur dioxide concentratiothe
industrial area was 175 ppt and the maximum anavetage concentration was 215 ppt at Site 5. These
results suggest that the gradient of sulfur dioxadacentration between background sites and thodeei
industrial sector is low. Monthly average nitricicdhconcentrations ranged from 21 ppt at Site 163 ppt

at Site 9. The background nitric acid concentrati@s about 155 ppt compared with 229 ppt whichtvas
average in the industrial sector, at Sites 4, 3,&)d 8. Again, there is little evidence of adigat between
background nitric acid concentration and that ie industrial sector. The sulfur dioxide and nitaicid
concentrations measured during 2007/2008 weresiamar to those measured during 2004/2005.

Annual average TSP concentrations ranged from j24.8i° at Site 3 to 51.1 pg that Site 8. Site 1 and 3
represent the background TSP concentrations anaviéitrage of those was about 22 g compared with
an average of 34 pghor the sites on the lower Burrup area. The T&HRlings at site 8 were higher than
other sites, and probabdyiginated from activities at Parker Point. At ears sites the influence of TSP
derived from iron ore transport and loading wasestigated by measuring the iron and sea-salt fnastof
TSP. This showed that compared to other siteg,1Sitas least influenced by iron ore loading aaddport
and was most influenced by sea-salt. At Site &eclto Parker Point, the iron fraction of the TS whe
highest, compared with other sites and the sedrsalion the lowest, indicating that TSP from twading
was a significant fraction of the total TSP. Higbquency PM, concentrations measured at Site 8 showed
significantly higher concentrations when the wirmane from the Parker Point or from the local roaghim
indicating that ore loading at Parker Point incesathe P, concentrations at Site 8.

Dust deposition fluxes were measured for brief qugi during field studies to the Burrup Peninsula.
Although they cover only short periods they indic#tat the background flux was about 10 nig aay"
compared with 69 mg fhday" measured at Site 8 and an average of 32 rhgay* for theindustrial area
of the Burrup.

The total deposition flux of nitrogen and sulfursa@etermined at sites 3, 5, 6, 7 and 8 in 2004/2808
sites 1, 3, 4, 6, 7 and 8 in 2007/2008 dajculating the wet and dry deposition of all ngiea and sulfur
species in the gas and aqueous (rainwater) phdsesincluded nitrogen dioxide, sulfur dioxidetria acid
and ammonia gases and ammonium ion, nitrate iorsalfidte in rainwater. The study shows that thalto
wet and dry deposition flux of nitrogen and sulfirl4 meq m-2 yr-1 is typical for areas of the Buywr
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Peninsula which have no or little anthropogenitusrfices. It also shows that 60 % - 85 % of theodiipn

is contributed by dry deposition. At the sitesseldo industrial influences the deposition fluxésitrogen
and sulfur ranged from 20 mg m-2 day-1 to 24 mg dag-1 in 2004/2005 and 21 mg m-2 day-1 to 33 mg
m-2 day-1 in 2007/2008. The slight increase infthe from 2004/2005 to 2007/2008 is due largelyato
increase in the amount of rainfall in the latteripé, and on the Burrup Peninsula this appearsetthie
major variable in the flux of nitrogen and sulfarthe ground.

Although the enhancement of acid deposition flukesn the background to the industrial areas is
observable it is small. The absolute fluxes arthefmagnitude that would only affect soil or rdbkt is in
the most sensitive class of critical loads. AsBuerup area is in a critical load class that capecwith a
deposition flux of about 200 meqgayr™, which is significantly greater than the obserdegosition fluxes

at the sites, acid deposition to the Burrup aramliely to cause any deleterious effects to rockock art

on the Burrup Peninsula.
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2. BURRUP PENINSULA AIR POLLUTION STUDY: FINAL REPO RT

2.1 Introduction

The Burrup Peninsula is a thin finger of land te thortheast of Dampier, Western Australia in araare
bounded by latitude 20.42 °S and 20.65 °S andfodgi116.71 °S and 116.90 °S. The main Peninseata a
is about 27 km long and about 5 km wide, and inetud collection of over 40 small islands. It isdted in

the shire of Roebourne, with a population of 15,28he population density of the area is about rkqe
km? and the populations of the two adjacent small ®whKarratha and Dampier are about 11,000 and
2,500 respectively.

The Burrup Peninsula has several large industmahptexes including iron ore, liquefied natural gas
production (LNG) and salt production. All are Ite@ around Dampier and the southern area of the
Peninsula. Iron ore is mined at several locatiotend from Dampier and transported by rail to Dénp
where it is loaded into ships for export to AsiaNG is produced off shore and transported to thestweia a

132 km pipeline where it is processed. The infredtire for this includes a complex LNG procesgifant,

LPG extraction facilities, domestic gas plant, ag@ tanks and ship loading facilities. In additian
ammonia plant is currently under construction oa Beninsula and there are plans to construct other
industrial plants to produce methanol and dimegtiger.

In addition to the industrial activity, the Burrudpeninsula is well known for the large collection of
aboriginal rock etchings. The etchings, datedh&Rleistocene era, (about 10,000 to 20,000 befesent)

are clearly of great cultural significance to Aadifx. It is estimated that as many as 1,000,008 icual
etchings may be located on the Burrup Peninsuliatufes 1 and 2 show typical examples. For a fulle
discussion of the origins of the etchings, the méshused to produce them and a descriptive andlysis
reader is referred to a paper by Vinnicombe (2003jnce some of the rock etchings are adjacent to
industrial areas, especially in the southern Peiténghere has been some concern that the etcbindd be
damaged by emissions from industry.

Picture 1. Typical example of Burrup Peninsula rock art.
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Picture 2. Typical example of Burrup Peninsula rock art.

To address these concerns the Western AustraliparBeent of Industry and Resources (DOIR) appointed
a committee, the Burrup Rock Art Monitoring Managsih Committee, to coordinate a study of air
pollution measurements on the Peninsula.

The set of objectives established by the Committex to:
. Investigate and report on impacts of proposed inttigd
development on the rock art of the Burrup

Ensure that the studies are undertaken in an opemdaransparent
manner

Based on these studies, recommend management astiothe Burrup Rock Art
ManagementCommittee

As a consequence of the objectives listed abovefdhiewing research questions were posed by the
Committee:

Is the natural weathering of the rock art of the Bup Peninsula

being accelerated by industrial emissions?

Is there a significant and measurable problem?

If there is a significant issue, what managementmpaches are
recommended?

The DOIR issued two tenders for work to be cardatlon the Burrup Peninsula.
Tender 32DIR0603, Monitoring of Ambient Concentas of Air Pollutants, including the following:

o Establishment of the sampling system
0 A detailed proposal for a measurement system anQQAletails, including estimates of
accuracy and reliability

0 Measurement of nitrogen dioxide concentrations
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0 Measurement of ammonia gas concentrations (oneat@mtd one industrial area location only)

0 Measurement of BTEX (benzene, toluene, xylene| tatiatile organic compounds)

0 Measurement of sulfur dioxide concentrations (opnatml and one industrial area location
only)

0 Conducting analyses and reporting progress ofttidygollowing each sampling run.

0 An interim progress report at six months and al fieport after 12 months and

0 A commitment to train and use local organisati@syernment staff, individuals or volunteers

to conduct the sampler replacements in @oatdth appropriate standards.

Tender 39DIR0603, Microclimate and Deposition Studgluding the following:

Measurement of temperature

Measurement of relative humidity

Measurement of wet deposition — amount and chemaalposition

Measurement of dry deposition — amount and chermmalposition

Measurement of bulk deposition — amount and chdrm@maposition

Measurement of chemical composition (including pH)lew on rock surfaces on exposed and
protected/shaded faces

Chemical composition shall include sodium, chloriden, total nitrogen and sulphur.

The establishment of the monitoring system

A description of sampling and sample collectioraagements

A detailed proposal for the measurement system@W@C details, including estimates of
accuracy and reliability

Conducting analyses and monthly reporting of resaiid progress.

An interim progress report at six months, and alfieport for the project and

A commitment to train and use local organisatiégsyernment staff, individuals or volunteers
to participate in the program in accordawil appropriate standards.

O O0OO0OO0OO0Oo

O O0OO0OO0OO0OO0OO0OOo

The terms of reference set out in the Tenders weere

0 Research the effect of natural processes and mausmissions from existing and
proposed industrial development on Aboriginal radkof the Burrup Peninsula

o Ensure that this study is undertaken in an opertramdparent manner engaging
community input throughout the entire process

0 Recommend management measures to the relevant emeagbody, outlining
mitigation and remediation measures for the predgemw and conservation of the
indigenous rock art, whether further industrial elepment on the Burrup Peninsula
proceeds or not.

CSIRO Marine and Atmospheric Research (CMAR) apiplce these tenders (32DIR0603 and 39DIR0603)
and was subsequently invited to carry out an diupon study on the Burrup Peninsula

3. SITE SELECTION

The site selection process was carried out durthg 8" April 2004, in conjunction with Bill Carr from
DOIR, Rob Gillett, CMAR, Geoff Kregor, Conservatiaand land Management (CALM) and several
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aboriginal elders including Trevor Solomons, Witfrélicks, Tim Douglas, Robert Boona and Michael
Boona. During this visit eight sites were seleabedthe Burrup Peninsula, (Figure 1) one of whicdsw

used only for P\, particulate measurements.

Of these, sites 1 @ad3sare considered to be local

background sites since they are distant from indstievelopment and anthropogenic influences. In
addition two other sites, away from the Burrup Beuia, were selected. One was in Karratha, toigeca
comparison of gas concentrations on the Burrup thitise in an adjacent urban area. The other veasdd

at Mardie Station south west of the Burrup, to mteva comparison of gas concentrations in an adface
area where there is no industrial activity. Tablshows the locations of the ten sites. It shdn@ddhoted
that Site 2 was not used for atmospheric measursméicture 3 shows equipment installed at Site 8.

Picture 3. Equipment installed at Site 8.

Table 1. Locations of the ten sampling sites.

Site No Site Name Latitude Longitude
1 Dolphin Island 20.45233 116.85233
3 North Burrup 20.52611 116.83067
4 Woodside east 20.60167 116.78276
5 Burrup Road 20.62093 116.76928
6 Water Tank 20.61800 116.78516
7 Deep Gorge 20.63692 116.78848
8 King Bay south 20.64416 116.75067
8HI Hamersley Iron 20.64218 116.74037
9 Karratha 20.73575 116.83662
10 Mardie Station 21.16790 116.12000

Figure 1 shows a map of the sites located on threuBuPeninsula and the site in Karratha. SiteMa#rdie
Station, is not shown on this scale. It is locatbdut 81 km from Dampier at a bearing of abouf215
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Figure 1. Burrup Peninsula Sampling Sites. Although Site 1 shown on this map Dolphin Island is not. Site 10 is located
81 km southwest.

4. MEASUREMENTS

This study was designed to measure the concemsatib gases, particulate concentrations and chémica
composition, dust deposition and rainwater amourd eomposition. From these measurements acid
deposition rates were calculated.

4.1 Passive Gas measurements

Gas concentrations of nitrogen dioxide, sulfur d@iex nitric acid and ammonia and were measured in
duplicate with passive sampling devices, over samgpberiods of about one month. Figure 2 shows the
construction of the samplers used to measure ctnatems of thesgases. Passive gas samplers have
several important features that make them the swtdble method for this study particularly sinbe the
sample sites are located in remote areas with mepsupply.. The samplers are light and easy staih

and require no power to sample. In addition thay be used to measure concentrations of a number of
gases for periods of about one month.
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"—*‘ shap-on polythene cap
with hole

stainless steel mesh
teflon filter, 1um pores

10
Et:j\ i ﬁ polypropylene ring

| | impregnated filter

25 mm @ C 7 snap-on polythene end cap

Figure 2. Construction of passive samplers used for measurement of nitrogen dioxide, sulfur dioxide, nitric acid and
ammonia gas concentrations.

At each site the passive samplers were housed dhaanel underneath an aluminium holder which is
mounted on a pole about 1.5 metres above the grasnshown in Figure 3 and Picture 4. The lid gutst
the samplers from rain; in addition a sheet of ahium is mounted about 50 mm above the lid to proie

from direct solar radiation.
aluminium\

channel to hold
sampler(s) post

Figure 3. Installation of passive samplers
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Picture 4. Installation of passive samplers under lid with aluminium radiation screen.

Passive samplers trap sample gas that diffuseghetaylindrical body of the sampler. This is @rivby a
concentration gradient of gas in the sampler tieatehses from the ambient level down to a veryléwel

at the filter paper interface, where the gas istieg with the chemical coating. Validation of pag

samplers against active sampling has been proligetyers et al. (1998). There is also a resistdaadbe
gas moving down the cylindrical body of the samplied this constant must be included in the calmuiadf

ambient gas concentrations. It comprises fourigamsistances as shown below. The major resistén
due to the geometry of the cylinder and the otlierthe stainless steel mesh, the Teflon filter el
laminar bcl)undary layer. The detail in equationti&jow shows how the total air resistance is cateal in
units of n.

LR LF LN LBL
+ + +
AR AF AN AR

total air resistance =

where :

LR = length of the ring
AF

LF
LN
AR
AN
LBL
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Passive samplers include a filter that is impregthatith a chemical that reacts with the gas ofregg

where it is trapped on the filter. For sulfur dabex and nitric acid, which are measured on the gaassive
sampler, the gases are trapped on Millipore Grétf: c2llulose filters in an acid base reaction using
impregnation of 50 pl of a 1% (w/v) solution of Nel@repared in methanol. Sulfur dioxide is trappsd
sulfate ion and nitric acid as nitrate ion, as tieas (2) and (3) show.

2S0, + 20H + O, = 2H' + 250,*

HNO; + OHF =/ ——= NO; + H,0

At the end of the sampling period filters are resmband extracted in clean polythene bags in Milgr@de

(18 M cm) water. The aqueous concentrations of sulfate and nitrate are determined by ion
chromatography using a Dionex DX500 ion chromatplgraquipped with a guard column, a 4 mm x 250
mm AS11 analytical column and an ASRS Ultra |l s@ggor. The ions are separated using a gradient
eluent of NaOH producing chromatogram; an examplshiown below in Figure 4. The Figure shows a
typical anion chromatogram with peaks for the ranfjeons that are regularly measured in sulfur pass
gas samples, rainwater samples and aerosol extrébtsions are separated using a gradient chr@rato
where 5 millimolar and 100 millimolar NaOH are cowially mixed with Milli-Q water to produce a smbot
increase in eluent concentration during the chrogram.
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Figure 4. Typical ion chromatograph showing sulfate and nitrate peaks.

The area of the peak is converted to a molar cdretgn by utilising a calibration line produceain a
range of seven standards. Figure 5 shows theae#dtip between peak area and concentration fongera
of seven sulfate standards. Standards are prefresbrial dilution of 1000 pg MINIST traceable
reference standards (Ultra Scientific). Table @wahthe range of standard concentrations useddlysia
of sulfur dioxide passive gas extracts, rainwatelysis and analysis of aerosol extracts. SuHtdadards,
for example, cover a concentration range from 1 |rifdo 64 umol L.
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Table 2. Anion standards used in anion chromatography.

Anions Conc.
pumol I
F 16 8 4 2 1 0.5 0.25
CH;COO 16 8 4 2 1 0.5 0.25
HCOO 16 8 4 2 1 0.5 0.25
CH;SOy 16 8 4 2 1 0.5 0.25
cr 128 64 32 16 8 4 2.00
NO, 16 8 4 2 1 0.5 0.25
Br 16 8 4 2 1 0.5 0.25
NO-- 64 32 16 8 4 2 1.00
SO” 64 32 16 8 4 2 1.00
C,04~ 16 8 4 2 1 0.5 0.25
PO* 16 8 4 2 1 0.5 0.25
1x10 © -
1x10 © -
8 5
IS 8x10 °
X
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Figure 5. Peak areas plotted against sulfate concentration.

Nitrogen dioxide concentrations are also measusathithe passive samplers described in Figuran2his
case Millipore Grade 223 cellulose filters are iegmwated with 50 pl of a solution of 0.44 g NaOH &rfab

g Nal diluted to 50 ml in a volumetric flask. Theaction to trap N&jg) on the filter can be expressed as
follows :

2NO, + 3I' = 2NO, + I3 4

After sampling is complete the filters are remoWwenn the sampler and extracted into a known volwie
Milli-Q water in clean food grade plastic bags. eThitrite ion concentration is then measured as a
diazonium salt, which is produced from a reactibnitsite ion with sulphanilamide, phosphoric acidd N-
1-naphthyl ethylenediamine dihydrochloride (NEDAJhe absorbance of the diazonium salt produced in
the reaction was measured in a Shimadzu UV-2401R0/id spectrophotometer at a wavelength of 540
nm. The aqueous nitrite concentrations were detexinfrom nine nitrite standards which are serially
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diluted from NIST traceable standards and range feoumoles T to 100 pmoles™. Figure 6 shows a
calibration curve of nitrite concentrations as adhipn of the absorbance of the diazonium sal#trism.
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Figure 6. Nitrite concentration as a function of diazonium salt concentration. A quadratic curve is fitted to the data.

Ammonia gas concentrations were also measuredpaghive samplers using Millipore Grade 223 cellilos
filters impregnated with 50 pl of a solution of 2\Wév citric acid prepared in acetone. Ammonia gas
collected on the filter in an acid base reactioslaswvn in reaction (5).

N\ ) P ®)

After sampling is complete the impregnated filterrémoved from the sampler and extracted in a known
volume of Milli-Q water in a food grade plastic baghe aqueous ammonium concentration is measured
using a Dionex DX500 ion chromatograph. The chitoigraph is equipped with a CS12A 250 mm x 4 mm
analytical column and a CSRS Ultra Il suppressdurna. The ions are detected with a conductivity
detector after they are separated using an isoceltient of 20 millimolar methane sulfonic acid.
Ammonium standards are prepared by serial dilubfom NIST traceable standard.

Blank samplers were sent from CMAR to the BurrupiPsula during each sampling period. The blanks
were used to determine errors associated with sarppéparation, contamination during sample trartspo
and from reagents during analysis. The averageagublank level was subtracted from the individual
samples before concentrations were calculated.nkBs&amplers were also used to determine the lifnit o
detection for gases measured by the passive sanplée limit of detection is the lowest concertmrathat
can be detected with a given degree of confidefidés was determined in accordance with ISO 683M(|
1995) which states that a zero sample has a 5%¢ehargiving a measured concentration above thig éifn
detection. This is defined in equation (6).
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LOD =t X S, (6)

Where:
to.05 = the value of the 1-tailed t distribution for 95 (95% confidence limits).
S:(0) = the standard deviation of the blanks.

Concentrations of sulfur dioxide, nitric acid, oigen dioxide and ammonia were calculated in urfifzpb
or ppt from equation (7) below.

C,, XEV xResx RxTempx 10° @)
D xTime

p:

Where:

Caq = aqueous analyte concentration in mofes |

EV = extraction volume in cfn

Res = resistance (fhas described in (1)

Temp = average sampling temperature (K)

D = diffusion coefficient of sampled gas in air’(gt)
=1.32 x 18 n? s* for nitrogen dioxide and HNgat 20 °C. (Ferm, 1991)

1.54 x 10 n? s*or NO, at 21 °C. (Ferm, 1991)
= 2.54 x 18 nm? s*for NH; at 25 °C (Ferm, 1991)

Time = sample period in seconds

10° = conversion to ppt

The precision of sulfur dioxide, nitric acid, nigren dioxide and ammonia measurements is expresgbd i
results as the relative percent difference (RPDY, ia determined between the sample pairs at eattteo
sites. The RPD is the deviation between duplicatespof passive samplers calculated as the diféeren
divided by their mean and expressed as a perceasagigown in equation (8).

RPD=AP3X - X.) « 4 ©
X, + X

a b

2

BTEX gases (benzene, toluene, ethylbenzene angythae isomers) were measured using sorbent tubes,
and these were used in accordance with Interndt@rganisation for Standardisation (ISO 16017-2300
Sorbent tubes operate by physically trapping the @ainterest on a sorbent bed due to a concemtrati
gradient which exists between the sorbent bed hacambient air. During this study gas measurements
were carried out over periods of about 30 daysllabfethe 10 sites. Figure 7 shows the structurero
sorbent tube used for BTEX sampling.
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Figure 7. Diagram of a sorbent tube used to measure BTEX gas concentrations.

BTEX sorbent tubes are manufactured from stairgéssl tubing 6.35 mm diameter and 88.9 mm Idhg (

x 3Y, ) packed with Chromosorb 106 sorbent, and purch&sed either Perkin Elmer (USA) or Markes
(UK). Tubes were sent to the Burrup Peninsulaegkalith Swagelok fittings, wrapped in baked alumnmi

foil and secured in an uncoated metal tin. The gulvere installed under the aluminium lid after the
Swagelok seal is removed from the sampling endrapthced with a diffusion cap. After the tubes ever
exposed at each site they were sealed with Swadidivigs, wrapped in clean baked aluminium foildan
returned to CMAR in the uncoated sealed metal BT.EX species are analysed by gas chromatography
with a flame ionisation detector (GC/FID). BTEXsga were desorbed by heating the sorbent tubes ande
stream of ultra high purity helium gas at 180for 2 minutes, in a Perkin EImer 400 automatestrial
desorber (ATD). The gases were then concentratedT@nax cold trap in the ATD at -3D. The cold trap
was then heated to 18D and the desorbed species are transferred thinglated line to a Perkin Elmer
AutoSystem XL gas chromatograph where they werarsépd by an SGE BP 20 column and detected with
a flame ionization detector. Table 3 gives detallghe column and temperature program used for the
analysis.

Table 3. Gas Chromatography conditions

ltem Description
Column 50 m x 0.32 mm I.D. SGE fused silica
capillary column with 1.0rm BP20 bonded
phase
Injector ATD 400 (mode 2)
Carrier gas Helium

Oven Temperature  Hold 35°C for 4 minutes
programmed at® min® to 115C
programmed at £& min* to 200C
Hold 200C for 6 minutes

Detector Flame lonization Detector

Peak areas obtained in the GC/FID analysis werevertad to mass using a NIST traceable working
standard with a mixture of benzene, toluene, effeyizene, m-xylene and o-xylene with mixing ratiés o
10.1 ppm, 10.1 ppm, 10.1 ppm, 10.1 ppm and 10.0 mspectively and an accuracy of £ 2% (Scott
Specialty Gases, San Bernadino, CA, USA). Worlktagdards were injected into an 812 pl stainlessl st
loop heated to 80°C (353K), and then through antgrmybe loaded into the ATD which experiences the
same desorption conditions as the samples. Ths wfaeach gas injected is calculated from equaion
below.
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Vieop X Cas XMW, ©)

mass =

Where :

R = gas constant (0.082054 | atm thil™)
T = temperature (353 K)

Vioop = l0Op volume (0.000812 L)

RxT

MW 4.s= molecular weight of gas of interest (g ol

Cgas= gas concentration (ppmv)

An injection of one loop volume of the working stiand gas mixture results in the masses shown iteTab
4. Therefore, dividing this mass by the peak agéas the mass per unit area ratio and multipboaof
this ratio by the peak area of each species ghegiass of each species collected by the sorbleat tu

Certified Reference standards (CRS) containing knomasses of benzene, toluene and o-xylene were
purchased from Markes International Ltd, UK, whepared the tubes according to ISO Standard 6145
(1981) part 8. The calibration of the results pr#ed here is based on these certified refereaceatds.

Table 4. Mass of gases for one ATD loop injection

Gas

Mass injected (ng)

Benzene
Toluene
Ethyl-benzene
m-xylene
o-xylene

22.15
26.12
30.12
30.12
29.82

Ambient BTEX concentrations are calculated from eess collected on each tube, the sampling time and
the uptake rate of each gas on Chromosorb 106caensin equation 10. The uptake rates, used iatému
10, are taken from ISO 16017-2 (2003) and aredording periods of four weeks and are listed inl&&h

Table 5. Four-weekly uptake rates used to calculate ambient BTEX concentrations

Gas Adsorbent Uptake rate

ng ppm' min™*
Benzene Chromosorb 106 1.28
Toluene Chromosorb 106 1.82
Ethyl benzene Chromosorb 106 2.24
p-xylene Chromosorb 106 1.91
m-xylene Chromosorb 106 1.91
o-xylene Chromosorb 106 1.91

Wt x10° (10)
Up xT

Where:
p = gas mixing ratio (ppt)
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Wt = mass of sample adsorbed onto the Chromosdit{rig)
Up = uptake rate of species on Chromosorb 106 mgp min-1)
T = sampling time (minutes)

4.2  Particulate Sampling

Sampling was carried out for total suspended padie (TSP) at all sites, except Karratha, Hamgristen
and Mardie Station, Sites 9, 8HI and 10 respectivel SP samples were collected on 47 mm diameter
Fluoropore PTFE membrane filters (Millipore, USAAIEP 04700) using Microvol 1100 low volume
samplers, (Ecotech Pty Ltd, Blackburn, Australiadl #he sampling period was about 30 days, the seme
for gas sampling. At sites 8 and 8HI RMamples were collected on 47 mm stretched Teflterd (Pall
K2PJ047, 2.0 um pore size) using Microvol 1100 darspfitted with a PN, inlet. The sampling period
was the same as for TSP samples.;AMparticulate matter that has an aerodynamic ei@enof 10 pm or
less. The mass of the filters was measured befodeafter sampling to determine monthly averaged,PM
or TSP concentrations for each sampling period. e Tilmss was measured using NATA (National
Association of Testing Authorities) certified prots on a Mettler UMT2 microbalance, which measuoes
a maximum of 2100 mg with a resolution of 0.0001 (&g pg). Picture 5 shows a rainwater sampleraand
microvolt sampler on location at Site 1.

Picture 5. Rainwater sampler and Microvol sampler at Site 1.

A DustTrak aerosol monitor (TSI model 8250) wadadiied at site 8 to measure RMoncentrations at
sampling frequencies of two minutes. This samplas modified to use a battery which is chargedgiain
solar panel. Since the signal from the DustTrakddft in response to changing temperature it fuaher
modified determine a zero reading for 10 minutesrg\four hours. . This was done by adding a relay
which turned the pump off allowing the sampler chanto clear by sedimentation and diffusion. Tihalf
PM,q concentrations were calculated by fitting a limteen each zero point and subtracting this zera fr
the raw concentrations.
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4.3 Rainwater Sampling

Model 200 rainwater samplers (Ecotech Pty Ltd, Bbacn, Australia) were installed at all sites excep
Karratha, Hamersley Iron and Mardie Station, S¥%e8HI and 10 respectively. The wet only samptgren
after 0.25 mm of rain has fallen in the tippingrgauge, and close again once no rain has fallea foll

30 minute period. Samples were collected in pblylene bottles that had thymol added to preseree th
chemical species in the rain against degradatiobduyeria (Gillett and Ayers, 1991; Ayers et aB98).
Bulk wet-only rainwater samples were collected aberusual sampling period of 30 days. After aultn

the total rainwater volume of each sample was deited. The samples were returned to CMAR where pH
was measured and they were analysed for a rangeiafis and cations by ion chromatography. Pickure
shows Model 200 rainwater sampler on location & $i

4.4  Meteorological Measurements and Dust Measuremen  ts

A range of meteorological measurements were caougt the sites on the Burrup Peninsula. Tentpera
and relative humidity were measured at sites 4, 3, 6, 7 and 8 using Hobo Pro Series sensorsrane

intervals. An automatic weather station to measwimd speed and wind direction at 2 minute freqissn

was installed at site 8. The DustTrak Bifata can be combined with the wind direction datddtermine
the influence of wind direction on Plyconcentrations.

In addition to TSP measured with Microvol samplelsst deposition was measured at sites 1, 4, 5a6d

8. Measurements of dust deposition fluxes can ddenin several ways, although none of them nedbssar
replicates the real flux. In this case measuresnemre made using a passive dry Frisbee-type eystsit
gauge (Vallack, 1995; Hall et al., 1994). Thesastst of a stainless steel Frisbee shaped holdér avi
foam insert mounted on a pole about 1.5 metres freground. The foam pads were sealed in redealab
plastic bags and weighed before and after the pasie exposed at the Burrup Peninsula. The mass
measurements were carried out on a Sartorius M&terLA130S-F balance which has a resolution of
0.0001 g and a maximum mass of 150 g, and is eddibrusing NATA certified masses. Measurements
were made over 3-monthly periods.

During one field visit to the sites a GRIMM Serie400 Aerosol Spectrometer (Technik GmbH & Co. Kg)
was used to continuously measure particle numiggrilglition in a number of particle sizes. The GRIM
uses either mains power or a battery and empldgsex scattering technique to measure the number of
particles in a series of preset size ranges. indése the 15 size ranges were used from 0.3 (20 tom.

The spectrometer has a large dynamic range ancheasure particle numbers from 1 — 2 R ddrticles 1

and dust masses from 0.1 — 100,000 |fg m

4.5  Particle-Induced X-ray Emission

The particulate samples collected at sites 1, 3, 4, and 8 were analysed for a range of 19 elesriant
particle-induced X-ray emission (PIXE) analysis the Australian Nuclear Science and Technology
Organisation (ANSTO). PIXE is a non destructive meam analysis technique that can be used tosmaly
particle filter samples for a range of 19 elemenifie PIXE analysis was carried out after the gnetiic
measurements were completed, and before the sampiesanalysed by ion chromatography.

PIXE analysis was carried out by irradiating anr@ diameter section of each filter with a beam oha@o
amp beam current, 2.6 MeV protons generated by MV3Van de Graaff accelerator. Each filter is
irradiated for about 5 min. As charged particlesventhrough the filter and the particulate on thdace
they lose energy by exciting electrons in the K anghells. These electrons can then be ejectedimog
other electrons in the higher shells to drop downfill the vacancies, and releasing energy irfone of x-
rays in the process. Each element emits x-rays avghort range of energies unique to that element,
allowing each element to be identified. The mdssazh element on the filter is determined from d@hea
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of each peak shown in Figure 8, since the areaoiggptional to the absolute concentration of thenment
on the filter. The ambient concentration of ealement is then calculated from the volume of amgked.

Several previous studies have used PIXE analykisgawith other techniques, to determine particulat
composition and sources of particulates in a nurnbéwustralian sites. For example, PIXE technighasge
been used in studies of particulate in Sydney (Gatel., 1993; Cohen et al., 2004) and Brisbarrma (Gt
al., 2000).

Figure 8. PIXE spectrum of an aerosol sample showing the characteristic X-ray lines and intensities from the trace
elements in the aerosol particles Cohen et al., (2004).

4.6  Soluble ions and pH

Soluble ions concentration in rainwater and aeresthct and sulfur dioxide passive sampler exsraate
analysed with an Dionex DX 500 ion chromatograptoating to the NATA accreditation held by CMAR
(CMAR-NATA-WI-WC-09 lon chromatography). Cationsve separated with a Dionex AS11 analytical
column and the conductivity was suppressed witR& Bltra Il cation suppressor. Anions were segarat
using AS11 analytical column and an Ultra Il ansuppressor. Peak areas are integrated with Dionex
software, and the ion concentrations are calculfated the peak areas of the samples and standainitsh
are injected at the start of and analytical run pedodically during the run.

The pH measurements were carried out on rainwatapkes and aerosol, extracts according to the NATA
accreditation held by CMAR (CMAR-NATA-WI-WC-11 pHnalysis. The pH was measured on rainwater
and aerosol extracts using an EA940 Orion Expamrdalol Analyser pH meter and a low Ross semi-micro
combination pH electrode. The pH electrode wasdstedised using Orion low ionic strength bufferatth
have pH values of 4.100 and 6.970. These buffersiesigned to measure the pH of low ionic strength
solutions such as rainwater. At various timesciddéoration of the electrode is checked by meaguttie

pH of a 0.05 molar sulfuric acid standard seridilyuted to 50 umolar. The rainwater and aerostiaexs

are stirred by with a teflon coated magnetic stidring the measurement, and a ionic strengthsaaljus
added at the rate of 1%.

5. RESULTS AND DISCUSSION
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51 Gas measurements

Tables 6a and 6b present the results of passivengasurements of ammonia and nitrogen dioxideeghrri
out at the seven Burrup sites and at the KarratldaMardie Station sites during 2004/2005 and 200082
respectively. The Tables lists the individual camications of ammonia and nitrogen dioxide at esatehfor
each sampling period, and the average concentsati@asured from the beginning of August 2004 timéil
mid September 2005. Where both pairs are lessttiehimit of detection the average was set to tredf
limit of detection. There are several pairs of gkars that have large differences in ammonia comagons
between the duplicate pairs. For example, sitgit®, 4 and site 6 have large differences in ammonia
concentration during the sampling period beginrong21/11/04, 20/11/04 and 20/11/04 respectivelye O
reason for this difference may be due to contananadf the sampler with ammonium salt. Ammonium
salts are ubiquitous, especially in a hot enviromiméhere they are present in sweat. Although émepters

are handled very carefully ammonia contaminationndupreparation and or sampling cannot be excluded
for these measurements.

The monthly mean ammonia concentrations for 20@828re shown in Table 6a. Detection limits for
ammonia were calculated from the blanks sent watthebatch of samplers on a monthly basis, and they
ranged from 0.1 ppb to 0.6 ppb. If only one dugtkcwas above the limit of detection that valuentered

as the mean. However, the mean of a duplicatewssrset half the limit of detection when both dtgtes
were less than the limit of detection. Ammoniaaantrations ranged from 0.1 ppb on the Burrup Pemén
and Mardie Station to more than 4 ppb at the Khargite. Karratha (Site 9) has ammonia conceatrsiti
that range from about 2 ppb to 4 ppb with an avemigclose to 2.6 ppb; this is significantly highban
concentrations at the other sites, and may be dua focal urban source. Average annual ammonia
concentrations at the Burrup Peninsula sites réruge 0.3 ppb at site 1 to 0.5 ppb at site 6. A¢ di0,
Mardie Station, the annual average ammonia coratemtr was 0.8 ppb; slightly higher than the Burrup
sites. Since sites 1, 3 are situated on the nortled of the Burrup, away from the industrial arehose,
and site 10 could be considered to represent tbed lmackground concentration. The average ammonia
concentration of the background is then about (pb. p There appears to be no real differences in
concentration at any of these sites, indicating &hamonia is not enhanced above the local backgroun

The monthly mean ammonia concentrations for th&/ 208 sampling period are shown in Table 6b. The
detection limits for this set of data was 0.4 pflhe criteria for assigning values to periods whietorded
concentrations below the detection limits, is ascdbed above. Monthly averaged ammonia concéoist
ranged from 0.2 ppb at several sites to 19.1 ppiitatl during January/February 2008. This ammonia
concentration is greater than any other recordethwtof the Burrup sites. Because it was not @t
other sites such as 3 or 4, it is assumed thatthssprobably due to a natural local emission ofmanmia,
from a dead animal, for example. For this reasavas not included in the deposition calculations.

The annual average ammonia concentrations for ®0&/2008 sampling period are given for each site in
Table 6b, and in a summarised form in Table 10e $tudy shows that the annual mean concentrations
range from 0.3 ppb at sites 1 and 2 to 0.8 ppb atdM Station and 2.6 ppb at the Karratha sitee Th
background sites, 1, 3 and 10 and site 9, in Klaatashow no or very little change in the annuaraye
ammonia concentrations. However, annual averagaama concentrations at sites 5, 6, 7 and 8 show a
very small increase in ammonia concentrations 722008 compared with the 2004/2005 sampling period
For site 5, this increase was due almost entielhée period from "3 June to 14 July, when the monthly
average ammonia was 3.0 ppb. This is a significamrease in concentration over the 2004/2005 sampl
period when the maximum monthly ammonia concemmatas 0.8 ppb, but the difference in the annual
average concentration between the two annual saghpleriods is insignificant. In fact the ammonia
concentrations at all the sites on the Penins@ararch lower than the annual average in Karratha.

Ammonia concentrations for the 2004/2005 periodstu@vn in Figure 9 plotted against the sampling-mid
date. It shows that except for Site 9, ammoniacentrations on the Burrup are generally quite siast
from site to site. Site 10 has slightly elevateth@nia concentrations during most sampling periadsl,
this may be due to activities carried out at thegiSh such as fertilizer use.
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Figure 9a. Ammonia concentrations plotted against the mid-date of the sampling period from August 2004 to August
2005.

Figure 9b is a plot of ammonia concentrations atsites measured during the 2007/2008 period. The
ammonia concentrations from site 1 are plottedrexgahe right axis to accommodate the high conaéotr

measured during January/February 2008. The moaotrigentrations show little monthly variation excep
perhaps due to rain in some monthly sampling psriod
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Figure 9b. Ammonia concentrations plotted against the mid-date of the sampling period from February 2007 to August
2008.

The ammonia data presented in Tables 6a and 6beaompared to ammonia concentrations of 0.09 ppb
measured in maritime air at the Cape Grim BaselimePollution Station by Ayers and Gras, (1983). A
series of unpublished passive gas measurementswobraia during monthly sampling at Kuala Lumpur
show that the average concentration is 8.3 ppb witmaximum of 35.2 ppb. Table 6 shows that
concentrations on the Burrup are much closer tceatnations measured at Cape Grim than those neshsur
in a polluted urban environment of Kuala Lumpur.

The monthly mean nitrogen dioxide concentrationglie 2004/2005 period are also presented in Tédole
Monthly mean concentrations ranged from 0.2 ppbitat 10 during September 2004 to 3.8 ppb at site 9,
during May 2004. The nitrogen dioxide concentnadiaveraged over the 12 sampling periods showvitikat
lowest annual average concentration of 0.5 ppb werasured at Mardie Station, although Sites 1 ard 3
0.6 ppb and 0.7 ppb, on the Northern end of thelpyrare also very low. Assuming these sites deéin
regional background the local background conceotrdbr nitrogen dioxide is about 0.6 ppb. Theitiof
detection for nitrogen dioxide measurements usagsiye samplers for 30 days is about 0.06 ppb.

Sites 4 to 8 are all located on the lower Burrdpser to industry and anthropogenic influences ey
could be reasonably be expected to show elevateogan dioxide concentrations. The annual average
concentrations at these sites range from 1.4 pgh4@pb. Taken together, they have nitrogenid@ax
concentrations of about 1.9 ppb, and this is ontyoalerate enhancement over the local backgrouesl ait

the northern Burrup and Mardie Station.

Table 6b lists the monthly and annual mean nitrogiexide concentrations for the 2007/2008 sampling
phase. The detection limit, calculated from tlendard deviation of the blanks using equation (&3 @.05
ppb for the 2007/2008 sampling period; this is veimilar to that calculated in the previous annual
sampling period. The background level for this glmg time is about 0.7 ppb taking sites 1, 3 afda%
representing the local nitrogen dioxide backgrooodcentration. During this period sites 4 to 8raged
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about 2.0 ppb which is very similar to the 20042Q&eriod, and, as noted previously, this is a small
enhancement over the background sites.
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Figure 10a. Nitrogen dioxide concentrations plotted against the mid-date of the sampling period from August 2004 to
August 2005.
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Figure 10b. Nitrogen dioxide concentrations plotted against the mid-date of the sampling period from February 2007 to
August 2008.

Nitrogen dioxide concentrations, plotted against $ampling mid-date are displayed in Figure 10&eyT
show clearly the slight enhancement in concentnatiat sites closer to the industrial area of therdgu
relative to those observed at the local backgroah&ijtes 1, 3 and 10. Figure 19b shows the qooreing
plot for the 2007/2008 sampling interval. The saleeel of small enhancement of nitrogen dioxide
concentrations at the lower Burrup Peninsula s#ewvident. The nitrogen dioxide concentrationsii 10
were elevated over three sampling periods fromaignio April, but the reasons for this are not clea

The nitrogen dioxide concentrations measured oiBtireup Peninsula can be compared with measurements
in several other regions. Several studies havelymed nitrogen dioxide concentrations at terrdstria
“background” sites. In Indonesia, Gillett et &000) measured nitrogen dioxide concentration$otinl.2
ppb at the Global Atmosphere Watch (GAW) StationBakit Koto Tabang, Sumatra. Passive gas
measurements were made over approximately mon#iipgs at a remote site west of Darwin over several
years using passive samplers. At this site thei@nsverage nitrogen dioxide concentration was pptb
(Ayers et al., 2000). Ayers et al. (2002) measuriégen dioxide using passive samplers of 0.8 @pé
Malaysian “background” site at Tanah Rata, in tlaen€ron Highlands, north of Kuala Lumpur. The resul
from Bukit Koto Tabang, Charles Point and TanahaRake comparable to the concentrations at Sit8s 1,
and 10, confirming that a regional background afwt®.5 ppb is quite reasonable, and that a rah@eso
ppb to 1 ppb could be expected.

In comparison, very high concentrations of nitrogkoxide have been measured at several large Asian
cities. Nitrogen dioxide concentrations of abo@tdpb have been measured in Jakarta (Gillett €2@(00).

In a study in Petaling Jaya, (Kuala Lumpur) Malay&yers et al. (2000) measured annual averagegeitro
dioxide concentrations ranging from 27.0 ppb tda33@pb from 1994 to 1998. The results from the Boirr
sites show that nitrogen dioxide concentrationsrateh lower than those experienced in large pallute
Asian cities.
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Table 6a. Concentrations of ammonia and nitrogen dioxide at the nine sampling sites from August 2004 until late March
2005. Concentrations are in ppb. Relative percent differences are calculated using equation (10). Where both samples
of the pair are below the limit of detection the average concentration is set at half the limit of detection. If only one
sample is above the limit of detection that value is entered as the average concentration. C signifies contaminated
sample.

Date on Date off Nk NH; RPD NQ NO, RPD
(ppb)  (ppb) % (ppb)  (ppb) %
mean mean
Site 1
29/07/04 11:50 02/09/04 15: <0.2 0.1 0.7 0.7 512.
29/07/04 11:50 02/09/04 15: <0.2 0.8
02/09/04 15:40 08/10/04 09: 0.6 0.5 50.5 0.4 0.5 21.6
02/09/04 15:40 08/10/04 09: 0.4 0.6
08/10/04 09:45 21/11/04 12: <0.2 0.3 0.6 0.8 6 36.
08/10/04 09:45 21/11/04 12: 0.3 0.9
21/11/04 12:05 17/12/04 12: 0.9 0.7 22.7 0.5 05 29
21/11/04 12:05 17/12/04 12: 0.7 0.5
17/12/04 12:10 19/01/05 13: <0.4 0.2 0.5 0.5 2.6
17/12/04 12:10 19/01/05 13: <0.4 0.5
19/01/05 13:07 21/02/05 12: 0.6 0.6 0.3 0.3 2.0
19/01/05 13:07 21/02/05 12: 0.3
21/02/05 13:12 28/03/05 11: 0.4 0.4 0.86 0.6 0.6 11.0
21/02/05 13:12 28/03/05 11: 0.4 0.7
28/03/05 11:20 18/04/05 09: <0.4 0.2 0.8 0.7 4.7
28/03/05 11:20 18/04/05 09: <0.4 0.7
18/04/05 11:17 31/05/05 11: <0.5 0.2 1.0 0.9 5.1
18/04/05 11:17 31/05/05 11: <0.5 0.9
31/05/05 11:25 13/07/05 11: 0.1 0.1 0.5 0.5 9.0
31/05/05 11:25 13/07/05 11: <0.1 0.5
13/07/05 11:45 07/08/05 11: <0.6 0.3 0.4 0.5 829.
13/07/05 11:45 07/08/05 11: <0.6 0.6
07/08/05 11:50 14/09/05 09: <0.4 0.2 0.4 0.4 1.4
07/08/05 11:50 14/09/05 09: <0.4 0.4
________ mean | 08 06
Site 3
29/07/04 16:00 02/09/04 13: <0.3 0.5 0.9 1.0 411.
29/07/04 16:00 02/09/04 13: 0.5 1.1
02/09/04 13:20 08/10/04 11: 0.2 0.3 45.5 0.8 0.8 4.0
02/09/04 13:20 08/10/04 11: 0.4 0.7
08/10/04 11:30 21/11/04 15: 1.1 0.7 124.9 0.9 0.9
08/10/04 11:30 21/11/04 15: 0.3
21/11/04 15:45 17/12/04 14: 2.5 1.6 98.6 0.8 0.7 7.2
21/11/04 15:45 17/12/04 14: 0.8 0.7
17/12/04 14:15 19/01/05 16: <0.4 0.2 0.6 0.3
17/12/04 14:15 19/01/05 16: <0.4 0.0
19/01/05 16:40 21/02/05 10: <0.2 0.1 0.4 0.4 9.6
19/01/05 16:40 21/02/05 10: <0.2 0.4
21/02/05 09:53 28/03/05 12: 0.9 0.7 46.8 0.6 0.7 13.2
21/02/05 09:53 28/03/05 12: 0.5 0.7
28/03/05 12:30 18/04/05 14: <0.4 0.2 0.8 0.8 0.6
28/03/05 12:30 18/04/05 14: <0.4 0.8
18/04/05 14:41 31/05/05 13: 0.8 0.7 22.4 1.1 1.1 2.3
18/04/05 14:41 31/05/05 13: 0.6 1.2
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Table 6a cont

Date on Date off Nk NH; RPD NQ NO, RPD
(ppb)  (ppb) % (ppb)  (ppb) %
mean mean
31/05/05 13:20 13/07/05 16:05 0.2 0.2 29.8 0.6 0.6 11.3
31/05/05 13:20 13/07/05 16:05 0.1 0.6
13/07/05 15:46 07/08/05 15:05 <0.6 0.3 0.8 0.8 1.2
13/07/05 15:46 07/08/05 15:05 <0.6 0.8
07/08/05 15:10 14/09/0513:00 <0.4 0.2 0.6 0.6 611.
07/08/05 15:10 14/09/0513:00 <0.4 0.7
Mean o5 07
Site 4
01/08/04 12:09 01/09/04 09:1)7 <0.3 0.1 1.6 1.5 3.2
01/08/04 12:09 01/09/04 09:1)7 <0.3 1.5
01/09/04 09:25 07/10/04 09:15 <0.3 0.8 1.7 1.7 3.2
01/09/04 09:25 07/10/04 09:15 0.8 1.6
07/10/04 09:20 20/11/04 08:40 <0.2 0.1 2.3 2.3 1.8
07/10/04 09:20 20/11/04 08:40 <0.2 2.3
20/11/04 08:20 18/12/04 06:30 2.2 1.5 96.9 2.8 28 1.2
20/11/04 08:20 18/12/04 06:30 0.8 2.8
18/12/04 06:30 18/01/05 10:02 <0.4 0.2 2.2 2.2 0.0
18/12/04 06:30 18/01/05 10:02 <0.4 2.2
18/01/05 10:07 16/02/0506:30 <0.2 0.1 1.3 1.3 15
18/01/05 10:07 16/02/0506:30 <0.2 1.3
16/02/05 06:45 23/03/05 09:33 0.3 0.3 37.8 1.6 1.6 27
16/02/05 06:45 23/03/05 09:33 0.4 1.6
23/03/05 09:53 28/04/05 08:48 <0.4 0.2 2.1 2.0 15
23/03/05 09:53 28/04/05 08:48 <0.4 2.0
28/04/05 08:49 30/05/05 10:40 0.6 0.6 11.7 2.0 20 1.8
28/04/05 08:49 30/05/05 10:40 0.6 2.0
30/05/05 10:40 30/06/05 08:45 0.1 0.1 0.9 1.0 14.5
30/05/05 10:40 30/06/0508:45 <0.1 1.0
30/06/05 08:48 08/08/05 08:47 <0.6 0.3 1.0 1.1 2.6
30/06/05 08:48 08/08/05 08:47 <0.6 1.1
08/08/05 08:47 13/09/05 08:43 <0.4 0.2 1.4 1.6 22.3
08/08/05 08:47 13/09/05 08:43 <0.4 1.8
o Mean | 04 18
Site 5
01/08/04 16:04 01/09/04 13:35 0.4 0.3 23.3 2.4 25 115
01/08/04 16:04 01/09/04 13:35 0.3 2.7
01/09/04 13:40 07/10/04 11:15 0.6 0.5 37.2 2.6 26 3.6
01/09/04 13:40 07/10/04 11:15 0.4 2.7
07/10/04 11:20 20/11/04 12:40 0.3 0.3 2.8 3.0 8.5
07/10/04 11:20 20/11/04 12:40 <0.2 3.1
20/11/04 12:40 18/12/04 07:45 0.9 0.8 30.5 2.6 25 3.7
20/11/04 12:40 18/12/04 07:45 0.7 2.5
18/12/04 07:45 18/01/0512:38 <0.4 0.2 1.7 1.7 1.4
18/12/04 07:45 18/01/05 12:38 <0.4 1.8
18/01/05 12:44 16/02/0508:30 <0.2 0.1 1.5 1.5 0.0
18/01/05 12:44 16/02/0508:30 <0.2 1.5
16/02/05 08:15 23/03/05 11:56 0.7 0.6 19.3 1.4 1.4 5.3
16/02/05 08:15 23/03/05 11:56 0.6 1.5
23/03/05 11:56 28/04/05 10:72 <0.4 0.5 25 25 1.2
23/03/05 11:56 28/04/05 10:22 0.5 2.5
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Table 6a cont

Date on Date off Nk NH; RPD NQ NO, RPD
(ppb)  (ppb) % (ppb)  (ppb) %
mean mean
28/04/05 10:22 30/05/05 11: <0.5 0.7 35 35 0.5
28/04/05 10:22 30/05/05 11: 0.7 35
30/05/05 11:40 30/06/05 09: 0.4 0.4 18.3 2.6 26 1.0
30/05/05 11:40 30/06/05 09: 0.4 2.6
30/06/05 09:20 08/08/05 09: <0.6 0.3 2.8 2.8 5.9
30/06/05 09:20 08/08/05 09: <0.6 2.7
08/08/05 09:35 13/09/05 10: <0.4 0.2 2.1 2.2 7.9
08/08/05 09:35 13/09/05 10: <0.4 2.3
Mean 04 24
Site 6
03/08/04 12:29 01/09/04 12: 0.3 0.3 1.9 1.8 8.2
03/08/04 12:29 01/09/04 12: <0.3 1.7
01/09/04 12:10 07/10/04 10: 0.3 0.3 0.4 2.0 1.9 39
01/09/04 12:10 07/10/04 10: 0.3 1.8
07/10/04 10:35 20/11/04 10: 0.2 0.2 27.1 2.2 22 24
07/10/04 10:35 20/11/04 10: 0.2 2.3
20/11/04 10:30 18/12/04 08: 0.8 1.8 113.8 2.4 23 45
20/11/04 10:30 18/12/04 08: 2.8 2.3
18/12/04 08:45 18/01/05 11: 0.5 0.9 95.3 1.6 1.7 2.8
18/12/04 08:45 18/01/05 11: 1.3 1.7
18/01/05 11:25 16/02/05 07: <0.2 0.1 1.7 1.6 316.
18/01/05 11:25 16/02/05 07: <0.2 1.4
16/02/05 07:30 23/03/05 10: 0.6 0.5 48.8 1.8 1.9 5.0
16/02/05 07:30 23/03/05 10: 0.4 1.9
23/03/05 10:52 28/04/05 09: <0.4 0.2 2.1 2.0 6.8
23/03/05 10:52 28/04/05 09: <04 1.9
28/04/05 09:36  30/05/05 13: 1.1 1.1 9.1 2.6 26 6 1
28/04/05 09:36  30/05/05 13: 1.2 2.6
30/05/05 13:00 30/06/05 10: 0.3 0.5 69.4 1.3 1.3 1.1
30/05/05 13:00 30/06/05 10: 0.7 1.3
30/06/05 10:15 08/08/05 10: <0.6 0.3 1.4 1.5 1.7
30/06/05 10:15 08/08/05 10: <0.6 1.5
08/08/05 10:21  13/09/05 14 <0.4 0.2 1.6 1.4 427.
08/08/05 10:21  13/09/05 14 <04 1.2
o Mean | 05 18
Site 7
01/08/04 15:01 01/09/04 08: <0.3 0.1 1.3 1.3 15
01/08/04 15:01 01/09/04 08: <0.3 1.2
01/09/04 13:45 07/10/04 13: 0.4 0.3 53.6 1.6 1.6 4.0
01/09/04 13:45 07/10/04 13: 0.3 1.7
07/10/04 13:35 20/11/04 14: <0.2 0.1 2.1 2.1 1.4
07/10/04 13:35 20/11/04 14: <0.2 2.1
20/11/04 14:35 18/12/04 09: 0.5 0.6 16.9 1.7 16 65
20/11/04 14:35 18/12/04 09: 0.6 1.6
18/12/04 09:40 18/01/05 15: 1.0 1.2 27.6 1.5 15 3.6
18/12/04 09:40 18/01/05 15: 0.3 1.6
18/01/05 15:16  16/02/05 09: 0.3 0.3 36.3 1.4 1.4 43
18/01/05 15:16  16/02/05 09: 0.2 1.4
16/02/05 09:30 23/03/05 13: 0.6 0.8 41.1 1.3 1.3 04
16/02/05 09:30 23/03/05 13: 0.9 1.3
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Table 6a cont

Date on Date off Nk NH; RPD NQ NO, RPD
(ppb)  (ppb) % (ppb)  (ppb) %
mean mean
23/03/05 13:12 28/04/05 11:40 <0.4 0.2 15 1.5 2.7
23/03/05 13:12 28/04/0511:40 <0.4 1.5
28/04/05 11:20 30/05/05 14:0 0.6 0.7 16.9 1.9 19 7.6
28/04/05 11:20 30/05/05 14:0 0.7 2.0
30/05/05 14:10 30/06/0511:235 0.4 0.4 1.0 0.9 15.4
30/05/05 14:10 30/06/05 11:45 <0.1 0.8
30/06/05 11:23 08/08/0511:35 <0.6 0.3 1.0 1.0 0.1
30/06/05 11:23 08/08/0511:235 <0.6 1.0
08/08/05 11:25 13/09/05 11:41 <0.4 0.2 1.1 0.6 .a75
08/08/05 11:25 13/09/05 11:41 <0.4 0.1
... Mean 1 4 14
Site 8
03/08/04 09:07 01/09/04 11:05 <0.3 0.1 2.1 2.1 4.4
03/08/04 09:07 01/09/04 11:05 <0.3 2.0
01/09/04 11:15 07/10/04 15:J0 0.9 0.8 7.0 2.4 23 55
01/09/04 11:15 07/10/04 15:J0 0.8 2.3
07/10/04 15:05 20/11/0416:30 0.2 0.2 11.7 2.8 2.8 3.9
07/10/04 15:05 20/11/0416:30 0.3 2.7
20/11/04 16:30 18/12/0411:30 0.8 0.8 1.8 2.5 25 01
20/11/04 16:30 18/12/0411:30 0.8 2.5
18/12/04 11:30 18/01/05 17:47 <0.4 0.2 2.0 2.0 0.4
18/12/04 11:30 18/01/05 17:17 <0.4 2.0
18/01/05 17:25 16/02/05 10:40 <0.2 0.1 1.9 2.0 2.9
18/01/05 17:25 16/02/05 10:40 <0.2 2.0
16/02/05 11:15 23/03/0514:31 0.6 0.6 224.9 1.7 1.8 6.5
16/02/05 11:15 23/03/0514:31 2.0 1.8
23/03/05 14:35 28/04/0511:530 <0.4 0.2 2.1 2.1 0.3
23/03/05 14:35 28/04/05 11:530 <0.4 2.1
28/04/05 11:51 30/05/05 16:00 0.8 0.8 10.2 2.7 26 3.4
28/04/05 11:51 30/05/05 16:J0 0.7 2.6
30/05/05 16:01 30/06/0512:30 0.2 0.2 26.4 1.5 15 04
30/05/05 16:01 30/06/0512:30 0.2 1.5
30/06/05 12:35 08/08/05 12:35 <0.6 0.3 1.9 1.9 2.7
30/06/05 12:35 08/08/05 12:35 <0.6 1.9
08/08/05 12:35 13/09/05 15:40 <0.4 0.2 2.0 2.0 2.2
08/08/05 12:35 13/09/05 15:40 <0.4 2.0
________ mean 1 .04 21
Site 9
05/08/04 15:00 03/09/04 18:J0 1.8 1.9 7.8 2.3 24 291
05/08/04 15:00 03/09/04 18:J0 2.0 2.6
03/09/04 18:00 07/10/0420:30 2.6 2.6 1.2 2.3 23 71
03/09/04 18:00 07/10/0420:30 2.6 2.3
07/10/04 20:35 20/11/04 18:J0 2.4 2.4 0.7 1.8 19 6 3
07/10/04 20:35 20/11/04 18:J0 2.4 1.9
20/11/04 18:00 20/12/0411:30 3.2 3.2 3.3 1.7 17 01
20/11/04 18:00 20/12/0411:30 3.3 1.7
20/12/04 11:30  20/01/05 10:15 1.1 1.1
20/12/04 11:30  20/01/05 10:15
20/01/05 10:45 16/02/05 18:J0 3.2 35 21.8 15 16 6.4
20/01/05 10:45 16/02/0518:J0 3.9 1.6
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Table 6a cont

Date on Date off Nk NH; RPD NQ NO, RPD
(ppb)  (ppb) % (ppb)  (ppb) %
mean mean
16/02/05 18:10 23/03/05 15:20 3.2 3.0 8.9 1.8 19 831
16/02/05 18:10 23/03/05 15:20 2.9 2.1
23/03/05 15:26  28/04/05 13:42 2.2 2.4 13.7 2.2 2.3 09
23/03/05 15:26  28/04/05 13:42 2.6 2.3
28/04/05 13:45 30/05/05 18:04 4.4 4.3 35 3.8 38 51
28/04/05 13:45 30/05/05 18:04 4.3 3.8
30/05/05 18:08 30/06/05 13:30 15 1.2 42.1 2.6 26 0.5
30/05/05 18:08 30/06/05 13:30 1.0 2.6
30/06/05 13:25 08/08/05 17:30 25 2.0 48.7 3.0 29 8.8
30/06/05 13:25 08/08/05 17:30 15 2.7
08/08/05 17:45 15/09/05 18:00 1.6 1.7 8.2 2.2 24 011
08/08/05 17:45 15/09/05 18:00 1.7 25
Mean [ 26 22
Site10
02/08/04 15:00 01/09/04 10:50 0.3 0.3 0.4 0.3 18.2
02/08/04 15:00 01/09/04 10:90 <0.3 0.3
01/09/04 10:50 01/10/04 12:35 0.7 0.6 39.2 0.2 02 7.1
01/09/04 10:50 01/10/04 12:35 0.5 0.2
01/10/04 12:35 01/12/04 10:30 0.5 0.5 16.6 0.2 02 7.1
01/10/04 12:35 01/12/04 10:30 0.4 0.3
01/12/04 12:00 27/01/05 14:00 0.8 0.6 60.5 0.4 04 1.2
01/12/04 12:00 27/01/05 14:90 0.4 0.4
27/01/05 14:00 18/02/05 09:30 0.3 0.6 82.6 0.3 0.3
27/01/05 14:00 18/02/05 09:30 0.8
18/02/05 09:30 17/03/05 11:30 1.1 1.1 0.4 0.5 0.5 7 3
18/02/05 09:30 17/03/05 11:30 1.2 0.5
17/03/05 11:30 28/04/05 08:0 0.9 1.1 48.3 0.8 0.8 2.0
17/03/05 11:30 28/04/05 08:0 14 0.8
28/04/05 08:00 19/05/05 10:0 0.5 1.4 122.6 1.1 1.1 3.0
28/04/05 08:00 19/05/05 10:0 2.2 1.0
19/05/05 10:15 05/07/05 11:05 0.5 0.8 72.6 0.5 0.5 0.3
19/05/05 10:15 05/07/05 11:05 1.1 0.5
05/07/05 11:15 05/08/05 13:20 0.8 1.0 42.7 0.4 0.5 12.0
05/07/05 11:15 05/08/05 13:20 1.2 0.5
05/08/05 13:20 15/09/05 12:00 0.7 0.9 26.4 0.3 0.3 84
05/08/05 13:20 15/09/05 12:00 1.0 0.3
Mean 0.8 0.5
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Table 6b. Concentrations of ammonia and nitrogen dioxide at the nine sampling sites from January 2007 until August
2008. Concentrations are in ppb. Relative percent differences are calculated using equation (10). Where both samples
of the pair are below the limit of detection the average concentration is set at half the limit of detection. If only one
sample is above the limit of detection that value is entered as the average concentration. ¢ signifies contaminated
sample.

Date on Date off Nk NH; RPD NQ NO, RPD
(ppb)  (ppb) % (ppb)  (ppb) %
mean mean
Site 1
04/05/07 11:22 14/06/07 09:39 <0.4 0.2 0.5 0.5 280.
04/05/07 11:22 14/06/07 09:39 <0.4 0.5
14/06/07 09:39 02/08/07 11:05 <0.4 0.2 0.4 0.4 339.
14/06/07 09:39 02/08/07 11:05 <0.4 0.5
02/08/07 11:10 09/09/07 10:30 <0.4 0.2 0.7 0.8 973.
02/08/07 11:10 09/09/07 10:30 <0.4 0.8
09/09/07 10:35 25/10/07 16:1j0 0.6 0.8 25.3 0.8 0.8 1.02
09/09/07 10:35 25/10/07 16:1j0 0.8 0.7
25/10/07 16:20 09/11/07 09:42 <0.4 0.2 0.4 0.4 .828
25/10/07 16:20 09/11/07 09:42 <0.4 0.5
09/11/07 09:18 09/01/08 09:15 <0.4 0.2 0.6 05 911
09/11/07 09:18 09/01/08 09:15 0.4 0.5
09/01/08 09:25 08/02/08 12:20 18.6 19.1 4.9 0.5 0.6 29.87
09/01/08 09:25 08/02/08 12:20 19.5 0.7
08/02/08 12:30 12/03/08 13:15 <0.4 0.4 0.6 0.6 303.
08/02/08 12:30 12/03/08 13:15 0.4 0.6
12/03/08 13:15 27/04/08 10:50 0.4 0.5 32.9 0.7 0.7 1.11
12/03/08 13:15 27/04/08 10:50 0.6 0.7
27/04/08 11:10 04/06/08 10:30 <0.4 0.2 0.8 09 .7@1
27/04/08 11:10 04/06/08 10:30 <0.4 1.0
04/06/08 10:30 17/07/08 09:45 <0.4 0.2 0.5 05 .041
04/06/08 10:30 17/07/08 09:45 <0.4 0.5
17/07/08 09:48 14/08/08 11:05 <0.4 0.2 0.4 0.4 632.
17/07/08 09:48 14/08/08 11:05 <0.4 0.4
Mean | 9 06
Site 3
29/01/07 11:00 22/02/07 10: 1.0 1.3 43.2 0.8 0.8 4.67
29/01/07 11:00 22/02/07 10: 1.5 0.8
22/02/07 11:00 20/03/07 08: 0.5 0.6 26.2 1.0 1.0 5.71
22/02/07 11:00 20/03/07 08: 0.7 0.9
20/03/07 08:55 04/05/07 12: <0.4 0.2 1.0 1.0 354
20/03/07 08:55 04/05/07 12: <0.4 1.0
04/05/07 12:59 14/06/07 08: <0.4 0.2 0.7 0.7 521.
04/05/07 12:59 14/06/07 08: <0.4 0.7
14/06/07 08:24 02/08/07 13: <0.4 0.2 0.6 0.5 180.
14/06/07 08:24 02/08/07 13: <0.4 0.5
02/08/07 13:23 09/09/07 12: <0.4 0.2 1.1 1.1 815.
02/08/07 13:23 09/09/07 12: <0.4 1.1
09/09/07 12:35 25/10/07 14: <0.4 0.2 0.9 0.9 314.
09/09/07 12:35 25/10/07 14: <0.4 1.0
25/10/07 14:20 09/11/07 10: <0.4 0.2 0.5 0.6 .9@6
25/10/07 14:20 09/11/07 10: <0.4 0.6
09/11/07 10:46  09/01/08 10: <0.4 0.2 0.8 0.7 525.
09/11/07 10:46  09/01/08 10: <0.4 0.7
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Table 6b cont

Date on Date off Nk NH; RPD NQ NO, RPD
(ppb)  (ppb) % (ppb)  (ppb) %
mean mean
09/01/08 10:50 08/02/08 13:50 <0.4 0.2 0.7 0.7 4.57
09/01/08 10:50 08/02/08 13:50 <0.4 0.7
08/02/08 14:05 12/03/08 11:25 <0.4 0.5 0.7 0.7 3.14
08/02/08 14:05 12/03/08 11:25 0.5 0.7
12/03/08 11:30 27/04/08 14:03 <0.4 0.2 0.9 0.9 1.59
12/03/08 11:30 27/04/08 14:03 <0.4 0.9
27/04/08 15:00 04/06/08 12:40 <0.4 0.2 1.0 1.0
27/04/08 15:00 04/06/08 12:40 <0.4
04/06/08 12:30 17/07/08 11:1f7 <0.4 0.2 0.6 0.6 3.30
04/06/08 12:30 17/07/08 11:1f7 <0.4 0.6
17/07/08 11:25 14/08/08 09:0 <0.4 0.2 0.6 0.6 1.20
17/07/08 11:25 14/08/08 09:00 <0.4 0.6
o Mean 03 08
Site 4
03/05/07 10:12 07/06/07 09:12 <0.4 0.2 1.5 1.4 147
03/05/07 10:12 07/06/07 09:12 <0.4 1.2
07/06/07 09:12 04/08/07 08:05 <0.4 0.2 1.0 1.0 476.
07/06/07 09:12 04/08/07 08:05 <0.4 1.0
04/08/07 08:25 12/09/07 09:1]9 0.6 0.7 21.34 2.2 2.2 0.64
04/08/07 08:25 12/09/07 09:1]9 0.8 2.2
12/09/07 09:26  16/10/07 14:1|0 1.3 1.3 3.1 3.2 17.1
12/09/07 09:26  16/10/07 14:10 <0.4 3.3
16/10/07 14:11 08/11/07 09:40 <0.4 0.2 2.1 2.1 420.
16/10/07 14:11 08/11/07 09:40 <0.4 2.1
08/11/07 09:36 08/01/08 09:35 <0.4 0.2 2.2 2.2 530.
08/11/07 09:36 08/01/08 09:35 <0.4 2.2
08/01/08 09:45 07/02/08 11:00 <0.4 0.2 25 2.6 964.
08/01/08 09:45 07/02/08 11:00 <0.4 2.6
07/02/08 11:00 11/03/08 08:55 1.0 0.9 31.49 2.1 2.1 2.46
07/02/08 11:00 11/03/08 08:55 0.8 2.2
11/03/08 09:05 21/04/08 07:95 0.4 0.5 27.72 2.4 2.3 2.95
11/03/08 09:05 21/04/08 07:95 0.6 2.3
21/04/08 07:46 03/06/08 11:19 <0.4 0.5 2.2 2.1 386.
21/04/08 07:46 03/06/08 11:19 0.5 2.1
03/06/08 11:25 14/07/08 09:50 0.9 0.9 10.37 1.3 1.3 6.02
03/06/08 11:25 14/07/08 09:50 1.0 1.2
14/07/08 09:55  14/08/08 11:05 0.5 0.6 8.23 2.0 2.0 1.47
14/07/08 09:55  14/08/08 11:05 0.6 2.0
o Mean | 05 .20
Site 5
03/05/07 10:53 07/06/07 09:50 0.6 0.7 27.78 2.1 2.0 254
03/05/07 10:53 07/06/07 09:50 0.7 2.0
07/06/07 09:50 04/08/07 09:50 1.0 0.9 31.32 1.8 1.8 5.67
07/06/07 09:50 04/08/07 09:50 0.7 1.8
04/08/07 10:00 12/09/07 10:05 0.7 0.7 14.13 3.2 3.2 3.73
04/08/07 10:00 12/09/07 10:05 0.8 3.1
12/09/07 10:07 16/10/07 15:16 <0.4 0.2 3.6 3.7 376.
12/09/07 10:07 16/10/07 15:16 <0.4 3.8
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Table 6b cont

Date on Date off Nk NH; RPD NQ NO, RPD
(ppb)  (ppb) % (ppb)  (ppb) %
mean mean
16/10/07 15:31 08/11/07 10:37 <0.4 0.2 2.8 29 852.
16/10/07 15:31 08/11/07 10:37 <0.4 2.9
08/11/07 10:45 08/01/08 10:50 0.4 0.4 2.4 2.4 235
08/11/07 10:45 08/01/08 10:50 <0.4 2.3
08/01/08 11:00 07/02/08 13:50 <0.4 0.2 3.1 3.1 222.
08/01/08 11:00 07/02/08 13:50 <0.4 3.0
07/02/08 11:10 11/03/08 10:1j0 0.9 1.0 24.88 25 2.4 250
07/02/08 11:10 11/03/08 10:1j0 1.1 2.4
11/03/08 10:16  21/04/08 08:246 0.6 0.7 8.26 34 3.4 3.98
11/03/08 10:16  21/04/08 08:246 0.7 3.3
21/04/08 08:30 03/06/08 12:57 0.5 0.5 0.74 3.6 3.6 0.53
21/04/08 08:30 03/06/08 12:57 0.5 3.6
03/06/08 13:04 14/07/08 11:1j0 2.9 3.0 7.94 2.3 2.3 1.86
03/06/08 13:04 14/07/08 11:1j0 3.2 2.2
14/07/08 11:15 13/08/08 09:55 0.3 0.3 8.44 3.2 3.2 0.28
14/07/08 11:15 13/08/08 09:55 0.3 3.2
. Mean | 07 28
Site 6
03/05/07 11:16 07/06/07 10:20 0.9 0.8 0.9 1.3 1.3 .634
03/05/07 11:16 07/06/07 10:20 0.8 0.8 1.2
07/06/07 10:20 04/08/07 09:1J2 0.6 0.6 0.6 0.9 1.0 .626
07/06/07 10:20 04/08/07 09:1J2 0.5 0.5 1.0
04/08/07 09:25 12/09/07 10:7 0.8 0.9 0.8 2.0 2.0 .000
04/08/07 09:25 12/09/07 10:7 1.0 1.0 2.0
12/09/07 10:30 16/10/07 14:55 0.4 0.8 0.4 2.9 29 .123
12/09/07 10:30 16/10/07 14:55 1.1 1.1 2.8
16/10/07 14:55 08/11/07 10:47 0.4 0.3 0.4 1.2 1.7 1.7%
16/10/07 14:55 08/11/07 10:d7 <0.4 <0.4 2.3
08/11/07 10:17 08/01/08 10:15 0.5 0.6 0.5 1.8 1.8 .104
08/11/07 10:17 08/01/08 10:15 0.6 0.6 1.8
08/01/08 10:20 07/02/08 12:1j0 0.4 1.1 0.4 2.0 20 941
08/01/08 10:20 07/02/08 12:1j0 1.8 1.8 2.0
07/02/08 12:20 11/03/08 09:35 1.1 1.1 1.1 1.5 1.4 972
07/02/08 12:20 11/03/08 09:35 1.0 1.0 1.4
11/03/08 09:59 21/04/08 09:20 1.6 1.6 1.6 1.7 1.7 583
11/03/08 09:59 21/04/08 09:20 1.6 1.6 1.8
21/04/08 09:30 03/06/08 12:20 0.6 0.7 0.6 1.7 1.8 .226
21/04/08 09:30 03/06/08 12:20 0.8 0.8 1.8
03/06/08 12:35 14/07/08 12:00 1.2 1.2 1.2 1.2 1.2 505
03/06/08 12:35 14/07/08 12:00 1.3 1.3 1.2
14/07/08 12:05 13/08/08 10:49 1.4 1.5 1.4 1.9 1.8 .744
14/07/08 12:05 13/08/08 10:49 1.6 1.6 1.8
o Mean 09 .17
Site 7
03/05/07 11:40 07/06/07 11:]0 <0.4 0.2 0.9 0.9 790.
03/05/07 11:40 07/06/07 11:]0 <0.4 1.0
07/06/07 11:10 03/08/07 10:45 0.5 0.5 1.0 0.9 124.
07/06/07 11:10 03/08/07 10:45 <0.4 0.8
03/08/07 11:05 12/09/07 11:05 <0.4 0.2 1.5 1.5 021.
03/08/07 11:05 12/09/07 11:05 <0.4 1.5
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Table 6b cont

Date on Date off Nk NH; RPD NQ NO, RPD
(ppb)  (ppb) % (ppb)  (ppb) %
mean mean
12/09/07 11:05 16/10/07 16:08 0.6 0.9 75.7 1.9 2.0 9.58
12/09/07 11:05 16/10/07 16:08 1.3 2.1
16/10/07 16:15 08/11/07 10:§7 <0.4 0.2 1.4 1.4 930.
16/10/07 16:15 08/11/07 10:§7 <0.4 1.4
08/11/07 11:00 08/01/08 14:45 0.5 0.5 31.6 1.4 1.4 474
08/11/07 11:00 08/01/08 14:45 0.4 1.5
08/01/08 12:20 07/02/08 14:37 1.1 1.3 32.1 1.9 1.9 1.23
08/01/08 12:20 07/02/08 14:37 15 1.9
07/02/08 14:45 11/03/08 10:58 1.2 1.1 2.1 1.2 1.2 .092
07/02/08 14:45 11/03/08 10:58 1.1 1.2
11/03/08 11:05 21/04/08 10:05 15 1.3 19.3 15 1.5 0.00
11/03/08 11:05 21/04/08 10:05 1.2 1.5
21/04/08 10:20 03/06/08 14:1l6 <0.4 0.2 1.4 1.4 173.
21/04/08 10:20 03/06/08 14:1l6 <0.4 1.4
03/06/08 14:17 14/07/08 13:01 0.4 0.4 0.8 0.8 76.6
03/06/08 14:17 14/07/08 13:01 <0.4 0.8
14/07/08 13:10 13/08/08 11:40 0.6 0.8 60.6 1.0 1.0 0.17
14/07/08 13:10 13/08/08 11:40 1.1 1.0
o Mean | 06 .13
Site 8
24/01/07 15:00 22/02/07 09:15 <0.4 0.2 2.9 2.9
24/01/07 15:00 22/02/07 09:15 <0.4
22/02/07 09:20 20/03/07 12:22 1.0 0.9 20.1 2.3 2.3 3.50
22/02/07 09:20 20/03/07 12:22 0.8 2.2
20/03/07 12:22 03/05/07 13:55 <0.4 0.7 2.0 2.1 826.
20/03/07 12:22 03/05/07 13:55 0.7 2.2
03/05/07 13:55 07/06/07 12:20 0.7 0.8 21.1 2.0 2.0
03/05/07 13:55 07/06/07 12:20 0.9
07/06/07 12:20 03/08/07 10:00 0.8 0.9 18.8 1.4 1.4 3.84
07/06/07 12:20 03/08/07 10:00 1.0 15
03/08/07 10:15 12/09/07 12:1)1 0.4 0.5 16.4 2.7 2.7 2.23
03/08/07 10:15 12/09/07 12:1)1 0.5 2.7
12/09/07 12:20 16/10/07 11:0 0.6 0.6 2.6 2.6 40.6
12/09/07 12:20 16/10/07 11:0 <0.4 2.6
16/10/07 11:05 08/11/07 11:38 <0.4 0.2 1.9 1.9 441.
16/10/07 11:05 08/11/07 11:38 <0.4 1.9
08/11/07 11:55 08/01/08 12:05 0.6 0.5 31.1 2.1 2.1 591
08/11/07 11:55 08/01/08 12:05 0.4 2.2
08/01/08 14:55 07/02/08 15:35 <0.4 0.6 2.0 1.9 .034
08/01/08 14:55 07/02/08 15:35 0.6 1.8
07/02/08 15:50 11/03/08 11:55 0.7 0.8 24.1 1.8 1.8 151
07/02/08 15:50 11/03/08 11:55 0.9 1.8
11/03/08 12:00 21/04/08 10:57 0.4 0.4 0.9 2.2 2.1 .884
11/03/08 12:00 21/04/08 10:§7 0.4 2.0
21/04/08 11:08 03/06/08 14:55 <0.4 0.2 2.7 2.8 886.
21/04/08 11:08 03/06/08 14:55 <0.4 2.9
03/06/08 15:13 14/07/08 14:02 1.0 0.9 225 1.3 1.4 25.39
03/06/08 15:13 14/07/08 14:02 0.8 1.6
14/07/08 14:02 13/08/08 13:(09 1.1 1.1 1.9 2.0 20 .053
14/07/08 14:02 13/08/08 13:(0J9 1.1 2.0
Mean 0.6 2.1
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Table 6b cont

Date on Date off Nk NH; RPD NQ NO, RPD
(ppb)  (ppb) % (ppb)  (ppb) %
mean mean

Site 9
04/05/07 17:20 07/06/07 13:00 1.4 1.4 6.72 2.7 2.8 6.13
04/05/07 17:20 07/06/07 13:00 15 2.8
07/06/07 13:00 06/08/07 17:30 1.8 1.7 3.44 25 2.6 6.70
07/06/07 13:00 06/08/07 17:30 1.7 2.7
06/08/07 17:40 11/09/07 17:36 1.8 1.7 4.62 2.8 2.8 0.72
06/08/07 17:40 11/09/07 17:36 1.7 2.8
11/09/07 17:43 22/10/07 17:45 25 2.7 17.98 2.4 2.2 15.43
11/09/07 17:43 22/10/07 17:45 3.0 2.0
22/10/07 17:50 09/11/07 17:45 1.7 2.2 44.59 1.6 1.6 3.03
22/10/07 17:50 09/11/07 17:45 2.6 1.6
09/11/07 17:50 08/01/08 16:00 2.4 2.4 3.34 1.4 1.4 1.05
09/11/07 17:50 08/01/08 16:00 2.3 1.4
08/01/08 16:15 10/02/08 18:15 3.3 3.3 0.67 1.9 1.9 3.05
08/01/08 16:15 10/02/08 18:15 3.4 2.0
10/02/08 18:30 16/03/08 12:1|0 3.8 3.9 2.95 2.0 2.0 2.09
10/02/08 18:30 16/03/08 12:1|0 3.9 2.0
16/03/08 12:10 21/04/08 18:(0 2.3 2.4 6.20 2.2 2.2 6.37
16/03/08 12:10 21/04/08 18:(0 25 2.3
21/04/08 18:15 12/06/08 17:0 1.6 1.7 8.58 3.1 3.0 6.77
21/04/08 18:15 12/06/08 17:0 1.8 2.9
23/06/08 12:30 18/07/08 10:20 2.6 2.6 3.7 3.7 31.8
23/06/08 12:30 18/07/08 10:20 3.7
18/07/08 10:30 13/08/08 17:51 1.3 25 94.46 2.4 2.3 9.79
18/07/08 10:30 13/08/08 17:51 3.6 2.2

.. Mean 24 A .

Sitel0
07/06/07 13:20 12/07/07 16:30 <0.4 0.5 0.4 0.4 370.
07/06/07 13:20 12/07/07 16:30 0.5 0.4 0.38
12/07/07 16:30 03/08/07 09:20 0.6 0.6 29.57 0.7 0.7 0.66
12/07/07 16:30 03/08/07 09:20 0.5 0.7 0.66
03/08/07 09:30 16/09/07 14:00 <0.4 1.2 0.3 0.4 330.
03/08/07 09:30 16/09/07 14:00 1.2 0.4 0.41
16/09/07 14:00 04/10/07 18:J0 <0.4 0.2 0.5 0.5 470.
16/09/07 14:00 04/10/07 18:J0 <0.4 0.6 0.57
04/10/07 18:00 05/11/07 11:20 0.4 0.2
04/10/07 18:00 05/11/07 11:20 0.5
05/11/07 11:20 19/01/08 13:00 <0.4 0.2 0.2 0.2 150.
05/11/07 11:20 19/01/08 13:00 <0.4 0.2 0.16
19/01/08 13:00 07/02/08 16:30 0.8 0.7 20.78 2.2 2.2 2.20
19/01/08 13:00 07/02/08 16:30 0.6 2.2 2.19
07/02/08 16:30 14/03/08 21:30 1.0 1.1 1.05
07/02/08 16:30 14/03/08 21:30 1.1 1.09
14/03/08 13:00 03/05/08 15:30 1.1 1.0 18.03 1.0 1.1 11.12
14/03/08 13:00 03/05/08 15:30 0.9 1.2

Mean 0.6 0.8
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Table 7a displays the concentrations of sulphuxideand nitric acid measured at the Burrup sited a&
Mardie Station over the annual period from Augue04£ to mid September 2005. Average monthly
concentrations of sulphur dioxide range from 19 gting August 2005 at Site 10 to 367 ppt at Site 4
during April 2005. The average annual sulphur @iexconcentrations range from 83 ppt at Site 1P16
ppt at Site 5. The concentrations, measured @s$ dif 3 and 10, are assumed to be regional backdjrou
levels and appear to be in the range of about 83app39 ppt, with an annual average of about 108 p
The annual average concentration at sites 4 —-o8lysabout 175 ppt, with a maximum of 215 ppt, lse t
enhancement in sulphur dioxide concentrations esdhsites is very small. Detection limits for $wip
dioxide and nitric acid, calculated from the staxddeviation of blanks, using an ISO (1994) techeiq
were 28 ppt and 45 ppt respectively over a 30 daypéing period.

The results of the sulfur dioxide measurementsnduthe 2007/2008 period are displayed in Table 7b.
They show that the monthly averaged concentratianged from 51 ppt during May/June 2007 to 285 ppt
during January/February 2008 at site 5. The anawualages for this episode ranged from 105 ppiteads
and 223 ppt at site 5. The annual average fothile® background sites was 115 ppt and 180 pysites 4

— 8. Although the background sites tend to hawveesfosulfur dioxide concentrations the enhancement i
sulfur dioxide from the background sites to thaseorded at the lower Burrup Peninsula sites is sergll.
These results were very similar for those in th@420005 sampling period when 108 ppt and 175 ppéewe
recorded for the background sites and sites 4esgectively.
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Figure 11a. Sulfur dioxide concentrations plotted against the mid-date of the sampling period from August 2004 to
August 2005.
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Figure 11b. Sulfur dioxide concentrations plotted against the mid-date of the sampling period from February 2007 to
August 2008.

Sulfur dioxide concentrations at each site aretpibtigainst the sampling mid-time in Figure 11ehe T
Figure shows that there is a small elevation iplsutt dioxide concentrations at some sites, sueh &sand

6. Concentrations at the local background site8,dnd 10 tend to have lower concentrations, atth®Site

9 can also have concentrations near the backgratmglst during some sampling periods. Figure 11b
displays the monthly sulfur dioxide concentratioas each site measured during 2007/2008. The
concentrations tend to be lower at the backgroitad,especially at sites 1 and 10.

Several studies have determined sulphur dioxideemnations in remote terrestrial regions usingsias
samplers, and in pristine areas using active sagpéiichniques, and these can be used to compdreheit
background concentrations on the Burrup Peninsitapristine areas very low concentrations of sulph
dioxide have been recorded. For example at th¢hSenle a 7-day average concentration of less 2vap
measured using a chemical ionisation mass spedeorfidueya et al., 2004). De bruyn et al. (2002)
measured sulphur dioxide concentrations at BariegdiiNew Zealand over a period of 15 hours anddoun
a diurnal cycle and average concentration of lhas tL5 ppt. These studies show that very low sulph
dioxide concentrations are possible in areas tteatansidered to be pristine and where air is mpiaicted

by anthropogenic pollution.

At Bukit Koto Tabang, GAW station on Sumatra thenaad average sulphur dioxide concentrations were
1.3 ppb during 1996 (Gillett et al., 2000). At @ka Point, West of Darwin average sulphur dioxide

concentrations were 0.75 ppb between June 1993amel 1997 (Ayers et al., 2000) and at Tanah Rata,
north of Kuala Lumpur, Malaysia the average conediain was 0.5 ppb from August 1990 to January 1992

(Ayers et al., 2002). These “background” conceding are significantly higher than the measurement
recorded at the Burrup sites.

Sulfur dioxide concentrations have also been rembid large polluted Asian cities such as Kuala pum
Jakarta and Bogor. In Jakarta annual average ntratiens of sulphur dioxide were 7.1 ppb and 44 n
1992 and 1996 respectively and in Bogor the anauatage concentration was 1.9 ppb in 1996 (Giett
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al., 2000). The concentrations in Petaling Jagar iKuala Lumpur averaged 6.3 ppb over a five peaiod
from March 1994 to March 1998 (Ayers et al., 2000).other sites near Kuala Lumpur concentratioasew
recorded from August 1996 to January 1997 at Klamyjl 1996 to April 1997 at Ulu Langat and August
1996 to June 1997 Johor Baru Malaysia where corat@oms were 6.2 ppb, 0.9 ppb and 1.9 ppb
respectively. These concentrations are typicalmdas that are heavily impacted with anthropogenic
pollution and are obviously much higher than tholsserved on the Burrup Peninsula.

Nitric acid concentrations measured during 2004328 also presented in Table 7a; these were neghsur
as nitrate ion which is collected with the sulphdioxide passive sampler. The monthly average
concentrations shown in the Table range from 21gppite 10 during August 2004 to 632 ppt at site 9
during May 2005. The assumed background sites 8fahd 10 have nitric acid concentrations of 184 p
162 ppt and 160 ppt respectively, indicating arraye annual background concentration of about 185 p
At Sites 4 — 8, on the southern Burrup Peninsulapal average concentrations ranged from 198 pgiteat

4 to 250 ppt at site 8 giving a southern area @eeod 229 ppt. Although the concentration increfasm

the background to the southern Burrup sites icaable, the enhancement is small, and the contiensa
are very low.

Table 7b displays the nitric acid concentrationsasseed during 2007/2008. The monthly average
concentrations ranged from 46 ppt at site 3 dutanlay/June 2008 to 458 ppt at site 9 during Aptey
2008. The annual average concentrations 143 ppitextlO to 280 ppt at site 9. The annual average
concentrations for the background sites was 15%pptpared with an average of 222 ppt for sites&4 —
These concentrations are very similar to thoserdetbat the background and lower sites on the Burru
sites during 2004/2005. As noted previously thé@amcement in nitric acid concentrations from the
background sites to those on the lower Burrup ig seall.

Figure 12a shows concentrations of nitric acid athesite plotted against the mid-time of the sangpli
period. It shows only a small enhancement in aigicid concentrations at the sites on the loweirdgur
compared with those at the local background sif€se concentrations have some temporal trends; most
sites had low concentrations during the Januarylfegl sampling period and higher concentrationsngur
the May sampling period. A similar temporal trewmdn also be observed for nitrogen dioxide
concentrations, in Figure 10a. The concentratadmstric acid measured during 2007/2008 are diggdiain
Figure 10b. They show that there is some indicatiban increase in nitric acid concentrations migithe
May/June sampling periods of 2007 and 2008. Tlas also observed during 2004/2005, but the reason f
this is unclear.
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Figure 12a. Nitric acid concentrations plotted against the mid-date of the sampling period from August 2004 to August
2005

700

600

500

S 400

8

Z 300

T

200

100

0 N~ ~ ~ © © ©
S ) S 5 o o > 3 o 3 S
c < ? S o > c ] ? = o
S = s ° ¢ 2 8 = s ° g

Sample Mid-date

Figure 12b. Nitric acid concentrations plotted against the mid-date of the sampling period from February 2007 to August
2008.
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By way of comparison “background” concentration®©@&4 ppb have been measured at Charles Point from
June 1993 to June 1997 (Ayers et al., 2000) ang &he in excess of measurements on the Burrup. In
heavily polluted areas in Asia concentrations dfimiacid average 1.1 ppb at Petaling Jaya, Madaysi
(Ayers et al., 2000) and 2.0 ppb at Klang, Malaygigers et al., 2002). These concentrations anehm
higher than those measured on the Burrup Peninsula.
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Table 7a. Concentrations of sulphur dioxide and nitric acid at the nine sampling sites from August 2004 until late March
2005. Concentrations are in ppt. Where both samples of the pair are below the limit of detection the average
concentration is set at half the limit of detection. If only one sample is above the limit of detection that value is entered
as the average concentration.

Date on Date off SO SO RPD HNQ HNO; RPD
(ppt) (ppt) % (ppt) (ppt) %
mean mean
Site 1
29/07/04 11:50 02/09/04 15: 116 99 35.8 60 61 3.7
29/07/04 11:50 02/09/04 15: 81 62
02/09/04 15:40 08/10/04 09: 59 62 10.9 116 135 4 28
02/09/04 15:40 08/10/04 09: 66 154
08/10/04 09:45 21/11/04 12: 128 137 12.9 167 169 2.2
08/10/04 09:45 21/11/04 12: 146 171
21/11/04 12:05 17/12/04 12: 120 96 51.1 162 159 .0 5
21/11/04 12:05 17/12/04 12: 71 155
17/12/04 12:10 19/01/05 13: 90 123 53.7 97 127 147
17/12/04 12:10 19/01/05 13: 156 157
19/01/05 13:07 21/02/05 12: 204 199 5.1 81 86 210
19/01/05 13:07 21/02/05 12: 193 90
21/02/05 13:12 28/03/05 11: 76 114 67.8 158 171 491
21/02/05 13:12 28/03/05 11: 153 184
28/03/05 11:20 18/04/05 09: 115 136 314 143 155 15.5
28/03/05 11:20 18/04/05 09: 158 167
18/04/05 11:17 31/05/05 11: 75 78 6.2 214 207 6.0
18/04/05 11:17 31/05/05 11: 80 201
31/05/05 11:25 13/07/05 11: 52 49 10.2 113 109 6 8.
31/05/05 11:25 13/07/05 11: 47 104
13/07/05 11:45 07/08/05 11: 60 49 42.2 250 249 6 0.
13/07/05 11:45 07/08/05 11: 39 248
07/08/05 11:50 14/09/05 09: 81 75 14.3 97 100 6.7
07/08/05 11:50 14/09/05 09: 70 103
________ mean | 100 144 |
Site 3
29/07/04 16:00 02/09/04 13: 183 168 17.8 112 98 932
29/07/04 16:00 02/09/04 13: 153 84
02/09/04 13:20 08/10/04 11: 145 147 3.0 151 152 51
02/09/04 13:20 08/10/04 11: 150 154
08/10/04 11:30 21/11/04 15: 159 168 10.5 162 166 4.5
08/10/04 11:30 21/11/04 15: 177 170
21/11/04 15:45 17/12/04 14 100 121 34.1 127 142 22.3
21/11/04 15:45 17/12/04 14 141 158
17/12/04 14:15 19/01/05 16: 126 126 0.0 127 116 8.21
17/12/04 14:15 19/01/05 16: 126 106
19/01/05 16:40 21/02/05 10: 153 174 24.6 84 82 2 6.
19/01/05 16:40 21/02/05 10: 196 79
21/02/05 09:53 28/03/05 12: 215 179 40.2 204 194 10.3
21/02/05 09:53 28/03/05 12: 143 184
28/03/05 12:30 18/04/05 14: 128 121 11.3 148 153 6.4
28/03/05 12:30 18/04/05 14: 114 158
18/04/05 14:41 31/05/05 13: 176 194 18.2 270 280 7.5
18/04/05 14:41 31/05/05 13: 211 291
31/05/05 13:20 13/07/05 16: 76 69 21.6 134 140 6 8.
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Table 7a cont
Date on Date off SO SO RPD HNQ HNO; RPD
(ppt) (ppt) % (ppt) (ppt) %
mean mean
31/05/05 13:20 13/07/05 16:05 61 146
13/07/05 15:46 07/08/05 15:05 113 103 18.7 290 276 10.5
13/07/05 15:46 07/08/05 15:05 93 261
07/08/05 15:10 14/09/05 13:40 93 105 22.2 173 147 5.23
07/08/05 15:10 14/09/05 13:4o0 117 121
________ Mean | 189 162 |
Site 4
01/08/04 12:09 01/09/04 09:1|7 108 109 2.4 107 120 0.62
01/08/04 12:09 01/09/04 09:1|7 110 132
01/09/04 09:25 07/10/04 09:15 223 220 2.5 190 180 1.21
01/09/04 09:25 07/10/04 09:15 217 170
07/10/04 09:20 20/11/04 08:40 335 311 15.3 207 236 24.9
07/10/04 09:20 20/11/04 08:40 288 266
20/11/04 08:20 18/12/04 06:30 158 167 10.6 184 179 5.8
20/11/04 08:20 18/12/04 06:30 176 174
18/12/04 06:30 18/01/05 10:02 199 177 24.7 192 203 105
18/12/04 06:30 18/01/05 10:02 155 213
18/01/05 10:07 16/02/05 06:30 135 160 32.1 120 127 11.3
18/01/05 10:07 16/02/05 06:30 186 134
16/02/05 06:45 23/03/05 09:53 130 154 30.7 220 255 26.9
16/02/05 06:45 23/03/05 09:53 177 289
23/03/05 09:53 28/04/05 08:48 351 367 8.4 193 217 272
23/03/05 09:53 28/04/05 08:48 382 242
28/04/05 08:49 30/05/05 10:40 216 200 16.5 301 314 8.1
28/04/05 08:49 30/05/05 10:40 183 326
30/05/05 10:40 30/06/05 08:45 20 40 102.5 127 121 6 9
30/05/05 10:40 30/06/05 08:45 61 115
30/06/05 08:48 08/08/05 08:47 37 44 32.4 210 210 5 0.
30/06/05 08:48 08/08/05 08:47 52 209
08/08/05 08:47 13/09/05 08:43 198 182 18.4 254 212 38.8
08/08/05 08:47 13/09/05 08:43 165 171
________ Mean | 178 198 |
Site 5
01/08/04 16:04 01/09/04 13:35 239 225 13.2 105 123 29.5
01/08/04 16:04 01/09/04 13:35 210 141
01/09/04 13:40 07/10/04 11:15 252
01/09/04 13:40 07/10/04 11:15 252 235
07/10/04 11:20 20/11/04 12:40 311 317 3.8 245 258 011
07/10/04 11:20 20/11/04 12:40 323 271
20/11/04 12:40 18/12/04 07:45 290 283 5.2 272 224 294
20/11/04 12:40 18/12/04 07:45 275 176
18/12/04 07:45 18/01/05 12:38 196 209 12.0 160 169 11.0
18/12/04 07:45 18/01/05 12:38 221 178
18/01/05 12:44 16/02/05 08:30 182 171 13.4 249 199 50.4
18/01/05 12:44 16/02/05 08:30 159 149
16/02/05 08:15 23/03/05 11:96 116 222 95.6 238 246 6.2
16/02/05 08:15 23/03/05 11:96 328 253
23/03/05 11:56  28/04/05 10:2 321 313 5.5 257 255 31
23/03/05 11:56 28/04/05 10:2 304 253
28/04/05 10:22 30/05/05 11:40 194 192 2.6 390 406 8 7
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Table 7a cont
Date on Date off SO SO RPD HNQ HNO; RPD
(ppt) (ppt) % (ppt) (ppt) %
mean mean
28/04/05 10:22 30/05/05 11: 189 422
30/05/05 11:40 30/06/05 09: 84 88 8.7 348 286 243
30/05/05 11:40 30/06/05 09: 92 224
30/06/05 09:20 08/08/05 09: 158 145 18.4 246 242 3.0
30/06/05 09:20 08/08/05 09: 131 239
08/08/05 09:35 13/09/05 10: 171 163 9.5 265 240 132
08/08/05 09:35 13/09/05 10: 156 214
________ Mean (2215 20 |
Site 6
03/08/04 12:29 01/09/04 12: 175 158 21.8 114 114 0.0
03/08/04 12:29 01/09/04 12: 141 114
01/09/04 12:10 07/10/04 10: 170 162 9.7 183 173 101
01/09/04 12:10 07/10/04 10: 154 164
07/10/04 10:35 20/11/04 10: 248 270 16.3 212 212 0.4
07/10/04 10:35 20/11/04 10: 292 213
20/11/04 10:30 18/12/04 08: 161 169 9.6 187 184 2 3
20/11/04 10:30 18/12/04 08: 177 181
18/12/04 08:45 18/01/05 11: 161 185
18/12/04 08:45 18/01/05 11: 161 185
18/01/05 11:25 16/02/05 07: 125 144 26.8 160 151 12.3
18/01/05 11:25 16/02/05 07: 164 142
16/02/05 07:30 23/03/05 10: 239 239 0.0 256 263 4 5
16/02/05 07:30 23/03/05 10: 239 270
23/03/05 13:12 28/04/05 11: 357 353 2.3 214 212 7 2
23/03/05 13:12 28/04/05 11: 349 209
28/04/05 11:20 30/05/05 14: 115 131 24.1 452 506 21.5
28/04/05 11:20 30/05/05 14: 147 561
30/05/05 14:10 30/06/05 11: 118 134 24.1 461 517 215
30/05/05 14:10 30/06/05 11: 150 572
30/06/05 11:23 08/08/05 11: 50 51 2.0 185 151 545
30/06/05 11:23 08/08/05 11: 51 117
08/08/05 11:25 13/09/05 11: 145 137 12.1 192 223 27.3
08/08/05 11:25 13/09/05 11: 129 253
________ Mean | 16 24 |
Site7
01/08/04 15:01 01/09/04 08: 123 123 0.0 91 118 4 45
01/08/04 15:01 01/09/04 08: 123 144
01/09/04 13:45 07/10/04 13: 193 191 2.4 177 172 2 5
01/09/04 13:45 07/10/04 13: 188 168
07/10/04 13:35 20/11/04 14: 253 256 2.5 292 289 9 1
07/10/04 13:35 20/11/04 14: 260 286
20/11/04 14:35 18/12/04 09: 135 148 18.0 166 171 6.1
20/11/04 14:35 18/12/04 09: 162 176
18/12/04 09:40 18/01/05 15: 145 147 2.7 171 164 1 8
18/12/04 09:40 18/01/05 15: 149 157
18/01/05 15:16 16/02/05 09: 157 127 47.6 166 166
18/01/05 15:16 16/02/05 09: 97
16/02/05 09:30 23/03/05 13: 142 124 29.6 311 311 0.4
16/02/05 09:30 23/03/05 13: 105 310
23/03/05 13:12 28/04/05 11: 206 215 8.0 212 209 2 2
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Table 7a cont
Date on Date off SO SO RPD HNQ HNO; RPD
(ppt) (ppt) % (ppt) (ppt) %
mean mean
23/03/05 13:12 28/04/05 11:20 224 207
28/04/05 11:20 30/05/05 14:10 160 154 7.4 403 386 9 8
28/04/05 11:20 30/05/05 14:10 148 368
30/05/05 14:10 30/06/05 11:25 73 62 35.6 154 205 .9 49
30/05/05 14:10 30/06/05 11:25 51 256
30/06/05 11:23 08/08/05 11:25 66 63 9.8 182 162 325
30/06/05 11:23 08/08/05 11:25 60 141
08/08/05 11:25 13/09/05 11:41 95 81 32.8 150 166 .8 18
08/08/05 11:25 13/09/05 11:41 68 181
________ Mean (141 210 |
Site8
03/08/04 09:07 01/09/04 11:05 107 127 30.4 108 119 18.4
03/08/04 09:07 01/09/04 11:05 146 130
01/09/04 11:15 07/10/04 15:0 143 156 17.1 260 263 1.7
01/09/04 11:15 07/10/04 15:0 169 265
07/10/04 15:05 20/11/04 16:30 250 250 0.0 262 254 0 7
07/10/04 15:05 20/11/04 16:30 250 245
20/11/04 16:30 18/12/04 11:30 206 201 5.2 214 212 1 2
20/11/04 16:30 18/12/04 11:30 196 210
18/12/04 11:30 18/01/05 17:1J7 261 258 2.0 173 176 .0 3
18/12/04 11:30 18/01/05 17:1J7 255 178
18/01/05 17:25 16/02/05 10:40 147 137 13.6 228 235 5.5
18/01/05 17:25 16/02/05 10:40 128 241
16/02/05 11:15 23/03/05 14:31 134 187 56.9 301 304 2.3
16/02/05 11:15 23/03/05 14:31 240 308
23/03/05 14:35 28/04/05 11:H0 225 237 10.2 253 249 3.2
23/03/05 14:35 28/04/05 11:H0 250 244
28/04/05 11:51 30/05/05 16:0 181 146 475 406 410 2.2
28/04/05 11:51  30/05/05 16:40 111 414
30/05/05 16:01 30/06/05 12:30 49 63 43.1 220 222 3 2
30/05/05 16:01 30/06/05 12:30 77 225
30/06/05 12:35 08/08/05 12:35 62 61 1.7 155 208 351
30/06/05 12:35 08/08/05 12:35 61 261
08/08/05 12:35 13/09/05 15:50 146 143 5.4 390 345 572
08/08/05 12:35 13/09/05 15:50 139 301
________ Mean | 164 250 |
Site 9
05/08/04 15:00 03/09/04 18:40 57 53 12.9 158 159 7 1
05/08/04 15:00 03/09/04 18:40 50 160
03/09/04 18:00 07/10/04 20:30 103 105 3.4 274 303 951
03/09/04 18:00 07/10/04 20:30 107 333
07/10/04 20:35 20/11/04 18:40 100 97 6.7 260 250 9 7.
07/10/04 20:35 20/11/04 18:40 94 240
20/11/04 18:00 20/12/04 11:30 75 69 18.1 197 195 8 2
20/11/04 18:00 20/12/04 11:30 62 192
20/12/04 11:30 20/01/05 10:15 110 110 115 115
20/12/04 11:30 20/01/05 10:15
20/01/05 10:45 16/02/05 18:40 197 182 16.6 190 189 0.8
20/01/05 10:45 16/02/05 18:40 167 189
16/02/05 18:10 23/03/05 15:0 49 48 2.5 207 215 7.7




Table 7a cont
Date on Date off SO SO RPD HNQ HNO; RPD
(ppt) (ppt) % (ppt) (ppt) %
mean mean
16/02/05 18:10 23/03/05 15:0 48 223
23/03/05 15:26  28/04/05 13:42 84 94 20.8 199 214 913
23/03/05 15:26  28/04/05 13:42 104 229
28/04/05 13:45 30/05/05 18:(4 105 156 64.9 673 632 13.0
28/04/05 13:45 30/05/05 18:04 206 591
30/05/05 18:08 30/06/05 13:30 77 60 56.3 343 363 d11
30/05/05 18:08 30/06/05 13:30 43 384
30/06/05 13:25 08/08/05 17:30 83 49 136.9 252 251 8 0
30/06/05 13:25 08/08/05 17:30 16 250
08/08/05 17:45 15/09/05 18:40 47 50 14.7 439 422 7 7.
08/08/05 17:45 15/09/05 18:40 54 406
________ Mean | 8 216 |
Site 10
02/08/04 15:00 01/09/04 10:H0 14 37 126.3 25 21 6 45
02/08/04 15:00 01/09/04 10:H0 61 16
01/09/04 10:50 01/10/04 12:35 82 69 39.1 69 71 3.9
01/09/04 10:50 01/10/04 12:35 55 72
01/10/04 12:35 01/12/04 10:30 87 85 5.6 152 135 525
01/10/04 12:35 01/12/04 10:30 82 118
01/12/04 12:00 27/01/05 14:40 158 169 13.3 150 142 11.7
01/12/04 12:00 27/01/05 14:40 180 134
27/01/05 14:00 18/02/05 09:30 123 123 68 68
27/01/05 14:00 18/02/05 09:30
18/02/05 09:30 17/03/05 11:30 55 52 11.7 168 152 d21
18/02/05 09:30 17/03/05 11:30 49 136
17/03/05 11:30 28/04/05 08:0 43 48 24.4 217 223 7 5.
17/03/05 11:30 28/04/05 08:0 54 229
28/04/05 08:00 19/05/05 10:40 236 240 3.2 301 329 701
28/04/05 08:00 19/05/05 10:40 243 357
19/05/05 10:15 05/07/05 11:05 38 35 19.4 164 154 112
19/05/05 10:15 05/07/05 11:05 32 145
05/07/05 11:15 05/08/05 13:40 41 39 13.2 297 305 1 5.
05/07/05 11:15 05/08/05 13:40 36 312
05/08/05 13:20 15/09/05 12:40 17 19 25.4 193 161 .040
05/08/05 13:20 15/09/05 12:40 22 129
Mean 83 160
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Table 7b. Concentrations of sulphur dioxide and nitric acid at the nine sampling sites from February 2007 until August
2008. Concentrations are in ppt. Where both samples of the pair are below the limit of detection the average
concentration is set at half the limit of detection. If only one sample is above the limit of detection that value is entered
as the average concentration.

Date on Date off SO SO RPD HNQ HNO, RPD
(ppt) (ppt) % (ppt) (ppt) %
mean mean
Site 1
04/05/07 11:22 14/06/07 09:39 129 102 51.78 119 122 4.2
04/05/07 11:22 14/06/07 09:39 76 124
14/06/07 09:39 02/08/07 11:05 115 110 8.31 107 97 162
14/06/07 09:39 02/08/07 11:05 106 86
02/08/07 11:10 09/09/07 10:30 131 129 3.02 282 223 524
02/08/07 11:10 09/09/07 10:30 127 165
09/09/07 10:35 25/10/07 16:10 118 103 28.79 176 149 36.5
09/09/07 10:35 25/10/07 16:10 88 122
25/10/07 16:20 09/11/07 09:2 147 131 24.54 105 171 77.3
25/10/07 16:20 09/11/07 09:2 115 237
09/11/07 09:18 09/01/08 09:1}5 111 106 9.95 120 118 3.5
09/11/07 09:18 09/01/08 09:1}5 101 116
09/01/08 09:25 08/02/08 12:20 120 125 7.95 156 141 21.0
09/01/08 09:25 08/02/08 12:20 130 127
08/02/08 12:30 12/03/08 13:1}5 112 109 4.36 273 207 63.6
08/02/08 12:30 12/03/08 13:1}5 107 141
12/03/08 13:15 27/04/08 10:50 134 134 0.40 194 191 3.2
12/03/08 13:15 27/04/08 10:50 133 188
27/04/08 11:10 04/06/08 10:30 155 136 29.04 358 277 58.1
27/04/08 11:10 04/06/08 10:30 116 197
04/06/08 10:30 17/07/08 09:45 72 72 2.31 70 71 1.5
04/06/08 10:30 17/07/08 09:45 71 71
17/07/08 09:48 14/08/08 11:05 91 83 18.31 110 128 9.02
17/07/08 09:48 14/08/08 11:05 76 147
________ Mean | 12 188 |
Site 3
29/01/07 11:00 22/02/07 10: 78 84 16.06 122 98 .5 48
29/01/07 11:00 22/02/07 10: 91 74
22/02/07 11:00 20/03/07 08: 122 116 11.60 257 224 29.3
22/02/07 11:00 20/03/07 08: 109 191
20/03/07 08:55 04/05/07 12: 193 230 31.74 164 189 26.7
20/03/07 08:55 04/05/07 12: 266 214
04/05/07 12:59 14/06/07 08: 80 79 3.04 48 46 9.1
04/05/07 12:59 14/06/07 08: 78 44
14/06/07 08:24 02/08/07 13: 176 164 14.68 163 163 0.2
14/06/07 08:24 02/08/07 13: 152 163
02/08/07 13:23 09/09/07 12: 150 166 19.53 199 193 6.0
02/08/07 13:23 09/09/07 12: 182 187
09/09/07 12:35 25/10/07 14: 187 198 11.06 126 181 61.2
09/09/07 12:35 25/10/07 14: 209 237
25/10/07 14:20 09/11/07 10: 183 166 19.99 160 142 255
25/10/07 14:20 09/11/07 10: 150 124
09/11/07 10:46  09/01/08 10: 140 140 0.02 119 127 13.2
09/11/07 10:46 09/01/08 10: 140 135
09/01/08 10:50 08/02/08 13: 140 162 28.16 138 152 17.7
09/01/08 10:50 08/02/08 13: 185 165
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Table 7b cont
Date on Date off SO SO RPD HNQ HNO; RPD
(ppt) (ppt) % (ppt) (ppt) %
mean mean
08/02/08 14:05 12/03/08 11:25 138 161 28.59 145 149 5.3
08/02/08 14:05 12/03/08 11:25 184 153
12/03/08 11:30 27/04/08 14:03 166 242 62.87 195 226 27.7
12/03/08 11:30 27/04/08 14:03 318 258
27/04/08 15:00 04/06/08 12:20 148 164 20.19 245 247 2.2
27/04/08 15:00 04/06/08 12:20 181 250
04/06/08 12:30 17/07/08 11:47 83 85 3.03 63 57 22p
04/06/08 12:30 17/07/08 11:47 86 51
17/07/08 11:25 14/08/08 09:00 126 117 14.71 179 164 17.7
17/07/08 11:25 14/08/08 09:00 109 150
________ Mean | 182 157 |
Site 4
03/05/07 10:12 07/06/07 09:12 102 101 1.83 128 103 47.2
03/05/07 10:12 07/06/07 09:12 100 79
07/06/07 09:12 04/08/07 08:05 130 130 0.34 107 118 18.7
07/06/07 09:12 04/08/07 08:05 130 129
04/08/07 08:25 12/09/07 09:1]9 197 199 1.89 234 216 16.1
04/08/07 08:25 12/09/07 09:1]9 201 199
12/09/07 09:26 16/10/07 14:10 286 297 7.65 210 215 4.5
12/09/07 09:26 16/10/07 14:10 308 220
16/10/07 14:11 08/11/07 09:40 180 238 48.49 262 283 14.7
16/10/07 14:11 08/11/07 09:40 296 304
08/11/07 09:36  08/01/08 09:35 180 203 23.00 246 242 3.9
08/11/07 09:36  08/01/08 09:35 227 237
08/01/08 09:45 07/02/08 11:40 242 240 1.15 240 220 18.1
08/01/08 09:45 07/02/08 11:40 239 200
07/02/08 11:00 11/03/08 08:35 182 201 18.51 270 276 4.3
07/02/08 11:00 11/03/08 08:35 220 282
11/03/08 09:05 21/04/08 07:95 170 170 271 271
11/03/08 09:05 21/04/08 07:95
21/04/08 07:46  03/06/08 11:1]9 157 157 293 293
21/04/08 07:46  03/06/08 11:1]9
04/06/08 11:25 14/07/08 09:50 125 122 6.37 152 153 1.8
04/06/08 11:25 14/07/08 09:50 118 155
14/07/08 09:55 14/08/08 11:05 242 249 5.46 244 219 229
14/07/08 09:55 14/08/08 11:05 255 194
________ Mean | 192 218 |
Site 5
03/05/07 10:53 07/06/07 09:50 97 109 21.75 108 115 11.6
03/05/07 10:53 07/06/07 09:50 120 121
07/06/07 09:50 04/08/07 09:50 176 166 11.87 250 230 17.0
07/06/07 09:50 04/08/07 09:50 156 211
04/08/07 10:00 12/09/07 10:05 197 205 7.85 261 282 14.8
04/08/07 10:00 12/09/07 10:05 213 302
12/09/07 10:07 16/10/07 15:1|6 327 330 1.72 281 281 0.3
12/09/07 10:07 16/10/07 15:1|6 333 282
16/10/07 15:31 08/11/07 10:37 250 222 25.90 199 294 64.4
16/10/07 15:31 08/11/07 10:37 193 388
08/11/07 10:45 08/01/08 10:50 227 209 17.38 279 265 10.6
08/11/07 10:45 08/01/08 10:50 191 251
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Table 7b cont
Date on Date off SO SO RPD HNQ HNO; RPD
(ppt) (ppt) % (ppt) (ppt) %
mean Mean
08/01/08 11:00 07/02/08 13:50 483 485 0.73 291 275 11.0
08/01/08 11:00 07/02/08 13:50 487 260
07/02/08 11:10 11/03/08 10:10 169 159 13.02 327 312 9.5
07/02/08 11:10 11/03/08 10:10 149 297
11/03/08 10:16 21/04/08 08:6 281 290 6.45 406 420 6.9
11/03/08 10:16 21/04/08 08:6 300 435
21/04/08 08:30 03/06/08 12:57 212 220 7.73 379 374 2.7
21/04/08 08:30 03/06/08 12:57 229 369
03/06/08 13:04 14/07/08 11:1)0 115 107 13.84 145 155 13.0
03/06/08 13:04 14/07/08 11:1)0 100 165
14/07/08 11:15 13/08/08 09:95 164 171 8.31 271 258 10.3
14/07/08 11:15 13/08/08 09:95 179 244
________ Mean | 23 22
Site 6
03/05/07 11:16  07/06/07 10:20 69 77 19.28 63 83 8 47
03/05/07 11:16  07/06/07 10:20 84 103
07/06/07 10:20 04/08/07 09:1)2 146 137 12.20 157 153 5.3
07/06/07 10:20 04/08/07 09:12 129 149
04/08/07 09:25 12/09/07 10:47 158 163 6.96 199 200 1.2
04/08/07 09:25 12/09/07 10:47 169 201
12/09/07 10:30 16/10/07 14:95 286 297 7.41 201 208 7.0
12/09/07 10:30 16/10/07 14:95 308 215
16/10/07 14:55 08/11/07 10:G7 146 188 44,58 128 142 20.7
16/10/07 14:55 08/11/07 10:G7 230 157
08/11/07 10:17 08/01/08 10:15 164 173 10.47 241 239 25
08/11/07 10:17 08/01/08 10:15 182 236
08/01/08 10:20 07/02/08 12:1j0 208 212 3.76 240 229 9.2
08/01/08 10:20 07/02/08 12:1j0 216 219
07/02/08 12:20 11/03/08 09:35 157 145 16.45 232 223 8.1
07/02/08 12:20 11/03/08 09:35 133 214
11/03/08 09:59 21/04/08 09:0 178 203 24.12 281 364 45.7
11/03/08 09:59 21/04/08 09:0 227 447
21/04/08 09:30 03/06/08 12:20 169 159 12.79 253 269 11.9
21/04/08 09:30 03/06/08 12:20 149 285
03/06/08 12:35 14/07/08 12:q0 110 116 11.33 89 130 62.7
03/06/08 12:35 14/07/08 12:q0 123 171
14/07/08 12:05 13/08/08 10:49 126 134 11.07 222 191 32.2
14/07/08 12:05 13/08/08 10:49 141 160
________ Mean | 167 203 |
Site 7
03/05/07 11:40 07/06/07 11:10 44 51 27.77 40 63 172
03/05/07 11:40 07/06/07 11:10 58 86
07/06/07 11:10 03/08/07 10:45 104 120 26.91 107 114 12.0
07/06/07 11:10 03/08/07 10:45 136 121
03/08/07 11:05 12/09/07 11:05 115 115 139 139
03/08/07 11:05 12/09/07 11:05
12/09/07 11:05 16/10/07 16:08 240 239 1.02 177 186 9.0
12/09/07 11:05 16/10/07 16:08 238 194
16/10/07 16:15 08/11/07 10:57 159 162 4.04 183 181 2.2
16/10/07 16:15 08/11/07 10:57 165 179
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Table 7b cont
Date on Date off SO SO RPD HNQ HNO; RPD
(ppt) (ppt) % (ppt) (ppt) %
mean mean
08/11/07 11:00 08/01/08 14:45 214 216 1.32 223 237 11.9
08/11/07 11:00 08/01/08 14:45 217 251
08/01/08 12:20 07/02/08 14:37 232 238 5.33 217 215 1.9
08/01/08 12:20 07/02/08 14:37 244 213
07/02/08 14:45 11/03/08 10:38 119 132 18.86 172 179 8.2
07/02/08 14:45 11/03/08 10:538 144 186
11/03/08 11:05 21/04/08 10:05 146 140 7.68 309 264 34.3
11/03/08 11:05 21/04/08 10:05 135 219
21/04/08 10:20 03/06/08 14:16 142 146 4.99 217 239 18.1
21/04/08 10:20 03/06/08 14:16 150 260
03/06/08 14:17 14/07/08 13:(1 75 78 7.53 127 123 6 6
03/06/08 14:17 14/07/08 13:(1 81 118
14/07/08 13:10 13/08/08 11:40 95 99 8.65 180 177 2 3.
14/07/08 13:10 13/08/08 11:40 104 175
________ Mean (14 176 |
Site 8
24/01/07 15:00 22/02/07 09:1|5 179 186 7.30 201 212 101
24/01/07 15:00 22/02/07 09:15 193 223
22/02/07 09:20 20/03/07 12:42 126 147 27.32 367 327 24.0
22/02/07 09:20 20/03/07 12:42 167 288
20/03/07 12:22 03/05/07 13:95 304 283 14.63 332 348 9.0
20/03/07 12:22 03/05/07 13:95 262 364
03/05/07 13:55 07/06/07 12:40 105 105 133 133
03/05/07 13:55 07/06/07 12:40
07/06/07 12:20 03/08/07 10:40 129 139 14.77 249 238 8.4
07/06/07 12:20 03/08/07 10:40 149 228
03/08/07 10:15 12/09/07 12:1j1 195 189 6.27 304 295 6.4
03/08/07 10:15 12/09/07 12:1j1 183 286
12/09/07 12:20 16/10/07 11:0 198 201 2.79 231 254 18.1
12/09/07 12:20 16/10/07 11:0 204 277
16/10/07 11:05 08/11/07 11:38 281 233 40.73 118 160 52.1
16/10/07 11:05 08/11/07 11:38 186 202
08/11/07 11:55 08/01/08 12:05 156 179 26.40 228 234 5.0
08/11/07 11:55 08/01/08 12:05 203 239
08/01/08 14:55 07/02/08 15:35 214 220 5.72 262 243 155
08/01/08 14:55 07/02/08 15:35 227 224
07/02/08 15:50 11/03/08 11:55 137 147 14.15 214 212 2.6
07/02/08 15:50 11/03/08 11:55 158 209
11/03/08 12:00 21/04/08 10:§7 214 214 0.11 323 330 4.1
11/03/08 12:00 21/04/08 10:§7 214 337
21/04/08 11:08 03/06/08 14:95 178 183 5.27 332 328 2.7
21/04/08 11:08 03/06/08 14:95 188 323
03/06/08 15:13 14/07/08 14:(2 82 84 2.60 146 171 129
03/06/08 15:13 14/07/08 14:(2 85 196
14/07/08 14:02 13/08/08 13:(9 144 143 1.12 156 166 12.3
14/07/08 14:02 13/08/08 13:09 142 176
________ Mean | 77 243 |
Site 9
04/05/07 17:20 07/06/07 13:40 47 58 39.62 152 140 741
04/05/07 17:20 07/06/07 13:40 70 127




Table 7b cont
Date on Date off SO SO RPD HNQ HNO; RPD
(ppt) (ppt) % (ppt) (ppt) %
mean mean
07/06/07 13:00 06/08/07 17:30 113 109 6.38 315 389 38.1
07/06/07 13:00 06/08/07 17:30 106 463
06/08/07 17:40 11/09/07 17:36 92 87 12.10 321 271 713
06/08/07 17:40 11/09/07 17:36 82 220
11/09/07 17:43 22/10/07 17:45 121 121 0.80 228 237 7.9
11/09/07 17:43 22/10/07 17:45 120 247
22/10/07 17:50 09/11/07 17:45 151 133 28.03 141 156 18.3
22/10/07 17:50 09/11/07 17:45 114 170
09/11/07 17:50 08/01/08 16:40 81 81 1.38 202 220 .8 16
09/11/07 17:50 08/01/08 16:40 82 239
08/01/08 16:15 10/02/08 18:1}5 181 154 34.25 291 271 15.2
08/01/08 16:15 10/02/08 18:1}5 128 250
10/02/08 18:30 16/03/08 12:1j0 131 125 9.70 333 382 25.8
10/02/08 18:30 16/03/08 12:1j0 119 432
16/03/08 12:10 21/04/08 18:00 101 119 30.11 316 299 11.6
16/03/08 12:10 21/04/08 18:00 137 282
21/04/08 18:15 12/06/08 17:q0 116 112 7.55 475 458 7.5
21/04/08 18:15 12/06/08 17:q0 108 440
23/06/08 12:30 18/07/08 10:20 85 87 5.00 320 310 5 6
23/06/08 12:30 18/07/08 10:20 90 300
18/07/08 10:30 13/08/08 17:51 76 72 10.00 254 231 991
18/07/08 10:30 13/08/08 17:51 68 208
________ Mean | 105 280 |
Site 10
07/06/07 13:20 12/07/07 16:30 52 52 0.47 206 131 5.11
07/06/07 13:20 12/07/07 16:30 52 56
12/07/07 16:30 03/08/07 09:0 187 171 19.44 158 155 3.7
12/07/07 16:30 03/08/07 09:0 154 152
03/08/07 09:30 16/09/07 14:40 54 58 14.66 57 50 7 26
03/08/07 09:30 16/09/07 14:40 63 43
16/09/07 14:00 04/10/07 18:00 170 148 29.57 341 300 27.8
16/09/07 14:00 04/10/07 18:00 127 258
04/10/07 18:00 05/11/07 11:20 166 135 45.79 163 159 54
04/10/07 18:00 05/11/07 11:20 104 154
05/11/07 11:20 19/01/08 13:40 82 82 0.65 127 117 318
05/11/07 11:20 19/01/08 13:40 83 106
19/01/08 13:00 07/02/08 16:30 138 155 21.44 125 139 19.1
19/01/08 13:00 07/02/08 16:30 171 152
07/02/08 16:30 14/03/08 21:30 146 131 23.09 288 262 19.5
07/02/08 16:30 14/03/08 21:30 116 237
14/03/08 13:00 03/05/08 15:30 105 106 1.14 250 250 0.5
14/03/08 13:00 03/05/08 15:30 106 249
Mean 111 143
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Table 8a presents the concentrations of benzehgen® and ethylbenzene at the sites on the Burrup
Peninsula and at Karratha and Mardie Station medsiuring 2004/2005. At some sites the measurement
were below the limit of detection, and in thoseesathe average was set to half the limit of dedecti
Limits of detection for benzene, calculated on athly basis from the standard deviation of blankmg

an 1SO (1994) technique, ranged from 1 ppt to ldoppr a 30 day sampling period. There were a rmumb
of instances where samplers were obviously conta®ih For most of these samplers contamination
resulted because the ends of the samplers werseat#d sufficiently to prevent ambient air diffugio the
adsorbent during transport to Melbourne. Contatethaamplers are signified withand these have not
been used to calculate averages. Some sampl8ited, Karratha may have been contaminated, leyt th
were all included in the averages since it is nafiecult to discern contamination in an urban avelzere
petrol is often used. The maximum monthly meaheyfzene concentration of 158 ppt was recordedeat Si
9, Karratha and the minimum was 4 ppt at Site TBe annual average benzene concentrations atlsiges
and Mardie Station were about 19 ppt, and with\arage of 21 ppt, sites 4 — 8 show no real enhaeeem
above the background concentration.

The results of benzene, toluene and ethyl benzezssumements made during 2007/2008 are presented |
Table 8b. The results for the last three montldsiquls have not been entered into the Table bedhese
GC/MS system was undergoing a scheduled mainteriagpection. The samples have been collected for
these periods, and they will be entered into thetas soon as the analysis is complete. The timiec
limits for benzene, toluene and ethyl benzene dutiis sampling period were 7 ppt, 6 ppt and 5 ppt
respectively over a 30-day sampling period. Whmoth duplicates were below the limit of detectibe t
result was set to half the limit of detection. Tiesults of some sampling periods showed vey high
concentrations and these are assumed to have bagmtnated during transport because the tubes were
not sealed tightly; they are with signified with The concentrations of benzene, toluene and ethytene
show little change from the 2004/2005 measuremerise monthly average concentration ranged from
about 4 ppt during May/June 2007 to 94 ppt atSiteiring September/October 2008. Site 9 had ttledsit
annual average benzene concentration and a tolterigenzene ratio of about 8 compared with a
corresponding ratio of about 10 during 2004/200bhe annual average benzene concentrations at the
background sites was about 18 ppt compared withd2@t sites 4 — 8. This is indicates that a \wnall
difference in benzene concentrations exist betwkerbackground areas of the Burrup Peninsula amd th
areas closer to industrial the activity.

The data in Table 8a and 8b can be compared witherdrations of benzene, toluene and ethyl benzene
measured in outer urban areas of Melbourne. IreAdgale, Melbourne concentrations of BTEX gases were
measured during 7-day sampling times for a peribd® months (Lawson et al., 2005). The average
concentrations for that period were 300 ppt, 800gmu 1100 ppt for benzene, toluene and ethyl enze
respectively; minimum concentrations were 90 p@Q »pt and 30 ppt. Similar concentrations were
observed during 7-day sampling periods in Marcl)3 Launceston. Mean concentrations of benzene
were 230 ppt with a standard deviation of 120 gatlbally et al., 2003; Galbally et al., 2004).
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Table 8a. Concentrations of benzene, toluene and ethyl benzene measured at the nine sites from the beginning of
August 2004 until the end of January 2005. Concentrations are in ppt. Where both samples of the pair are below the
limit of detection the average concentration is set at half the limit of detection. If only one sample is above the limit of
detection that value is entered as the average concentration. Results marked with © are considered to be contaminated
and were not used to produce averages.

Date/time On

Date/time Off

Benzene Benzene Toluene Toluene Ethyl benzene Ethyl benzene

(ppt) mean (ppt) mean (ppt) mean
Site 1

29/07/04 11:50 02/09/04 15:35 8 8 25 25 10 6
29/07/04 11:50 02/09/04 15:35 7 <2 2

02/09/04 15:35 08/10/04 09:40| 4T° 2 226° 8 56°¢ 3
02/09/04 15:35 08/10/04 09:40] <4 <15 <6

08/10/04 09:45 21/11/04 12:05 14 14 7 8 <9 4
08/10/04 09:45 21/11/04 12:05| <9 8 <9

21/11/04 12:05 19/01/05 13:05 18 11 8 7 <11 6
21/11/04 12:05 19/01/05 13:05 4 7 <11

19/01/05 13:05 21/02/05 12:55] <9 4 5 5 <5 2
19/01/05 13:05 21/02/05 12:55] <9 5 <5

21/02/05 12:58 28/03/05 11:15 9 9 92 58 <5 2
21/02/05 12:58 28/03/05 11:15| <9 24 <5

21/03/05 13:12 18/04/05 11:15 19 21 12 13 <6 11
21/03/05 13:12 18/04/05 11:15 23 14 11

18/04/05 11:18 31/05/05 11:15 26 24 18 17 4 4
18/04/05 11:18 31/05/05 11:15 23 17 4

31/05/05 11:19 13/07/05 11:45| 137 148 <11 27 <7 4
31/05/05 11:19 13/07/05 11:45| 158 27 <7

13/07/05 11:47 07/08/05 11:43 19 22 10 13 <6 3
13/07/05 11:47 07/08/05 11:43 24 16 <6

17/08/05 11:45 14/09/05 09:53 56° 1154 1033 16° 20
17/08/05 11:45 14/09/05 09:53| 56" 913 25°

 Mean | 3 18 5
Site 3

29/07/04 16:00 02/09/04 13:10 20 20 30 25 7 8
29/07/04 16:00 02/09/04 13:10 21 21 9

02/09/04 13:15 08/10/04 11:30 15 15 85 85 <6 3
02/09/04 13:15 08/10/04 11:30 16 <15 <6

08/10/04 11:30 21/11/04 15:40 26 23 16 17 <9 4
08/10/04 11:30 21/11/04 15:40 20 18 <9

21/11/04 15:40 18/01/05 10:02 10 12 16 17 <11 6
21/11/04 15:40 18/01/05 10:02 15 18 <11

21/01/05 10:28 21/02/05 09:44| <9 15 <10 10 <5 2
21/01/05 10:28 21/02/05 09:44 15 10 <5

21/02/05 09:48 28/03/05 12:28| <9 13 75 52 <5 5
21/02/05 09:48 28/03/05 12:28 13 29 5

28/03/05 12:30 18/04/05 14:36 29 29 22 19 <6 3
28/03/05 12:30 18/04/05 14:36| <8 15 <6

18/04/05 14:40 31/05/05 13:15 9 9 13 14 6 6
18/04/05 14:40 31/05/05 13:15 9 15 5

31/05/05 13:20 13/07/05 15:46] 141 11 19 19 <7 4
31/05/05 13:20 13/07/05 15:46 11 <11 <7

13/07/05 15:50 07/08/05 15:07 79 14 12 18 <6 3
13/07/05 15:50 07/08/05 15:07 14 24 <6

07/08/05 15:10 14/09/05 13:00] N/A 12 379° 321° 4 4
07/08/05 15:10 14/09/05 13:00 12 263°¢ <2
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Table 8a cont

Date/time On Date/time Off | Benzene Benzene Toluene Toluene Ethyl benzene Ethyl benzene
(ppt) mean (ppt) mean (ppt) mean
Mean | 6 28 4
Site 4
01/08/04 12:09 01/09/04 09:17 28 26 19 17 20 14
01/08/04 12:09 01/09/04 09:17 23 15 8
01/09/04 09:32 07/10/04 09:15 23 22 242° 361° 9 10
01/09/04 09:32 07/10/04 09:15 22 480° 11
07/10/04 09:15 20/11/04 08:20 21 18 30 29 10 9
07/10/04 09:15 20/11/04 08:20 14 29 8
20/11/04 08:20 18/01/05 10:20 34 34 73 74 <11 6
20/11/04 08:20 18/01/05 10:20 35 76 <11
18/01/05 10:07 16/02/05 06:40 32 39 79 91 5 5
18/01/05 10:07 16/02/05 06:40 47 104 6
16/02/05 06:30 23/03/05 09:45 36 33 83 92 12 10
16/02/05 06:30 23/03/05 09:45 29 101 9
23/03/05 09:50 28/04/05 08:44 37 25 63 65 12 11
23/03/05 09:50 28/04/05 08:44 13 67 11
28/04/05 08:45 30/05/05 10:36 16 19 29 26 7 9
28/04/05 08:45 30/05/05 10:36 22 24 11
30/05/05 10:39 30/06/05 08:48 46 46 <11 6 <7 4
30/05/05 10:39 30/06/05 08:48] <12 <11 <7
30/06/05 08:50 08/08/05 09:30| 387° 27 14 18 <6 6
30/06/05 08:50 08/08/05 09:30 27 22 6
08/08/05 08:47 15/09/05 08:43 9 7 252°¢ 189° 3 3
08/08/05 08:47 15/09/05 08:43 4 126° 3
. Mean L 21 A8
Site 5
01/08/04 16:04 01/09/04 12:00 21 19 36 33 17 15
01/08/04 16:04 01/09/04 12:00 18 30 13
01/09/04 12:00 07/10/04 11:15 41 30 5252° 2640 40 26
01/09/04 12:00 07/10/04 11:15 20 28 13
07/10/04 11:21 20/11/04 12:20 19 14 23 23 19 17
07/10/04 11:21 20/11/04 12:20 10 22 15
20/11/04 12:40 18/01/05 00:00 12 16 28 28 11 12
20/11/04 12:40 18/01/05 00:00 21 29 13
18/01/05 12:44 16/02/05 08:07 12 16 28 31 8 10
18/01/05 12:44 16/02/05 08:07 20 33 12
16/02/05 08:10 23/03/05 11:55 <9 23 39 37 18 19
16/02/05 08:10 23/03/05 11:55 23 35 21
23/03/05 11:50 28/04/05 10:18 28 22 35 36 21 18
23/03/05 11:50 28/04/05 10:18 15 38 15
28/04/05 10:17 30/05/05 10:43 6 12 47 43 13 14
28/04/05 10:17 30/05/05 10:43 18 38 15
30/05/05 11:45 30/06/05 09:20 28 28 31 32 7 7
30/05/05 11:45 30/06/05 09:20] N/A 34 7
30/06/05 09:22 08/08/05 10:25 36 30 52 45 17 15
30/06/05 09:22 08/08/05 10:25 30 39 14
08/08/05 09:30 13/09/05 10:32| 240° 240° 2280° 2381° 344° 349°
08/08/0509:30 13/09/0510:32f N/A 2483° 884
Mean 21 34 14




Table 8a cont

Date/time On

Date/time Off

Benzene Benzene Toluene Toluene Ethyl benzene Ethyl benzene

(ppt) mean (ppt) mean (ppt) mean
Site 6
03/08/04 12:09 01/09/04 11:15 24 26 22 23 10 10
03/08/04 12:09 01/09/04 11:15 27 24 11
01/09/04 11:15 07/10/04 10:30 16 19 11 13 11 12
01/09/04 11:15 07/10/04 10:30 23 14 13
07/10/04 10:35 20/11/04 12:20 19 10 22 11 11 11
07/10/04 10:35 20/11/04 12:20 <9 <13 <9
20/11/04 10:40 18/01/05 11:20 10 17 28 32 <11 15
20/11/04 10:40 18/01/05 11:20 24 36 15
18/01/05 11:25 16/02/05 07:20 9 16 19 24 4 6
18/01/05 11:25 16/02/05 07:20 22 30 8
16/02/05 07:25 23/03/05 10:52 13 23 35 41 10 11
16/02/05 07:25 23/03/05 10:52 23 41 11
23/03/05 10:52 28/04/05 09:36 24 20 42 44 13 12
23/03/05 10:52 28/04/05 09:36 15 47 12
28/04/05 09:33 30/05/05 12:50 19 18 20 22 7 6
28/04/05 09:33 30/05/05 12:50 18 25 5
30/05/05 12:56 30/06/05 10:15 17 17 <11 6 <7 4
30/05/05 12:56 30/06/05 10:15 39 <11 <7
30/06/05 10:15 08/08/05 10:25 15 17 16 19 <6 3
30/06/05 10:15 08/08/05 10:25 17 19 <6
08/08/05 10:25 13/09/05 14:35 42 26 231° 192° 6 5
08/08/05 10:25 13/09/05 14:35 11 154° 4
Mean | 9 24 9
Site 7
01/08/04 15:01 01/09/04 13:34 21 22 20 18 7 8
01/08/04 15:01 01/09/04 13:34 22 17 8
01/09/04 13:34 07/10/04 13:35| 70° 47 10882 25 76° 10
01/09/04 13:34 07/10/04 13:35 23 25 10
07/10/04 13:25 20/11/04 14:45 16 16 <13 17 <9 8
07/10/04 13:25 20/11/04 14:45 16 17 8
20/11/04 15:00 18/01/05 15:12 22 18 30 30 <11 6
20/11/04 15:00 18/01/05 15:12 14 31 <11
18/01/05 15:16 16/02/05 09:04 31 25 25 26 <5 8
18/01/05 15:16 16/02/05 09:04 18 27 8
16/02/05 09:38 23/03/05 13:05 10 22 41 41 10 9
16/02/05 09:38 23/03/05 13:05 22 460° 9
23/03/05 13:12 28/04/05 11:05 18 18 27 28 8 11
23/03/05 13:12 28/04/05 11:05 19 30 13
28/04/05 11:20 30/05/05 14:10 16 17 17 18 5 6
28/04/05 11:20 30/05/05 14:10 18 19 6
30/05/05 14:45 30/06/05 11:23 12 12 <11 6 <7 4
30/05/05 14:45 30/06/05 11:23 29 <11 <7
30/06/05 11:25 08/08/05 11:27 13 15 15 21 <6 3
30/06/05 11:25 08/08/05 11:27 15 21 <6
08/08/05 11:25 13/09/05 11:41 9 7 302°¢ 280° 3 3
08/08/05 11:25 13/09/05 11:41 5 258° 3
. Mean L 8 28 T
Site 8
03/08/04 09:07 01/09/04 15:43 31 28 33 30 14 12
03/08/04 09:07 01/09/04 15:43 26 27 10
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Table 8a cont

Date/time On

Date/time Off

Benzene Benzene Toluene Toluene Ethyl benzene Ethyl benzene

(ppt) mean (ppt) mean (ppt) mean
01/09/04 15:43 07/10/04 15:00 24 23 17
01/09/04 15:43 07/10/04 15:00 37 30 5904 23 40 29
07/10/04 15:10 20/11/04 16:20 19 19 25 25 13 13
07/10/04 15:10 20/11/04 16:20 19 25 13
20/11/04 16:30 18/01/05 17:17 14 13 26 26 10 9
20/11/04 16:30 18/01/05 17:17 13 25 9
18/01/05 17:25 16/02/05 10:20 <9 4 24 23 8 7
18/01/05 17:25 16/02/05 10:20 <9 22 7
16/02/05 11:10 23/03/05 14:34 12 12 201 34 9 10
16/02/05 11:10 23/03/05 14:34 <9 34 11
23/03/05 14:35 28/04/05 11:50 19 19 33 32 10 9
23/03/05 14:35 28/04/05 11:50 18 31 9
28/04/05 12:34 30/05/05 16:00|] 59632° 8 13366° 21 90° 6
28/04/05 12:34 30/05/05 16:00 8 21 6
30/05/05 16:01 30/06/05 12:35 20 35 <11 22 <7 4
30/05/05 16:01 30/06/05 12:35 51 22 <7
30/06/05 13:25 08/08/05 17:33 13 20 18 22 <6 3
30/06/05 13:25 08/08/05 17:33 27 25 <6
08/08/05 12:36 13/09/05 15:50 9 11 254 206 4 3
08/08/05 12:36 13/09/05 15:50 12 159 3
Mean 1 8 2% 9
Site 9
05/08/04 15:00 03/09/04 18:00 29 29 32 32 7 7
05/08/04 15:00 03/09/04 18:00 <1l 1 <2
03/09/04 15:30 07/10/04 20:30 40 39 264 244 59 59
03/09/04 15:30 07/10/04 20:30 39 225 47
07/10/04 20:40 20/11/04 18:00 32 32 174 174 34 34
07/10/04 20:40 20/11/04 18:00 <9 <13 <9
20/11/04 18:00 20/01/05 10:26 53 46 305 268 61 52
20/11/04 18:00 20/01/05 10:26 38 230 43
20/01/05 10:45 16/02/05 18:00 39 42 203 212 37 42
20/01/05 10:45 16/02/05 18:00 46 221 46
16/02/05 18:00 23/03/05 15:22 49 59 477 675 47 47
16/02/05 18:00 23/03/05 15:22 69 873 52
23/03/05 15:26 28/04/05 13:45 83 81 808 816 71 73
23/03/05 15:26 28/04/05 13:45 79 823 75
28/04/05 13:45 30/05/05 18:04] 157 158 2062 2080 266 270
28/04/05 13:45 30/05/05 18:04] 158 2099 275
30/05/05 18:06 30/06/05 13:25 66 118 589 585 57 58
30/05/05 18:06 30/06/05 13:25] 170 581 60
30/06/05 13:25 08/08/05 17:33 68 65 544 533 51 51
30/06/05 13:25 08/08/05 17:33 63 522 49
08/08/05 17:45 15/09/05 18:00] 149 127 2491 2552 308 330
08/08/05 17:45 15/09/05 18:00] 105 2612 352
o Mean L 2 743 93
Site 10
02/08/04 15:00 01/09/04 10:45 20 20 24 24 5 5
02/08/04 15:00 01/09/04 10:45| 67° 547°¢ 35°
01/09/04 10:50 01/10/04 12:35 18 21 1344° 1106° 7 10
01/09/04 10:50 01/10/04 12:35 24 868° 13
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Table 8a cont

Date/time On

Date/time Off

Benzene Benzene Toluene

Toluene Ethyl benzene Ethyl benzene

(ppt) mean (ppt) mean (ppt) mean

01/10/04 12:35 01/12/04 10:30f <9 9 <13 6 <9 4
01/10/04 12:35 01/12/04 10:30 9 <13 <9
01/12/04 12:00 27/01/05 14:00 5 7 4 3 <11 6
01/12/04 12:00 27/01/05 14:00 9 3 <11
18/02/05 09:30 17/03/0511:30] <9 4 16 14 6 6
18/02/05 09:30 17/03/0511:30] <9 11 7
17/03/05 11:30 28/04/05 08:00 20 20 116° 118° 8 7
17/03/05 11:30 28/04/05 08:00 19 121° 7
28/04/05 08:00 19/05/05 10:00 21 19 16 17 9 8
28/04/05 08:00 19/05/05 10:00 17 18 7
19/05/05 10:15 05/07/05 11:05 4 7 5 7 <1 1
19/05/05 10:15 05/07/05 11:05 9 9 1
05/07/05 11:15 05/08/05 13:20] <12 12 19 19 <7 16
05/07/05 11:15 05/08/05 13:20 12 174° 16
05/08/05 11:15 15/09/05 12:00f <7 4 12 12 <6 7
05/08/05 11:15 15/09/05 12:00f <7 883° 7

Mean 12 13 7 5
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Table 8b. Concentrations of benzene, toluene and ethyl benzene measured at the nine sites from February 2007 until
August 2008. Concentrations are in ppt. Where both samples of the pair are below the limit of detection the average
concentration is set at half the limit of detection. If only one sample is above the limit of detection that value is entered
as the average concentration. Results marked with ¢ are considered to be contaminated and were not used to produce

averages.

Date/time On

Date/time Off

Benzene Benzene Toluene Toluene Ethyl benzene Ethyl benzene

(ppt) Mean (ppt) mean (ppt) Mean
Site 1
04/05/07 11:15 14/06/07 09:37 21 18 5 27 1 1
04/05/07 11:15 14/06/07 09:37 15 49 1
14/06/07 09:46 02/08/07 11:05 10 11 13 9 4 3
14/06/07 09:46 02/08/07 11:05 12 5 2
02/08/07 11:20 09/09/07 10:30 13 15 12 13 3 3
02/08/07 11:20 09/09/07 10:30 17 13 3
09/09/07 10:35 25/10/07 16:10] 203 197 824° 1154 76 10%
09/09/07 10:35 25/10/07 16:10] 187° 1485 13¢F
25/10/07 16:20 09/11/07 09:17 19 17 15 19 4 4
25/10/07 16:20 09/11/07 09:17 16 24 <5
09/11/07 09:18 09/01/08 09:15 12 10 4 5 <5 3
09/11/07 09:18 09/01/08 09:15 8 6 <5
09/01/08 09:15 08/02/08 12:20 17 20 8 9 <5 3
09/01/08 09:15 08/02/08 12:20 23 11 <5
08/02/08 12:30 120/3/08 13:15 11 10 4 3 <5 3
08/02/08 12:30 120/3/08 13:15 10 2 <5
12/03/08 13:15 27/04/08 10:50 8 11 7 22 <5 6
12/03/08 13:15 27/04/08 10:50 13 36 6
27/04/08 11:25 04/06/08 10:13
27/04/08 11:25 04/06/08 10:13
04/06/08 10:30 17/07/08 09:45
04/06/08 10:30 17/07/08 09:45
17/07/08 09:48 14/08/08 11:05
17/07/08 09:48 14/08/08 11:05
 Mean | 4 13 4
Site 3
29/01/07 11:00 22/02/07 10:51 10 9 12 16 2 1
29/01/07 11:00 22/02/07 10:51 7 21 1
22/02/07 11:00 20/03/07 08:51| 24Z 16 121° 11¢ 16 16
22/02/07 11:00 20/03/07 08:51 16 110° 16
20/03/07 09:00 04/05/07 12:49 25 35 14 31 2 3
20/03/07 09:00 04/05/07 12:49 46 48 4
04/05/07 12:59 14/06/07 08:24 29 27 40 41 2 2
04/05/07 12:59 14/06/07 08:24 25 43 1
14/06/07 08:30 02/08/07 11:05 13 14 5 9 2 3
14/06/07 08:30 02/08/07 11:05 15 13 4
02/08/07 13:25 09/09/07 12:30 37 40 20 22 4 3
02/08/07 13:25 09/09/07 12:30f 42 25 2
09/09/07 12:35 25/10/07 14:10 35 30 18 19 3 3
09/09/07 12:35 25/10/07 14:10 25 21 3
25/10/07 14:20 09/11/07 10:30 33 30 7 16 3 4
25/10/07 14:20 09/11/07 10:30 27 24 5
09/11/07 10:40 09/01/08 10:46 11 10 11 10 3 3
09/11/07 10:40 09/01/08 10:46 9 9 3
09/01/08 10:50 08/02/08 14:00 16 14 7 10 3 3
09/01/08 10:50 08/02/08 14:00 12 12 2
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Table 8b cont

Date/time On

Date/time Off

Benzene Benzene Toluene Toluene Ethyl benzene Ethyl benzene

(ppt) mean (ppt) mean (ppt) mean

08/02/08 14:15 12/03/08 11:20 12 13 9 6 6 6
08/02/08 14:15 12/03/08 11:20 15 4 7

12/03/08 11:30 27/04/08 14:03 12 12 8 8 3 4
12/03/08 11:30 27/04/08 14:03 12 7 5

27/04/08 15:03 04/06/08 12:20

27/04/08 15:03 04/06/08 12:20

04/06/08 12:30 17/07/08 11:17

04/06/08 12:30 17/07/08 11:17

17/07/08 11:25 14/08/08 09:00

17/07/08 11:25 14/08/08 09:00

. Mean | 2 ¥ S R
Site 4

03/05/07 10:12 07/06/07 09:12 27 19 50 48 2 2
03/05/07 10:12 07/06/07 09:12 11 45 1

07/06/07 09:15 04/08/07 08:22 20 19 21 19 5 5
07/06/07 09:15 04/08/07 08:22 18 18 5

04/08/07 08:30 12/09/07 09:19 39 26 27 24 11 8
04/08/07 08:30 12/09/07 09:19 13 21 4

12/09/07 09:26 16/10/07 14:07 33 31 25 23 6 6
12/09/07 09:26 16/10/07 14:07 29 21 7

16/10/07 14:11 08/11/07 09:36 16 22 27 22 7 8
16/10/07 14:11 08/11/07 09:36 29 17 8

08/11/07 09:46 08/01/08 09:35 20 22 29 24 7 7
08/11/07 09:46 08/01/08 09:35 24 19 8

08/01/08 09:45 07/02/08 11:00 33 38 68 65 7 8
08/01/08 09:45 07/02/08 11:00] 44 61 9

07/02/08 11:15 11/03/08 08:55| 40 37 48 49 12 10
07/02/08 11:15 11/03/08 08:55 34 50 8

11/03/08 09:05 21/04/08 07:55 12 13 8 17 5 5
11/03/08 09:05 21/04/08 07:55 14 26 6

21/04/08 07:55 03/06/08 11:16

21/04/08 07:55 03/06/08 11:16

23/06/08 08:30 14/07/08 09:50

23/06/08 08:30 14/07/08 09:50

14/07/08 09:55 13/08/08 09:00

14/07/08 09:55 13/08/08 09:00

oo Mean 25 32 T
Site 5

03/05/07 10:53 07/06/07 09:50 19 21 97 106 6 12
03/05/07 10:53 07/06/07 09:50 23 115 19

07/06/07 09:55 04/08/07 09:50 24 22 25 21 10 9
07/06/07 09:55 04/08/07 09:50 19 17 8

04/08/07 10:00 12/09/07 10:04 20 24 21 18 7 7
04/08/07 10:00 12/09/07 10:04 27 14 7

12/09/07 10:07 16/10/07 15:30 24 25 18 16 8 10
12/09/07 10:07 16/10/07 15:30 27 15 12

16/10/07 15:31 08/11/07 10:37 15 33 6 16 6 7
16/10/07 15:31 08/11/07 10:37 52 26 9

08/11/07 10:37 08/01/08 10:45 16 12 13 11 7 7
08/11/07 10:37 08/01/08 10:45 8 9 <5
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Table 8b cont

Date/time On

Date/time Off

Benzene Benzene Toluene Toluene Ethyl benzene Ethyl benzene

(ppt) mean (ppt) mean (ppt) mean

08/01/08 10:45 07/02/08 13:50 20 25 16 16 5 5
08/01/08 10:45 07/02/08 13:50 30 16 5

07/02/08 13:50 11/03/08 10:05 14 11 21 24 5 7
07/02/08 13:50 11/03/08 10:05 8 27 9

11/03/08 10:16 21/04/08 08:26 23 18 45 37 10 8
11/03/08 10:16 21/04/08 08:26 14 29 7

21/04/08 08:30 03/06/08 12:58

21/04/08 08:30 03/06/08 12:58

23/06/08 08:50 14/07/08 11:09

23/06/08 08:50 14/07/08 11:09

14/07/08 11:15 13/08/08 09:55

14/07/08 11:15 13/08/08 09:55

. Mean L 21 29 8
Site 6

03/05/07 11:16 07/06/07 10:21 32 24 72 55 4 6
03/05/07 11:16 07/06/07 10:21 16 38 8

07/06/07 10:30 04/08/07 09:10 12 13 8 6 4 4
07/06/07 10:30 04/08/07 09:10 13 4 4

04/08/07 09:15 12/09/07 10:27 16 20 18 19 3 4
04/08/07 09:15 12/09/07 10:27 25 20 4

12/09/07 10:30 16/10/07 14:54 24 25 18 16 8 10
12/09/07 10:30 16/10/07 14:54 27 15 12

16/10/07 15:00 08/11/07 10:07 15 33 6 16 6 7
16/10/07 15:00 08/11/07 10:07 52 26 9

08/11/07 10:17 08/01/08 10:15 16 12 13 11 7 7
08/11/07 10:17 08/01/08 10:15 8 9 <5

08/01/08 10:25 07/02/08 12:06 21 17 16 14 5 5
08/01/08 10:25 07/02/08 12:06 12 12 <5

07/02/08 12:25 11/03/08 09:43 12 10 11 14 7 5
07/02/08 12:25 11/03/08 09:43 7 17 3

11/03/08 09:59 21/04/08 09:20 11 11 16 14 4 4
11/03/08 09:59 21/04/08 09:20 10 12 4

21/04/08 09:31 03/06/08 12:25

21/04/08 09:31 03/06/08 12:25

23/06/08 09:30 14/07/08 11:59

23/06/08 09:30 14/07/08 11:59

14/07/08 12:05 13/08/08 10:49

14/07/08 12:05 13/08/08 10:49

Mean | 8 18 6
Site 7

03/05/07 11:43 07/06/07 11:05 <7 4 8 10 1 1
03/05/07 11:43 07/06/07 11:05 <7 12 2

07/06/07 11:23 03/08/07 11:10 8 9 11 9 2 2
07/06/07 11:23 03/08/07 11:10 11 8 3

03/08/07 11:10 12/09/07 11:05 13 15 16 23 4 8
03/08/07 11:10 12/09/07 11:05 16 31 12

12/09/07 11:10 16/10/07 17:05 25 30 12 17 7 7
12/09/07 11:10 16/10/07 17:05 35 21 7

16/10/07 15:15 08/11/07 10:57 19 22 20 17 <5 8
16/10/07 15:15 08/11/07 10:57 25 14 8
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Table 8b cont

Date/time On

Date/time Off

Benzene Benzene Toluene Toluene Ethyl benzene Ethyl benzene

(ppt) mean (ppt) mean (ppt) mean

08/11/07 10:59 08/01/08 12:05 25 21 32 23 12 9
08/11/07 10:59 08/01/08 12:05 16 14 7

08/01/08 12:20 07/02/08 14:34 35 26 25 25 15 15
08/01/08 12:20 07/02/08 14:34 16 25 <5

07/02/08 14:45 11/03/08 10:58 46 40 2004 112 26 27
07/02/08 14:45 11/03/08 10:58 33 112 28

11/03/08 11:05 21/04/08 10:05 6 9 12 17 3 4
11/03/08 11:05 21/04/08 10:05 12 22 5

21/04/08 10:25 03/06/08 14:15

21/04/08 10:25 03/06/08 14:15

23/06/ 10:1508 14/07/08 13:01

23/06/ 10:1508 14/07/08 13:01

14/07/08 13:10 13/08/08 11:40

14/07/08 13:10 13/08/08 11:40

. Mean L 9 .28 9.
Site 8

24/01/07 15:00 22/02/07 09:15 16 17 92 93 8 7
24/01/07 15:00 22/02/07 09:15 17 94 7

22/02/07 09:20 20/03/07 12:22 14 10 105 107 17 13
22/02/07 09:20 20/03/07 12:22 6 108 10

20/03/07 12:35 03/05/07 13:49 28 27 49 33 6 5
20/03/07 12:35 03/05/07 13:49 25 17 5

03/05/07 14:00 07/06/07 12:00 13 13 60 41 4 3
03/05/07 14:00 07/06/07 12:00 13 22 2

07/06/07 12:26 03/08/07 10:01 22 15 15 14 7 7
07/06/07 12:26 03/08/07 10:01 8 13 6

03/08/07 10:15 12/09/07 12:11 32 30 16 24 11 8
03/08/07 10:15 12/09/07 12:11 29 32 6

12/09/07 12:18 16/10/07 10:59 28 19 6 18 6 8
12/09/07 12:18 16/10/07 10:59 11 30 10

16/10/07 11:07 08/11/07 11:38 25 17 16 15 11 8
16/10/07 11:07 08/11/07 11:38 8 15 5

08/11/07 11:55 08/01/08 14:50 12 11 16 16 5 4
08/11/07 11:55 08/01/08 14:50 10 17 4

08/01/08 14:55 07/02/08 15:00 18 18 15 15 6 6
08/01/08 14:55 07/02/08 15:00 17 15 5

07/02/08 15:37 11/03/08 11:50 16 18 10 24 <5 11
07/02/08 15:37 11/03/08 11:50 19 37 11

11/03/08 12:00 21/04/08 10:57 6 9 14 14 <5 3
11/03/08 12:00 21/04/08 10:57 12 14 <5

21/04/08 11:08 03/06/08 14:50

21/04/08 11:08 03/06/08 14:50

23/06/08 11:00 14/07/08 14:00

23/06/08 11:00 14/07/08 14:00

14/07/08 14:02 13/08/08 13:09

14/07/08 14:02 13/08/08 13:09

 Mean | 7 .3 T
Site 9

04/05/07 17:20 07/06/07 13:00 43 60 527 513 40 56
04/05/07 17:20 07/06/07 13:00 78 498 72
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Table 8b cont

Date/time On

Date/time Off

Benzene Benzene Toluene Toluene Ethyl benzene

Ethyl benzene

(ppt) mean (ppt) mean (ppt) mean
07/06/07 13:15 06/08/07 17:30 32 38 307 371 <5 38
07/06/07 13:15 06/08/07 17:30 44 434 38
06/08/07 17:40 11/09/07 17:36 53 49 405 403 50 50
06/08/07 17:40 11/09/07 17:36 46 401 51
11/09/07 17:43 22/10/07 17:45 <7 94 <6 1073 <5 115
11/09/07 17:43 22/10/07 17:45 94 1073 115
25/10/07 16:20 09/11/07 09:17 47 43 425 447 32 33
25/10/07 16:20 09/11/07 09:17 39 470 34
09/11/07 17:50 08/01/08 16:00 21 22 289 298 28 28
09/11/07 17:50 08/01/08 16:00 22 307 29
08/01/08 18:00 10/02/08 18:15 39 38 304 305 29 29
08/01/08 18:00 10/02/08 18:15 37 306 29
10/02/08 18:20 16/03/08 12:00
10/02/08 18:20 16/03/08 12:00
16/03/08 12:10 21/04/08 18:00 26 29 389 386 37 38
16/03/08 12:10 21/04/08 18:00 32 382 38
21/04/08 18:15 12/06/08 17:00
21/04/08 18:15 12/06/08 17:00
23/06/08 12:30 18/07/08 10:20
23/06/08 12:30 18/07/08 10:20
18/07/08 10:30 13/08/08 17:51
18/07/08 10:30 13/08/08 17:51
Mean L 47 389 39

Site 10
07/06/07 13:20 12/07/07 16:30 26 26 7 5 <5 5
07/06/07 13:20 12/07/07 16:30 27 2 5
12/07/07 16:30 03/08/07 09:20 10 10 16 21 3 6
12/07/07 16:30 03/08/07 09:20 <7 26 9
03/08/07 09:30 16/09/07 14:00 20 16 21 16 2 2
03/08/07 09:30 16/09/07 14:00 13 12 2
16/09/07 14:00 04/10/07 18:00 47 38 5 5 <5 3
16/09/07 14:00 04/10/07 18:00 30 4 <5
04/10/07 18:00 05/11/07 11:00 5 5 3 5 2 1
04/10/07 18:00 05/11/07 11:00 4 6 1
05/11/07 11:20 19/01/08 13:00 7 8 4 2 2 3
05/11/07 11:20 19/01/08 13:00 8 1 3
08/02/08 18:20 16/03/08 12:00 22 24 387 417 37 33
08/02/08 18:20 16/03/08 12:00 27 4471° 3¢°
07/02/08 16:30 14/03/08 09:30 10 12 11 18 <5 10
07/02/08 16:30 14/03/08 09:30 15 24 10
19/01/08 13:00 07/02/08 16:30 16 26 25 30 4 6
19/01/08 13:00 07/02/08 16:30 35 36 7
07/02/08 16:30 14/03/08 21:30
07/02/08 16:30 14/03/08 21:30
14/03/08 13:00 03/05/08 15:30
14/03/08 13:00 03/05/08 15:30

Mean 18 13 4
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Figure 13 shows the temporal variation of benzeémaeh of the sites. It shows that Site 9, Kagath
generally has the highest benzene concentratioesumably due to the increased emissions of benzene
from motor vehicles. There is little enhancemdriienzene at the lower Burrup sites compared to
concentrations measured at the local backgroursitest 1, 3 and 10, the high result at site 1Qiestd a
contaminated sample.

160 R
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Figure 13a. Benzene concentrations at each site plotted against the sample mid-date for the 2004/2005 period.

The temporal distribution of benzene concentratiomsasured during 2007/2007, are presented in &igur
13b. The concentration of 192 ppt at site 1 isréfsailt of contamination during transport of thenpkes
from Karratha to CMAR, Aspendale.
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Figure 13b. Benzene concentrations at each site plotted against the sample mid-date for the 2007/2008 period.
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Table 9a. Concentrations of p-xylene, m-xylene and o-xylene measured at the nine sites from the beginning of August
2004 until the September 2005. Concentrations are in ppt. Where both samples of the pair are below the limit of
detection the average concentration is set at half the limit of detection. If only one sample is above the limit of detection
that value is entered as the average concentration. Samples which are believed to have been contaminated during
transport are marked with a . These samples have not been used to produce averages.

Date/time On Date/time Off] p+m-Xylene p+m-Xylene-Xylene 0-Xylene
(ppt) Mean (ppt) mean
Site 1

29/07/04 11:50 02/09/04 15:3p 18 18 <2 1
29/07/04 11:50 02/09/04 15:3p <2 <2
02/09/04 15:35  08/10/04 09:4p 242 1 92° 2
02/09/04 15:35  08/10/04 09:4p <1 <3
08/10/04 09:45 21/11/04 12:0p 7 8 <3 5
08/10/04 09:45 21/11/04 12:0p 10 5
21/11/04 12:05  19/01/05 13:0p 8 7 <3 3
21/11/04 12:05 19/01/05 13:0p 7 3
19/01/05 13:05 21/02/05 12:5p 7 6 3 3
19/01/05 13:05 21/02/05 12:5p 5 3
21/02/05 12:58  28/03/05 11:1p 12 9 20 15
21/02/05 12:58  28/03/05 11:1p 7 10
21/03/05 13:12  18/04/05 11:1p <2 7 4 4
21/03/05 13:12  18/04/05 11:1p 7 <3
18/04/05 11:18  31/05/05 11:1p 11 11 9 7
18/04/05 11:18  31/05/05 11:1p 11 5
31/05/05 11:19  13/07/05 11:4p 2 2 <3 2
31/05/05 11:19  13/07/05 11:4p 3 <3
13/07/05 11:47  07/08/05 11:4B <3 2 <1 1
13/07/05 11:47  07/08/05 11:4B <3 <1
17/08/05 11:45  14/09/05 09:5B 66 73° 31° 48°
17/08/05 11:45  14/09/05 09:5B 79 64°

 Mean  f T 4

Site 3

29/07/04 16:00  02/09/04 13:1p 18 17 14 13
29/07/04 16:00  02/09/04 13:1p 15 13
02/09/04 13:15 08/10/04 11:3p <3 8 <3 6
02/09/04 13:15 08/10/04 11:3p 8 6
08/10/04 11:30  21/11/04 15:4p 16 15 <3 4
08/10/04 11:30  21/11/04 15:4p 14 4
21/11/04 15:40  18/01/05 10:0p 17 14 8 6
21/11/04 15:40  18/01/05 10:0p 12 4
21/01/05 10:28  21/02/05 09:4p 8 9 5 5
21/01/05 10:28  21/02/05 09:4p 9 <3
21/02/05 09:48  28/03/05 12:2B 9 9 9 8
21/02/05 09:48  28/03/05 12:2B 9 8
28/03/05 12:30  18/04/05 14:3p <6 7 <3 7
28/03/05 12:30  18/04/05 14:3p 7 7
18/04/05 14:40  31/05/05 13:1p 13 13 <4 6
18/04/05 14:40  31/05/05 13:1p 13 6
31/05/05 13:20  13/07/05 15:4p <3 2 <3 2
31/05/05 13:20  13/07/05 15:4p <3 <3
13/07/05 15:50  07/08/05 15:0f 16 13 1 1
13/07/05 15:50  07/08/05 15:0f 10 2
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Table 9a cont

Date/time On Date/time Off] p+m-Xylene p+m-Xylene-Xylene o-Xylene
(ppt) mean (ppt) mean
07/08/05 15:10  14/09/05 13:0p 21 21 <1 1
07/08/05 15:10  14/09/05 13:0p <7 <1
... Mean 12 6
Site 4
01/08/04 12:09 01/09/04 09:1}) 16 18 4 4
01/08/04 12:09 01/09/04 09:1}) 20 4
01/09/04 09:32  07/10/04 09:1p 42 44 13 19
01/09/04 09:32  07/10/04 09:1p 46 24
07/10/04 09:15 20/11/04 08:2p 38 37 12 12
07/10/04 09:15 20/11/04 08:2p 37 12
20/11/04 08:20 18/01/05 10:2p 55 55 17 16
20/11/04 08:20 18/01/05 10:2p 54 14
18/01/05 10:07  16/02/05 06:4p 39 43 19 15
18/01/05 10:07  16/02/05 06:4p 46 11
16/02/05 06:30  23/03/05 09:4p 43 47 15 17
16/02/05 06:30  23/03/05 09:4p 50 19
23/03/05 09:50 28/04/05 08:4p 43 43 11 10
23/03/05 09:50 28/04/05 08:4p 43 8
28/04/05 08:45  30/05/05 10:3p 22 23 11 10
28/04/05 08:45  30/05/05 10:3p 24 8
30/05/05 10:39  30/06/05 08:4B <3 6 <3 2
30/05/05 10:39  30/06/05 08:4B 6 <3
30/06/05 08:50 08/08/05 09:3p 16 14 7 6
30/06/05 08:50 08/08/05 09:3p 12 6
08/08/05 08:47  15/09/05 08:4B 11 13 16 9
08/08/05 08:47  15/09/05 08:4B 14 2
. Mean 0 3L .11
Site 5
01/08/04 16:04 01/09/04 12:0p 61 61 23 22
01/08/04 16:04 01/09/04 12:0p 60 21
01/09/04 12:00 07/10/04 11:1p 105 70 42 29
01/09/04 12:00 07/10/04 11:1p 35 16
07/10/04 11:21 20/11/04 12:2p 75 73 24 24
07/10/04 11:21 20/11/04 12:2p 72 25
20/11/04 12:40 18/01/05 00:0p 52 52 17 18
20/11/04 12:40 18/01/05 00:0p 53 19
18/01/05 12:44  16/02/05 08:0y 52 51 17 17
18/01/05 12:44  16/02/05 08:0y 51 16
16/02/05 08:10 23/03/05 11:5p 95 80 37 31
16/02/05 08:10 23/03/05 11:5p 65 25
23/03/05 11:50 28/04/05 10:1B 84 68 28 28
23/03/05 11:50 28/04/05 10:1B 51 <3
28/04/05 10:17  30/05/05 10:4B 61 59 26 23
28/04/05 10:17  30/05/05 10:4B 57 20
30/05/05 11:45  30/06/05 09:2pD 25 25 8 8
30/05/05 11:45  30/06/05 09:2p 24 <3
30/06/05 09:22  08/08/05 10:2p 69 63 23 24
30/06/05 09:22  08/08/05 10:2p 57 24
08/08/05 09:30  13/09/05 10:3p 434 438° 168° 103°
08/08/05 09:30  13/09/05 10:3p 442 37°
Mean 57 21
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Table 9a cont

Date/time On Date/time Off] p+m-Xylene p+m-Xylene-Xylene 0-Xylene
(ppt) mean (ppt) mean
Site 6
03/08/04 12:09 01/09/04 11:1p 32 32 12 10
03/08/04 12:09 01/09/04 11:1p 31 8
01/09/04 11:15 07/10/04 10:3p 36 37 24 19
01/09/04 11:15 07/10/04 10:3p 37 14
07/10/04 10:35 20/11/04 12:2p 48 48 15 15
07/10/04 10:35 20/11/04 12:2p <4 <3
20/11/04 10:40  18/01/05 11:2p 33 43 14 17
20/11/04 10:40  18/01/05 11:2p 53 19
18/01/05 11:25  16/02/05 07:2p 33 33 19 16
18/01/05 11:25  16/02/05 07:2p 34 13
16/02/05 07:25  23/03/05 10:5p 35 33 15 14
16/02/05 07:25  23/03/05 10:5p 31 13
23/03/05 10:52  28/04/05 09:3p 21 28 12 12
23/03/05 10:52  28/04/05 09:3p 35 12
28/04/05 09:33  30/05/05 12:5p 31 29 14 15
28/04/05 09:33  30/05/05 12:5p 27 16
30/05/05 12:56  30/06/05 10:1p 9 8 <3 2
30/05/05 12:56  30/06/05 10:1p 7 <3
30/06/05 10:15 08/08/05 10:2p 10 10 3 3
30/06/05 10:15 08/08/05 10:2p 10 3
08/08/05 10:25  13/09/05 14:3p 24 17 3 5
08/08/05 10:25  13/09/05 14:3p 10 6
o Mean 1 29 12
Site 7
01/08/04 15:01  01/09/04 13:3p 18 18 4 6
01/08/04 15:01  01/09/04 13:3p 19 8
01/09/04 13:34  07/10/04 13:3p 195 25 84° 9
01/09/04 13:34  07/10/04 13:3p 25 9
07/10/04 13:25 20/11/04 14:4p <4 24 <3 9
07/10/04 13:25 20/11/04 14:4p 24 9
20/11/04 15:00 18/01/05 15:1p 27 28 9 10
20/11/04 15:00  18/01/05 15:1p 29 12
18/01/05 15:16  16/02/05 09:0p¢ 34 35 10 9
18/01/05 15:16  16/02/05 09:0p 35 9
16/02/05 09:38  23/03/05 13:0p 27 27 15 14
16/02/05 09:38  23/03/05 13:0p 27 13
23/03/05 13:12  28/04/05 11:0p 33 27 20 12
23/03/05 13:12  28/04/05 11:0p 21 5
28/04/05 11:20  30/05/05 14:1p 18 16 8 11
28/04/05 11:20  30/05/05 14:1p 14 15
30/05/05 14:45  30/06/05 11:2B 5 4 <3 2
30/05/05 14:45  30/06/05 11:2B 4 <3
30/06/05 11:25  08/08/05 11:2f 10 10 2 2
30/06/05 11:25 08/08/05 11:2f 10 2
08/08/05 11:25  13/09/05 11:4f 18 16 5 3
08/08/05 11:25  13/09/05 11:4f 14 1
. Mean 0 21 8
Site 8
03/08/04 09:07 01/09/04 15:4B 30 29 7 7




03/08/04 09:07
Table 9a cont

01/09/04 15:4B

28

6

Date/time On Date/time Off] p+m-Xylene p+m-Xylene-Xylene o0-Xylene
(ppt) mean (ppt) mean

01/09/04 15:43  07/10/04 15:0p 88 71 44 32
01/09/04 15:43  07/10/04 15:0p 55 20
07/10/04 15:10 20/11/04 16:2p 41 41 18 17
07/10/04 15:10 20/11/04 16:2p 41 16
20/11/04 16:30  18/01/05 17:1f 37 35 14 13
20/11/04 16:30  18/01/05 17:1) 34 12
18/01/05 17:25  16/02/05 10:2p 39 38 17 16
18/01/05 17:25 16/02/05 10:2p 37 14
16/02/05 11:10  23/03/05 14:3p¢ 20 25 14 16
16/02/05 11:10  23/03/05 14:3p¢ 29 17
23/03/05 14:35  28/04/05 11:5p 31 31 12 11
23/03/05 14:35  28/04/05 11:5p 31 10
28/04/05 12:34  30/05/05 16:0p 208 26 248 17
28/04/05 12:34  30/05/05 16:0p 26 17
30/05/05 16:01  30/06/05 12:3p 10 9 <3 2
30/05/05 16:01  30/06/05 12:3p 7 <3
30/06/05 13:25  08/08/05 17:3B 14 13 3 3
30/06/05 13:25  08/08/05 17:3B 11 4
08/08/05 12:36  13/09/05 15:5p 34 22 9 8
08/08/05 12:36  13/09/05 15:5p 10 7

o Mean 1 29 12

Site 9

05/08/04 15:00  03/09/04 18:0p 20 20 8 8
05/08/04 15:00  03/09/04 18:0p <2 <2
03/09/04 15:30  07/10/04 20:3p 296 271 109 104
03/09/04 15:30  07/10/04 20:3p 246 98
07/10/04 20:40  20/11/04 18:0p 164 164 63 63
07/10/04 20:40  20/11/04 18:0p <4 4
20/11/04 18:00  20/01/05 10:2p 299 261 112 96
20/11/04 18:00  20/01/05 10:2p 222 79
20/01/05 10:45 16/02/05 18:0p 174 182 61 65
20/01/05 10:45 16/02/05 18:0p 190 68
16/02/05 18:00  23/03/05 15:2p 212 221 94 98
16/02/05 18:00  23/03/05 15:2p 230 102
23/03/05 15:26  28/04/05 13:4p 312 316 120 120
23/03/05 15:26  28/04/05 13:4p 320 120
28/04/05 13:45  30/05/05 18:0p 1241 1262 483 492
28/04/05 13:45  30/05/05 18:0p 1283 502
30/05/05 18:06  30/06/05 13:2p 273 256 95 94
30/05/05 18:06  30/06/05 13:2p 238 94
30/06/05 13:25 08/08/05 17:3B 204 199 73 72
30/06/05 13:25 08/08/05 17:3B 195 71
08/08/05 17:45  15/09/05 18:0p 473 464 190 191
08/08/05 17:45  15/09/05 18:0p 455 191

. Mean L 329 ] 128

Site 10

02/08/04 15:00 01/09/04 10:4p 5 5 4 4
02/08/04 15:00 01/09/04 10:4p 83 159
01/09/04 10:50 01/10/04 12:3p 23 19 15 9
01/09/04 10:50 01/10/04 12:3p 15 9
01/10/04 12:35 01/12/04 10:3p 5 5 4 3
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Table 9a cont

Date/time On Date/time Off] p+m-Xylene p+m-Xylene-Xylene 0-Xylene
(ppt) mean (ppt) mean

01/10/04 12:35 01/12/04 10:3p 5 3

01/12/04 12:00 27/01/05 14:0p 6 6 7 7

01/12/04 12:00  27/01/05 14:0p <5 <3

18/02/05 09:30 17/03/05 11:3p 4 4 10 7

18/02/05 09:30 17/03/05 11:3p <3 4

17/03/05 11:30  28/04/05 08:0p 17 17 10 9

17/03/05 11:30  28/04/05 08:0p 16 8

28/04/05 08:00  19/05/05 10:0p 13 12 10 11

28/04/05 08:00  19/05/05 10:0p 11 13

19/05/05 10:15 05/07/05 11:0p <1 2 <4 2

19/05/05 10:15 05/07/05 11:0p 2 <4

05/07/05 11:15  05/08/05 13:2p 5 5 <3 3

05/07/05 11:15  05/08/05 13:2p 14 3

05/08/05 11:15  15/09/05 12:0p <3 2 <1 3

05/08/05 11:15  15/09/05 12:0p 17 3

Mean 8 6
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Table 9b. Concentrations of p-xylene, m-xylene and o-xylene measured at the nine sites from February 2007 until
August 2008. Concentrations are in ppt. Where both samples of the pair are below the limit of detection the average
concentration is set at half the limit of detection. If only one sample is above the limit of detection that value is entered
as the average concentration. Samples which are believed to have been contaminated during transport are marked with
a ®. These samples have not been used to produce averages.

Date/time On  Date/time Off | p+m-Xylene p+m-Xylene o0-Xylene o0-Xylene

(ppt) mean (ppt) Mean

Site 1
04/05/07 11:15
04/05/07 11:15
14/06/07 09:46
14/06/07 09:46
02/08/07 11:10
02/08/07 11:10
09/09/07 10:35
09/09/07 10:35
25/10/07 16:20
25/10/07 16:20
09/11/07 09:18
09/11/07 09:18
09/01/08 09:15
09/01/08 09:15
08/02/08 12:30
08/02/08 12:30
12/03/08 13:15
12/03/08 13:15
27/04/08 11:25
27/04/08 11:25
27/04/08 11:10
27/04/08 11:10
04/06/08 10:30
04/06/08 10:30
17/07/08 09:48
17/07/08 09:48

29/01/07 11:00
29/01/07 11:00
22/02/07 11:00
22/02/07 11:00
20/03/07 09:00
20/03/07 09:00
04/05/07 12:59
04/05/07 12:59
14/06/07 08:30
14/06/07 08:30
02/08/07 13:25
02/08/07 13:25
09/09/07 12:35
09/09/07 12:35
25/10/07 14:20
25/10/07 14:20
09/11/07 10:40
09/11/07 10:40
09/01/08 10:50

14/06/07 09:37
14/06/07 09:37
02/08/07 11:05
02/08/07 11:05
09/09/07 10:30
09/09/07 10:30
25/10/07 16:10
25/10/07 16:10
09/11/07 09:17
09/11/07 09:17
09/01/08 09:15
09/01/08 09:15
08/02/08 12:20
08/02/08 12:20
120/3/08 13:15
120/3/08 13:15
27/04/08 10:50
27/04/08 10:50
04/06/08 10:13
04/06/08 10:13
04/06/08 10:30
04/06/08 10:30
17/07/08 09:45
17/07/08 09:45
14/08/08 11:05
14/08/08 11:05

22/02/07 10:51
22/02/07 10:51
20/03/07 08:51
20/03/07 08:51
04/05/07 12:49
04/05/07 12:49
14/06/07 08:24
14/06/07 08:24
02/08/07 11:05
02/08/07 11:05
09/09/07 12:30
09/09/07 12:30
25/10/07 14:10
25/10/07 14:10
09/11/07 10:30
09/11/07 10:30
09/01/08 10:46
09/01/08 10:46
08/02/08 14:00

5
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R OINWNDN

48
8%
<2
<2
<2
<2

<2
<2
<2
<2
<2
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09/01/08 10:50 08/02/08 14:00| 8 2
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Table 9b cont

Date/time On

Date/time Off

p+m-Xylene p+m-Xylene o-Xylene
mean

(PRY

(PRY

0-Xylene
Mean

08/02/08 14:15
08/02/08 14:15
12/03/08 11:30
12/03/08 11:30
27/04/08 15:03
27/04/08 15:03
04/06/08 12:30
04/06/08 12:30
17/07/08 11:25
17/07/08 11:25

03/05/07 10:12
03/05/07 10:12
07/06/07 09:15
07/06/07 09:15
04/08/07 08:30
04/08/07 08:30
12/09/07 09:26
12/09/07 09:26
16/10/07 14:11
16/10/07 14:11
08/11/07 09:46
08/11/07 09:46
08/01/08 09:45
08/01/08 09:45
07/02/08 11:15
07/02/08 11:15
11/03/08 09:05
11/03/08 09:05
21/04/08 07:55
21/04/08 07:55
23/06/08 08:30
23/06/08 08:30
14/07/08 09:55
14/07/08 09:55

03/05/07 10:53
03/05/07 10:53
07/06/07 09:55
07/06/07 09:55
04/08/07 10:00
04/08/07 10:00
12/09/07 10:07
12/09/07 10:07
16/10/07 15:31
16/10/07 15:31
08/11/07 10:37
08/11/07 10:37

12/03/08 11:20
12/03/08 11:20
27/04/08 14:03
27/04/08 14:03
04/06/08 12:20
04/06/08 12:20
17/07/08 11:17
17/07/08 11:17
14/08/08 09:00
14/08/08 09:00

07/06/07 09:12
07/06/07 09:12
04/08/07 08:22
04/08/07 08:22
12/09/07 09:19
12/09/07 09:19
16/10/07 14:07
16/10/07 14:07
08/11/07 09:36
08/11/07 09:36
08/01/08 09:35
08/01/08 09:35
07/02/08 11:00
07/02/08 11:00
11/03/08 08:55
11/03/08 08:55
21/04/08 07:55
21/04/08 07:55
03/06/08 11:16
03/06/08 11:16
14/07/08 09:50
14/07/08 09:50
13/08/08 09:00
13/08/08 09:00

07/06/07 09:50
07/06/07 09:50
04/08/07 09:50
04/08/07 09:50
12/09/07 10:04
12/09/07 10:04
16/10/07 15:30
16/10/07 15:30
08/11/07 10:37
08/11/07 10:37
08/01/08 10:45
08/01/08 10:45

6

5
3
5

5

4

2

1
1
1

2

1

12

14

16

23

25

41

33

10

vrocoRoocovwbrwbrbooabn
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16
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20
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27
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Table 9b cont

Date/time On

Date/time Off

p+m-Xylene p+m-Xylene o-Xylene

(PRY

mean

(PRY

0-Xylene
mean

08/01/08 10:45
08/01/08 10:45
07/02/08 13:50
07/02/08 13:50
11/03/08 10:16
11/03/08 10:16
21/04/08 08:30
21/04/08 08:30
23/06/08 08:50
23/06/08 08:50
14/07/08 11:15
14/07/08 11:15

03/05/07 11:16
03/05/07 11:16
07/06/07 10:30
07/06/07 10:30
04/08/07 09:15
04/08/07 09:15
12/09/07 10:30
12/09/07 10:30
16/10/07 15:00
16/10/07 15:00
08/11/07 10:17
08/11/07 10:17
08/01/08 10:25
08/01/08 10:25
07/02/08 12:25
07/02/08 12:25
11/03/08 09:59
11/03/08 09:59
21/04/08 09:31
21/04/08 09:31
23/06/08 09:30
23/06/08 09:30
14/07/08 12:05
14/07/08 12:05

03/05/07 11:43
03/05/07 11:43
07/06/07 11:23
07/06/07 11:23
03/08/07 11:10
03/08/07 11:10
12/09/07 11:10
12/09/07 11:10
16/10/07 15:15
16/10/07 15:15

07/02/08 13:50
07/02/08 13:50
11/03/08 10:05
11/03/08 10:05
21/04/08 08:26
21/04/08 08:26
03/06/08 12:58
03/06/08 12:58
14/07/08 11:09
14/07/08 11:09
13/08/08 09:55
13/08/08 09:55

07/06/07 10:21
07/06/07 10:21
04/08/07 09:10
04/08/07 09:10
12/09/07 10:27
12/09/07 10:27
16/10/07 14:54
16/10/07 14:54
08/11/07 10:07
08/11/07 10:07
08/01/08 10:15
08/01/08 10:15
07/02/08 12:06
07/02/08 12:06
11/03/08 09:43
11/03/08 09:43
21/04/08 09:20
21/04/08 09:20
03/06/08 12:25
03/06/08 12:25
14/07/08 11:59
14/07/08 11:59
13/08/08 10:49
13/08/08 10:49

07/06/07 11:05
07/06/07 11:05
03/08/07 11:10
03/08/07 11:10
12/09/07 11:05
12/09/07 11:05
16/10/07 17:05
16/10/07 17:05
08/11/07 10:57
08/11/07 10:57

10
11
11
15
18
18

11

13

18

~NOoO Wb~ P~hw

4

4

7

24

22

11

NoNnNMANMAwoooNMNWER 0T
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Table 9b cont

Date/time On

Date/time Off

p+m-Xylene p+m-Xylene o-Xylene

(PRY

0-Xylene
mean

08/11/07 10:59
08/11/07 10:59
08/01/08 12:20
08/01/08 12:20
07/02/08 14:45
07/02/08 14:45
11/03/08 11:05
11/03/08 11:05
21/04/08 10:25
21/04/08 10:25
23/06/ 10:1508
23/06/ 10:1508
14/07/08 12:05
14/07/08 12:05

24/01/07 15:00
24/01/07 15:00
22/02/07 09:20
22/02/07 09:20
20/03/07 12:35
20/03/07 12:35
03/05/07 14:00
03/05/07 14:00
07/06/07 12:26
07/06/07 12:26
03/08/07 10:15
03/08/07 10:15
12/09/07 12:18
12/09/07 12:18
16/10/07 11:07
16/10/07 11:07
08/11/07 11:55
08/11/07 11:55
08/01/08 14:55
08/01/08 14:55
07/02/08 15:37
07/02/08 15:37
11/03/08 12:00
11/03/08 12:00
21/04/08 11:08
21/04/08 11:08
23/06/08 11:00
23/06/08 11:00
14/07/08 13:10
14/07/08 13:10

04/05/07 17:20
04/05/07 17:20

08/01/08 12:05
08/01/08 12:05
07/02/08 14:34
07/02/08 14:34
11/03/08 10:58
11/03/08 10:58
21/04/08 10:05
21/04/08 10:05
03/06/08 14:15
03/06/08 14:15
14/07/08 13:01
14/07/08 13:01
13/08/08 10:49
13/08/08 10:49

22/02/07 09:15
22/02/07 09:15
20/03/07 12:22
20/03/07 12:22
03/05/07 13:49
03/05/07 13:49
07/06/07 12:00
07/06/07 12:00
03/08/07 10:01
03/08/07 10:01
12/09/07 12:11
12/09/07 12:11
16/10/07 10:59
16/10/07 10:59
08/11/07 11:38
08/11/07 11:38
08/01/08 14:50
08/01/08 14:50
07/02/08 15:00
07/02/08 15:00
11/03/08 11:50
11/03/08 11:50
21/04/08 10:57
21/04/08 10:57
03/06/08 14:50
03/06/08 14:50
14/07/08 14:00
14/07/08 14:00
13/08/08 11:40
13/08/08 11:40

07/06/07 13:00
07/06/07 13:00

21
9
7
7

29

16
7
6

5

3

8

mean (ppt)
15 7
3
7 2
3
23 11
5
6 4
2
11
27 10
10
63 24
25
14 6
6
13 4
5
10 3
7
12 5
4
12 3
2
8 2
2
9 3
3
10 3
3
11 2
6
7 3
3
16
147 52
77
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Table 9b cont

Date/time On

Date/time Off

p+m-Xylene p+m-Xylene

(PpY

mean

0-Xylene
(PRY

0-Xylene
mean

07/06/07 13:15
07/06/07 13:15
06/08/07 17:40
06/08/07 17:40
11/09/07 17:43
11/09/07 17:43
25/10/07 16:20
25/10/07 16:20
09/11/07 17:50
09/11/07 17:50
08/01/08 18:00
08/01/08 18:00
10/02/08 18:20
10/02/08 18:20
16/03/08 12:10
16/03/08 12:10
21/04/08 18:15
21/04/08 18:15
23/06/08 12:30
23/06/08 12:30
18/07/08 10:30
18/07/08 10:30

07/06/07 13:20
07/06/07 13:20
12/07/07 16:30
12/07/07 16:30
03/08/07 09:30
03/08/07 09:30
16/09/07 14:00
16/09/07 14:00
04/10/07 18:00
04/10/07 18:00
05/11/07 11:20
05/11/07 11:20
19/01/08 13:00
19/01/08 13:00
07/02/08 16:30
07/02/08 16:30
14/03/08 13:00
14/03/08 13:00
Mean

06/08/07 17:30
06/08/07 17:30
11/09/07 17:36
11/09/07 17:36
22/10/07 17:45
22/10/07 17:45
09/11/07 09:17
09/11/07 09:17
08/01/08 16:00
08/01/08 16:00
10/02/08 18:15
10/02/08 18:15
16/03/08 12:00
16/03/08 12:00
21/04/08 18:00
21/04/08 18:00
12/06/08 17:00
12/06/08 17:00
18/07/08 10:20
18/07/08 10:20
13/08/08 17:51
13/08/08 17:51

12/07/07 16:30
12/07/07 16:30
03/08/07 09:20
03/08/07 09:20
16/09/07 14:00
16/09/07 14:00
04/10/07 18:00
04/10/07 18:00
05/11/07 11:20
05/11/07 11:20
19/01/08 13:00
19/01/08 13:00
07/02/08 16:30
07/02/08 16:30
14/03/08 21:30
14/03/08 21:30
03/05/08 15:30
03/05/08 15:30

2
115
181
187

<2
356
3
70
74
71
55
57

92
93

59

184

356

37

73

56

93

11

67

0
34
107
109
<1l
148
19
26
30
29
21
23

35
37

17

108

148

23

29

22

36

29




Table 9a lists the concentrations of the three ng/lesomers measured at the sampling sites. Monthly
average p+m xylene concentrations range from 2Q@ppP62 ppt at site 9 (Karratha). The averageiahn
concentration of xylenes over the 12 sampling pisrilor Sites 1 and 3 is about 7 ppt compared tota®®

ppt for sites 4 — 8. As expected, there is ongmell enhancement of xylene at Sites 4 — 8 ovetadte
background concentrations. The average at sgeh@her than any other site probably due to tleence

of motor vehicles.

The p+m xylene and o-xylene concentrations measdueithig 2007/2008 are presented in Table 9b. The
monthly average concentrations range from 1 ppitatl0 to 356 ppt at site 9, in Karratha and 1tpfit48

ppt at site 9 for p+m xylene and o-xylene respetyiv The annual average p+m xylene concentrations
range from 4 ppt at site 1 to 329 ppt at site 9evbixylene concentrations ranged from 1 ppt tqpgéat
sites 1 and 9 respectively. These are very sinahe concentrations recorded during 2004/2006e
annual average concentrations at the backgrouesl are about 4 ppt and 1 ppt for p+m xylene andene
respectively while the concentrations increasebioua 16ppt and 5 ppt at sites 4 — 8. Site 9 inr&tha
have the highest p+m xylene and o-xylene conceof@tand this is most likely due to the BTEX gas
emissions from motor vehicles.

Table 10. Summary of annual average gas concentrations measured at the Burrup peninsular sites during the periods
of 2004/005 and 2007/2008. Concentrations of NHz and NO, are in ppb while SO, and HNOs are in ppt.

04/05 07/08 04/05 07/08 04/05 07/08 04/05 07/08
0.3 0.3 0.6 0.6 101 112 144 158
0.3 0.3 0.7 0.8 139 152 162 157
0.4 0.5 1.8 2.0 178 191 198 217
0.4 0.7 2.4 2.8 215 223 240 272
0.5 0.9 1.8 1.7 176 167 241 203
0.4 0.6 14 1.3 141 145 210 176
0.4 0.6 2.1 2.1 164 177 250 243
2.6 2.4 2.2 2.4 89 105 276 280
0.8 0.6 0.5 0.8 83 115 160 173

Boo~ouobwer

52 Particulate Measurements

5.2.1 TSP and PM 1o Measurements

Concentrations of TSP measured at sites 1 — 8 8fd, Pheasured at sites 8 and 8 HI with conditional
sampling are presented in Table 11a. The averagsites 1 and 3, considered to represent backdroun
levels, is about 22 ug frover the period from August 2004 until mid Septem®@05. The maximum
monthly averaged TSP concentrations are 136 fl@nsite 7, during January/February 2005 and 136fig

at Site 8, during January/February 2005, and tleea@e for sites 4 — 8 is about 34 pg. nThis shows that
TSP concentrations, probably due to anthropogettiuites, are enhanced on the lower Burrup Per@su
at sites 4 — 8. This is particularly true at Stevhich had an annual average TSP concentrati&i.df ug

m=.

Conditional samplingo measure PM wascarried out at Site 8HI, about 0.5 km to 1 km eafsthe
Hamersley Iron loading facilities at Parker Poantd at Site 8 which is located about 3 km eastaokd?
Point; (Figure 1). Site 8HI was located in ordersample PN, originating from Parker Point, and the
sampler operated when the wind direction was batvas° and 315°. At Site 8 the conditional sampler
operated when the wind direction was between 188%380°, also to collect Pivifrom Parker Point. Table

8 shows that at 116.6 pghand 19.8 ug mat 8HI and Site 8 respectively, there is a lariffergnce in
PM;o mass concentration between the two sites. Fiftera these sites have been analysed for a range of
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elements and soluble ionic species to seek a fimgefor particulate originating from the Parkesift iron
ore loading facilities.

The TSP mass concentrations measured at sitearid-8t site 8 conditional (site 8C) and at a sifacent

to the iron ore stockpile (site 8HI) are presente@iable 11b. Site 8HI was located about 500 n3etiest of
the ore stockpile at parker Point. At this siteaphng was conditional and the Microvol turned ohem the
wind direction was between 228nd 318, This was to sample TSP which was emitted asultref the ore
loading operations at Parker Point. The chemioaiposition of the TSP samples collected at thes itl

be used to compare with the chemical compositiof $® at the other sites on the Burrup Peninsula to
assess the proportion of TSP emanating from théoaing operations.

The two background sites 1 and 3 had concentratib§.4 pg rit and 20.0 pug Mrespectively, indicating
that the background TSP concentration for the @&@eabout 18 ug M This compares closely with the
background level of 22 pg m-3 estimated during 2D045. The TSP mass concentrations vary from 25.9
ng mat site 6 to 38.7 ug tat site 7. The annual average TSP mass condentgdtsites 4 — 8 is about 32
ug mi°, and this is significantly higher than that measuat the background sites. Sites 7 and 8 have the
highest TSP concentrations similar to the obsewmatiduring 2004/2005, probably because they are mor
often downwind of Parker Point. The magnitudehs TSP concentrations is largely a factor of thedwi
direction, especially for sites 7 and 8. For exemghe highest monthly concentrations are obsetgihg
January/February 2007 and November 2007/Januar§ d08ite 8C and these are period when the wind
direction has a large west to south westerly corapbn Conversely the periods with the lowest TSP
concentrations at sites 7 and 8 occurred when theé girection had a significant north-easterly camgnt.

As expected site 8HI had the highest TSP concémtraaveraging 112 ug fncompared with 117 pg
measured during 2004/2005. Concentrations asttéganged from 52 pg#rto 176 ug .
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Table 11a. Concentrations of TSP at sites 1 — 8 and PMj, conditionally sampled at sites 8 and 8HI from the end of
August 2004 until September 2005. Concentrations are in pg m3.

Date/time Date/time TSP Date/time Date/time TSP PM;g
on Off pg m® on Off pgm®  pgm®
Site 1 Site 3
29/07/04 11:55 02/09/04 15:34 11.4 29/07/04 16:00 2/0®@04 13:10 11.0
02/09/04 15:34  08/10/04 09:50 14.4 02/09/04 13:10 8/1@04 11:30 19.2
08/10/04 09:45 21/11/04 11:25 24.3 08/10/04 11:20 1/1P/04 15:35 11.6
21/11/04 11:55 17/12/04 12:00 324 21/11/04 15:35 7/124/04 14:00 315
17/12/04 12:39  19/01/05 12:40 35.0 17/12/04 14:20 9/01/05 16:12 43.7
19/01/05 13:10 21/02/05 13:05 36.6 19/01/05 16:45 1/02/05 09:44 41.7
21/02/05 13:06  28/03/05 10:27 25.1 21/02/05 09:48 8/02/05 12:13 25.0
28/03/05 11:09  18/04/05 09:09 13.4 28/03/05 12:25 8/04/05 14:31 15.7
18/04/05 09:44  31/05/05 10:36 25.0 18/04/05 14:32 1/0%/05 12:38 9.7
31/05/05 10:58 13/07/05 11:30 33.9 31/05/05 13:14 ot used
13/07/05 11:41  07/08/05 11:32 8.8 13/07/05 15:33 /0&D5 14:41 8.62
07/08/05 11:32  14/09/05 08:05 11.4 not working
. Mean 226 | Mean 218
Site 4 Site 5
01/08/04 12:00 01/09/04 08:49 15.3 01/08/04 16:00 1/0904 11:38 17.1
01/09/04 08:49 07/10/04 08:51 12.73 01/09/04 12:00 7/1@04 11:20 12.4
07/10/04 09:04 20/11/04 08:30 42 4 07/10/04 11:00 0/1P/04 12:15 32.0
20/11/04 09:20 18/12/04 06:20 60.3 20/11/04 12:40 8/14/04 07:30 334
18/12/04 06:30  18/01/05 09:40 60.6 18/12/04 07:40 8/01/05 12:36 48.6
18/01/05 09:50 16/02/05 06:25 55.2 18/01/05 12:37 6/02/05 07:57 36.4
16/02/05 06:45  23/03/05 09:23 47.4 16/02/05 08:20 3/005 11:29 30.7
23/03/05 10:16  28/04/05 08:30 28.5 23/03/05 11:29 8/04/05 09:57 17.8
28/04/05 08:30  30/05/05 10:11 22.6 28/04/05 10:10 0/0®/05 11:17 15.5
30/05/05 10:31  30/06/05 08:30 17.4 30/05/05 11:40 0/0&05 09:08 16.2
30/06/05 08:40 08/08/05 08:25 15.4 30/06/05 09:15 8/08/05 09:11 12.6
08/08/05 08:40  13/09/05 08:40 33.2 08/08/05 09:15 3/09/05 10:31 17.0
.. Mean 343 | | Mean 241
Site 6 Site 7
03/08/04 13:02 01/09/04 10:35 16.4 01/08/04 14:57 1/0904 13:25 19.2
01/09/04 10:35 07/10/04 10:46 21.3 01/09/04 13:34 7/1@04 13:00 21.8
07/10/04 10:06  20/11/04 10:30 18.7 07/10/04 13:00 0/1P/04 14:30 46.6
20/11/04 11:20 18/12/04 08:30 384 20/11/04 14:30 8/14/04 09:30 58.4
18/12/04 08:45 18/01/05 11:15 477 18/12/04 09:50 8/01/05 15:00 42 .4
18/01/05 11:30  16/02/05 07:15 50.0 18/01/05 15:14 6/024/05 09:00 136.0
16/02/05 07:25 23/03/05 10:32 31.6 16/02/05 09:15 3/0305 12:42 34.7
23/03/05 11:32  28/04/05 09:11 18.1] 23/03/05 12:50 8/04/05 10:52 21.3
28/04/05 09:20  30/05/05 12:34 13.3 28/04/05 10:57 0/0®/05 13:49 15.0
30/05/05 12:51  30/06/05 10:03 1473 30/05/05 13:59 0/0&05 11:15 15.1
30/06/05 10:10 08/08/05 10:03 11.5 30/06/05 11:20 8/0805 11:08 11.4
08/08/05 10:10  13/09/05 14:26 15.9 08/08/05 11:15 3/09/05 11:38 16.8
Mean 24.7 Mean 36.6
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Table 11a cont

Date/time Date/time TSP Date/time Date/time TSP PMyq
on Off pug m* on Off pugm®  pgm®
Site 8 Site 8 Conditional

03/08/04 09:19 01/09/04 15:55 22.9 04/08/04 15:20 1/0904 15:59 10.3
01/09/04 16:00 07/10/04 14:35 28.2 01/09/04 16:05 7/1@04 15:25 13.2
07/10/04 15:00 20/11/04 15:30 52.7 07/10/04 15:15 0/12/04 16:10 21.4
20/11/04 15:30 18/12/04 11:10 53.4 20/11/04 16:10 8/12/04 11:30 31.0
18/12/04 11:30 18/01/05 16:15 61.7 18/12/04 11:20 8/01/05 16:24 42.9
18/01/05 17:31 16/02/05 10:11 94.6 18/01/05 17:37 6/02/05 10:15 32.0
16/02/05 10:25 23/03/0513:53 29.3 16/02/05 10:28 3/02/05 14:05 24.1
23/03/05 13:58 28/04/05 11:52 135.2 23/03/05 14:05 28/04/05 11:50 13.0
28/04/05 11:54  30/05/05 15:55 65.9 28/04/05 12:10 0/0%/05 15:30 16.1
30/05/05 15:57 30/06/05 12:.00 23.3 30/05/05 15:45 0/0&05 12:05 10.6
30/06/05 12:01 08/08/05 12:25 16.1 30/06/05 12:20 8/0&05 12:09 8.8
08/08/05 12:30  13/09/05 15:39 30.5 08/08/05 12:20 3/09/05 15:39 13.6
_Mean 511 | Mean 19.8
Site 8 HI Conditional

04/08/04 11:15 02/09/04 09:00 86.4

02/09/04 09:00 08/10/04 15:05 64.8

08/10/04 15:05 30/11/04 08:40 96.6

30/11/04 13:00 20/12/04 08:30 79.0

20/12/04 08:40 20/01/0508:32 53.0

20/01/05 08:46  23/02/05 08:30 560.9

23/02/05 08:40 31/03/0507:26 49.3

31/03/05 07:30 02/05/05 08:49 81.1

02/05/05 09:00 09/06/0508:36 81.4

09/06/05 10:17 01/07/05 08:50 49.7

01/07/05 09:00 09/08/05 08:38 82.0

09/08/05 08:45 16/09/05 00:00 115.2

Mean 116.6
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Table 11b. Concentrations of TSP at sites 1 — 8 and PMjo conditionally sampled at sites 8 and 8HI from February 2007
until August 2008. Concentrations are in ug m.

Date/time Date/time TSP Date/time Date/time TSP
on Off pg m® on Off pg m®
Site 1 Site 3
04/05/07 12:45  14/06/07 09:29 12.3 29/01/07 11:07 2/02/07 10:41 45.4
14/06/07 09:31  02/08/07 10:30 11.4 22/02/07 11:00 0/02/07 09:55 27.7
02/08/07 10:40  09/09/07 10:02 14 .4 20/03/07 10:00 4/0®07 12:50 14.8
09/09/07 10:11  25/10/07 15:54 21.9 04/05/07 12:50 4/0@/07 08:12 12.6
25/10/07 16:10 09/11/07 09:11 26.7 14/06/07 08:16 2/0&07 13:07 12.1
09/11/07 09:15 09/01/08 09:00 26.9 02/08/07 13:15 9/0®@07 12:30 17.1
09/01/08 09:20 08/02/08 13:55 4.4 09/09/07 12:35 /1@®B7 13:54 24.1
08/02/08 12:30 12/03/08 13:10 14.4 25/10/07 14:10 9/11D07 10:50 7.3
12/03/08 12:20  27/04/08 10:49 14 .4 09/11/07 10:44 9/0D08 10:37 11.0
27/04/08 11:25 04/06/08 10:20 11.9 09/01/08 10:40 8/0®08 13:55 41.7
04/06/08 10:30 17/07/08 09:41 12.4 08/02/08 14:04 2/03/08 11:20 29.8
17/07/08 09:41  14/08/08 11:02 14.7 12/03/08 11:35 7/04/08 10:52 16.6
27/04/08 10:52 04/06/08 12:20 19.4
04/06/08 12:00 17/07/08 11:17 10.8
17/07/08 11:17 14/08/08 09:00 9.7
Mean 154 | Mean 20.0
Site 4 Site 5
03/05/07 10:07 07/06/07 08:49 20.0 03/05/07 10:53 7/0®07 10:09 17.5
07/06/07 09:00 04/08/07 08:08 17.9 07/06/07 09:48 4/0&07 09:43 15.0
04/08/07 08:20 12/09/07 08:55 28.1 04/08/07 09:55 2/09/07 09:48 24.0
12/09/07 09:22  16/10/07 13:58 40.9 12/09/07 09:55 6/1W07 15:20 33.6
16/10/07 14:11  08/11/07 09:37 33.9 16/10/07 15:22 8/1107 10:32 37.3
08/11/07 09:44  08/01/08 09:25 49.3 08/11/07 10:38 8/0108 10:42 41.1
08/01/08 09:43 07/02/08 10:54 44 9 08/01/08 10:42 7/02/08 13:38 53.3
07/02/08 11:08 11/03/08 08:48 30.9 07/02/08 13:50 1/03/08 10:05 28.7
11/03/08 09:10 21/04/08 07:39 13.9 11/03/08 10:13 1/04/08 08:03 26.4
21/04/08 08:10 03/06/08 11:12 21/04/08 08:15 08®a2:50 26.6
03/06/08 11:12  14/07/08 11:04 16.6 03/06/08 12:55 4/07/08 10:26 17.2
14/07/08 11:04  13/08/08 08:45 23.7 14/07/08 10:26 3/08/08 09:50 26.3
Mean 290 ]| Mean 28.9
Site 6 Site 7
03/05/07 11:08 07/06/07 10:09 18.7 03/05/07 11:38 7/0®07 10:53 16.7
07/06/07 10:25 04/08/07 09:00 15.4 07/06/07 11:04 3/0807 10:40 10.3
04/08/07 09:14  12/09/07 10:18 24.Q 03/08/07 11:06 2/09/07 10:49 24.7
12/09/07 10:20  16/10/07 14:40 32.9 02/09/07 10:52 6/1A/07 15:52 44.4
16/10/07 14:51  08/11/07 10:07 39.5 16/10/07 16:11 8/11/07 10:57 46.2
08/11/07 10:07 08/01/08 10:08 37.9 08/11/07 10:57 8/0108 12:00 49.1
08/01/08 10:56  07/02/08 12:00 36.0 08/01/08 12:20 7/0®/08 14:21 36.7
07/02/08 12:10 11/03/08 09:35 28.7 07/02/08 14:26 1/03/08 10:55 35.2
11/03/08 09:40 21/04/08 09:23 21.7 11/03/08 11:10 1/04/08 10:00 29.4
21/04/08 09:35 03/06/08 12:06 12.3 21/04/08 10:10 3/0®08 14:10 51.6
03/06/08 12:30  14/07/08 11:47 19.5 03/06/08 14:21 4/02/08 12:45 107.5
14/07/08 12:00 13/08/08 10:49 24.4 14/07/08 13:00 3/08/08 11:35 12.3
________ Mean 259 ]  Mean 387
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Table 11b cont

Date/time Date/time TSP Date/time Date/time TSP

on Off pg m® On Off pg m®

Site 8 Site 8 Conditional| | |

24/01/07 15:04 22/02/07 08:16 88.1 24/01/07 15:04 2/02/07 08:36  109.7

22/02/07 08:30 20/03/07 12:05 43.7 22/02/07 08:30 0/02/07 12:07 57.4

20/03/07 12:20  03/05/07 13:21 22.0 20/03/07 12:20 3/0®07 14:00 30.8

03/05/07 13:39 07/06/07 12:00 17.0 03/05/07 14:00 7/0&07 12:11 33.1

07/06/07 12:07 03/08/07 09:20 16.3 07/06/07 12:13 3/0&07 09:21 34.4

03/08/07 10:10 12/09/07 11:52 21.2 03/08/07 10:10 2/09/07 11:52 51.9

12/09/07 12:13  16/10/07 09:56 66.0 12/09/07 12:16 6/1@07 10:10 65.1

16/10/07 10:57 08/11/07 11:38 55.6 16/10/07 10:56 8/1107 11:52 75.5

08/11/07 12:05 08/01/08 14:13 82.6 08/11/07 12:05 8/0008 14:20 132.0

08/01/08 14:40 07/02/08 15:17 49 9 08/01/08 14:40 7/0208 15:21 79.3

07/02/08 15:35 11/03/08 11:45 34.4 07/02/08 15:36 1/03/08 12:00 43.5

11/03/08 11:55 21/04/08 10:54 22.6 11/03/08 12:10 1/04£/08 11:00 31.9

21/04/08 11:15 03/06/08 14:54 25.1 21/04/08 11:15 3/0®08 14:55 31.5

03/06/08 16:00 14/07/08 14:05 6.5 03/06/08 15:20 /07/88 14:10 20.4

14/07/08 14:05 13/08/08 12:58 20.9 14/07/08 14:10 3/08/08 13:23 26.6
. Mean 381 | Mean 54.9

Site 8 HI Conditional

21/05/07 09:37  25/06/07 09:36 90.4

25/06/07 09:39  04/08/07 10:27 82.1

04/08/07 10:50 12/09/07 12:43 99.9

12/09/07 12:55 08/11/07 12:35 172.1

08/11/07 12:35 08/01/08 14:20 112.4

08/01/08 15:30 07/02/08 16:10 176.p

07/02/08 16:12 11/03/08 13:00 104.8

11/03/08 13:05 21/04/08 12:00 102.9

21/04/08 12:00 04/06/08 10:24 171.p

04/06/08 10:25 14/07/08 14:30 51.9

14/07/08 14:30 13/08/08 14:08 67.4

Mean 111.9

After gravimetric mass was determined on each pddie sample a sub-set was chosen for PIXE asalysi
These were sent to ANSTO where they were analysetbscribed previously in a non-destructive manner.
After PIXE analysis was complete they were extrdietied analysed by ion chromatography to deternhiee t
concentrations of the soluble cations and anions.

The detailed results of the PIXE analysis are givethe Appendix in Table A1l. Table 12 presents th
results of the gravimetric mass concentrations,egténated chemical mass (ECM) concentration, ribwe i
concentration, the sea-salt fraction of the totalssnand the iron to sea-salt ratio. The ECM was
reconstructed by adding the elements, as their oreasured by PIXE plus $Q NO;, NH," Mg?*, HOOC-
COOH, HCOOH and CKHCOOH, as suggested by Brook et al. (1997).

ECM = SQ? + NOy + NH," + 1.79V + 1.24Zn + Pb + Br + Cl + Na + soil + rénger (1D
Where:

Soil = 3.48Si + 1.63Ca + 1.58Fe + 1.94Ti + 1.41K (12)

Remainder = HOOC-COOH + HCOOH + @EDOH + Md"* (13)
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Values of ECM are given in Table 12, and are coegpavith gravimetric mass in Figure 14. Figure 14
shows a straight line fitted to the gravimetricadand the ECM values with a reduced major axisessgon.
The slope of the line is 0.73, indicating that maisthe gravimetric mass is accounted for by th&VE@e
remainder is probably due contributions of comlmrstierived organic and elemental carbon, which were
not measured in this study and residual water #ssocwith the gravimetric mass measurement.

Site 8HI was located close to the ore loading itaed at Parker Point and the Microvol sampler was
programmed to begin sampling only when the win@ation was from the ore loading area. In this case
iron is used as an indicator of soil dust whiclgimates from ore the loading processes or transgdfte

ore to the loading facilities. The data show thatiron content of the particulate material aé 8itli varies
from 17 % to 56 %, with an average of 31.5 %. Tiaetion of sea-salt at each site was estimatewh fro
composition of seawater provided by Millero (197d3ing Md" as an indicator of sea-salt. The results
given in Table 12 show that Site 8Hi had an avessgesalt fraction of 9.5 %, the lowest fractiorsea-salt

at any of the sites. The particulate samplesistsite were composed largely of particulate asgedifrom

the ore loading operations.

Table 12 also shows the concentration of iron gasighstantially from Site 1, the background sde5ite 8.
For example, on average iron contributed 3.5 %saadsalt 37.6 % of the TSP particulate loadingtat 5
This compares with contributions of 23.4 % and P4.6or iron and sea-salt respectively at Site 8e TSP
samples at Sites 5 and 7 had average iron corgédts7 % — 11.1 % and sea-salt loadings of ab6%62
which are intermediate between Site 1 and Sit&/@s suggests that the increase in TSP observedbat
Site 1 and Site 8 may be due to dust which origmdtom the ore loading and transport processdss T
point is emphasized by the increasing iron to sdiaratios proceeding from Site 1 to Site 8 giverTable
12.
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Figure 14. ECM as a function of gravimetric mass for all sites.
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Table 12. Concentrations of gravimetric mass (Grav mass), (estimated chemical mass) ECM and iron, fraction of ECM
to gravimetric mass (%) and the fraction of iron and sea-salt in TSP and PMio samples collected at various sites.

Site Date on Date off Grav ECM % Fe % % Fe :
Mass pg m® Total pg m® Fe Sea Sea-salt
ug mas: sall

1 29/07/04 02/09/04 11.6 10.1 87.2 0.649 6.6 36.1 .180
1 02/09/04 08/10/04 14.0 12.2 86.9 0.519 4.4 47.2 .090
1 08/10/04 21/11/04 24.3 18.9 77.8 0.736 3.6 429 .080
1 21/11/04 17/12/04 32.4 26.9 82.9 0.545 2.0 43.3 .050
1 17/12/04 19/01/05 35.0 30.0 85.6 0.635 2.2 48.1 .040
1 19/01/05 21/02/05 36.6 30.8 84.2 0.380 1.2 544 020
1 21/02/05  28/03/05 25.1 22.4 89.1 0.853 4.0 33.6 .120
1 28/03/05 18/04/05 13.6 11.7 86.2 0.452 4.0 349 .110
1 18/04/05 31/05/05 25.0 10.2 40.7 0.397 1.9 16.5 .110
1 31/05/05 13/07/05 33.6 14.3 42.6 0.493 1.7 14.3 .120
1 13/07/05 07/08/05 8.8 7.7 87.4 0.422 5.7 34.2 70.1
1 07/08/05 14/09/05 11.4 95 83.2 0.406 4.2 452 090.
_______________________________________________ 226 171 778 0542 35 376  0.10
4 01/08/04 01/09/04 15.3 11.5 75.1 0.945 6.2 25.3 240
4 01/09/04 07/10/04 12.1 8.0 66.0 0.826 6.8 24.3 280.
4 07/10/04 20/11/04 42.6 36.9 86.7 4,319 10.2 16.30.62
4 20/11/04 18/12/04 60.3 43.9 72.8 2.366 3.9 19.7 200
4 18/12/04 18/01/05 60.6 50.3 83.0 2.766 4.6 24.3 .190
4 18/01/05 16/02/05 55.2 43.8 79.4 2.234 4.0 30.6 .130
4 16/02/05 23/03/05 47.6 35.9 75.2 2.920 6.1 24.2 250
4 23/03/05 28/04/05 28.5 21.4 75.1 1.867 6.6 19.1 .340
4 28/04/05  30/05/05 22.6 16.5 73.3 1.264 5.6 14.8 .380
4 30/05/05 30/06/05 17.6 15.1 85.4 0.896 51 34.7 150
4 30/06/05 08/08/05 15.6 10.6 67.8 0.975 6.3 15.6 400
4 08/08/05  13/09/05 33.2 23.0 69.2 1.743 5.2 15.1 .350
_______________________________________________ 343 264 758 1927 59 220 029
5 07/10/04 20/11/04 32.0 25.4 79.5 4.080 12.7 27.9 0.46
5 18/01/05 16/02/05 36.4 25.9 71.2 1.707 4.7 38.1 .120
5 16/02/05 23/03/05 30.7 28.5 92.9 2.967 9.7 25.1 .390
5 23/03/05 28/04/05 17.8 21.0 118.3 2.559 14.4 20.60.70
5 28/04/05 30/05/05 15.5 13.9 89.7 1.968 12.7 18.5 0.69
5 08/08/05 13/09/05 17.0 13.0 76.6 2.710 15.9 26.8 0.59
_______________________________________________ 249 213 80 2665 117 262  0.49
7 01/08/04 01/09/04 19.2 16.5 86.1 2.696 14.1 20.7 0.68
7 01/09/04 07/10/04 21.8 18.3 83.9 3.094 14.2 24.50.58
7 07/10/04 20/11/04 46.6 31.8 68.1 5.118 11.0 20.50.53
7 20/11/04  18/12/04 58.4 43.9 75.2 5.864 10.0 19.80.51
7 18/12/04 18/01/05 42.4 39.2 92.4 4.047 9.6 29.8 .320
7 18/01/05 16/02/05 136.0 120.9 88.9 12.602 9.3 333. 0.28
7 16/02/05 23/03/05 34.7 29.3 84.6 3.164 9.12 23.90.38
7 23/03/05 28/04/05 21.3 19.3 90.7 2.788 13.1 19.30.68
7 28/04/05  30/05/05 15.0 13.3 88.8 1.809 12.0 23.50.51
7 30/05/05 30/06/05 15.1 14.1 93.1 1.155 7.6 41.1 .190
7 30/06/05 08/08/05 11.4 10.4 91.9 0.976 8.6 26.3 .330
7 08/08/05  13/09/05 16.8 15.6 92.7 2.495 14.8 29.10.51
36.6 31.1 86.4 3.817 11.1 26.0 0.46
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Table 12 cont

Site Date on Date off Grav ECM % Fe % % Fe:
Mass ug m Total ug m Fe Sea Sea-salt
pug m* mass salt

8 03/08/04 01/09/04 22.9 20.4 89.3 6.107 26.7 15.21.76
8 01/09/04 07/10/04 28.2 25.4 90.2 7.565 26.9 19.6 1.37
8 07/10/04 20/11/04 52.7 54.1 102.6 19.292 36.6 616. 2.21
8 20/11/04  18/12/04 53.4 40.6 76.0 7.920 14.8 20.70.72
8 18/12/04  18/01/05 61.7 58.1 94.2 13.210 21.4 25.00.86
8 18/01/05 16/02/05 94.6 78.5 83.0 19.678 20.8 20.31.02
8 16/02/05  23/03/05 29.3 26.4 90.3 5.275 18.0 21.7 0.83
8 23/03/05  28/04/05 135.2 114.7 84.8 29.294 21.7 617 1.23
S S99.7 523 .88 13.543 234 19.6 . 125
8 Cond 04/08/04  01/09/04 10.3 7.9 76.3 0.726 70 615 0.45
8 Cond 01/09/04  07/10/04 13.2 10.3 78.1 1.186 9.0 0.12 0.45
8 Cond 07/10/04 20/11/04 21.4 15.7 73.1 2.883 13.410.4 1.29
8 Cond 20/11/04  18/12/04 31.0 20.8 67.0 1.638 53 311 0.40
8 Cond 18/12/04  18/01/05 42.9 35.3 82.3 4.166 9.7 651 0.59
8 Cond 18/01/05 16/02/05 32.0 28.8 90.0 1.586 50 142 0.23
8 Cond 16/02/05 23/03/05 24.1 20.0 83.2 1.614 6.7 891 0.35
8 Cond 23/03/05  28/04/05 13.0 9.0 69.5 1.398 108 .7 9 1.11
8 Cond 28/04/05  30/05/05 16.1 8.0 49.7 0.690 43 .313 0.32
8 Cond 30/05/05  30/06/05 10.6 10.1 94.5 0.569 53 363 0.16
8 Cond 30/06/05 08/08/05 8.8 7.6 85.9 0.836 95 317. 0.55
8 Cond 08/08/05  13/09/05 13.6 12.2 89.7 1.978 14.517.7 0.82
SRR 198 .. 155 ...783 . 1606 84 173 06

8Hi 04/08/04  02/09/04 86.4 74.6 86.3 29.857 346 0 5 6.95

8Hi 02/09/04 08/10/04 64.8 49.6 76.5 16.905 26.1 .010 261

8Hi 08/10/04  30/11/04 96.6 71.2 73.7 24.653 255 610 240

8Hi 30/11/04  20/12/04 79.0 67.3 85.3 19.797 251 414 1.74

8Hi 20/12/04  20/01/05 53.0 49.0 92.6 12.067 22.8 .024 0.95

8Hi 20/01/05  23/02/05 560.9 3954 70.5 94.333 16.816.7 1.01

8Hi 23/02/05  31/03/05 49.3 44.3 89.9 12.535 254 413 1.90

8Hi 31/03/05 02/05/05 81.1 56.2 69.3 17.493 216 9 6. 3.12

8Hi 02/05/05 09/06/05 814 81.3 99.9 34.902 429 2 3. 13.46

8Hi 09/06/05 01/07/05 49.7 55.0 110.7 27.673 557 1 2 26.47

8Hi 01/07/05  09/08/05 82.0 68.7 83.7 34.789 424 3 1. 32.80

8Hi 09/08/05 16/09/05  115.2 99.1 86.0 45.562 395 5 6 6.09
116.6 92.6 85.4 30.880 31.5 95 8.3

5.2.2 DustTrak Measurements

Figures 15, 16, 17 and 18 show RMoncentrations measured using the DustTrak ingntirat site 8
during 2004/2005 for four periods throughout thedgtplotted as a function of wind direction. Figsirl5
and 17 were plotted using wind directions measuateSite 8 collected at a frequency of 2 minutesjevh
Figures 16 and 18 employed 30 minute averaged wdirgttion data from Karratha Airport. The Figures
show that background Plylconcentration at site 8 appears to be about 1@ {idpased on the concentration
envelope observed in wind directions about HsePabout 15°. Site 8 is only about 2 — 3 km effiie iron
ore loading facilities at Parker Point and it isdewt from the Figures, that the activities at RarRoint
have a large influence on RpMconcentrations at Site 8. The plot shows a lamgesase in Ply} over
background concentrations in wind directions ragdiom about 220° to 280° and this is directly dosvrl

of Parker Point. The other influence on BMoncentrations at site 8 is vehicle traffic tréingl along
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Burrup Road. This can be seen as increased Edcentrations, particularly in wind directionsrir about

43° to 105°.
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Figure 15. PMjo concentrations measured by DustTrak at site 8 from4™ August 2004 until 1% September 2004, and
plotted a%ainst wind direction measured at Site 8 at a frequency of two minutes. The average PMjo concentration was

6.6 ug m™ during that period.
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Figure 16. PMjo concentration measured at Site 8 measured with DustTrak from 18" January 2005 until 16" February
2005, and plotted against wind direction measured at Karratha Airport at a frequency of thirty minutes. The average
PMjio concentration was 31.6 ug m* during that period.
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Figure 17. PM;o concentration measured at Site 8 measured with DustTrak from 23" February 2005 until 23" March

2005, and plotted against wind direction measured at Site 8 at a frequency of two minutes. The average PMio

concentration was15.3 ug m* during that period.

45

40 -

Local Road

/

Parker Point

\

35

30

.

25

®w o | e

o jee o o0 — |

20

PMyo pg m™

.

oo

15

10

* swonees o000 aser e

4900 sommmmmomEE Wr e O P ¢ e

o wecsmsscccmammnuss s6e & o

O B we 0een co0m @ @ | @ 40

* ecammswanne o o se weo

cwes some o

.

woeoonm eooe

oo @es o o @ o w

» womuwe o

R I R R

400 eseens o 00

seem e

e s o o

e 0o o me

s @uns o o

“ wmnee @00 @

* somamance oo

“ees 0 o we

smmsasen o o

oo @00 oemans

$OERETT0 006000 @ & o)

MO S0 ¢ ¢ o

D ememIBBREEs CHB G $E 40000

sosmmomsmes swmed 00 oo

© 00006 LUBOD 4400000 40 46 MUY 00 6 & & o

NOIBBIOBES ¢ WOWw e e o

o o ccmmeum 2000 oo o w o

o s0g o0

* @ wemesece

v e ¢ wmessmswe woe * W

.

o csmess o commese

0 0000 som 40 sus

30

60

90

120 150 180 210 240 270 300 330 360
Wind Direction

Page84



Figure 18. PMjo concentration measured at Site 8 measured with DustTrak from 23" March 2005 until 28" April 2005,
and plotted against wind direction measured at Karratha Airport at a frequency of thirty minutes. The average PMig
concentration was10.4 ug m* during that period.

Figures 19 and 20 are plots of RMoncentrations measured at site 8 during 2007/200fy are included
here to represent two periods of high and low T&fktentrations. The data in Figure 19 is compitedhf
TSP and wind direction data collected at site &fctober 16th 2007 to November 8th 2007. Theameer
PM,qconcentration during this period was 27.2 pd. mThe Figure shows that the concentrations were
highest when the wind direction was from about °2t® 300, andthis is downwind of Parker Point,
indicating that the ore loading operations haveagomimpact on the TSP and RjMoncentrations at site 8.
The other wind direction with increased RMoncentrations is from 8@o 9C, and this is most likely the
results from TSP and PiMemissions from motor vehicles travelling along prRoad which is adjacent to
site 8. Figure 20 shows the RMoncentrations plotted against wind directionsrfidune/July 2008. The
PMy, concentrations during this period averaged onlyuab4 pg i, much lower than the
October/November 2007 period. During this peribdré was a significant fraction of the time whea th
wind direction was from east to north east andsiteewas upwind of Parker Point.

200
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Figure 19. PM;o concentrations plotted against wind direction at Site 8 from October 16th 2007 to November 8th 2007.
The average PM;io concentration for this period was 27.2 ug m.
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Figure 20. PMjo concentrations plotted against wind direction at Site 8 from June 16th 2008 to July 14th 2008. The
average PMso concentration for this period was 4.4 ug m’.

5.3  Dust Deposition

5.3.1 Dust Deposition using passive dry Frisbee-type dust deposit gauges

In the Six Monthly Report an initial evaluation afist deposition flux measurements was includeahcesi
that report 3-monthly samples were collected asSlt, 4, 5, 6, 7 and 8 for periods 3 and 4. Thalt® of
these samples have been inconsistent at all sitésgdthose periods. It was found that the duségmn the
foam pads was often less than that found on thakldlaam pads, which were sent to the Burrup Petansu
and treated in the same manner, except they wdrexposed. Moreover, repeated weighing of the foam
pads showed an unacceptably large range of dust omaimdividual foam pads. Despite repeated weggh
these inconsistencies could not be overcome. Hemetreasons the results of all the dust depositannot

be reported in this final report. The only avaiéalestimates dust deposition fluxes are those faom
aerosol spectrometer discussed in the next section.

5.3.2 Dust Deposition using GRIMM Aerosol Spectrome  ter.

During a visit to the sites in September 2005 a NHRIaerosol spectrometer was used to measure the
number size distribution of particles at each sifdhe GRIMM instrument is battery powered and weigh
only 2.5 kg, so it presented an opportunity to rmeagarticle size distribution. Although measuratae
were taken for only for a short period at each, siteevertheless provides valuable size distrdnutilata
which can be converted to particle concentration, then to dust deposition.

Size distributions were measured over a size rinoge 0.3 pm — 20 pm in 15 steps at each site oggpgs

of 1 minute. The data were stored on a removahta tbgger card and then transferred to a notebook

computer. The size distributions showed that ntigtas measured were greater than 10 um diameter,

this could be due to losses in the inlet or to ¢ogrstatistics (the sample flow rate is relativigiw; about 2
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| minY) . The distributions were then converted to memscentrations by assuming the particles were
spherical and had a density of 2.1 Kg IThe density was chosen to represent a soil baainiron ore
content of about 23 %. This gives a short recdrgbanticle concentrations at the sites. The plartic
distributions were then converted to depositionmig m? day" using particle deposition velocities as a
function of particle diameter, as suggested by Khn-et al. (2004).

500 - 6000
450 = mass f:f)ncentration i
. 400 = deposition x 10 5000 FI.%
g 350 1 2000
S 300 =
g 250 3000 &
8 200 §
8 150 [ 2000
3 &
g 100 - 1000 O
50
0 - L0
08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00

Hour of day

Figure 21. Mass concentration and dust deposition measured with GRIMM aerosol spectrometer at sites 4, 5, 6, 7 and
8 during a short period on 13" September 2005. The deposition fluxes have been multiplied by 10 for display purposes.

The results of the mass concentrations and dustsitegn measurements are shown in Figure 21 fes ginh

the lower Burrup, and in Figure 22 for sites 1 &noin northern Burrup area. They appear consistéht
PMyq results measured with the DustTrak at Site 8ef@mple. The average TSP concentration measured
at Site 8 with the GRIMM was about 40 ug®nwhich is in the range of the DustTrak resultsvaman
Figures 15 — 18. The average TSP loading for ditesd 3 was about 9 pg°nsompared with about 40 pg
m* at Site 8, and about 30 pg’mat sites 4, 5, 6 and 7. These results are afahee order as the averages
presented in Table 11, and indicate that higher d@fentrations exist at the lower Burrup sites gaed

to the “background” at sites 1 and 3. The highsr@amcentrations and depositions observed in Figeite
and 22, at the start and end of the sampling pgriocdincided with site visits, and are probablefatts
caused by people moving about the site.
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Figure 22. Mass concentration and dust deposition measured with GRIMM aerosol spectrometer at sites 1 and 3 during
a short period on 14" September 2005.

The results of the dust deposition calculationsSies 4, 5, 6, 7 and 8 are presented in Figuran2lfor
Sites 1 and 3 in Figure 22. These data show thsit deposition values average about 10 rifgday” at
Sites 1 and 3 compared to about 68 nmgday' at Site 8 and 32 mg frday” for sites 4, 5, 6 7, and 8.
These depositions indicate that over this shortptanperiod the more industrial area of the Burrup
experienced higher dust deposition than the backgisites. However, it should be noted that trsolaibe
values of the dust deposition at any of the Busiigs is quite low. In comparison, Vallack, (1998ing
the frisbee type foam pad samplers to measure dimisition fluxes at two villages in north Yorkshir
One was located near a power station for 17 madntha area known to have relatively high dust feiged
a maximum of about 120 mghuay' was measured with an average of about 63 iglay'. The second
site was in a rural area known to have lower dejposfluxes and the flux was 23 mg“day”, using a dry
frisbee without an insert. The dust fluxes measatethe lower Burrup sites are generally lowenttieose
measured at the high deposition site in north Ylurks except at site 8 which is closest to theloagling
facilities at Parker Point.

5.4  Meteorological Measurements

Figure 23 displays wind directions observed at 8ifeom August 2004 and December 2004. No data wer
collected at site 8 during January 2005 so the foséhat period was compiled using data from Kénaa
Airport. The Figure shows that during August wididections were from about 200° to about 2%6fh a
smaller component from about 70°. From Septembed wirections generally veered more to the north
until November, when they were from about 250°96°2
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Figure 23. Wind roses recorded at site 8 from August 2004 to August 2005. The data for January 2005 is compiled
from data recorded at Karratha airport.

Figures 24 to 27 show the wind directions measateite 8 over the 2007/2008 sampling period. Wimel
direction data was collected at 2 minute intervalsng with wind speed and gust speed and wastased
construct the plot in Figures 19 and 20. The wdindctions at site 8 vary during the year from gheest

to south west during January to March and westhsaest in march/April. During may to Septembenréhe
is a large north easterly component with a smabatribution from the south west to west south west
During the last part of the year, from about OctdbeDecember, the wind direction changes backratou
from about west to south west.
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Figure 24. Wind roses recorded at site 8 for three periods from 24" January 2007 — 22™ February 2007, February 2007

— 20" March 2007 and 20" March 2007 — 3™ May 2007.
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Figure 25. Wind roses recorded at site 8 for three periods from 3 May 2007— 7™ June 2007, 7" June 2007 3™ August
2007 and 3" August 2007 — 12" September 2007.
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Figure 26. Wind roses recorded at site 8 for three periods from 12" September 2007 — 16" October 2007, 16" October
2007 — 8" November 2007 and 8" November 2007 — 8" January 2008.
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Figure 27. Wind roses recorded at site 8 for three periods from 21 April 2008 — 3" June 2008, 3" June 2008— 14" July

2008 and 14" July 2008 — 13" August 2008.

Table 13 shows average, maximum and minimum tertyreraneasurements at sites 1, 3, 4, 5, 6, 7 and 8
from August 2004 until March 2005, and from May 2Qintil September 2008. Temperatures measured at
the sites were used to calculate concentratiomgmeéous species measured in the study. The temssra
will assist in interpretation if seasonal cycleg dound in any of the gas, particulate matter ostdu
measurements. The average temperatures show roaly \&riations from site to site and the variatien
generally only a fraction of a degree Celsius. alet¢ humidity data is also presented in Tableth8y
show that humidity is more variable from site ttedhan temperature. Low humidity values can bias

as 10% to 20%, and that maximum humidities can fram 85% to 100%.
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Table 13. Average, maximum and minimum temperature (°C), and relative humidity (%) measurements at sites 1, 3, 4,
5, 6, 7 and 8. MF indicates an equipment malfunction.

Date on Date off Temp Temp Temp Humidity Humidity Humidity
Mean max Min mean max Min
Site 1
2004/2005
02/09/04 15:46  08/10/04 09:16  23.6 35.2 17.4 614 759 10.9
08/10/04 09:22 21/11/04 11:34  28.7 40.3 21.2 53.9 499 9.5
21/11/04 11:34 17/12/04 12:J1 29.4 37.6 23.9 63.6 229 17.8
17/12/04 12:12  19/01/05 12:§1  30.6 40.3 24.8 68.7 3.79 6.9
19/01/05 12:52  21/02/05 12:§2  30.5 36.7 26.3 722 269 4.5
23/02/05 09:57 28/03/05 10:36  31.7 40.9 25.2 30.1 538 0
28/03/05 10:46  18/04/05 09:31  30.3 38.2 23.5 MF MF  MF
18/04/05 09:36  31/05/05 10:48 27.6 38.4 20.5 MF MF  MF
31/05/05 11:28 13/07/05 11:37 21.2 27.0 15.3 MF MF  MF
13/07/05 11:35 07/08/05 11:9 22.0 28.8 16.2 MF MF  MF
07/08/05 11:23  14/09/05 09:49 21.8 27.9 16.0 MF MF  MF
2007/2008
04/05/07 09:30 14/06/07 09:30 24.99 33.22 1792 453. 93.7 17.4
14/06/07 09:35 29/07/07 17:41 20.95 29.00 1511 962. 98.1 23.9
02/08/07 10:58 09/09/07 10:6 23.39 3291 17.07 250. 96.0 8.8
09/09/07 12:21 24/10/07 20:47 25.91 36.29 1895 059. 96.7 9.1
25/10/07 18:04 09/11/07 10:31 25.53 34.77 20.57 063. 89.6 15.0
09/11/07 11:37  24/12/07 19:43 29.24 4157 22.07 561. 96.0 7.8
09/01/08 11:16  08/02/08 14:40 31.15 43.45 25.08 970. 96.7 8.1
08/02/08 14:42 12/03/08 15:24 30.34 38.82 2421 073. 96.3 -1.6
12/03/08 15:25 26/04/08 23:31 29.00 38.13 2262 067. 974 -1.6
27/04/08 13:03 04/06/08 12:36 25.95 34.29 19.71 MF MF MF
04/06/08 12:40 17/07/08 12:q1 21.72 28.36  15.83 MF MF MF
17/07/08 12:06 14/08/08 13:J6 21.08 29.28 15.26 MF MF MF
Site 3
2004/2005
02/09/04 13:07 08/10/04 11:34 23.8 35.3 17.3 59.8 8.29 12.7
08/10/04 11:36  21/11/04 15:40 28.8 40.2 21.7 546 4.19 10.9
21/11/04 15:40 17/12/04 14:1 29.6 40.0 24.2 62.8 8.88 15.4
19/01/05 16:19 21/02/05 09:5§2 30.6 37.7 27.0 746 189 29.9
21/02/05 09:58 28/03/05 12:113  31.9 41.0 27.3 61.7 0.19 16.2
28/03/05 12:15 18/04/05 14:18  30.5 39.2 235 549 768 10.5
18/04/05 14:26  31/05/05 12:50 27.6 38.4 20.8 MF MF  MF
31/05/05 13:30 13/07/05 13:40 21.2 27.0 15.3 MF MF  MF
13/07/05 16:02 07/08/05 14:41 22.1 28.3 16.8 MF MF  MF
07/08/05 14:55 14/09/05 13:119 22.1 33.2 16.0 MF MF  MF
2007/2008
07/01/08 17:47 08/02/08 15:40 31.04 43.81 19.16 070. 975 12.0
08/02/08 15:53 12/03/08 13:17 30.60 40.56 24.11 772. 96.4 19.1
12/03/08 13:20 26/04/08 21:46 29.26 37.57 22.62 368. 98.2 18.7
27/04/08 16:49 04/06/08 14:113 25.85 34.35 1852 155. 949 14.2
04/06/08 14:14 17/07/08 13:32 2158 28.75 1511 456. 97.9 9.5
17/07/08 13:33 14/08/08 11:J8 20.91 28.90 1353 855. 99.3 13.5




Table 13 cont

Date on Date off Temp Temp Temp Humidity Humidity Humidity
mean max Min mean max Min
Site 4
2004/2005
01/08/04 11:22 01/09/04 08:32 21.5 29.0 154 442 149 8.8
01/09/04 08:28 07/10/04 08:43 23.6 32.4 16.0 55.6 8.39 6.2
07/10/04 08:50 20/11/04 08:38 29.1 41.6 20.9 486 4.69 10.9
20/11/04 08:42 18/12/04 06:36 29.8 40.0 23.3 585 9.88 11.3
18/12/04 06:38 18/01/0509:29 31.1 41.8 24.3 63.7 109 13.1
18/01/05 09:32 16/02/05 06:29 30.7 38.2 26.9 727 239 20.4
16/02/05 06:55 23/03/0509:49 32.1 42.9 27.8 62.0 9.88 16.2
23/03/05 09:37 28/04/05 08:J3 30.7 40.0 23.2 55.3 1.09 9.5
28/04/05 08:10 30/05/05 10:q7 27.1 36.6 20.9 62.0 9.39 9.5
30/05/05 10:12 30/06/0508:41 21.4 28.2 15.8 57.1 9.09 20.8
30/06/05 08:25 08/08/0508:28 21.8 29.2 15.0 48.9 00.a 11.6
08/08/05 08:34 13/09/0508:542 22.0 28.7 15.2 58.7 8.09 13.5
2007/2008
04/05/07 14:41 07/06/07 08:30 25.77 32.93 19.9 47.1 87.8 11.2
07/06/07 08:53 22/07/07 16:99 21.16 28.06 14.92 452. 97.0 10.2
No data
05/08/07 09:27 12/09/07 08:45 24.04 35.97 16.78 443. 94.0 8.1
12/09/07 10:52 16/10/07 15:592 25.82 37.22 1852 153. 98.1 5.3
08/11/07 11:37 23/12/07 19:43 29.55 4252 21.88 950. 90.0 -1.6
08/01/98 11:23 07/02/98 12:47 31.42 4345 2491 527. 8l.1 -1.6
07/02/08 12:53 11/03/08 10:44 30.62 41.22 24.35 MF  MF MF
11/03/08 10:46 21/04/08 10:48 29.57 40.04 22.26 MF  MF MF
21/04/08 09:33 03/06/08 13:q026.95 36.89 18.40 MF MF MF
03/06/08 13:03 14/07/08 11:J9 22.13 30.08 15.26 MF  MF MF
14/07/08 11:14 13/08/08 10:44 21.28 29.80 14.80 MF  MF MF
Site 5
2004/2005
01/08/04 15:44 01/09/04 11:38 21.0 28.3 14.7 13.3 5.13 1.34
01/09/04 11:41 07/10/04 10:99 23.3 35.7 15.5 576 859 6.2
20/11/04 12:27 18/12/04 07:42 29.4 41.3 23.1 60.7 9.68 11.6
18/12/04 07:45 18/01/0512:15 30.9 43.2 24.1 65.1 219 13.1
18/01/05 12:23 16/02/05 08:08 30.5 37.1 26.8 740 299 24.8
16/02/05 08:30 22/03/0511:33 32.0 43.1 27.5 634 179 16.2
23/03/05 11:40 28/04/05 10:04 30.4 40.1 22.9 57.2 419 10.9
28/04/05 10:05 30/05/05 11:20 26.3 34.3 20.0 65.0 008 11.2
30/05/05 11:32 30/06/05 09:1]1 20.9 27.6 14.9 595 9.29 19.1
30/06/05 09:16  08/08/05 09:16 21.2 28.3 15.0 51.7 01.2 13.5
08/08/05 09:21 13/09/05 10:42 21.6 28.5 15.0 61.2 999 15.8
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Table 13 cont

Date on Date off Temp Temp Temp Humidity Humidity Humidity
mean max min mean max Min
Site 6
2004/2005
03/08/04 12:51 01/09/04 10:1 21.2 28.4 13.8 451 179 9.5
01/09/04 10:25 07/10/04 10:4 23.7 34.6 15.7 549 8.19 6.5
07/10/04 10:14 29/10/04 10:1I7 29.5 41.8 20.7 458 299 8.8
20/11/04 10:33 18/12/04 08:45 30.0 41.3 23.0 56.6 8.38 9.5
18/12/04 08:50 18/01/0511:0J8 31.4 43.0 24.2 61.2 049 12.0
18/01/05 11:13 16/02/05 07:1]9 31.0 38.9 26.7 70.7 139 20.8
16/02/05 07:35 23/03/05 10:47 32.3 43.8 27.3 60.1 0.09 14.2
23/03/05 10:41 28/04/05 09:1]7 30.8 40.2 23.0 53.3 219 7.5
28/04/05 09:20 30/05/05 12:38 26.5 34.6 19.7 67.3 034 11.2
30/05/05 12:43 30/06/05 10:4 20.9 27.8 13.8 725 034 17.8
30/06/05 10:11 08/08/0510:d5 21.2 28.5 14.9 547 034 11.2
08/08/05 10:12 13/09/05 14:33 21.7 29.5 14.6 68.3 034 8.5
23/03/05 10:41 28/04/05 09:1]7 30.8 40.2 23.0 533 219 7.5
Site 7
2004/2005
01/08/04 14:18 01/09/04 13:41 21.6 29.0 14.6 43.1 419 10.5
01/09/04 13:28 07/10/04 13:10 23.8 36.9 155 541 959 6.5
07/10/04 13:16 20/11/04 14:1l6 29.7 41.4 21.2 443 3.79 8.1
18/12/04 10:15 18/01/05 15:0J9 31.5 425 24.2 60.8 299 12.3
18/01/05 15:07 16/02/05 09:13 31.0 39.9 26.5 71.0 219 23
16/02/05 09:25 23/03/05 12:535 32.5 42.3 26.8 599 259 15
23/03/05 12:59 28/04/0510:9 31.4 42.4 23.7 51,5 099 7.5
28/04/05 10:59 30/05/05 13:46 26.5 354 20.1 63.0 8.29 10.5
30/05/05 14:04 30/06/0511:13 21.1 27.4 14.6 577 6.79 17.8
30/06/05 11:15 08/08/05 11:12 21.5 28.2 15.0 49.1 8.29 12.7
08/08/05 11:15 13/09/0511:45 21.8 29.0 13.7 57.1 7.89 12.3
2007/2008
03/05/07 11:49 07/06/07 10:5 25.61 33.98 18.99 MF MF MF
07/06/07 10:57 22/07/07 19:J3 20.68 27.96 13.77 MF MF MF
No data
03/08/07 10:43 12/09/07 10:§2 23.62 35.30 13.70 MF MF MF
12/09/07 12:55 16/10/07 17:52 26.14 38.04 17.73 MF MF MF
08/11/07 13:00 23/12/07 21:9629.91 42.73 21.78 MF MF MF
07/01/08 17:55 07/02/08 16:16 31.52 45.86 20.97 764. 95.8 10.9
07/02/08 16:19 11/03/08 12:35 30.43 40.64 24.54 070. 97.6 8.5
11/03/08 13:02 21/04/08 12:5§9 29.4838.66 19.64 60.7 98.0 8.5
21/04/08 12:02 03/06/08 16:d5 26.22 35.38 16.93 144. 954 2.9
03/06/08 16:07 14/07/08 14:46 21.84 29.55 13.48 943. 98.3 1.0
14/07/08 14:50 13/08/08 13:32 21.04 30.35 11.41 535. 100.1 -1.6
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Table 13 cont
Date on Date off Temp Temp Temp Humidity Humidity Humidity
mean max min mean max Min
Site 8
2004/2005
04/08/04 13:28 01/09/04 15:40 21.1 29.7 13.6 456 399 8.2
01/09/04 15:45 07/10/04 14:36 23.4 36.4 15.0 56.7 9.79 5.3
07/10/04 14:42 20/11/04 15:45 28.9 41.4 19.3 48.6 4.79 10.6
20/11/04 15:46  18/12/04 10:40 29.5 40.6 22.7 59.7 0.79 10.6
18/12/04 10:50 18/01/0516:35 31.0 43.1 23.8 64.7 239 10.9
18/01/05 16:38 16/02/05 10:40 30.7 38.4 26.5 739 239 23.1
16/02/05 10:38 23/03/05 14:J2 32.1 44.3 26.3 62.7 199 13.5
23/03/05 13:58 28/04/0511:42 30.5 40.0 23.2 572 439 9.2
28/04/05 11:56 30/05/05 15:1I7 26.4 34.8 19.1 64.4 949 9.5
30/05/05 15:23 30/06/0511:9 21.0 27.8 14.7 576 9.09 12.7
30/06/05 12:04 08/08/0511:48 21.3 29.5 14.2 49.8 00.4 9.5
08/08/05 12:01 13/09/05 15:12 21.5 30.1 13.7 59.6 9.79 10.2
2007/2008
24/01/07 14:38 22/02/07 07:H0 30.02 42.79 23.27 072. 955 11.2
22/02/07 08:01 20/03/07 11:d7 31.06 42.61 24.57 467. 99.1 15.4
No data
03/05/07 13:14 07/06/07 11:38 25.34 32.99 18.76 5317. 92.00 9.8
07/06/07 11:41 22/07/07 19:47 20.58 27.93 13.84 851. 99.8 8.8
No data
03/08/07 09:33 12/09/07 11:36 23.17 36.48 13.75 345. 994 5.6
12/09/07 13:39 16/10/07 11:36 25.36 38.13 17.00 654. 99.4 4.5
16/10/07 11:43 08/11/07 12:37 26.68 39.30 18.12 453. 874 6.2
08/11/07 13:41 23/12/07 21:47 29.38 43.03 21.23 256. 9438 4.7
08/01/08 16:11 07/02/08 17:111 31.28 45.32 24.45 370. 984 8.1
07/02/08 17:12 11/03/08 13:39 30.37 42.34 24.28 175. 98.1 9.8
11/03/08 13:42 21/04/08 12:45 29.11 39.61 20.09 270. 101.7 13.8
21/04/08 12:48 03/06/08 16:45 25.64 36.08 16.54 656. 99.4 8.4
03/06/08 16:47 14/07/08 15:35 21.63 30.63 12.88 154. 100.8 8.4
14/07/08 15:44 13/08/08 14:46 20.59 29.20 11.79 350. 103.8 5.3

5.5

Rainwater Composition

Tables 14a and 14b present concentrations of cgt#onons, rainfall amount and pH measured in raiaw
collected at Sites 3, 5, 6, 7 and 8. The redultthe Tables show that the rainwater composit®n i
dominated by sodium and chloride ions since moghefsites are in close proximity to the ocean.e Th
focus of this study will be on the non sea-salfataland nitrate concentrations and depositiorainmwater
since they are indicative of the total concentrafioeutralised and unneutralised) of sulfuric aid nitric
acid in rainwater. Sulfate in rainwater has a s#asource as well as a non sea-salt source.ndheea-
salt fraction of the sulfate in rainwater was estied by assuming magnesium had a predominatehnenari
source. lonic ratios provided by Millero, (1974¢ne then used to calculate the non sea-salt fractio
sulfate in the rainwater samples.

The concentrations of cations and anions measureaginwater at sites 1, 3, 4, 6, 7 and 8 are ptedan
Tables 15a and 15b. The ion concentrations in 14k, 15a and 15b Tables were produced by the ion
chromatographic techniques described above undeeditation from (NATA). As noted above for the
2004/2005 rainwater data the ion concentrationsagaen dominated by sodium and chloride since ities s
are relatively close to the ocean.

Page96



The volume-weighted mean concentrations are gimeoold italics in Tables 14a and 14b. These rssult
show a slight increase in non sea-salt sulfate amnations, from a local background of 4.8 iéatl Site 3,
to 15.6 peq't at site 7.

Tables 15a and 15b give the volume weighted meaoetdration of rainwater measured during 2007/2008
at sites 1, 3, 4, 6, 7 and 8. The non sea-sd#teutoncentrations at the background sites avdrageut 2.9
peq I' compared to about 4.8 peq diuring the last sampling period. This is similarthe non sea-salt
sulfate concentrations measured at site 6, butthessthose measured at sites 4, 7 and 8. Takiagerage

of sites 4, 6, 7 and 8 show that the non sea-ghiite concentrations at the lower Burrup Peninsiilss is
about 6.5 ped, this is less than that observed during 2004/20@5shows only a small enhancement over
the background levels.

These results can be compared with previous stud&eg similar sampling and analytical procedures,
carried out in Malaysia and Indonesia. Non sebesaicentrations were measured at several sitesiogyv

a range of pollution regimes in Indonesia (Gilkettal., 2000). At the heavily polluted sites irkada and
Bogor non sea-salt concentrations were 29 |teg B8 peqt, whereas it was about 13 peb dt the
relatively unpolluted GAW station at Bukit Koto Tag, in west Sumatra. At Petaling Jaya, near Kuala
Lumpur annual VWM non sea-salt sulfate concentration rainwater ranged from approximately 40 pieq |
— 70 peq T over 5 annual periods, (Ayers et al., 2000) amanfabout 30 peq'l— 60 peqt at other
polluted Malaysian sites (Ayers et al., 2002). i\ the relatively unpolluted Malaysian site ire th
Cameron Highlands, north of Kuala Lumpur, non saaeoncentration VWM was 11.4 peg | The non
sea-salt sulfate concentrations at unpolluted sitéddalaysia and Indonesia exceeded those measititbe
local back ground site on the Burrup Peninsula,were similar to the concentrations at the lowg¥sson
the Burrup.
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Table 14a. Rainfall amount, pH, concentrations of cations, Na', NH,", K*, Mg?*, C&* cation sum and anion sum for the
2004/2005 period. lon concentrations are peq I, VWM is the volume weighted mean concentrations at each site. The
VWM anions are in bold. Total is the total rainfall for the sample period.

Sample Sample  pH H Na NH," K* Mg** ca’ Cat An
(mm)

Site 3
18/04/05 — 06/05/05 14.2 4.586 25.9 71.0 6.6 46 413 18.1 139.7 139.8
06/05/05 — 24/05/05 79.0 5.172 6.7 16.2 1.4 06 14 0.9 27.3 26.1
31/05/05 — 13/07/05 71.0 4,733 18.5 39.0 7.0 1.2 6.6 3.7 76.1 74.0

VWM 14.6 33.8 4.7 1.4 5.4 4.4

Total 164.2

Site 5
14/11/04 — 06/03/05 0.8 4.341 45.6 169.4 945 425. 39.6 89.2 463.7 457.5
16/03/05 — 23/03/05 5.8 5.345 4.5 2141 78 6 6 404 56.2 329.6 338.4
24/03/05 — 28/04/05 3.4 5.215 6.1 85.5 16.7 5.2 13.8 25.1 152.3 157.3
28/04/05 — 16/05/05 18.2 4.818 15.2 49.9 54 6 1. 95 5.8 87.4 81.0
16/05/05 — 30/05/05 85.4 4,988 10.3 19.3 15 7 0. 23 1.0 35.1 31.7
30/06/05 — 08/08/05 71.0 4,944 11.4 39.4 59 1 1. 6.0 3.7 67.5 64.1

VWM 11.2 385 4.8 1.4 6.1 5.3

Total 184.6

Site 6
16/03/05 — 23/03/05 5.8 944.9 5375 107.5 291.671.3
23/03/05 — 28/04/05 3.4 4.698 20.0 123.5 74 6.2 24.8 30.5 212.4 2221
28/04/05 — 16/05/05 14.1 4,736 18.4 46.1 99 91 97 6.7 92.8 84.9
16/05/05 — 30/05/05 60.0 4.830 14.8 30.8 44 2 1 438 1.8 57.8 54.7
30/06/05 — 08/08/05 71.0 4,762 17.3 31.0 14 8 0 4.6 2.9 58.0 46.6

VWM 15.7 63.0 20.7 4.5 12.5 21.2

Total 154.3

Site 7
16/03/05 — 23/03/05 5.8 1095.3 208.5 91.4 .248 693.4
24/03/05 — 28/04/05 3.4 4,732 18.5 92.1 6.5 4.9 17.1 21.4 160.6 165.2
16/05/05 — 30/05/05 76.5 5.059 8.7 29.7 26 1.2 4.1 1.4 47.6 48.0
30/06/05 — 08/08/05 71.0 4.835 14.6 43.4 3.2 20 6.7 2.4 72.4 68.1

VWM 11.2 74.2 10.1 4.8 14.0 26.5

Total 156.7

Site 8
16/03/05 — 23/03/05 5.8 7.541 0.03 721.8 27.7 34.216.4 759.2 1759.5 1234.8
24/03/05 — 28/04/05 3.4 5.851 1.4 345.4 26.3 21.805.4 352.1 853.0 550.3
28/04/05 — 16/05/05 15.0 4,794 16.1 127.9 4.5 15.422.9 51.3 238.0 204.0
16/05/05 — 13/05/05 61.8 4,949 11.2 36.3 2.3 18 9 6. 84 66.9 55.0
05/06/05 — 17/06/05 21.4 239.2 30.0 22.4 78.8 221

VWM 9.4 118.5 8.7 8.8 32.0 89.4

Total 107.4

Background nitrate concentrations varied from abb8tpeq T at Site 3 to 11.5 ped bnd 10.8 pegiat
Sites 6 and 7 respectively during 2004/2005 gidngaverage of about 8.6 pébdt the lower Burrup sites.
During 2007/2008 background nitrate concentratisage about 3.2 ped land about 7.8 ped at the lower
background sites. In both cases, during 2004/20@52007/2008, there was a small enhancement d@heve
background showing a geographical gradient in catnagon from the local background sites to thedow
Burrup sites, and this is probably due a similanggaphical gradient in nitrogen dioxide concentrai
from the local background to the lower Burrup sitesDuring 2004/2004 the average nitrate conegiotns

on the lower Burrup Peninsula sites was about 8cbIfiin 2004/2005 and about 7.8 péfiri 2007/2008.

In contrast to these results, the unpolluted sitesTanah rata and Bukit Koto Tabang have nitrate
concentrations of around 4.7 péfdnd 0.8 peq respectively, (Ayers et al., 1996; Gillett et., £000)
which is similar to the concentrations at SiteFBowever the more polluted sites in Asia have surtistiy
higher nitrate concentrations than any of the Busgites. Concentrations at various sites in Mddagange
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from approximately 15 peq' 30 ueqt and from 13 peql— about 38 peqlin Jakarta (Ayers et al.,
1996; Gillett et. al., 2000).
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Table 14b. Concentrations of anions in rainwater samples for the 2004/2005 period. All concentrations are peq I
*S0,” indicates non sea-salt sulfate. Volume weighted mean concentrations are given in bold italics.

cr NO, NO; SO”  *SO” GO POS F CH,COO HCOO CH,SO; HCO;
Site 3

75.6 0.03 11.5 14.2 6.4 2.2 9.8 1.07 4.4 21.7 0.14 0.2
18.6 0.08 1.2 3.3 1.4 0.1 1.5 0.06 0.4 0.3 80
43.2 0.04 4.9 12.0 7.5 0.5 2.9 0.36 2.5 7.8 400 0.3
37.3 0.06 4.2 8.7 4.8 0.6 3.2 0.33 4.0 7.3 040. 0.5
Site 5

174.6 0.16 73.4 62.4 44.4 22.3 10.5 19.0 95.2 0.1
235.6 0.20 12.9 59.4 35.0 5.3 7.6 0.79 4.2 12.1 0.16 1.1
78.3 0.22 7.9 17.5 9.4 6.8 28.5 3.19 5.4 11.8 0.12 0.8
55.6 0.02 8.8 9.7 3.9 0.3 5.2 0.35 0.7 4 0. 0.3
21.9 0.04 1.5 4.8 2.5 0.02 2.5 0.04 0.3 30 0.5
42.4 0.01 5.4 7.7 3.3 0.6 2.5 0.10 1.5 3.7 0.02 0.4
42.0 0.04 4.7 8.7 4.4 0.7 3.4 0.17 1.1 29 .010 0.5
Site 6

1026.7 230 240.0 3236 2174 55.6 18.8 6.49

131.9 0.10 14.2 27.3 13.7 3.3 22.8 1.2 4.6 175 500 0.2
52.6 0.02 10.4 13.5 8.0 0.02 6.0 0.7 0.5 0.7 077 30
34.2 0.03 2.7 6.8 3.3 0.6 2.3 0.2 2.2 5.7 0.3
35.0 0.03 3.5 5.5 1.9 2.0 0.05 0.02 0.2 0.3
69.4 0.10 11.5 17.3 10.2 2.1 35 0.21 1.1 3.1 0.28 0.3
Site 7

1289.3 165.1  466.0 332.7 56.3 18.9 6.28

96.6 0.08 10.0 16.9 6.9 2.9 17.2 1.6 5.0 16.3 0.05 0.3
35.0 0.06 2.4 7.0 3.4 0.04 2.3 0.04 0.4 0.3 0.6
47.9 0.03 8.4 9.7 4.8 0.04 1.5 0.08 0.12 0.09 0.03 0.4
85.7 0.05 10.8 24.5 15.6 2.1 2.8 0.09 0.3 0.5 0.23 05
Site 8

785.7 1.80 73.9 79.2 0.0 52.0 4.6 14.3 33.7 27.7 790. 177.2
385.8 6.60 4.2 75.8 35.9 44.1 26.3 8.9 9.2 1.4 3.6
136.3 0.94 7.5 18.9 4.8 4.0 0.9 12.6 23.2 0.36 0.3
40.7 0.54 0.01 11.0 6.8 0.1 1.0 0.6 1.0 0.7 0.4
320.0 12.31 185 47.9 13.9 7.0 36.5 38.8 1.88

139.1 2.68 7.3 22.4 8.1 5.1 7.4 7.40 4.1 4.8 038 .1 8
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Table 15a. Rainfall amount, pH, concentrations of cations, Na', NH,", K*, Mg?*, C&* cation sum and anion sum for the
2004/2005 period. lon concentrations are peq I, VWM is the volume weighted mean concentrations at each site. The
VWM anions are in bold. Total is the total rainfall for the sample period.

Sample Sample  pH H Na NH," K* Mg** ca’ Cat An
(mm)
Site 1
02/07/07 — 29/07/07 23.8 5.504 3.1 79.0 5.89 35 617 104 119.5 106.8
09/01/08 — 07/02/08 70.4 5.321 4.8 48.4 0.22 22 111 115 78.2 69.0
08/02/08 — 31/03/08 267.2 5.827 15 109.7 11.56 4.824.0 9.3 160.8 145.3
VWM 2.2 95.7 9.0 4.2 21.1 9.8
Total 361.4
Site 3
22/02/07 — 20/03/07 104.0 5.120 7.6 142.4 2.0 42 323 122 201.7 194.5
14/06/07 — 02/07/07 3.2 5.180 6.6 68.1 2.5 1.6 16.0 4.6 99.3 92.1
03/07/07 — 02/08/07 20.6 4.894 12.8 154.0 5.0 47 653 21.2 234.2 226.2
09/01/08 — 07/02/08 70.4 5.092 8.1 111.7 8.1 3.8 525 103 167.5 157.1
08/02/08 — 26/02/08 80.2 6.102 0.8 152.0 28.3 6.1 193 8.6 227.6 207.8
12/03/08 — 30/03/08 186.4 4.896 12.7 42.2 2.6 23 9 9 49 74.5 69.7
VWM 8.8 73.0 7.8 3.7 22.5 8.7
Total 464.8
Site 4
25/06/07 — 04/08/07 23.8 5.241 5.7 65.8 9.3 54 417. 504 154.1 113.3
05/02/08 — 06/06/08 362.4 5.241 5.7 65.8 9.3 54 417 504 154.1 113.3
VWM 5.7 65.8 9.3 5.4 17.4 50.4
Total 386.2
Site 6
26/01/08 — 07/02/08 65.6 5.192 6.4 12.4 5.2 0.3 3.3 6.4 34.1 25.6
08/02/08 — 25/02/08 80.2 5.115 7.7 85.5 5.3 22 120. 74 128.1 111.3
11/03/08 — 29/03/08 182.0 5.120 7.6 15.9 2.0 06 8 3. 24 32.1 28.0
30/03/08 — 21/04/08 4.8 4.818 15.2 36.0 1.0 0.7 8.6 44 65.9 56.5
VWM 7.5 32.3 3.4 0.9 7.7 4.4
Total 332.6
Site 7
26/01/08 — 07/02/08 65.2 5.500 3.16 14.9 1.6 05 9 3. 44 28.4 25.9
08/02/08 — 25/02/08 80.2 5.513 3.07 52.3 115 20 201 45 85.4 70.4
26/03/08 — 16/06/08 212.0 5.506 3.12 33.6 6.6 1.3 9 7 44 56.9 48.2
VWM 3.1 34.4 6.8 1.3 8.1 4.4
Total 357.4
Site 8
22/02/07 — 20/03/07 104 4,998 10.0 49.1 2.0 34 912. 7.9 85.3 73.2
25/06/07 — 03/08/07 23.8 6.579 0.3 928.7 39.7 58.264.8 572.0 1863.5 1729.5
26/01/08 — 07/02/08 65.6 4.938 11.5 21.3 0.3 1.3 6 4. 35 425 33.5
08/02/08 — 25/02/08 80.2 5.536 2.9 72.3 32.2 51 .716 10.7 140.0 109.0
11/03/08 — 29/03/08 182.0 4,776 16.7 65.5 3.0 1.6 032 8.9 116.0 111.3
30/03/08 — 21/04/08 4.8 5.141 7.2 22.4 1.0 0.5 52 41 40.4 35.1
VWM 11.1 100.8 9.3 5.5 28.2 37.3
Total 460.4
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Table 15b. Concentrations of anions in rainwater samples for the 2004/2005 period. All concentrations are peq I
*S0,” indicates non sea-salt sulfate. Volume weighted mean concentrations are given in bold italics.

cr NO, NO; SO”  *SO” GO POS F CH,COO HCOO CH,SO; HCO;
Site 1
85.3 0.1 3.2 12.5 3.2 0.2 1.9 0.4 0.8 0.5 0.1 1.6
51.0 5.1 9.7 3.8 0.2 0.7 0.6 0.5 1.1
119.7 0.1 1.3 15.4 2.6 0.2 3.1 0.4 1.0 0.5 0.1 3.4
104.0 0.3 2.2 14.1 2.9 0.2 2.5 0.3 1.0 0.5 0.1 1.8
Site 3
162.2 2.4 18.6 1.0 1.1 0.5 0.2 2.6 5.7 0.2 0.7
77.0 1.7 8.5 0.03 0.4 0.3 0.1 1.1 2.2 0.8
170.9 10.2 28.5 9.1 2.3 0.9 0.3 3.1 9.2 0.3 0.4
169.5 0.20 4.0 20.4 35 0.5 4.8 0.2 1.4 0.4 6.4
45.0 45 8.1 2.9 0.9 1.5 2.1 7.0 0.1 0.4
124.9 0.20 4.5 16.8 3.3 1.0 1.6 0.2 2.0 4.9 0.2 0.6
110.6 0.1 4.1 14.8 2.9 1.0 1.8 0.1 2.1 5.3 0.1 1.5
Site 4
63.4 0.4 9.2 21.8 12.5 3.0 1.1 0.7 7.4 16.1 0.5 0.9
63.4 0.4 9.2 21.8 12.5 3.0 1.1 0.7 7.4 16.1 0.5 0.9
63.4 0.4 9.2 21.8 12.5 3.0 1.1 0.7 7.4 16.1 0.5 0.9
Site 6
13.2 3.7 55 3.7 0.5 0.3 1.8 26 0.1 0.8
95.4 6.2 13.9 3.3 0.3 0.6 0.7 05 01 0.7
17.2 1.5 3.9 1.9 0.4 1.0 0.2 2.2 31 01 0.7
41.1 0.1 2.9 6.1 1.6 0.6 1.8 69 0.1 0.3
35.6 0.0 3.1 6.7 2.6 0.4 0.6 0.2 1.7 2.3 0.1 0.7
Site 7
15.3 4.6 5.4 3.3 0.2 0.3 0.8 0.4 1.6
56.2 0.1 4.2 11.2 4.9 0.2 1.0 0.1 0.9 0.4 1.7
35.8 0.1 4.4 8.3 4.1 0.2 0.6 0.1 0.8 0.4 1.6
36.6 0.1 4.4 8.4 4.1 0.2 0.7 0.1 0.9 0.4 1.6
Site 8
51.8 0.6 1.8 7.1 0.2 1.0 5.2 0.8 1.5 3.4 0.1 0.5
1211.0 125 1987  236.0 95.6 6.3 5.3 6.7 22.2 20.7 1.7 19.3
21.8 0.5 3.3 5.5 3.1 0.2 0.9 0.9 0.4 0.4
80.6 0.6 6.1 12.5 3.7 1.5 4.8 0.3 1.0 0.4 1.8
72.6 5.7 12.5 1.7 0.8 0.7 0.6 3.6 14.1 0.2 0.3
24.9 0.1 1.4 4.7 2.0 0.4 0.0 1.4 1.6 0.7
120.4 1.0 14.5 21.7 6.8 1.2 2.7 0.8 3.2 7.6 0.2 1.6
5.6  Deposition of Nitrogen and Sulfur

An aim of this study was to measure the total déijposof acidity to the ground. The strong mineral
acidity, resulting from industry is in the form sdilfuric and nitric acids, both as free and neigea acids.
These are formed as the products of the oxidatiaritangen dioxide and sulfur dioxide, some of whis
emitted from industrial sources. Reactions 14 8csthow the basic steps in the atmospheric oxidaifon
nitrogen to produce nitric acid and ammonium nérdhe major neutralised form of nitric acid. 8tk
acid can also be formed as a result of chemicalim® in the atmosphere. The major oxidation stae
shown in reactions 19 to 23. Reactions 17 andhti®2 and 23 show the free acid and neutralisedSaf
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nitric acid and sulfuric acid respectively. Thactons also show the role of ammonia in the foromabf
the neutralised species.

Nitrogen oxidation and formation of nitric acid and ammonium nitrate

N, + O, = 2NO (14)
NO + HO,* (or RO,) =—— NO, + OHe (15)
NO + O3 = NO, + O, (16)
NO, + OHe = HNO; (17)

(18)

NH; + HNO; =———= NH4NO;

Gas phase sulfur oxidation and formation of sulfur dioxide and
ammonium bisulfate and ammonium sulfate aerosol.

S + 0, == S0, (19)
2S0, + O, = 2S0; (very slow unless catalysed) (20)
SO, + O3 =——— SO; + 0O, (20)
SO, + H,0, =—— S0O; + H,0 (21)
SO, + *OH + M = HOSO,*» + M (22)
HOSO,» + O, = HO,*» + SO; (23)
SO; + H,O M + =———> H,S0O, + M (24)
NH; + H,SO, = (NH,),SO, (25)
2NH; + H,SO, =—— NH,HSO, (26)

Aqueous phase sulfur oxidation and formation of sulfur dioxide and
ammonium bisulfate and ammonium sulfate aerosol.
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SO, + H,0 S0,*H,0 (27)

S0O,*H,0 H" + HSO, (28)
HSO; H* + SO, (29)
HSO; + H,0, H,O + SO,00H (30)
SO,00H + H" =——— H,S0, (31)

Wet deposition fluxes in meqfof nitrogen and sulfur were calculated from theafai amount in mm and
the concentrations of nitrate, sulfate and ammoritummits of peqt in the rainwater samples collected at
each site. The results of these deposition flii@e2004/2005 and 2007/2008 are shown in Tablesab@la
16b respectively. The totals shown in the Tabéethe annual fluxes at each site. Since the anmafuain
that fell at each site was similar, the range i @eposition fluxes is similar to the ranges obedrin the
rainfall composition. The rainfall amounts are agivin Tables 14a and 14b respectively, and it is
immediately obvious that more rain fell during 2(#X08 than fell during 2004/2005. During 2004/2005
rain fall amounts varied from 107 mm to 185 mm welaer they varied from 332mm to 465 mm during
2007/2008 and the increase in 2007/2008 will diyertcrease the wet deposition fluxes of nitrata,io
ammonium ion and non sea-salt ion.
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Table 16. Wet deposition fluxes of nitrogen and sulfur during the 2005/2005 sampling period. *S0,% is the non sea-salt

fraction of the sulfate.

Sample NG *S0,> NH,"
meqn¥ meqn?¥  meqnY
Site 3
18/04/05 — 06/05/05 0.2 0.1 0.1
06/05/05 — 24/05/05 0.1 0.2 0.1
31/05/05 — 13/07/05 0.3 0.6 0.5
total 0.6 0.9 0.7
Site 5
14/11/04 — 06/03/05 0.1 0.1 0.1
16/03/05 — 23/03/05 0.1 0.2 0.1
24/03/05 — 28/04/05 0.0 0.1 0.1
28/04/05 — 16/05/05 0.1 0.1 0.1
16/05/05 — 30/05/05 0.1 0.3 0.1
30/06/05 — 08/08/05 0.4 0.3 0.4
total 0.8 1.0 0.9
Site 6
16/03/05 — 23/03/05 1.4 1.2 3.1
23/03/05 — 28/04/05 0.1 0.1 0.0
28/04/05 — 16/05/05 0.1 0.1 0.1
16/05/05 — 30/05/05 0.2 0.2 0.3
30/06/05 — 08/08/05 0.2 0.2 0.1
total 2.0 1.8 3.6
Site 7
16/03/05 — 23/03/05 1.0 1.9 1.2
24/03/05 — 28/04/05 0.0 0.1 0.1
16/05/05 — 30/05/05 0.2 0.4 0.2
30/06/05 — 08/08/05 0.6 0.4 0.2
total 1.8 2.8 1.7
Site 8
16/03/05 — 23/03/05 0.4 0.1 0.2
24/03/05 — 28/04/05 0.0 0.1 0.1
28/04/05 — 16/05/05 0.1 0.1 0.1
16/05/05 — 13/05/05 0.0 0.4 0.1
05/06/05 — 17/06/05 0.4 0.1 0.6
total 1.0 0.9 1.1

Pagel05



Table 17. Wet deposition fluxes of nitrogen and sulfur during the 2007/2008 sampling period. *S0,% is the non sea-salt
fraction of the sulfate.

Sample NG *S0,> NH,"
meqn¥ meqn?¥  meqnY
Site 1
02/07/07 — 29/07/08 0.1 0.1 0.1
09/01/08 — 07/02/08 0.4 0.3 0.0
08/02/08 — 31/03/08 0.3 0.7 3.1
total 0.8 1.0 3.2
Site 3
22/02/07 — 20/03/07 0.2 0.1 0.2
14/06/07 — 02/07/07 0.0 0.0 0.0
03/07/07 — 02/08/07 0.2 0.2 0.1
09/01/08 — 07/02/08 0.3 0.2 0.6
08/02/08 — 26/02/08 0.3 0.3 2.3
12/03/08 — 30/03/08 0.8 0.5 0.5
total 1.9 1.4 3.6
Site 4
25/06/07 — 04/08/07 0.2 0.3 0.2
05/02/08 — 06/06/08 3.3 4.5 3.4
total 35 4.8 3.6
Site 6
26/01/08 — 07/02/08 0.2 0.2 0.3
08/02/08 — 25/02/08 0.5 0.3 0.4
11/03/08 — 29/03/08 0.3 0.3 0.4
30/03/08 — 21/04/08 0.0 0.0 0.0
total 1.0 0.9 1.1
Site 7
26/01/08 — 07/02/08 0.3 0.4 0.1
08/02/08 — 25/02/08 0.3 0.2 0.9
26/03/08 — 16/06/08 0.9 0.9 1.4
total 1.6 1.5 2.4
Site 8
22/02/07 — 20/03/07 0.2 0.0 0.1
25/06/07 — 03/08/07 4.7 25 1.0
26/01/08 — 07/02/08 0.2 0.2 0.0
08/02/08 — 25/02/08 0.5 0.3 25
11/03/08 — 29/03/08 1.0 0.4 0.6
29/03/08 — 21/04/08 0.0 0.3 0.2
total 6.7 3.7 4.5

Tables 16 and 17 display the wet deposition flusBemmonium, nitrate and non sea-salt sulfate acid
estimated at each site. The fluxes ranged fromitabaneq rit for background levels of nitrate and non sea-
salt and about 2.5 meq“nfor ammonium and the fluxes were higher during 722008, especially for
ammonium ion. The fluxes of these wet depositegtigs, given in Tables 17 and 18, show a general
increase at the lower Burrup sites when they ampewed to the background sites, and is most markedl
seen at site8 during 2007/2008, but this is paktky to the larger rainfall amounts.
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Dry deposition fluxes were estimated from the paidif the gas concentration, the sampling periatithe

dry deposition velocity. Deposition velocities fioitrogen dioxide, sulfur dioxide and nitric aciceaaken

from Manins, (1994). This used an inferential t@gbe to estimate deposition velocities for Malaysi
conditions.

The deposition flux, & to the surface of a gas such as sulfur dioxidg beadescribed in terms of a dry
deposition velocity,

32
Fd:C'Vd:E:# (32)

Where:
C is the near-surface concentration of the reletrace gas.
Vd is inversely proportional to the sum of three s&sice terms

vd=(ra+rb+rc)” (33)

These terms characterise the critical factors odimtg surface-atmosphere exchange (Hicks et 8871
Where:

ra is aerodynamic resistance,

rb is surface boundary layer resistance, and

rc is surface or canopy resistance (Hicks et 8B71Baldocchi et al., 1987).

The annual average values dry deposition veloaitie® 0.0090 m s&¢0.0028 m setand 0.0021 m séc
for nitric acid, sulfur dioxide and nitrogen dioridespectively (Manins (1994). The dry deposifiar for
ammonia was taken from Puxbaum and Gregorgi, (1998grred deposition velocities from such studies
as Meyers et. al. (1991) show annual average deposelocities can vary by about 10%. Since démrs
flux is the product of deposition velocity and gaising ratio this variability flows through to thaeposition
flux so that it has at least a 10% uncertainty.

The dry deposition results, shown in Table 18a,cateulated from the 12 approximately monthly agera
concentrations of the gases measured at each Hite.annual deposition in med’mgr is the addition of
the monthly values for each gas, and the totaldaqyosition is given in the last column of Table THe
total deposition values vary from about 8.8 megyni* at Site 1 to 40.4 meq hyr' at Site 9, in Karratha.
The large value at Site 9 is due largely to thenhdgposition of ammonia, which most likely has ealo
source. The local background dry deposition flsxabout 12 meq fyr?, as defined by the average of
Sites 1, 3 and 10. There is an obvious, althoughllsincrease in the dry deposition flux over the
background at the lower Burrup sites which rangenf4.2 meq fAyr* to 17.7 meq myr™.

Table 18b has the dry deposition fluxes of forogen dioxide, sulfur dioxide, nitric acid and amnaon
gases measured over 12 approximately periods da@i@@/2008. The gas concentrations were convéoted
deposition fluxes using the appropriate depositi@iocities, as described above.

Tables 18a and 18b give the dry deposition fluxeshe gases for 2004/2005 and 2007/2008 sampling
periods respectively. The data in these tables haen collected over two sampling periods thahatef

the same length, so they cannot be directly condpaMevertheless the fluxes do not show much variat
between the two sampling years. The fluxes in 28008 are generally higher than those measureagluri
2004/2005 but this is principally due to the longampling period. It should be noted that the high
ammonia flux at site 1 is due to the flux during@908 to 08/02/08, probably due to a dead aniavad,
this was not included in subsequent tables.
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Table 18a. Dry deposition fluxes of nitrogen and sulfur from July 2004 to September 2005. Totals are given in bold

italics.

Date on Date off Nk NO, SO HNQO; total
meqnf meqn?’ meqnf meqnf meqny
Site 1
29/07/04 11:50 02/09/04 15:3p 0.2 0.2 0.1 0.1 0.5
02/09/04 15:40 08/10/04 09:3p 0.6 0.1 0.0 0.2 0.9
08/10/04 09:45 21/11/04 12:0p 0.4 0.3 0.1 0.2 1.0
21/11/04 12:05 17/12/04 12:1p 0.7 0.1 0.0 0.1 0.9
17/12/04 12:10 19/01/05 13:0p 0.2 0.1 0.1 0.1 0.6
19/01/05 13:07 21/02/05 12:5p 0.6 0.1 0.1 0.1 0.9
21/02/05 13:12 28/03/05 11:1j 0.5 0.2 0.1 0.2 0.9
28/03/05 11:20 18/04/05 09:5p 0.1 0.1 0.1 0.1 0.4
18/04/05 11:17 31/05/05 11:2]p 0.3 0.3 0.1 0.3 1.0
31/05/05 11:25 13/07/05 11:5p 0.2 0.2 0.0 0.1 0.5
13/07/05 11:45 07/08/05 11:4p 0.3 0.1 0.0 0.2 0.6
07/08/05 11:50 14/09/05 09:5B 0.3 0.1 0.1 0.1 0.6
Total ] 43 .18 ! 08 19 8.8..
Site 3
29/07/04 16:00 02/09/04 13:1p 0.6 0.3 0.1 0.1 1.1
02/09/04 13:20 08/10/04 11:2p 0.3 0.2 0.1 0.2 0.8
08/10/04 11:30 21/11/04 15:4p 1.0 0.3 0.1 0.2 1.7
21/11/04 15:45 17/12/04 14:1p 14 0.1 0.1 0.1 1.7
17/12/04 14:15 19/01/05 16:4p 0.2 0.1 0.1 0.1 0.6
19/01/05 16:40 21/02/05 10:3[L 0.1 0.1 0.1 0.1 0.4
21/02/05 09:53 28/03/05 12:2B 0.8 0.2 0.1 0.2 1.3
28/03/05 12:30 18/04/05 14:4]L 0.1 0.1 0.0 0.1 0.4
18/04/05 14:41 31/05/05 13:1p 1.0 0.4 0.2 0.4 1.9
31/05/05 13:20 13/07/05 16:0p 0.3 0.2 0.1 0.2 0.7
13/07/05 15:46  07/08/05 15:0p 0.3 0.1 0.1 0.2 0.7
07/08/05 15:10 14/09/05 13:0p 0.3 0.2 0.1 0.2 0.7
JTotal ] 65 .23 . 1.1 . 21 12.1.
Site 4
01/08/04 12:09 01/09/04 09:1) 0.1 0.4 0.1 0.1 0.7
01/09/04 09:25 07/10/04 09:1p 0.9 0.4 0.2 0.2 1.7
07/10/04 09:20 20/11/04 08:2p 0.1 0.7 0.3 0.3 1.5
20/11/04 08:20 18/12/04 06:3p 14 0.6 0.1 0.2 2.2
18/12/04 06:30 18/01/05 10:0p 0.2 0.5 0.1 0.2 1.0
18/01/05 10:07 16/02/05 06:3p 0.1 0.3 0.1 0.1 0.6
16/02/05 06:45 23/03/05 09:5B 0.4 0.4 0.1 0.3 1.1
23/03/05 09:53 28/04/05 08:4B 0.2 0.5 0.3 0.2 1.3
28/04/05 08:49 30/05/05 10:4p 0.7 0.5 0.1 0.3 1.6
30/05/05 10:40 30/06/05 08:4p 0.1 0.2 0.0 0.1 0.5
30/06/05 08:48 08/08/05 08:4} 0.4 0.3 0.0 0.3 1.0
08/08/05 08:47 13/09/05 08:4B 0.3 0.4 0.1 0.2 1.1
Total ] 49 .53 15 . 26 14.2.
Site 5
01/08/04 16:04 01/09/04 13:3p 0.3 0.6 0.1 0.1 1.2
01/09/04 13:40 07/10/04 11:1p 0.6 0.7 0.2 0.3 1.7
07/10/04 11:20 20/11/04 12:4p 0.4 1.0 0.3 0.4 2.0
20/11/04 12:40 18/12/04 07:4p 0.7 0.5 0.2 0.2 1.6
18/12/04 07:45 18/01/05 12:3B 0.2 0.4 0.1 0.2 0.9
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Table 18a Cont

Date on Date off Nk NO, SO HNQO; total
meqnf meqn? meqnf meqnf meqny
18/01/05 12:44 16/02/05 08:3p 0.1 0.3 0.1 0.2 0.7
16/02/05 08:15 23/03/05 11:5p 0.7 0.4 0.2 0.3 1.5
23/03/05 11:56 28/04/05 10:2p 0.5 0.7 0.2 0.3 1.7
28/04/05 10:22 30/05/05 11:4p 0.8 0.8 0.1 0.4 2.1
30/05/05 11:40 30/06/05 19:1p 0.4 0.6 0.1 0.3 1.4
30/06/05 09:20 08/08/05 09:3p 0.4 0.8 0.1 0.3 1.6
08/08/05 09:35 13/09/05 10:3p 0.3 0.6 0.1 0.3 1.3
Total ) 55 73 17 31 17.7
Site 6
03/08/04 12:29 01/09/04 12:0p 0.3 0.4 0.1 0.1 0.9
01/09/04 12:10 07/10/04 10:3p 0.4 0.5 0.1 0.2 1.2
07/10/04 10:35 20/11/04 10:3p 0.3 0.7 0.2 0.3 15
20/11/04 10:30 18/12/04 08:4p 1.7 0.5 0.1 0.2 2.4
18/12/04 08:45 18/01/05 11:1p 0.9 0.4 0.1 0.2 1.6
18/01/05 11:25 16/02/05 07:2Pp 0.1 0.3 0.1 0.1 0.6
16/02/05 07:30 23/03/05 10:5p 0.6 0.5 0.2 0.3 15
23/03/05 10:52 28/04/05 09:3p 0.2 0.5 0.2 0.2 1.2
28/04/05 09:36  30/05/05 13:0p 1.2 0.6 0.1 0.5 2.4
30/05/05 13:00 30/06/05 10:2p 0.5 0.3 0.1 0.5 1.4
30/06/05 10:15 08/08/05 10:2[L 0.4 0.4 0.0 0.2 1.1
08/08/05 10:21 13/09/05 14:3p 0.3 0.4 0.1 0.3 1.0
Total ] 69 55 . 14 31 16.9
Site 7
01/08/04 15:01 01/09/04 08:2p4 0.1 0.3 0.1 0.1 0.6
01/09/04 13:45 07/10/04 13:3p 0.4 0.4 0.1 0.2 1.2
07/10/04 13:35 20/11/04 14:3p 0.1 0.7 0.2 0.4 1.4
20/11/04 14:35 18/12/04 09:4PD 0.5 0.3 0.1 0.1 1.1
18/12/04 09:40 18/01/05 15:1p 1.2 0.3 0.1 0.2 1.8
18/01/05 15:16 16/02/05 09:1p 0.3 0.3 0.1 0.1 0.7
16/02/05 09:30 23/03/05 13:0p 0.9 0.3 0.1 0.3 1.6
23/03/05 13:12 28/04/05 11:2p 0.2 0.4 0.1 0.2 1.0
28/04/05 11:20 30/05/05 14:1p 0.7 0.5 0.1 0.4 1.7
30/05/05 14:10 30/06/05 11:2pb 0.4 0.2 0.0 0.2 0.9
30/06/05 11:23 08/08/05 11:2pb 0.4 0.3 0.0 0.2 0.9
08/08/05 11:25 13/09/05 11:4)L 0.3 0.2 0.1 0.2 0.7
Total 5.7 4.2 1.1 2.6 13.7
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Table 18a Cont

Date on Date off Nk NO, SO HNQO; total
meqnf meqn?’ meqnf meqnf meqny
Site 8
03/08/04 09:07 01/09/04 11:0b 0.1 0.4 0.1 0.1 0.8
01/09/04 11:15 07/10/04 15:0p 1.0 0.6 0.1 0.3 2.0
07/10/04 15:05 20/11/04 16:3P 0.4 0.9 0.2 0.4 1.8
20/11/04 16:30 18/12/04 11:3P 0.7 0.5 0.1 0.2 1.5
18/12/04 11:30 18/01/05 17:1y 0.2 0.4 0.2 0.2 1.0
18/01/05 17:25 16/02/05 10:4p 0.1 0.4 0.1 0.2 0.8
16/02/05 11:15 23/03/05 14:31L 1.5 0.4 0.1 0.3 2.4
23/03/05 14:35 28/04/05 11:5p 0.2 0.6 0.2 0.3 1.2
28/04/05 11:51 30/05/05 16:0p 0.8 0.6 0.1 0.4 1.9
30/05/05 16:01 30/06/05 12:3P 0.2 0.3 0.0 0.2 0.8
30/06/05 12:35 08/08/05 12:3p 0.4 0.6 0.0 0.3 1.3
08/08/05 12:35 13/09/05 15:5p 0.3 0.5 0.1 0.4 1.3
Total 6.0 6.4 1.3 3.2 16.9
Site 9
05/08/04 15:00 03/09/04 18:0pD 1.9 0.5 0.0 0.0 2.5
03/09/04 18:00 07/10/04 20:3p 3.0 0.6 0.1 0.1 3.8
07/10/04 20:35 20/11/04 18:0p 3.5 0.6 0.1 0.1 4.3
20/11/04 18:00 20/12/04 11:3p 3.2 0.4 0.0 0.1 3.6
20/12/04 11:30 20/01/05 10:1p 0.3 0.1 0.0 0.4
20/01/05 10:45 16/02/05 18:0p 3.2 0.3 0.1 0.1 3.6
16/02/05 18:10 23/03/05 15:2p 3.5 0.5 0.0 0.1 4.1
23/03/05 15:26 28/04/05 13:4p 2.8 0.6 0.1 0.1 3.6
28/04/05 13:45 30/05/05 18:0p 4.7 0.9 0.1 0.2 5.9
30/05/05 18:08 30/06/05 13:3p 1.3 0.6 0.0 0.1 2.0
30/06/05 13:25 08/08/05 17:3pD 2.7 0.8 0.0 0.1 3.7
08/08/05 17:45 15/09/05 18:0pD 2.1 0.7 0.0 0.2 3.0
Total 1 319  f 6.7 0.7 11 40.4
Sitel0
02/08/04 15:00 01/09/04 10:5p 0.3 0.1 0.0 0.0 0.4
01/09/04 10:50 01/10/04 12:3p 0.6 0.1 0.0 0.1 0.8
01/10/04 12:35 01/12/04 10:3p 0.9 0.1 0.1 0.3 1.4
01/12/04 12:00 27/01/05 14:0p 1.1 0.2 0.2 0.3 1.7
27/01/05 14:00 18/02/05 09:3P 0.4 0.1 0.1 0.0 0.6
18/02/05 09:30 17/03/05 11:3p 1.0 0.1 0.0 0.1 1.3
17/03/05 11:30 28/04/05 08:0p 1.6 0.2 0.0 0.3 2.1
28/04/05 08:00 19/05/05 10:0p 1.0 0.2 0.1 0.2 1.4
19/05/05 10:15 05/07/05 11:0p 1.3 0.2 0.0 0.2 1.7
05/07/05 11:15 05/08/05 13:2Pp 1.0 0.1 0.0 0.3 1.5
05/08/05 13:20 15/09/05 12:0p 1.2 0.1 0.0 0.2 1.5
Total 10.4 1.3 0.6 2.0 14.4
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Table 18b. Dry deposition fluxes of nitrogen and sulfur from February 2007 to August 2008. Totals are given in bold

italics.

Date on Date off Nk NO, SO HNQO; total
meqnf meqn?’ meqnf meqnf meqny
Site 1
04/05/07 11:22 14/06/07 09:3p 0.3 0.2 0.08 0.2 0.7
14/06/07 09:39 02/08/07 11:0p 0.3 0.2 0.11 0.2 0.7
02/08/07 11:10 09/09/07 10:3p 0.4 0.2 0.10 0.3 1.0
09/09/07 10:35 25/10/07 16:1p 1.1 0.3 0.09 0.2 1.6
25/10/07 16:20 09/11/07 09:2p 0.1 0.0 0.04 0.1 0.3
09/11/07 09:18 09/01/08 09:1p 0.7 0.2 0.13 0.2 1.3
09/01/08 09:25 08/02/08 12:2p 18.9 0.1 0.07 0.1 219.
08/02/08 12:30 12/03/08 13:1p 0.4 0.1 0.07 0.2 0.8
12/03/08 13:15 27/04/08 10:5p 0.7 0.2 0.12 0.3 14
27/04/08 11:10 04/06/08 10:3p 0.3 0.2 0.10 0.3 0.9
04/06/08 10:30 17/07/08 09:4p 0.3 0.2 0.06 0.1 0.6
17/07/08 09:48 14/08/08 11:0p 0.2 0.1 0.05 0.1 0.4
JTotal | 235 . 21 1.0 23 . 289
Site 3
29/01/07 11:00 22/02/07 10:51 1.0 0.1 0.04 0.1 1.3
22/02/07 11:00 20/03/07 08:51 0.5 0.2 0.06 0.2 0.9
20/03/07 08:55 04/05/07 12:59 0.5 0.3 0.20 0.3 1.3
04/05/07 12:59 14/06/07 08: 4 0.3 0.2 0.06 0.1 0.6
14/06/07 08:24 02/08/07 13:20 0.4 0.2 0.16 0.3 1.0
02/08/07 13:23 09/09/07 12:30 0.3 0.3 0.13 0.2 1.0
09/09/07 12:35 25/10/07 14:110 0.3 0.3 0.18 0.3 1.1
25/10/07 14:20 09/11/07 10:42 0.2 0.1 0.05 0.1 0.3
09/11/07 10:46 09/01/08 10:46 0.5 0.3 0.17 0.2 1.2
09/01/08 10:50 08/02/08 13: 0.2 0.2 0.09 0.1 0.6
08/02/08 14:05 12/03/08 11: 0.5 0.2 0.10 0.2 1.0
12/03/08 11:30 27/04/08 14: 0.4 0.3 0.22 0.3 1.3
27/04/08 15:00 04/06/08 12: 0.2 0.3 0.12 0.3 0.9
04/06/08 12:30 17/07/08 11: 0.3 0.2 0.07 0.1 0.6
17/07/08 11:25 14/08/08 09: 0.2 0.1 0.07 0.1 0.5
JTotal ] 58 .33 . O 28 13.6.
Site 4
03/05/07 10:12 07/06/07 09: 0.2 0.3 0.07 0.1 0.8
07/06/07 09:12 04/08/07 08: 0.4 0.4 0.15 0.2 1.2
04/08/07 08:25 12/09/07 09: 0.9 0.6 0.15 0.3 2.0
12/09/07 09:26  16/10/07 14: 0.9 0.8 0.20 0.2 2.1
16/10/07 14:11 08/11/07 09: 0.1 0.4 0.11 0.2 0.8
08/11/07 09:36  08/01/08 09: 0.7 1.0 0.24 0.5 2.4
08/01/08 09:45 07/02/08 11 0.4 0.6 0.14 0.2 1.3
07/02/08 11:00 11/03/08 08: 1.0 0.5 0.13 0.3 1.9
11/03/08 09:05 21/04/08 07: 0.7 0.7 0.14 0.3 1.9
21/04/08 07:46 03/06/08 11: 0.6 0.7 0.13 0.4 1.9
04/06/08 11:25 14/07/08 09: 0.9 0.4 0.10 0.2 1.6
14/07/08 09:55 14/08/08 11.: 0.6 0.4 0.14 0.2 1.3
Total 73 .68 . 17 32 . 19.0.
Site 5
03/05/07 10:53 07/06/07 09: 0.8 0.5 0.08 0.1 15
07/06/07 09:50 04/08/07 09: 1.7 0.8 0.19 0.4 3.1
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Table 18b Cont

Date on Date off NH3 NO SO HNQO; total
meqm-2 meqi meqnf meqnf meqnf
02/08/07 11:10 09/09/07 10:30 0.9 0.9 0.16 04 2.4
12/09/07 10:07 16/10/07 15:16 0.3 0.9 0.22 0.3 1.7
16/10/07 15:31 08/11/07 10:37 0.2 0.5 0.10 0.2 1.0
08/11/07 10:45 08/01/08 10:50 0.8 1.1 0.25 0.5 2.6
08/01/08 11:00 07/02/08 13:50 0.2 0.7 0.28 0.3 1.5
07/02/08 11:10 11/03/08 10:1j0 1.1 0.6 0.10 0.3 2.1
11/03/08 10:16 21/04/08 08:26 0.9 1.0 0.23 0.5 2.7
21/04/08 08:30 03/06/08 12:57 0.7 1.1 0.19 0.5 2.6
03/06/08 13:04 14/07/08 11:110 4.2 0.7 0.09 0.2 52
14/07/08 11:15 13/08/08 09:5 0.3 0.7 0.10 0.2 1.4
Total 121 ¢ 95 199 40 27.7
Site 6
03/05/07 11:16  07/06/07 10:20 1.0 0.3 0.05 0.1 15
07/06/07 10:20 04/08/07 09:1)2 1.1 0.4 0.16 0.3 2.0
04/08/07 09:25 12/09/07 10: 1.2 0.6 0.13 0.2 2.2
12/09/07 10:30 16/10/07 14:5 0.9 0.7 0.20 0.2 2.0
16/10/07 14:55 08/11/07 10: 0.2 0.3 0.08 0.1 0.7
08/11/07 10:17 08/01/08 10: 1.2 0.8 0.21 0.5 2.6
08/01/08 10:20 07/02/08 12:110 1.1 0.4 0.12 0.2 1.9
07/02/08 12:20 11/03/08 09:3 1.2 0.3 0.09 0.2 1.8
11/03/08 09:59 21/04/08 09:20 2.2 0.5 0.16 0.5 3.3
21/04/08 09:30 03/06/08 12:20 1.0 0.6 0.14 0.4 2.1
03/06/08 12:35 14/07/08 12:Q0 1.7 0.4 0.10 0.2 2.4
14/07/08 12:05 13/08/08 10:49 1.5 0.4 0.08 0.2 2.2
Total 143 58 152 31 24.7
Site 7
03/05/07 11:40 07/06/07 11:110 0.3 0.2 0.04 0.1 0.7
07/06/07 11:10 03/08/07 10:4 0.7 0.4 0.14 0.2 1.5
03/08/07 11:05 12/09/07 11:0 04 04 0.09 0.2 1.1
12/09/07 11:05 16/10/07 16:08 1.1 0.5 0.16 0.2 1.9
16/10/07 16:15 08/11/07 10:H57 0.1 0.2 0.07 0.1 0.6
08/11/07 11:00 08/01/08 14:4 0.9 0.6 0.26 0.5 2.3
08/01/08 12:20 07/02/08 14:37 1.3 0.4 0.14 0.2 2.0
07/02/08 14:45 11/03/08 10:58 1.2 0.3 0.08 0.2 1.8
11/03/08 11:05 21/04/08 10:0 1.8 0.5 0.11 0.3 2.7
21/04/08 10:20 03/06/08 14:16 0.4 0.4 0.12 0.3 1.3
03/06/08 14:17 14/07/08 13: 0.5 0.3 0.06 0.2 1.0
14/07/08 13:10 13/08/08 11:40 0.9 0.2 0.06 0.2 1.3
Total ] 98 45 134 26 18.3.
Site 8
24/01/07 15:00 22/02/07 09: 0.3 0.6 0.10 0.2 1.2
22/02/07 09:20 20/03/07 12: 0.8 0.4 0.07 0.3 1.5
20/03/07 12:22 03/05/07 13:5 1.0 0.7 0.24 0.5 2.4
03/05/07 13:55 07/06/07 12:20 0.9 0.5 0.07 0.1 1.7
07/06/07 12:20 03/08/07 10:Q0 1.7 0.6 0.16 0.4 2.9
03/08/07 10:15 12/09/07 12:1j1 0.6 0.8 0.15 0.4 2.0
12/09/07 12:20 16/10/07 11:00 0.5 0.7 0.13 0.3 1.6
16/10/07 11:05 08/11/07 11:3 0.1 0.3 0.11 0.1 0.7
08/11/07 11:55 08/01/08 12:0 1.1 0.9 0.21 0.4 2.7
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Table 18b Cont

Date on Date off Nkl NO, SO HNGO; total
Megn?® megqnf Meqm® megnf meqnt
08/01/08 14:55 07/02/08 15: 0.4 0.4 0.13 0.2 1.2
07/02/08 15:50 11/03/08 11: 0.8 0.4 0.09 0.2 1.6
11/03/08 12:00 21/04/08 10: 0.6 0.6 0.17 04 1.8
21/04/08 11:08 03/06/08 14: 0.5 0.9 0.16 04 2.0
03/06/08 15:13 14/07/08 14: 1.3 0.4 0.07 0.2 2.0
14/07/08 14:02 13/08/08 13: 1.1 0.5 0.09 0.2 1.8
Total 118 88 196 44 27.0
Site 9
04/05/07 17:20 07/06/07 13: 1.6 0.7 0.04 0.1 2.5
07/06/07 13:00 06/08/07 17: 3.5 1.2 0.13 0.8 5.6
06/08/07 17:40 11/09/07 17: 2.1 0.8 0.06 0.3 3.2
11/09/07 17:43 22/10/07 17:; 3.7 0.7 0.10 0.3 4.8
22/10/07 17:50 09/11/07 17: 1.3 0.2 0.05 0.1 1.6
09/11/07 17:50 08/01/08 16: 4.7 0.6 0.09 0.4 5.9
08/01/08 16:15 10/02/08 18: 3.6 0.5 0.10 0.3 45
10/02/08 18:30 16/03/08 12: 45 0.5 0.08 0.4 55
16/03/08 12:10 21/04/08 18: 2.9 0.6 0.08 0.3 3.9
21/04/08 18:15 12/06/08 17: 2.9 1.1 0.11 0.8 4.9
23/06/08 12:30 18/07/08 10: 2.2 0.7 0.04 0.2 3.2
18/07/08 10:30 13/08/08 17: 2.2 0.5 0.04 0.2 2.9
Total 1 3%4 80 094 43 48.5
Sitel0
07/06/07 13:20 12/07/07 16: 0.6 0.1 0.04 0.1 0.9
12/07/07 16:30 03/08/07 09: 0.4 0.1 0.07 0.1 0.7
03/08/07 09:30 16/09/07 14: 1.2 0.1 0.05 0.1 1.4
16/09/07 14:00 04/10/07 18: 0.1 0.1 0.05 0.2 04
04/10/07 18:00 05/11/07 11: 0.5 0.1 0.08 0.2 0.8
05/11/07 11:20 19/01/08 13: 0.5 0.12 0.3 0.9
19/01/08 13:00 07/02/08 16: 0.4 0.3 0.06 0.1 0.9
07/02/08 16:30 14/03/08 21: 0.3 0.09 0.3 0.7
14/03/08 13:00 03/05/08 15: 1.6 0.4 0.10 0.4 25
Total 5.3 1.5 0.67 1.7 9.2
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Table 19a displays results for the total of the waed dry annual deposition flux of nitrogen andfigul
estimated at the various sites, and the propoxiodry deposition measured during 2004/2005. Tihe d
deposition results in the Table have been adjustegive the total deposition flux for each gas 0866
days rather than over the sampling period to anfluaes which can be directly compared with other
sampling periods. Total wet and dry depositiorxdks are given for sites 3, 5, 6, 7 and 8 sincewatier
samples were not collected at Sites 1, 4, 9 or TBe total annual deposition flux of nitrogen andfs
varied from 14.3 meq fyr" at Site 3 to 24.3 meq fyr" at Site 6; this represents an increase over the
background at Site 3, to the lower Burrup sitesoivhiverage about 21.1 medf yr’. The proportion of
dry deposition is high at each site, in the ranf@lmut 69 % — 85 %, due to the low rainfall amsunt
compared with a constant deposition of gas to tinkase.

Table 19a. Estimated annual deposition flux of nitrogen and sulfur for the 2004/2005 period.

Site NH," NO;s *SO,” NH; NO, SO, HNO; TotDry Total %
megqn¥ megqn? meqn? meqn’ meqnf meqnf¥ meqn¥ meqn¥ megqn¥ Dry

1 4.3 1.8 0.8 19 8.8

3 0.7 0.6 0.9 6.5 2.3 1.1 2.1 12.1 14.3 84.4
4 4.9 53 1.5 2.6 14.2

5 0.9 0.8 1.0 55 7.3 1.7 3.1 17.7 20.4 86.7
6 3.6 2.0 1.8 6.9 55 14 3.1 16.9 24.3 69.3
7 1.7 1.8 2.8 5.7 4.2 1.1 2.6 13.7 19.9 68.8
8 1.1 1.0 0.9 6.0 6.4 1.3 3.2 16.9 19.8 85.3
9 - - - 31.9 6.7 0.7 1.1 40.4

10 — — — 10.4 1.3 0.6 2.0 14.4

Table 19b presents the annual wet deposition flfixegitrate, ammonium and non sea-salt sulfatethad
dry deposition fluxes for ammonia, nitrogen dioxidelfur dioxide and nitric acid gases measuredndur
2007/2008. During this period dry deposition waineated at all sites and wet deposition at site 4, 6,

7 and 8. The Table shows that ammonium is the m@jatributor to wet deposition during 2007/2008
when fluxes ranged from 1.1 meg’rat site 6 to 4.3 meq frat site 8. This is slightly elevated over the
ammonium wet deposition fluxes during 2004/2005 maftiects the higher rainfall volume during thetdat
sampling period. Although this is true, the wepdlgtion fluxes of ammonium at the back groundssite
average about 3.4 meg’mand these are slightly higher at the lower Bussitps which have an average of
about 2.8 meq i This infers that most, if not all the ammoniat\deposition flux at all sites is produced
via natural emissions of ammonia gas which are exdad to particulate species as the result of gas t
particle conversions as reactions 25 and 26 show.

Nitrate wet deposition fluxes average 1.4 meganthe background sites during compared to ab@ui@q

m? at the lower Burrup sites, showing the small enbarent which has already been observed for nitrogen
dioxide gas concentrations, and is assumed toebeeBult of increased motor vehicle activity andiistrial
activity near these sites. Non sea-salt wet dépasiluxes are about 1.2 meq’rat the background sites
and about 2.6 meq frat the lower Burrup sites.

Dry deposition fluxes, given Table 19b for 2007/208how the general increase in fluxes going froen t
background at sites 1, 3 and 10 to sites 3, 4, B, 8 and 9 on the lower Burrup. The fluxes mezsat all
sites are remarkably consistent when the 2004/20@52007/2008 sampling periods are compared. elt ev
appears that a small difference can be discerneaifmgen dioxide fluxes measured at sites 1 and 3
between the two annual sampling periods. For el@mitrogen dioxide dry deposition fluxes are 8q
m?and 1.6 meq rhat site 1 for the first sampling period and 2.3ymé’and 2.2 meq thfor the second
sampling period. During the corresponding peritisfluxes at site 10 were 1.3 medf and 1.6 meq
which very similar to site 1.

The total dry deposition fluxes at the backgrouitelss(1, 3 and 10) averaged about 12 mé&g which is
very similar to the corresponding flux of 9 med measured during the latter sampling period. This
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somewhat lower than the total of the dry depositiores of sites on the lower Burrup area (averfggtes

4 - 8) which were about 16 meqrgr* during 2004/2005 and 18 med®mgr™ during the latter sampling
period. Site 9 both in 2004.and 2005 had highd#pgosition fluxes and this was largely due to ameon
gas deposition. As noted previously this is prdypdie to fertilizer use in Karratha, and it was meluded
in comparisons with background sites or the lowar&p sites.

The total of the wet and dry deposition fluxes gireen in Tables 19a and 19b along with the contriou
dry deposition contributes to the total. The Tabiwlicate that the wet plus dry background deositux
was about 14 meqfryr?, both in 2004/2005 and 2007/2008; vey little cleahgs occurred to that flux. In
contrast to this the wet and dry deposition flusig 8 has increased from about 20 mé&gyrit to about 32
meq nt yr' from the first to the second sampling period, giteas increased slightly, and the flux at site 6
has decreased slightly. The reason for the ineratisite 8 is mainly due to the increased amobrgiofall
which increases the wet deposition of the acidmsio The corollary to this is the fraction that dr
deposition contributes to the total is generallydoin 2007/2008 than it was during 2004/2005.

Table 19b. Estimated annual deposition flux of nitrogen and sulfur for the 2007/2008 period.

Site NH," NO;s *SO,” NH; NO, SO, HNO; TotDry Total %
megqn? megqn? meqn? meqn’ meqnf meqnf meqn¥ meqn¥ meqn¥ Dry
1 3.2 0.8 1.0 3.9 1.6 0.8 1.8 8.1 13.1 61.8
3 3.6 19 1.4 3.8 2.2 1.1 1.8 8.8 15.7 56.0
4 3.6 3.5 4.8 5.7 5.3 1.3 2.5 14.8 26.7 55.4
5 9.5 7.4 1.6 3.1 21.6
6 1.1 1.0 0.9 11.1 4.5 1.2 2.4 19.3 22.3 86.5
7 2.4 1.6 15 7.7 35 1.0 2.0 14.3 21.4 66.8
8 4.3 6.7 3.1 7.6 57 1.3 2.9 17.4 31.6 55.1
9 27.7 6.2 0.7 3.3 37.9
10 5.9 1.6 0.7 1.9 10.1

The annual nitrogen plus sulfur deposition fluxesagured at the Burrup sites can be compared toopsev
studies carried out in polluted and unpollutedssiteMalaysia and Indonesia, and a remote sitelistralia.

At the relatively unpolluted Indonesian GAW statiite at Bukit Koto Tabang, the wet plus dry deposi
flux of nitrogen plus sulfur was 23.4 meg’mr?, (Gillett et al., 2000) and 53 meq“mr” at a relatively
undisturbed site in the Cameron Highlands, norttiKaéla Lumpur. In Australia, rainwater composition
and gas concentrations were measured at Charles, Rbbut 13 kilometres west of Darwin, across Port
Darwin and the annual wet and dry deposition fléitrogen plus sulfur was about 20 med g™ at this
site (Ayers et. al., 2000).

The critical load concept can be used to compaite déposition fluxes to determine if adverse efaxiuld
result to rock or aboriginal rock art. For a fulthscussion of this see Ayers et al. (2000). @itikcal load

has been defined as “a quantitative estimate okxgosure to one or more pollutants below which
significant harmful effects on specified elemenitshe environment do not occur according to ourentr
knowledge” (Nilsson and Grennfelt, 1988). In abglb assessment of ecosystem sensitivity to acidic
deposition Cinderby et al. (1998) have determinedt&al load or deposition flux of 25 meqyr for the
most sensitive areas of the world. This meansdlpbsitions of about 25 meq?mgr* would only have a
detrimental effect on the most sensitive ecosystefibe depositions presented in Table 19a and 19b
indicate that some sites are subject to depositibradout 25 meq yr’ in 2004/2005 and about 32 meq
m? yrtin. 2007/2008. Given that the overall precisiorpa$sive gas measurements in this study was about
+ 20% Site 6, for example, would have a depositiox ranging from about 19.5 meqhyr* to 29.2 meq

m? yr*, which is only just above that for areas which ey sensistive to acid depositiofihe wet plus

dry deposition flux at site 8 during 2007/2008 wbpkobably range from about 26 medf gr’to 38 meq

m? yr* given the precision of the passive samplers. ¢htlee assessment by Cinderby et al. (1988) lists 5
sensitivity classes consisting of 25 me§ yn*, 50 meq rif yr', 100 meq meq thyr?, 150 meq meq fMyr

1 200 meq i yr' and >200 meq meqfryr’, and places the Burrup area in the least sensitags. This
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means that the critical load for the Burrup areatiseast 200 meq fyr”, and since this is significantly
more than the observed deposition fluxes at thes ghey are unlikely to cause any deleterious &ffex
rock or rock art on the Burrup Peninsula. In fdet anthropogenic contribution of the total wet aing
deposition flux estimated at these sites is probkdss than the data presented in Tables 19a and TiSe
deposition of ammonia, for example does not varghminom the background sites to the industrial sirea
suggesting that most of the ammonia depositiontetom natural rather than anthropogenic sourddss

is also true for some of the other species, buttmributions can not easily be quantified.

The deposition fluxes estimated for any of the Bprsites are very low when compared to heavilyuytet
areas in Malaysia and Indonesia. In the heavillufed urban site at Petaling Jaya, near Kuala Lumtipe
total deposition flux of nitrogen and sulfur rangedm 279 meq M yr* to 483 meq M yr', over 5
consecutive years from 1990 to 1998 (Ayers et28l00). At other polluted sites in Malaysia totadtvand
dry deposition fluxes ranged from 122 meq w* to 345 meq M yr* (Ayers et al., 2000). In a study by
Gillett et al. (2000) at Jakarta and Bogor totghation fluxes of nitrogen and sulfur were abod0 2neq
m? yr* were estimated during 1992 and 1996.

2.5

JTotal -=- NH3 ——NO2
—— S02 —- HNO3  —— NH4+
—— NO3- —- *S042-

= = n
o (63} o
! | |

Total deposition megm 2y™
o
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|

Figure 27. Total annual deposition of nitrogen and sulfur at site 3 during 2005/2005.

Figures 27 to 30 have been included to show howowsrspecies contribute to the total wet plus dry
deposition. Sites 3 and 6 are included becausg dhe typical of deposition fluxes estimated at the
background areas and in the industrial areas régplc Site 8 is included because in 2007/2008as the
site with the highest deposition flux.

Figures 27 and 28 show the contributions the varsaurces of nitrogen and sulfur make to the totsl

and dry deposition flux of nitrogen and sulfur estted for Site 3 during 2004/2005 respectivelyguFe 27
shows that for most months deposition of ammonidéslargest contributor to the total annual sufind
nitrogen deposition flux at Site 3; on an annuaid@ contributes about 45% of the total depositid his

is because the other gases have a lower depoditiorat the background sites, and because ammonia
appears to be derived from natural sources, sihneeconcentrations vary little from site to site.heT
contribution of ammonia deposition flux is reduceddring the periods when rain fell due to the
supplementary contributions to the total deposifiar in the form of non sea-salt sulfate, ammoniana
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nitrate derived from rain. Over the whole year deposition at site 3 is about 84 % of the totgdadétion
and nitrogen deposition accounts for about 86 %heftotal compared with only about 13 % for sulfur.
Figures 29 to 31 show the wet and dry depositiorel$ at site 6 in 2004/2005 and 2007/2008 andSsite
during 2007/2008. They show that ammonia gaslarge contributor to the overall deposition fluxida
that deposition fluxes increase during periodsaof.r

4.0

I Total -=- NH3 ——NO2
3.5 1 —S02 —a- HNO3  —— NH4+
——NO3- - *S042-

3.0

2.5

2.0

1.5

1.0

Total deposition megm ?y™

05"

0.0
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Figure 28. Total annual deposition of nitrogen and sulfur at site 3 during 2007/2008.

The monthly deposition fluxes of sulfur and nitrogat Site 6 during 2004/2005, and their individual
contributions to them are shown in Figure 29. s tsite nitrogen deposition, from ammonia gas, esak
large fraction of the total deposition during a fefvhe months. During other periods nitrogen dam
from nitrogen dioxide is a significant proportiohtbe total deposition flux. During the period andl the
16" February 2005 wet deposition of ammonium, nitate sulfate make large contributions to the total
flux during that month. Dry deposition over theoMhyear is about 69 % and nitrogen depositiorbzua
87 % compared with only about 13 % deposition dfusu Figure 30 shows the distribution of the waus
species which contribute to the total wet plusaiposition at site 6. Again ammonia gas depositiakes

a large contribution, about half of the total dgri2007/2008, and wet deposition especially of amuoran
ion during March 2008.
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Figure 29. Total annual deposition of nitrogen and sulfur at site 6 during 2004/2005.
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Figure 30. Total annual deposition of nitrogen and sulfur at site 6 during 2007/2008.
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Figure 30. Total annual deposition of nitrogen and sulfur at site 8 during 2007/2008.
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5.7  Comparison with modelling studies.

The annual average concentration of nitrogen depadlfur dioxide and ammonia, and their depositios
provided in this study, and they can be used topesewith the results of a modelling study (SKM02)
SKM, (2003) modelled annual average nitrogen diexidncentrations around the Burrup Peninsula area
using two model approaches: TAPM and CALPUFF. dthizases the modelling was done for the industry
which was located on the Burrup Peninsula in 20@3ce the concentrations of gases have varidd litt
between the 2004/2005 and 2007/2008 sampling peetioid section only compares the concentrations
measured during 2004/2005 with the results of thdatling study.

Figure 31. TAPM predicted annual nitrogen dioxide concentrations (ppb) for existing industry (SKM, 2003).

Figure 31 shows the results nitrogen dioxide cotraéipns predicted by TAPM modelling for the Burrup
Peninsula, and the surrounding region. The TAPMdehaesults suggest higher nitrogen dioxide
concentrations compared with the results of the BBEF modelling shown in Figure 32. The results of
nitrogen dioxide concentrations produced in TAPM &@ALPUFF modelling are summarised in Table 20,
and compared with annual average concentratiotihe atites used in the current study.
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Figure 32. CALPUFF predicted annual nitrogen dioxide concentrations (ppb) for existing industry, (SKM, 2003).

Of the two modelling approaches, TAPM appears tmpare much better with the measured values
generated during this study. The modelled CALPUESults appears to underestimate nitrogen dioxide
concentrations at all sites, relative to measuiddes. The TAPM results however, are quite closthe
measured concentrations at Sites 1, 3 and 4, &ttid dower than the measured results at the osltes. At
Site 9, Karratha the TAPM modelled result is alibppb and appears to underestimate the nitrogedddio
concentration of 2.22 measured at this site.

Table 20. Annual average nitrogen dioxide concentrations at Burrup sites produced by TAPM and CALPUFF modelling,
and measured nitrogen dioxide concentrations at the sites.

Site Measured TAPM CALPUFF
ppb ppb ppb
1 0.59 0.7 0.20
3 0.74 0.8 0.20
4 1.75 1.8 1.00
5 2.41 1.4 0.35
6 1.83 1.4 0.30
7 1.44 1.4 0.25
8 2.12 1.4 0.30
9 2.22 1.0 0.05

The deposition fluxes of nitrogen dioxide produdexsn TAPM modelling are presented in Figure 33kdn
ha' yr'. Table 21 shows these results compared with stimated nitrogen deposition fluxes generated in
this measurement program. The TAPM modelled resaré converted from kg har™ to meq rf yr in
order to make the comparison. The data in theel'abbw that the TAPM results are substantially lowe
than those estimated by measurements. This iglindue to the lower nitrogen dioxide concentration
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TAPM predicts at some sites; Site 9, for examplEhe other reason is probably due to the deposition
velocity used in TAPM compared to the values usethis study. When the concentration ratio betwee
TAPM and this study is considered, the ratio of degosition flux produced in this study appeardéo
about 3.3 times that from TAPM. This suggests thatdeposition rate used in this study is abdditithes
that in TAPM. Deposition fluxes of nitrogen diogicstimated from CALPUFF are not considered here
since they were much lower than the TAPM predidion

Figure 33. TAPM predicted annual nitrogen dioxide deposition (kg ha™ yr’l) for existing industry, (SKM, 2003).

Table 21. Annual average deposition flux of nitrogen dioxide estimated from measurements at the Burrup Peninsula
sites compared with TAPM model results.

Site Measured TAPM
meq ni?yrt  meq m?yr!
1 1.82 0.54
3 2.29 0.91
4 5.25 1.06
5 7.34 1.30
6 5.49 1.28
7 4.20 1.30
8 6.39 1.30
9 6.73 0.93

In the report by SKM (2003) TAPM and CALPUFF modelere used to predict the annual average sulfur
dioxide concentrations for the industrial condisagxisting at that time. Figures 34 and 35 arertdkom
SKM (2003), and show the sulfur dioxide concentradi predicted by TAPM and CALPUFF respectively.
The minimum sulfur dioxide concentration predictsd TAPM is 100 ppt and the maximum is about 600
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ppt in contours just north and east of Dampier. LEWFF modelling shown in Figure 35 gives more
detailed results; the minimum contour is 20 ppt #ml maximum is about 800 ppt near East Intercourse
Island, immediately east of Dampier.

Figure 34. TAPM predicted annual sulfur dioxide concentrations (ppb) for existing industry (SKM, 2003).

A summary of the annual average concentrationsutffirsdioxide estimated by TAPM and CALPUFF
modelling and measured in the current study isrgimeTable 22. The Table shows that the measuwriédrs
dioxide concentrations are quite close to the cotmagons predicted by both TAPM and CALPUFF. The
concentrations measured in this study generallynsee be a little higher than the modelled results,
especially for TAPM, which gives lower values thGALPUFF, except at Site 8 which has measured
concentrations slightly lower than the models predi
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Figure 35. CALPUFF predicted annual sulfur dioxide concentrations (ppb) for existing industry (SKM, 2003).

Table 22. Annual average sulfur dioxide concentrations at Burrup sites produced by TAPM and CALPUFF modelling,
and measured sulfur dioxide concentrations at the sites.

Site Measured TAPM CALPUFF
ppt ppt ppt
1 101 <100 50
3 139 <100 90
4 178 130 200
5 215 190 220
6 241 120 170
7 141 150 130
8 164 220 250
9 89 <100 28

The deposition fluxes have also been predictedguBAPM and CALPUFF models and the results of these
are taken from SKM, (2003), and are displayed guFés 36 and 37. A summary of these results, ctetve

to meq nf yr?, are given in Table 23, along with the results messat each site. The Table shows that the
TAPM and CALPUFF results range from <0.16 med ymn' at Site 9 to 0.78 meq myr" at Site 8.
However, the deposition fluxes estimated from tles goncentration measured in this study, and the
deposition velocity are significantly greater ththe fluxes suggested by the models. The measiurelsf

are usually a factor of about 3 — 5 times more ttien model predictions, and this may be due to the
deposition velocities used in the conversion ofghs concentration to a deposition flux.
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Figure 36. TAPM predicted annual sulfur dioxide deposition (kg ha™ yr'l) for existing industry (SKM, 2003).

Figure 37. CALPUFF predicted annual sulfur dioxide deposition (kg ha™ yr’l) for existing industry (SKM, 2003).
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Table 23. Annual average deposition flux of sulfur dioxide estimated from measurements at the Burrup Peninsula sites
compared with TAPM model results.

Site Measured TAPM CALPUFF

meg m*yr!  meqnm?yr’  meq m® yr?
1 0.81 0.16 0.22
3 1.14 0.16 0.30
4 1.46 0.42 0.45
5 1.74 0.62 0.55
6 1.42 0.55 0.31
7 1.15 0.55 0.31
8 1.32 0.62 0.78
9 0.70 0.13 <0.16

Pagel27



6. SUMMARY AND CONCLUSIONS

This document reports results from a study of altupion, rainwater composition and acid depositamn

the Burrup Peninsula during two distinct periodsirAugust 2004 until September 2005 (2005/2005) and
from February 2007 until September 2008 (2007/2008)total of nine sites were used in the studpf 7
these, Sites 1, 3, 4, 5, 6, 7, and 8, were otlneup Peninsula, one was located in Karratha,thadther

at Mardie Station 81 Km from Karratha on a beamig215°. The study incorporated measurements of
concentrations of gases including sulfur dioxidérogen dioxide, nitric acid, ammonia and BTEX. 'S
samples were collected at seven sites, and conditsampling for Py, was carried out at Site 8 and near
the ore loading facilities at Parker Point. Samghvas conducted over approximate monthly perioas a
TSP concentration and chemical composition weresoreal on the samples. Measurements of ionic
composition and pH were made on rainwater sampscted at sites 3, 5, 6, 7 and 8, during 20043200
and at sites 1, 3, 4, 6, 7 and 8 in 2007/2008. aArosol spectrometer was used to measure the size
distribution of TSP at each of the sites over atéohperiod. Size distributions from the measunetsievere
converted to mass concentration and depositiontestimate the magnitude of dust deposition asites

on the Burrup. A DustTrak instrument was usedrat&to measure P)dlconcentrations at a frequency of 3
minutes. Wind speed and wind direction data wae abllected at site 8 at 2 minute at a frequeric® o
minutes, and this was combined with the ;pNhata to gain some insight on how the ore loadaugifies at
parker Pint influenced P)Mconcentrations at site 8.

The gas concentrations in all cases are very loemwdompared to polluted urban areas. Annual aggerag
and monthly average nitrogen dioxide, sulfur diexahd nitric acid concentrations varied very lititeeach
between the two sampling periods. There were sonadl increases in ammonia gas concentrationsest si
5, 6, 7 and 8 which are located near to indusfiysite 5 the increase was due almost entirelyri® month

in June/July when the concentration averaged 3t ppocal background concentrations, deduced from
sites 1, 3 and 10 during 2004/2005 and 2007/200@ wsmonia 0.5 ppb, nitrogen dioxide 0.6 ppb, sulfu
dioxide 116 ppt and nitric acid 154 ppt. Ammoniancentrations showed little spatial variation in
concentration indicating that most ambient ammonés a natural source. There was some small
enhancement of nitrogen dioxide, sulfur dioxide arndc acid concentrations over those at sitesciizire
assumed to represent the local background. Evethsoconcentrations of ammonia, nitrogen dioxide,
sulfur dioxide and nitric acid are very low compamgith measurements made at other remote locations.
BTEX concentrations were also very low at all sitasd for all sampling periods. The benzene
concentration at the background sites 1, 3 and d®about 19 ppt and the average at the otheradimst

21 ppt. Benzene, and other BTEX gas concentrasboged little enhancement over the backgrounddeve
suggesting that their concentration has a largeralatomponent.

During 2004/2005 TSP mass concentrations at th&gbaend sites (1 and 3), had an annual average of
approximately 18 pg fhcompared with 22 ug thmeasured during 2007/2008. In contrast to thés th
annual average concentrations on the lower Burrap approximately 34 pgrduring 2004/2005 and 34
nug m® during 2007/2008. TSP on the lower Burrup, whemest of the industrial and anthropogenic
activities occur, is moderately enhanced over t@woall background concentration. Samples collecesd n
Parker Point and at other sites were analysed fange of elements including iron. TSP at Sites, 4, and

8 displayed a higher fraction of iron and less s@athan the background TSP at Site 1. This atdigthat

the observed increase in TSP at these sites cauldub to dust from the ore loading and transportati
processes. This suggestion is reinforced by emthRd4, concentrations of periods at Site 8 when the air
was passing over the ore loading facilities at BaPRoint reached site 8.

An aerosol spectrometer was used for a short pévigpdoduce particle mass-size distribution dath @unst
deposition fluxes at each of the sites. The aweragss concentrations of 30 pg salculated from the
aerosol spectrometer data at Site 8 are consmsiimthose measured with the DustTrak instrumernie
dust deposition flux at Sites 1 and 3 averaged taboung n day' compared to about 68 mglay* at
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site 8 and about 30 mgTlay* at sites 4, 5, 6, and 7. They indicate a highast deposition flux in the
more industrialised area of the Burrup, especaI@ite 8 which is closest to the ore loading faed.

The total deposition flux of nitrogen and sulfursa@etermined at sites 3, 5, 6, 7 and 8 in 2004/2808
sites 1, 3, 4, 6, 7 and 8 in 2007/2008. This idetl dry deposition in the form of ammonia, nitrogen
dioxide, sulfur dioxide and nitric acid gases, amavet deposition in the form of nitrate, ammonraaon
sea-salt sulfate in rainwater. The study shows ttina total wet and dry deposition flux of nitrogand
sulfur of 14 meq M yr'is typical for areas of the Burrup Peninsula whigtve no or little anthropogenic
influences. It also shows that 60 % - 85 % ofdkeosition is contributed by dry deposition. Ag tites
close to industrial influences the deposition flsixé nitrogen and sulfur ranged from 20 mg day" to 24
mg m? day" in 2004/2005 and 21 mghday' to 33 mg nf day' in 2007/2008. The slight increase in the
flux from 2004/2005 to 2007/2008 is due largelyatoincrease in the amount of rainfall in the lagteriod,
and on the Burrup Peninsula this appears to bentijer variable in the flux of nitrogen and sulforthe
ground.

The measurements are similar to previous measutsmecorded at another remote location in Australia
and lower than relatively unpolluted sites in Maliay and at the Indonesian GAW station. The déiposi
fluxes at each site were very low and lower tham ¢htical load for even the most sensitive areas t
nitrogen and sulfur deposition. Previous ecoldgstadies have suggested that the Burrup Penissakais
quite insensitive to acid deposition, and a corylla that the deposition flux of nitrogen and sulis only a
small fraction of the critical load. The depositifluxes observed are not of the magnitude which is
expected to cause any deterioration of the roctherBurrup Peninsula.

The concentrations of nitrogen dioxide and sulfizxile concentrations observed in this study were
compared with results of modelled concentratiorslisted using TAPM and CALPUFF. Nitrogen dioxide
concentrations at Sites 1, 3 and 4 compared fabbursith TAPM predictions, but tended to be a éttl
higher at the other sites especially at Site 9 #&he, where the measured concentration was aboiielo
that predicted by TAPM. The nitrogen dioxide gasaentrations measured in this study compared lglose
with the TAPM results and were much higher tharséhpredicted by CALPUFF. However, CALPUFF
predicts higher sulfur dioxide concentrations tH&PM and are more consistent with the concentration
measured in this study.

Both TAPM and CALPUFF provide deposition fluxes mfrogen and sulfur and comparisons with the
measured fluxes shows that the models always frézls than that suggested by the measured values
provided by the current study. The average annii@gen dioxide deposition fluxes predicted byPM

are lower than the measured values by a factoetwiden about 2 and 5, and may be due to a comiynati
of a lower TAPM predicted concentration and the ad#ion velocity used in the current study. The
predicted deposition fluxes of sulfur dioxide fraPAPM and CALPUFF models are similar to each other,
but less than those measured in the current stiibasured deposition fluxes are higher than theatsdoly

a factor of around 2 to 5, and this may be dueéhéodeposition velocities used in the models, anthén
current study.
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9.

APPENDIX A ELEMENTAL AND ION CONCENTRATIONS OF T SP
SAMPLES COLLECTED DURING 2004/2005.

Table Al. Elemental concentrations of TSP and PMio samples at various sites measured by PIXE analysis.
Site Date on Date off Na Al Si P S Cl K Ca
ugn®  pgm® pgm® pgn® pgn®  opgm® ougni® opgni®
1 29/07/04  02/09/04 2.822 0.107 0520 0.000 0.235.1522 0.094 0.202
1 02/09/04 08/10/04 3.405 0.133 0.556 0.000 0.354.3212 0.131 0.203
1 08/10/04  21/11/04 5.020 0.238 0945 0.000 0.644.842 0.284 0.341
1 21/11/04 17/12/04 8.232 0.364 1.331 0.000 0.857.755 0.315 0.495
1 17/12/04  19/01/05 8.574 0.313 1329 0.000 0.972.8566 0.272 0.690
1 19/01/05 21/02/05 9.597 0.267 0.977 0.000 0.908.84%6 0.237 0.556
1 21/02/05  28/03/05 5.784 0451 1637 0.000 0.681.3383 0.239 0.358
1 28/03/05 18/04/05 3.092 0.153 0.686 0.000 0.455.92. 0.109 0.149
1 18/04/05  31/05/05 1.919 0.340 0549 0.025 0.301.88a. 0.279 0.149
1 31/05/05 13/07/05 0.000 0.208 0.643 0.001 0.153.133L 0.063 0.098
1 13/07/05 07/08/05 2.411 0.080 0.332 0.000 0.273.494 0.061 0.097
1 07/08/05 14/09/05 3.005 0.145 0.351 0.000 0.278.14% 0.083 0.125
4 01/08/04  01/09/04 2.138 0.247 0.828 0.000 0.223.9122 0.116 0.709
4 01/09/04 07/10/04 0.636 0.130 0.559 0.000 0.118.8420 0.071 0.619
4 07/10/04  20/11/04 3.240 0.900 3415 0.000 0.699.27%% 0.495 3.610
4 20/11/04 18/12/04 8.251 1.175 3.916 0.000 0.835.53%5 0.560 3.427
4 18/12/04  18/01/05 9.681 1.078 4.006 0.000 0976.476 0500 4.645
4 18/01/05 16/02/05 8.495 0.819 2.917 0.000 0.938.3266 0.416 3.734
4 16/02/05  23/03/05 5.632 0.863 3.125 0.000 0.617.6083 0.364 2.150
4 23/03/05 28/04/05 2.306 0.566 1.987 0.000 0.426.8411 0.216 2.004
4 28/04/05  30/05/05 1.705 0.420 1550 0.000 0.384.712 0.230 1.623
4 30/05/05  30/06/05 4.373 0.191 0.791 0.000 0.355.4788 0.149 0.297
4 30/06/05 08/08/05 1.223 0.248 0917 0.000 0.273.31@ 0.099 0.638
4 08/08/05 13/09/05 2.949 0.628 2.112 0.000 0.310.21@ 0.245 2.845
5 07/10/04  20/11/04 4411 0.387 1526 0.000 0.676.0183 0.327 0.508
5 18/01/05 16/02/05 7.665 0.407 1.485 0.000 0.753.276 0.228 0.523
5 16/02/05  23/03/05 4,192 0.661 2.363 0.000 0.481.152 0.271 0.533
5 23/03/05 28/04/05 2.022 0.351 1.280 0.000 0.345.91% 0.143 0.349
5 28/04/05  30/05/05 1.186 0.284 1.026 0.000 0.329.85 0.179 0.280
5 08/08/05 13/09/05 2.383 0.200 0.738 0.000 0.281.705. 0.112 0.278
7 01/08/04  01/09/04 2.411 0.332 1.277 0.000 0.212.98a 0.148 0.456
7 01/09/04 07/10/04 2.363 0.337 1.200 0.000 0.268.673L 0.150 0.543
7 07/10/04  20/11/04 4.526 0.563 1913 0.000 0.597.962 0.329 0.802
7 20/11/04 18/12/04 6.524 1.017 3.318 0.000 0.849.8124 0.438 1.269
7 18/12/04  18/01/05 6.927 0.701 2.707 0.000 0.740.08% 0.327 1.188
7 18/01/05 16/02/05 22.390 2.045 7.481 0.000 2.1796.370 0.951 3.087
7 16/02/05  23/03/05 3.920 0.772 2.685 0.000 0.455.31® 0.289 0.679
7 23/03/05 28/04/05 2.156 0.549 1.687 0.000 0.341.2471 0.174 0.691
7 28/04/05  30/05/05 2.208 0.285 0.869 0.000 0.333.2571 0.155 0.320
7 30/05/05  30/06/05 3.904 0.152 0.567 0.000 0.272.902 0.107 0.205
7 30/06/05 08/08/05 2.070 0.180 0.685 0.000 0.251.338 0.090 0.278
7 08/08/05 13/09/05 2.751 0.235 0.790 0.000 0.271.9022 0.110 0.411
8 03/08/04  01/09/04 1.783 0.351 1.251 0.000 0.208.772 0.127 0.501
8 01/09/04 07/10/04 2.702 0.370 1.286 0.000 0.292.7481 0.151 0.522
8 07/10/04  20/11/04 4.557 0.694 2308 0.000 0.541.0463 0.302 1.167
8 20/11/04  18/12/04 6.306 0.771 2341 0.000 0.844.73&% 0.373 1.059
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Table Al cont
Site Date on Date off Na Al Si P S Cl K Ca
ugn® pgm® pgm® pgn® pgn®  pgm®  ugni®  pgni®
8 18/12/04  18/01/05 8.129 0.848 3.250 0.000 1.058.81% 0.392 1.291
8 18/01/05 16/02/05 9.630 1.297 4.481 0.000 0.967.6716 0.508 1.964
8 16/02/05 23/03/05 3.281 0.621 2.114 0.000 0.411.082 0.226 0.550
8 23/03/05 28/04/05 12.630 2.041 7.251 0.000 1.7372.730 0.745 2.192
8 Cond 04/08/04 01/09/04 1.282 0.219 0.747 0.002162D. 1.408 0.084 0.291
8 Cond 01/09/04 07/10/04 1.146 0.256 0.913 0.00128®m. 1.740 0.126 0.304
8 Cond 07/10/04 20/11/04 0.000 0.475 1634 0.006568. 1.757 0.383 0.485
8 Cond 20/11/04 18/12/04 0.000 0.823 2.781 0.001664. 2.940 0.516 0.452
8 Cond 18/12/04 18/01/05 4.063 1.357 3.862 0.000748). 4.496 0.400 0.905
8 Cond 18/01/05 16/02/05 5.949 0.932 2.705 0.00076D. 6.874 0.327 0.763
8 Cond 16/02/05 23/03/05 2.364 0.766 2.381 0.000570. 2.687 0.250 0.416
8 Cond 23/03/05 28/04/05 0.000 0.462 1.039 0.000304. 0.761 0.111 0.237
8 Cond 28/04/05 30/05/05 1.345 0.205 0.616 0.000353. 1.109 0.142 0.188
8 Cond 30/05/05 30/06/05 3.120 0.181 0556 0.000274. 2.464 0.106 0.232
8 Cond 30/06/05 08/08/05 1.428 0.264 0596 0.001233. 0.856 0.070 0.260
8 Cond 08/08/05 13/09/05 2.066 0.303 0.898 0.001249. 1.780 0.110 0.399
8Hi 04/08/04 02/09/04 3.367 1.497 4.282 0.000 0.352.714 0.370 1.706
8Hi 02/09/04 08/10/04 3.573 0.923 2547 0.000 0.412.402 0.301 1.783
8Hi 08/10/04 30/11/04 5.749 1.074 2.857 0.000 0.5238.264 0.405 2.838
8Hi 30/11/04 20/12/04 7.193 1.214 3.034 0.000 0.754.317 0.376  3.668
8Hi 20/12/04  20/01/05 8.472 0.731 1.804 0.000 1.01%.148 0.294 1.297
8Hi 20/01/05 23/02/05 58.009 5.862 17.449 0.000 2K.8 38.542 2.543 19.839
8Hi 23/02/05 31/03/05 4.881 0.955 2577 0.000 0.662.844 0.289 1.446
8Hi 31/03/05  02/05/05 3.465 1.365 4.087 0.000 0.514.727 0.409 1.651
8Hi 02/05/05 09/06/05 2.051 1.802 4,535 0.009 0.422.337 0.373  1.407
8Hi 09/06/05 01/07/05 0.000 1.160 1.987 0.021 0.192.053 0.077 0.267
8Hi 01/07/05  09/08/05 0.000 1.723 2529 0.063 0.299.202 0.096 0.616
8Hi 09/08/05  16/09/05 4,152 1.200 2.673 0.000 0.4872.849 0.233 2.668
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Table A2. Elemental concentrations of TSP and PM1o samples at various sites measured by PIXE analysis.

Site Date on Date off Ti V Cr Mn Fe Co Ni Cu
ugn® ugni® ugni® pgni® pgni® pgm® opgm® o opgm®
1 29/07/04 02/09/04 0.017 0.002 0.000 0.007 0.771.004€ 0.000 0.000
1 02/09/04 08/10/04 0.016 0.002 0.002 0.008 0.616.000 0.001 0.002
1 08/10/04 21/11/04 0.025 0.004 0.000 0.013 0.874.01D 0.000 0.004
1 21/11/04 17/12/04 0.039 0.000 0.000 0.010 0.647.008 0.004 0.013
1 17/12/04 19/01/05 0.041 0.000 0.000 0.014 0.754.000 0.002 0.004
1 19/01/05 21/02/05 0.032 0.000 0.000 0.011 0.451.00@ 0.000 0.001
1 21/02/05 28/03/05 0.053 0.002 0.004 0.018 1.012.008 0.003 0.010
1 28/03/05 18/04/05 0.017 0.004 0.000 0.006 0.537.00D0 0.001 0.004
1 18/04/05 31/05/05 0.017 0.000 0.003 0.007 0.471.00 0.004 0.001
1 31/05/05 13/07/05 0.012 0.004 0.009 0.014 0.585.0010 0.003 0.025
1 13/07/05 07/08/05 0.010 0.002 0.001 0.006 0.501.003 0.000 0.000
1 07/08/05 14/09/05 0.011 0.003 0.000 0.007 0.482.003 0.000 0.001
4 01/08/04 01/09/04 0.027 0.000 0.002 0.012 0.945.00D 0.001 0.005
4 01/09/04 07/10/04 0.019 0.000 0.006 0.010 0.826.000 0.001 0.002
4 07/10/04 20/11/04 0.122 0.010 0.000 0.070 4.319.043 0.003 0.012
4 20/11/04 18/12/04 0.154 0.000 0.002 0.044 2.366.030 0.005 0.007
4 18/12/04 18/01/05 0.155 0.000 0.000 0.043 2.766.028 0.000 0.001
4 18/01/05 16/02/05 0.121 0.008 0.000 0.045 2.234.02% 0.000 0.007
4 16/02/05 23/03/05 0.119 0.002 0.002 0.040 2.920.03D 0.001 0.005
4 23/03/05 28/04/05 0.074 0.003 0.000 0.021 1.867.018® 0.000 0.003
4 28/04/05 30/05/05 0.055 0.001 0.004 0.020 1.264.013 0.000 0.007
4 30/05/05 30/06/05 0.019 0.001 0.003 0.016 0.896.01M 0.003 0.004
4 30/06/05 08/08/05 0.034 0.001 0.001 0.012 0.975.0089 0.001 0.001
4 08/08/05 13/09/05 0.084 0.000 0.001 0.023 1.743.01@®@ 0.000 0.001
5 07/10/04 20/11/04 0.044 0.004 0.001 0.029 4.080.023 0.000 0.005
5 18/01/05 16/02/05 0.047 0.002 0.000 0.022 1.707.02% 0.000 0.005
5 16/02/05 23/03/05 0.084 0.003 0.003 0.030 2.967.02% 0.003 0.011
5 23/03/05 28/04/05 0.044 0.002 0.002 0.025 2.559.023 0.003 0.019
5 28/04/05 30/05/05 0.031 0.001 0.001 0.018 1.968.014 0.000 0.006
5 08/08/05 13/09/05 0.027 0.003 0.003 0.022 2.710.023 0.002 0.010
7 01/08/04 01/09/04 0.042 0.001 0.002 0.021 2.696.0149 0.001 0.005
7 01/09/04 07/10/04 0.038 0.003 0.000 0.024 3.094.020D 0.001 0.007
7 07/10/04 20/11/04 0.066 0.002 0.003 0.041 5.118.04D 0.000 0.012
7 20/11/04 18/12/04 0.110 0.005 0.012 0.053 5.864.0540 0.011 0.028
7 18/12/04 18/01/05 0.100 0.004 0.004 0.036 4.047.04% 0.002 0.011
7 18/01/05 16/02/05 0.281 0.008 0.000 0.099 12.6@R111 0.005 0.046
7 16/02/05 23/03/05 0.104 0.003 0.003 0.036 3.164.028 0.001 0.012
7 23/03/05 28/04/05 0.068 0.003 0.004 0.023 2.788.024 0.000 0.010
7 28/04/05 30/05/05 0.028 0.001 0.002 0.016 1.809.01®M 0.000 0.000
7 30/05/05 30/06/05 0.020 0.000 0.000 0.010 1.155.000 0.000 0.008
7 30/06/05 08/08/05 0.023 0.001 0.002 0.010 0.976.00® 0.001 0.003
7 08/08/05 13/09/05 0.026 0.003 0.003 0.020 2.495.0210 0.003 0.005
8 03/08/04 01/09/04 0.049 0.006 0.000 0.041 6.107.0410 0.000 0.009
8 01/09/04 07/10/04 0.051 0.003 0.001 0.045 7.565.063 0.002 0.015
8 07/10/04 20/11/04 0.110 0.009 0.007 0.087 19.2@w177 0.009 0.049
8 20/11/04 18/12/04 0.073 0.010 0.011 0.057 7.920.0540 0.000 0.013
8 18/12/04 18/01/05 0.124 0.003 0.005 0.082 13.210109 0.003 0.015
8 18/01/05 16/02/05 0.179 0.012 0.003 0.132 19.618194 0.020 0.056
8 16/02/05 23/03/05 0.070 0.004 0.005 0.035 5.275.04@ 0.000 0.009
8 23/03/05 28/04/05 0.217 0.000 0.042 0.173 29.2®251 0.001 0.068
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Table A2 cont
Site Date on Date off Ti V Cr Mn Fe Co Ni Cu
ugn® ugni® ugni® ugni® pgni® pgm® pgm® pgm®
8 Cond 04/08/04 01/09/04 0.019 0.000 0.002 0.0097260. 0.006 0.001 0.002
8 Cond 01/09/04 07/10/04 0.027 0.003 0.046 0.017186L. 0.000 0.006 0.001
8 Cond 07/10/04 20/11/04 0.041 0.000 0.002 0.025882. 0.016 0.000 0.008
8 Cond 20/11/04 18/12/04 0.081 0.003 0.022 0.023638.. 0.029 0.010 0.011
8 Cond 18/12/04 18/01/05 0.109 0.000 0.108 0.0441664. 0.025 0.061 0.021
8 Cond 18/01/05 16/02/05 0.070 0.000 0.004 0.018586L. 0.019 0.000 0.012
8 Cond 16/02/05 23/03/05 0.075 0.001 0.002 0.022614. 0.010 0.002 0.009
8 Cond 23/03/05 28/04/05 0.028 0.001 0.089 0.013398.. 0.008 0.048 0.011
8 Cond 28/04/05 30/05/05 0.020 0.000 0.000 0.00969®. 0.000 0.000 0.002
8 Cond 30/05/05 30/06/05 0.018 0.001 0.000 0.008569. 0.005 0.001 0.004
8 Cond 30/06/05 08/08/05 0.020 0.001 0.049 0.00883@. 0.004 0.025 0.004
8 Cond 08/08/05 13/09/05 0.028 0.001 0.009 0.018978L. 0.009 0.000 0.004
8Hi 04/08/04 02/09/04 0.167 0.005 0.007 0.164 2p.89.234 0.013 0.055
8Hi 02/09/04 08/10/04 0.102 0.004 0.007 0.119 1%.90.131 0.010 0.042
8Hi 08/10/04 30/11/04 0.140 0.005 0.008 0.146 23.69.293 0.058 0.169
8Hi 30/11/04 20/12/04 0.127 0.002 0.012 0.133 1B.790.135 0.007 0.033
8Hi 20/12/04 20/01/05 0.079 0.012 0.003 0.091 12.080.083 0.000 0.019
8Hi 20/01/05 23/02/05 0.825 0.036 0.000 0.708 93.330.806 0.009 0.209
8Hi 23/02/05 31/03/05 0.104 0.003 0.007 0.103 12.530.078 0.001 0.021
8Hi 31/03/05 02/05/05 0.179 0.004 0.016 0.149 13.490.112 0.000 0.016
8Hi 02/05/05 09/06/05 0.205 0.002 0.021 0.232 329(M0.161 0.000 0.216
8Hi 09/06/05 01/07/05 0.105 0.000 0.018 0.201 2¥.670.116 0.000 0.271
8Hi 01/07/05 09/08/05 0.107 0.010 0.010 0.364 3.780.041 0.000 0.019
8Hi 09/08/05 16/09/05 0.157 0.005 0.020 0.299 4%5.580.292 0.000 0.053
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Table A3. Elemental concentrations of TSP and PM1p samples at various sites measured by PIXE analysis, total
elemental mass, gravimetric mass and fraction of iron in gravimetric mass.

Site Date on Date off Zn Br Pb Total Gravimetric % %
pgm® pgnm® pgn®  elemental Mass Total Fe
ug 3 ug n mas:
1 29/07/04 02/09/04 0.004 0.005 0.000 10.10 1159 7.18 6.65
1 02/09/04 08/10/04 0.004 0.007 0.000 12.20 14.04 6.9(8 4.39
1 08/10/04 21/11/04 0.009 0.021 0.010 18.90 2430 7.777  3.60
1 21/11/04 17/12/04 0.013 0.024 0.014 26.90 3244 2938 2.00
1 17/12/04 19/01/05 0.005 0.011 0.014 30.00 35.03 5638 215
1 19/01/05 21/02/05 0.005 0.015 0.008 30.80 36.57 4.28 1.23
1 21/02/05 28/03/05 0.007 0.008 0.017 22.40 2514 9.18 4.03
1 28/03/05 18/04/05 0.003 0.008 0.020 11.70 13.57 6.238 3.95
1 18/04/05 31/05/05 0.009 0.007 0.002 10.20 25,04 0.7 1.88
1 31/05/05 13/07/05 0.013 0.013 0.012 14.30 33.60 2.564 1.74
1 13/07/05 07/08/05 0.000 0.008 0.002 7.70 8.81 48B7. 5.69
1 07/08/05 14/09/05 0.002 0.004 0.001 9.50 11.41 23B8B3 4.22
4 01/08/04 01/09/04 0.004 0.004 0.000 11.50 1531 5.07 6.17
4 01/09/04 07/10/04 0.005 0.005 0.007 7.98 12.08 .0166 6.84
4 07/10/04 20/11/04 0.008 0.000 0.000 36.89 4256 6.68 10.15
4 20/11/04 18/12/04 0.012 0.021 0.005 43.93 60.31 2.8% 3.92
4 18/12/04 18/01/05 0.000 0.028 0.000 50.29 60.56 3.08 4.57
4 18/01/05 16/02/05 0.010 0.023 0.001 43.82 55.21 9.36¢7 4.05
4 16/02/05 23/03/05 0.014 0.015 0.013 35.85 4765 5247 6.13
4 23/03/05 28/04/05 0.007 0.007 0.009 21.42 2851 5.1%F 6.55
4 28/04/05 30/05/05 0.013 0.008 0.024 16.53 2255 337 5.61
4 30/05/05 30/06/05 0.004 0.008 0.000 15.08 17.65 5.43 5.08
4 30/06/05 08/08/05 0.001 0.000 0.007 10.57 1559 783 6.26
4 08/08/05 13/09/05 0.010 0.004 0.000 22.99 33.24 9.18 5.24
5 07/10/04 20/11/04 0.015 0.014 0.003 25.45 32.02 94er 12.74
5 18/01/05 16/02/05 0.014 0.014 0.001 25.91 36.38 1.2% 4.69
5 16/02/05 23/03/05 0.012 0.007 0.003 28.52 30.71 2.8P 9.66
5 23/03/05 28/04/05 0.018 0.003 0.017 21.05 17.78 18.3b 14.39
5 28/04/05 30/05/05 0.013 0.000 0.012 13.87 1546 9.78 12.73
5 08/08/05 13/09/05 0.018 0.011 0.003 13.02 17.00 6.59 15.94
7 01/08/04 01/09/04 0.009 0.006 0.012 16.49 19.16 6.08 14.07
7 01/09/04 07/10/04 0.006 0.006 0.009 18.28 21.80 3.88 14.20
7 07/10/04 20/11/04 0.016 0.012 0.004 31.76 46.60 8.14 10.98
7 20/11/04 18/12/04 0.022 0.013 0.000 43.94 58.41 5.2Z 10.04
7 18/12/04 18/01/05 0.017 0.014 0.002 39.16 4239 238 955
7 18/01/05 16/02/05 0.049 0.030 0.021 120.88 135.95 88.91 9.27
7 16/02/05 23/03/05 0.011 0.008 0.003 29.35 3471 458 9.12
7 23/03/05 28/04/05 0.010 0.006 0.000 19.28 21.26 0.73® 13.12
7 28/04/05 30/05/05 0.013 0.005 0.000 13.34 15.02 8.88 12.04
7 30/05/05 30/06/05 0.008 0.012 0.005 14.10 15.14 3.09 7.62
7 30/06/05 08/08/05 0.004 0.004 0.003 10.45 11.37 1.8® 8.59
7 08/08/05 13/09/05 0.016 0.005 0.003 15.60 16.84 2.6 14.82
8 03/08/04 01/09/04 0.019 0.019 0.017 20.41 22.86 9.3188 26.72
8 01/09/04 07/10/04 0.024 0.015 0.025 25.41 28.16 0.2 26.86
8 07/10/04 20/11/04 0.064 0.036 0.037 54.08 52.68 02.66 36.62
8 20/11/04 18/12/04 0.033 0.023 0.010 40.63 5344 6.04 14.82
8 18/12/04 18/01/05 0.039 0.027 0.013 58.08 61.67 4.10 21.42
8 18/01/05 16/02/05 0.091 0.054 0.111 78.49 9461 298 20.80
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Table A3 cont
Site Date on Date off Zn Br Pb Total Gravimetric % %
ugm® pgn® pgni®  elemental Mass Total Fe
pug m* pg m® mass
8 16/02/05 23/03/05 0.021 0.009 0.011 26.43 29.27 0.319 18.02
8 23/03/05 28/04/05 0.077 0.016 0.000 114.66 135.16 84.83 21.67
8 Cond  04/08/04 01/09/04 0.008 0.000 0.009 7.89 3410. 76.33 7.02
8 Cond 01/09/04 07/10/04 0.004 0.006 0.003 10.29 .1813 78.11 9.00
8 Cond 07/10/04 20/11/04 0.021 0.015 0.006 15.68 A1 73.11 13.44
8 Cond 20/11/04 18/12/04 0.006 0.004 0.017 20.76 9730 67.02 5.29
8 Cond 18/12/04 18/01/05 0.012 0.014 0.029 35.32 912 82.32 9.71
8 Cond 18/01/05 16/02/05 0.005 0.007 0.005 28.75 9631 89.97 4.96
8 Cond 16/02/05 23/03/05 0.010 0.017 0.030 20.04 084 83.22 6.70
8 Cond  23/03/05 28/04/05 0.007 0.007 0.000 9.01 9712. 69.50 10.78
8 Cond  28/04/05 30/05/05 0.001 0.002 0.012 8.01 1016. 49.73 4.29
8 Cond  30/05/05 30/06/05 0.003 0.004 0.001 10.07 .6510 94.49 5.34
8 Cond  30/06/05 08/08/05 0.001 0.001 0.001 7.59 488 85.89 9.46
8 Cond 08/08/05 13/09/05 0.003 0.009 0.000 12.22 .6313 89.65 14.51
8Hi 04/08/04 02/09/04 0.059 0.085 0.126 74.57 86.37 86.34  34.57
8Hi 02/09/04 08/10/04 0.057 0.029 0.039 49,57 64.80 76.49 26.09
8Hi 08/10/04 30/11/04 0.201 0.130 0.107 71.18 96.57 73.70 25.53
8Hi 30/11/04 20/12/04 0.077 0.028 0.026 67.34 78.98 85.26  25.07
8Hi 20/12/04 20/01/05 0.033 0.037 0.037 49.05 52.97 9259 22.78
8Hi 20/01/05 23/02/05 0.050 0.024 0.021 395.38 G50, 70.49 16.82
8Hi 23/02/05 31/03/05 0.041 0.034 0.037 44.31 49,29 89.90 2543
8Hi 31/03/05 02/05/05 0.065 0.028 0.047 56.16 81.08 69.26 21.57
8Hi 02/05/05 09/06/05 0.065 0.010 0.037 81.31 81.42 99.87 42.87
8Hi 09/06/05 01/07/05 0.016 0.005 0.000 54.98 49.65 110.74 55.74
8Hi 01/07/05 09/08/05 0.007 0.006 0.004 68.70 82.04 83.74 42.41
8Hi 09/08/05 16/09/05 0.092 0.118 0.127 99.11 18952 86.00 39.53
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Table A4. Cation concentrations measured in TSP collected at various sites and pH and cation and anion sums of the
TSP extracts.

Site Date on Date off pH Na NH," K* Mg ca’ Cation  Anion
Sum Sum
ugm®  pgm®  pgm®  pgm® ougm® peqlt  peql
29/07/04 02/09/04 6.355 151 0.03 0.07 0.15 0.14 1122.6 1140.2
1 02/09/04 08/10/04 5.530 2.13 0.03 0.10 0.24 0.181575.3 1567.5
1 08/10/04 21/11/04 6.018 3.21 0.04 0.24 0.38 0.332732.0 2646.6
1 21/11/04 17/12/04 5.751 4.57 0.10 0.29 0.52 0.471461.0 1437.2
1 17/12/04 19/01/05 5.778 5.30 0.09 0.24 0.62 0.682317.5 2306.9
1 19/01/05 21/02/05 5.590 6.24 0.09 0.24 0.73 0.633294.3 3323.3
1 21/02/05 28/03/05 5.191 1.02 0.03 0.05 0.31 0.31 833.5 840.7
1 28/03/05 18/04/05 5.217 1.77 0.10 0.07 0.17 0.11 665.3 673.8
1 18/04/05 31/05/05 5.266 0.44 0.01 0.08 0.15 0.14 412.8 420.6
1 31/05/05 13/07/05 5.060 0.56 0.01 0.02 0.18 0.14 666.3 687.4
1 13/07/05 07/08/05 5.337 1.16 0.06 0.05 0.11 0.08 618.3 628.1
1 07/08/05 14/09/05 5.329 1.68 0.03 0.08 0.19 0.121339.7 1329.5
4 01/08/04 01/09/04  7.388 1.35 0.03 0.06 0.14 0.491088.6 1078.4
4 01/09/04 07/10/04 7.318 1.11 0.02 0.05 0.11 0.381001.0 998.6
4 07/10/04 20/11/04  7.360 2.76 0.10 0.20 0.26 1.49 487.0 515.6
4 20/11/04 18/12/04 7.635 4.00 0.12 0.27 0.44 2.341074.9 1057.9
4 18/12/04 18/01/05 7.678 4.78 0.12 0.22 0.54 2.481364.9 1352.8
4 18/01/05 16/02/05 7.766 5.40 0.07 0.21 0.62 1.882417.0 2454.9
4 16/02/05 23/03/05 7.743 3.60 0.09 0.16 0.42 1.242473.6 2510.3
4 23/03/05 28/04/05 7.771 1.74 0.08 0.08 0.20 1.161302.1 1300.1
4 28/04/05 30/05/05 7.425 1.36 0.09 0.12 0.12 0.85 571.3 588.3
4 30/05/05 30/06/05 6.177 2.37 0.04 0.11 0.23 0.26 777.5 785.4
4 30/06/05 08/08/05 6.869 1.14 0.06 0.05 0.09 0.36 421.4 433.4
4 08/08/05 13/09/05  7.847 1.68 0.05 0.07 0.18 1.54 940.1 972.5
5 07/10/04 20/11/04 6.453 2.92 0.07 0.24 0.33 0.46 1610.5 1554.9
5 18/01/05 16/02/05 5.541 4.48 0.08 0.17 0.51 0.521783.7 1791.2
5 16/02/05 23/03/05 6.479 2.42 0.05 0.12 0.28 0.411963.2 1983.7
5 23/03/05 28/04/05 6.415 1.22 0.04 0.06 0.13 0.241034.7 1016.4
5 28/04/05 30/05/05 5.740 0.99 0.04 0.12 0.11 0.18 756.2 730.2
5 08/08/05 13/09/05 6.355 1.52 0.02 0.08 0.17 0.211214.7 1206.4
7 01/08/04 01/09/04  7.056 1.46 0.03 0.07 0.15 0.261023.1 1046.4
7 01/09/04 07/10/04 6.941 1.76 0.03 0.09 0.20 0.371473.0 1458.1
7 07/10/04 20/11/04  7.267 3.04 0.07 0.24 0.35 0.721863.0 1823.6
7 20/11/04 18/12/04  7.087 3.96 0.14 0.29 0.43 1.001017.5 1009.2
7 18/12/04 18/01/05 7.024 4.27 0.07 0.22 0.47 0.831807.5 1823.5
7 18/01/05 16/02/05 6.965 14.70 0.25 0.58 1.66 2.252596.4 2616.1
7 16/02/05 23/03/05 6.636 2.66 0.05 0.12 0.31 0.492166.0 2186.1
7 23/03/05 28/04/05 7.173 1.39 0.06 0.07 0.15 0.391255.6 1253.3
7 28/04/05 30/05/05 5.989 1.22 0.03 0.12 0.13 0.23 925.1 883.0
7 30/05/05 30/06/05 5.846 2.12 0.02 0.09 0.23 0.181376.2 1385.8
7 30/06/05 08/08/05 6.664 1.13 0.05 0.05 0.11 0.17 991.6 1004.8
7 08/08/05 13/09/05 6.801 1.70 0.03 0.08 0.18 0.26 1365.7 1368.5
8 03/08/04 01/09/04  7.087 1.30 0.04 0.06 0.13 0.27 886.9 913.1
8 01/09/04 07/10/04 6.932 1.81 0.04 0.10 0.20 0.371532.0 1528.5
8 07/10/04 20/11/04 7.056 2.89 0.06 0.18 0.32 0.741286.5 1281.5
8 20/11/04 18/12/04 6.854 3.96 0.17 0.28 0.41 0.86 986.3 974.3
8 18/12/04 18/01/05 6.460 5.32 0.21 0.24 0.57 0.951145.0 1141.5
8 18/01/05 16/02/05 7.310 6.47 0.12 0.25 0.71 1.372204.1 2243.0
8 16/02/05 23/03/05 6.718 2.06 0.07 0.10 0.23 0.391704.3 1715.1
8 23/03/05 28/04/05 6.655 8.60 0.40 0.36 0.88 1.58 844.4 853.4
8 Con 04/08/04 01/09/04 6.071 0.85 0.05 0.04 0.06 .110 193.3 204.5
8 Con 01/09/04 07/10/04 5.610 1.25 0.07 0.06 0.10 .150 272.0 275.5
8 Con 07/10/04 20/11/04 5.592 1.17 0.23 0.26 0.08 .180 204.2 198.9
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Table A4 Continued
Site Dateon Dateoff pH Na' NH," K* Mg** cea’ Cation  Anion
Sum Sum
ugni®  ugmi® pgm®  pgm®  pgni®  peqlt  peqlt
8 Con 20/11/04 18/12/04 5.417 2.25 0.19 0.31 0.15 .180 187.8 196.0
8 Con 18/12/04 18/01/05 5.934 3.09 0.21 0.15 0.26 .480 411.3 417.4
8 Con 18/01/05 16/02/05 5.496 3.61 0.13 0.11 0.25 310 247.5 261.3
8 Con 16/02/05 23/03/05 5.430 1.90 0.16 0.09 0.17 .240 430.6 440.5
8 Con 23/03/05 28/04/05 5.662 0.71 0.14 0.03 0.05 .090 191.6 196.3
8 Con 28/04/05 30/05/05 5.283 0.96 0.12 0.10 0.08 .110 411.4 398.7
8 Con 30/05/05 30/06/05 5.868 1.42 0.05 0.06 0.13 .130 688.8 699.4
8 Con 30/06/05 08/08/05 6.397 0.70 0.08 0.03 0.06 .140 480.9 479.0
8 Con 08/08/05 13/09/05 6.054 1.12 0.04 0.04 0.09 .190 327.4 336.5
8Hi 04/08/04 02/09/04  7.172 1.68 0.07 0.06 0.16 60.7 490.9 503.1
8Hi 02/09/04 08/10/04  7.638 2.23 0.10 0.11 0.24 61.0 1306.6 1319.9
8Hi 08/10/04 30/11/04 7.918 3.36 0.14 0.22 0.38 51.0 2886.8 3149.7
8Hi 30/11/04 20/12/04  7.798 3.93 0.15 0.17 0.42 815 1537.0 1679.8
8Hi 20/12/04 20/01/05 6.880 441 0.17 0.20 0.47 50.9 1243.7 1248.1
8Hi 20/01/05 23/02/05 7.848 31.53 0.93 1.24 3.45 009. 2416.8 2651.9
8Hi 23/02/05 31/03/05 7.389 2.29 0.16 0.10 0.24 60.8 11034 1157.6
8Hi 31/03/05 02/05/05  7.408 1.87 0.16 0.09 0.21 611 7718 809.8
8Hi 02/05/05 09/06/05 6.941 1.17 0.17 0.09 0.10 50.6 245.3 253.2
8Hi 09/06/05 01/07/05 5.292 1.01 0.05 0.02 0.04 10.1 453 48.2
8Hi 01/07/05 09/08/05 5.756 0.83 0.17 0.03 0.04 70.1 64.0 71.0
8Hi 09/08/05 16/09/05 7.698 2.44 0.11 0.10 0.28 315 1113.0 1184.0
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Table A5. Anion concentrations measured in TSP collected at various sites in 2004/2005.

Site Cl NO; so” C0° PO F CH,COO HCOO CHSO; HCOq
ugnm®  pgm®  pgm®  pgnm®  opgm®  opgm® opgm® opgm® opgm® pgm?
1 2.40 0.31 0.68 0.07 <0.01 <0.01 <0.01 0.01 0.01 .060
1 3.15 0.59 1.10 0.18 <0.01 <0.01 <0.01 0.01 0.02 .010
1 4.32 0.96 2.06 0.35 0.01 <0.01 <0.01 0.01 0.04 020.
1 6.65 1.49 2.44 0.35 <0.01 <0.01 0.01 0.03 0.07 030.
1 7.71 2.01 3.03 0.41 0.01 <0.01 0.01 0.02 0.14 30.0
1 9.82 1.55 3.12 0.36 <0.01  <0.01 <0.01 0.02 0.12 .010
1 1.25 0.65 1.96 0.29 <0.01 <0.01 <0.01 0.01 0.02 .000
1 2.06 1.06 1.27 0.19 <0.01 <0.01 <0.01 0.01 0.02 .010
1 0.47 0.30 1.18 0.35 0.01 <0.01 <0.01 <0.01 <0.01<0.01
1 0.93 0.07 0.29 0.04 <0.01  <0.01 <0.01 0.01 <0.01<0.01
1 1.52 0.58 0.73 0.07 <0.01 <0.01 <0.01 0.01 0.01 .010
1 2.50 0.44 0.81 0.11 <0.01 <0.01 <0.01 0.01 0.01 0.0k
4 2.22 0.33 0.71 0.06 <0.01 0.01 0.01 0.04 001 806
4 1.79 0.34 0.53 0.06 <0.01 <0.01 0.01 0.02 0.01 500.
4 4.11 0.90 2.06 0.31 <0.01 0.02 0.04 0.11 002 133
4 6.03 1.73 2.59 0.32 <0.01 0.01 0.04 0.13 0.07 4.25
4 7.28 2.02 3.00 0.41 <0.01 0.01 0.04 0.11 012 242
4 8.70 1.72 2.92 0.32 <0.01 0.02 0.06 0.10 010 229
4 5.34 1.83 2.27 0.25 <0.01 0.01 0.04 0.06 005 3138
4 2.30 1.15 1.43 0.20 <0.01 <0.01 0.02 0.05 0.02 202.
4 1.82 0.74 1.24 0.23 <0.01 0.01 0.02 <0.01 0.01 731.
4 3.75 0.56 0.99 0.10 <0.01 <0.01 0.01 0.04 0.01 080.
4 1.50 0.59 0.93 0.09 <0.01 <0.01 0.01 0.04 0.01 440.
4 2.66 0.59 1.01 0.10 <0.01 0.01 0.02 0.08 001 539
5 3.81 1.03 2.11 0.39 <0.01 0.01 0.01 0.03 004 001
5 7.09 1.34 2.11 0.25 <0.01 <0.01 0.01 0.02 0.09 020.
5 3.18 1.40 1.74 0.25 <0.01 <0.01 0.01 0.02 0.04 070.
5 1.23 0.89 1.08 0.22 <0.01 <0.01 <0.01 0.02 0.02 .060
5 0.95 0.57 0.96 0.27 <0.01 <0.01 <0.01 0.01 0.01 .010
5 2.23 0.46 0.87 0.12 <0.01 <0.01 <0.01 0.02 0.01 .050
7 2.37 0.33 0.65 0.07 <0.01 <0.01 0.01 0.03 0.01 320.
7 2.71 0.60 0.95 0.15 <0.01 <0.01 0.01 0.02 0.02 210.
7 4.27 1.10 2.15 0.34 <0.01 0.01 0.02 0.04 0.04 406
7 5.56 1.91 2.50 0.41 <0.01 0.01 0.03 0.07 007 21.0
7 6.53 1.55 2.35 0.33 <0.01 0.01 0.02 0.05 010 005
7 23.14 4.33 7.41 0.99 <0.01 0.01 0.03 0.14 0.26 011.
7 3.69 1.43 1.76 0.24 <0.01 <0.01 0.01 0.03 0.04 110.
7 1.64 0.97 1.11 0.22 <0.01 <0.01 0.01 0.02 0.02 360.
7 1.37 0.61 1.00 0.26 0.01 <0.01 <0.01 0.01 0.01 030.
7 3.48 0.46 0.78 0.07 <0.01 <0.01 0.01 0.02 0.01 020.
7 1.54 0.52 0.73 0.09 <0.01 <0.01 <0.01 0.01 0.01 .100
7 2.61 0.50 0.88 0.11 <0.01 <0.01 <0.01 0.02 0.01 .150
8 2.09 0.34 0.63 0.07 <0.01 <0.01 0.01 0.03 0.01 360.
8 2.71 0.68 1.10 0.15 <0.01 <0.01 <0.01 0.02 0.02 .210
8 4.39 0.88 1.91 0.30 0.01 0.01 0.01 0.05 0.03 0.54
8 5.60 1.84 2.51 0.36 <0.01 0.01 0.02 0.08 007 00.6
8 7.96 2.12 3.15 0.41 <0.01 0.01 0.02 0.06 014 702
8 10.20 2.03 3.59 0.39 <0.01 0.01 0.01 0.09 012 211.
8 2.80 1.21 1.42 0.19 <0.01 <0.01 <0.01 0.02 0.03 .130
8 10.70 5.21 6.34 1.05 <0.01 <0.01 <0.01 0.01 0.01 0.11
8 Con 1.34 0.19 0.46 0.05 <0.01 0.01 <0.01 0.02 00.0 0.10
8 Con 1.81 0.44 0.72 0.10 <0.01 0.01 <0.01 0.02 100 0.04
8 Con 1.48 0.59 1.27 0.22 <0.01 0.01 0.01 0.02 0.02 0.05
8 Con 2.75 1.52 1.75 0.25 <0.01 0.01 <0.01 001 10.0 0.02
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Table A5 Continued

Site Cl NO; so” C0° PO F CH,COO HCOO CHSO; HCOs
ugni®  pgm®  pgnm®  pgni®  pgnm®  pgm®  ugnmi®  pgmi®  pgmi®  pg
8 Con 4.34 1.48 1.98 0.28 <0.01 0.01 0.01 0.04 0.06 0.13
8 Con 5.57 1.09 1.68 0.13 <0.01 0.03 0.01 0.04 0.06 0.08
8 Con 2.47 1.02 1.46 0.18 <0.01 0.01 0.01 0.03 0.02 0.02
8 Con 0.75 0.55 0.73 0.13 <0.01 0.01 <0.01 0.02 00.0 0.04
8 Con 1.09 0.47 0.90 0.16 0.01 <0.01 <0.01 001 10.0 0.01
8 Con 2.20 0.41 0.61 0.06 <0.01  <0.01 <0.01 0.03 010. 0.03
8 Con 0.83 0.44 0.60 0.07 <0.01 <0.01 <0.01 0.02 010. 0.08
8 Con 1.64 0.42 0.63 0.08 <0.01 0.01 <0.01 0.03 10.0 0.07
8Hi 2.76 0.39 1.06 0.10 <0.01 0.01 0.01 0.10 0.01 .221
8Hi 3.50 0.78 1.51 0.18 <0.01 0.02 0.02 0.06 0.02 .841
8Hi 5.27 1.24 2.40 0.30 0.01 0.02 0.05 0.07 0.04 172.
8Hi 6.50 1.09 2.37 0.33 <0.01 0.02 0.06 0.09 0.07 .783
8Hi 6.70 1.67 2.76 0.33 <0.01 0.01 0.01 0.06 0.10 .550
8Hi 51.83 8.78 18.31 2.44 <0.01 0.01 0.38 0.58 0.58 19.84
8Hi 3.14 1.65 1.90 0.21 0.02 0.01 0.02 0.05 0.03 201.
8Hi 2.55 1.17 1.91 0.26 <0.01 0.02 0.02 0.29 0.02 .731
8Hi 1.46 0.74 1.27 0.25 <0.01 0.01 <0.01 0.02 0.01 0.39
8Hi 1.73 0.27 0.53 0.05 <0.01  <0.01 <0.01 <0.01 0%0. 0.01
8Hi 1.23 0.50 0.84 0.09 <0.01 <0.01 <0.01 <0.01 0%0. 0.02
8Hi 4.09 0.76 2.06 0.19 <0.01 0.02 0.03 0.07 0.02 .982
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APPENDIX B ELEMENTAL AND
SAMPLES COLLECTED DURING 2007/2008 .

ION CONCENTRATIONS OF TSP

Table B1. Elemental concentrations of TSP and PMio samples at various sites measured by PIXE analysis.

Site Date on Date off Na Al Si P S Cl K Ca
ugn®  pgm® pgm® pgn® pgn®  opgm® ougni® oupgni®
1 04/05/07  14/06/07
1 14/06/07  02/08/07
1 02/08/07  09/09/07
1 09/09/07  25/10/07
1 25/10/07  09/11/07
1 09/11/07 09/01/08
1 09/01/08 08/02/08
1 08/02/08 12/03/08
1 12/03/08 27/04/08
1 27/04/08  04/06/08
1 04/06/08 17/07/08
1 17/07/08  14/08/08
6 03/05/07 07/06/07
6 07/06/07 04/08/07
6 04/08/07  12/09/07
6 12/09/07  16/10/07
6 16/10/07 08/11/07
6 08/11/07 08/01/08
6 08/01/08 07/02/08
6 07/02/08 11/03/08
6 11/03/08 21/04/08
6 21/04/08 03/06/08
6 03/06/08 14/07/08
6 14/07/08  13/08/08
7 03/05/07 07/06/07
7 07/06/07 03/08/07
7 03/08/07  12/09/07
7 02/09/07 16/10/07
7 16/10/07 08/11/07
7 08/11/07 08/01/08
7 08/01/08 07/02/08
7 07/02/08 11/03/08
7 11/03/08 21/04/08
7 21/04/08 03/06/08
7 03/06/08 14/07/08
7 14/07/08  13/08/08
8 24/01/07  22/02/07
8 22/02/07  20/03/07
8 20/03/07  03/05/07
8 03/05/07 07/06/07
8 07/06/07 03/08/07
8 03/08/07  12/09/07
8 12/09/07  16/10/07
8 16/10/07  08/11/07
8 08/11/07 08/01/08
8 08/01/08 07/02/08
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Table B1 cont
Site Date on Date off Na Al Si P S Cl K Ca
pgnm® pgni® pgni® pgnm® pugm®  pgm®  pgn® ugni®
8 07/02/08  11/03/08
8 11/03/08  21/04/08
8 21/04/08  03/06/08
8 03/06/08  14/07/08
8 14/07/08  13/08/08
8 Cond 24/01/07 22/02/07
8 Cond 22/02/07  20/03/07
8 Cond 20/03/07 03/05/07
8 Cond 03/05/07 07/06/07
8 Cond 07/06/07 03/08/07
8 Cond 03/08/07 12/09/07
8 Cond 12/09/07 16/10/07
8 Cond 16/10/07 08/11/07
8 Cond 08/11/07 08/01/08
8 Cond 08/01/08 07/02/08
8 Cond 07/02/08 11/03/08
8 Cond 11/03/08 21/04/08
8 Cond 21/04/08 03/06/08
8 Cond 03/06/08 14/07/08
8 Cond 14/07/08 13/08/08
8Hi  21/05/07 25/06/07
8Hi  25/06/07 04/08/07
8Hi  04/08/07 12/09/07
8Hi  12/09/07 08/11/07
8Hi  08/11/07 08/01/08
8Hi  08/01/08 07/02/08
8Hi  07/02/08 11/03/08
8HI  11/03/08 21/04/08
8Hi  21/04/08 04/06/08
8Hi  04/06/08 14/07/08
8Hi  14/07/08 13/08/08
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Table B2. Elemental concentrations of TSP and PM1o samples at various sites measured by PIXE analysis.

Site Date on Date off Ti V Cr Mn Fe Co Ni Cu
ugn® ugni® ugni® pgni® pgni® pgm® opgm® o opgm®
1 04/05/07 14/06/07
1 14/06/07 02/08/07
1 02/08/07 09/09/07
1 09/09/07 25/10/07
1 25/10/07 09/11/07
1 09/11/07 09/01/08
1 09/01/08 08/02/08
1 08/02/08 12/03/08
1 12/03/08 27/04/08
1 27/04/08 04/06/08
1 04/06/08 17/07/08
1 17/07/08 14/08/08
6 03/05/07 07/06/07
6 07/06/07 04/08/07
6 04/08/07 12/09/07
6 12/09/07 16/10/07
6 16/10/07 08/11/07
6 08/11/07 08/01/08
6 08/01/08 07/02/08
6 07/02/08 11/03/08
6 11/03/08 21/04/08
6 21/04/08 03/06/08
6 03/06/08 14/07/08
6 14/07/08 13/08/08
7 03/05/07 07/06/07
7 07/06/07 03/08/07
7 03/08/07 12/09/07
7 02/09/07 16/10/07
7 16/10/07 08/11/07
7 08/11/07 08/01/08
7 08/01/08 07/02/08
7 07/02/08 11/03/08
7 11/03/08 21/04/08
7 21/04/08 03/06/08
7 03/06/08 14/07/08
7 14/07/08 13/08/08
8 24/01/07 22/02/07
8 22/02/07 20/03/07
8 20/03/07 03/05/07
8 03/05/07 07/06/07
8 07/06/07 03/08/07
8 03/08/07 12/09/07
8 12/09/07 16/10/07
8 16/10/07 08/11/07
8 08/11/07 08/01/08
8 08/01/08 07/02/08
8 07/02/08 11/03/08
8 11/03/08 21/04/08
8 21/04/08 03/06/08
8 03/06/08 14/07/08
8 14/07/08 13/08/08
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|_Table | B2cont | | | | | | | | |

Site Date on Date off Ti \Y Cr Mn Fe Co Ni Cu
ugm® pgm® ugm® pgm® pgm® ugn® pgm® pg

8 Cond  24/01/07  22/02/07
8 Cond 22/02/07  20/03/07
8 Cond 20/03/07  03/05/07
8 Cond 03/05/07  07/06/07
8 Cond 07/06/07  03/08/07
8 Cond 03/08/07 12/09/07
8 Cond  12/09/07 16/10/07
8 Cond 16/10/07  08/11/07
8 Cond 08/11/07  08/01/08
8 Cond 08/01/08  07/02/08
8 Cond 07/02/08 11/03/08
8 Cond 11/03/08  21/04/08
8 Cond 21/04/08  03/06/08
8 Cond 03/06/08 14/07/08
8 Cond  14/07/08 13/08/08
8 Hi 21/05/07 25/06/07
8 Hi 25/06/07  04/08/07
8 Hi 04/08/07 12/09/07
8 Hi 12/09/07  08/11/07
8 Hi 08/11/07  08/01/08
8 Hi 08/01/08  07/02/08
8 Hi 07/02/08 11/03/08
8 Hi 11/03/08  21/04/08
8 Hi 21/04/08  04/06/08
8 Hi 04/06/08 14/07/08
8 Hi 14/07/08 13/08/08
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Table B3. Elemental concentrations of TSP and PM1p samples at various sites measured by PIXE analysis, total
elemental mass, gravimetric mass and fraction of iron in gravimetric mass.

Site Date on Date off Zn Br Pb Total Gravimetric % %
pgm® pgnm® pgn®  elemental Mass Total Fe
ug 3 ug n mas:
1 04/05/07 14/06/07 12.1
1 14/06/07 02/08/07 11.6
1 02/08/07 09/09/07 14.6
1 09/09/07 25/10/07 21.6
1 25/10/07 09/11/07 26.2
1 09/11/07 09/01/08 26.9
1 09/01/08 08/02/08 4.4
1 08/02/08 12/03/08 14.0
1 12/03/08 27/04/08 14.6
1 27/04/08 04/06/08 11.8
1 04/06/08 17/07/08 12.2
1 17/07/08 14/08/08 14.7
6 03/05/07 07/06/07 18.7
6 07/06/07 04/08/07 15.6
6 04/08/07 12/09/07 24.0
6 12/09/07 16/10/07 32.6
6 16/10/07 08/11/07 39.5
6 08/11/07 08/01/08 37.8
6 08/01/08 07/02/08 36.0
6 07/02/08 11/03/08 28.7
6 11/03/08 21/04/08 21.7
6 21/04/08 03/06/08 12.3
6 03/06/08 14/07/08 195
6 14/07/08 13/08/08 24.4
7 03/05/07 07/06/07 16.7
7 07/06/07 03/08/07 10.3
7 03/08/07 12/09/07 24.7
7 02/09/07 16/10/07 44.4
7 16/10/07 08/11/07 46.2
7 08/11/07 08/01/08 49.1
7 08/01/08 07/02/08 36.7
7 07/02/08 11/03/08 35.2
7 11/03/08 21/04/08 29.4
7 21/04/08 03/06/08 51.6
7 03/06/08 14/07/08 107.5
7 14/07/08 13/08/08 12.3
8 24/01/07 22/02/07 88.1
8 22/02/07 20/03/07 43.2
8 20/03/07 03/05/07 22.0
8 03/05/07 07/06/07 17.0
8 07/06/07 03/08/07 16.3
8 03/08/07 12/09/07 21.2
8 12/09/07 16/10/07 66.0
8 16/10/07 08/11/07 55.6
8 08/11/07 08/01/08 82.6
8 08/01/08 07/02/08 49.8
8 07/02/08 11/03/08 34.4
8 11/03/08 21/04/08 22.6
8 21/04/08 03/06/08 25.1
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8 03/06/08  14/07/08 6.5
8 14/07/08  13/08/08 20.8
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Table B3 cont
Site Date on Date off Zn Br Pb Total Gravimetric % %
pgm® pgnm® pgn®  elemental Mass Total Fe
pg m® pg m® mass
8 Cond 24/01/07 22/02/07 109.7
8 Cond 22/02/07 20/03/07 57.4
8 Cond 20/03/07 03/05/07 30.8
8 Cond 03/05/07 07/06/07 33.1
8 Cond 07/06/07 03/08/07 34.4
8 Cond 03/08/07 12/09/07 51.9
8 Cond 12/09/07 16/10/07 65.1
8 Cond 16/10/07 08/11/07 75.5
8 Cond 08/11/07 08/01/08 132.0
8 Cond 08/01/08 07/02/08 79.3
8 Cond 07/02/08 11/03/08 43.5
8 Cond 11/03/08 21/04/08 31.9
8 Cond 21/04/08 03/06/08 31.5
8 Cond 03/06/08 14/07/08 20.4
8 Cond 14/07/08 13/08/08 26.6
8 Hi 21/05/07 25/06/07 90.4
8 Hi 25/06/07 04/08/07 82.1
8 Hi 04/08/07 12/09/07 99.9
8 Hi 12/09/07 08/11/07 172.1
8 Hi 08/11/07 08/01/08 112.4
8 Hi 08/01/08 07/02/08 176.2
8 Hi 07/02/08 11/03/08 104.8
8 Hi 11/03/08 21/04/08 102.0
8 Hi 21/04/08 04/06/08 171.2
8 Hi 04/06/08 14/07/08 51.8
8 Hi 14/07/08 13/08/08 67.4
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Table B4. Cation concentrations measured in TSP collected at various sites and pH and cation and anion sums of the
TSP extracts.

Site Date on Date off pH Na NH," K* Mg ca’ Cation  Anion
Sum Sum
ugm®  pgm®  pgm®  pgm® ougm® peqlt  peql
1 04/05/07 14/06/07 1.64 0.03 0.11 0.20 0.14 1455.0 1453.8
1 14/06/07 02/08/07 1.76 0.01 0.11 0.21 0.14 1840.5 1729.2
1 02/08/07 09/09/07 1.55 0.02 0.18 0.20 0.21 1364.5 1240.1
1 09/09/07 25/10/07 2.78 0.03 0.18 0.35 0.30 2848.6 2591.1
1 25/10/07 09/11/07 3.72 0.09 0.17 0.45 0.33 1185.0 1162.6
1 09/11/07 09/01/08 3.78 0.05 0.17 0.47 0.41 5050.0 5175.9
1 09/01/08 08/02/08 0.19 0.01 0.01 0.02 0.12 186.3 191.3
1 08/02/08 12/03/08 2.45 0.07 0.11 0.29 0.20 1746.2 1791.3
1 12/03/08 27/04/08 1.57 0.05 0.11 0.20 0.16 1623.7 1627.7
1 27/04/08 04/06/08 1.22 0.06 0.13 0.15 0.14 1073.1 998.6
1 04/06/08 17/07/08 1.81 0.04 0.08 0.21 0.15 1677.4 1528.9
1 17/07/08 14/08/08 1.98 0.03 0.11 0.24 0.19 1209.9 1191.9
3 29/01/07 22/02/07 6.35 0.05 0.27 0.79 0.96 JA55. 3352.5
3 22/02/07 20/03/07 3.08 0.06 0.16 0.38 0.45 1815.(0.729.8
3 20/03/07 04/05/07 1.29 0.03 0.13 0.16 0.15 1327.201238.5
3 04/05/07 14/06/07 1.35 0.02 0.08 0.16 0.14 1206.41106.0
3 14/06/07 02/08/07 1.74 0.01 0.11 0.21 0.16 1848.11761.9
3 02/08/07 09/09/07 1.36 0.01 0.18 0.17 0.25 1248.51124.4
3 09/09/07 25/10/07 2.81 0.03 0.18 0.35 0.36 2903.2725.8
3 25/10/07 09/11/07 0.93 0.02 0.03 0.11 0.08 299.6 93.2
3 09/11/07 09/01/08 1.20 0.01 0.06 0.15 0.16 1412.336.0
3 09/01/08 08/02/08 6.09 0.06 0.27 0.76 0.67 4027.73854.2
3 08/02/08 12/03/08 3.62 0.07 0.16 0.43 0.29 1938.61863.7
3 12/03/08 27/04/08 0.89 0.02 0.04 0.12 0.20 83.0 .6 80
3 27/04/08 04/06/08
3 04/06/08 17/07/08 1.34 0.02 0.07 0.16 0.11 1243.71174.9
3 17/07/08 14/08/08 1.22 0.02 0.07 0.14 0.12 1090.31025.0
4 03/05/07 07/06/07 1.36 0.05 0.08 0.17 0.72 1810. 957.6
4 07/06/07 04/08/07 1.87 0.01 0.12 0.23 0.62 2634. 2252.4
4 04/08/07 12/09/07 1.54 0.02 0.21 0.20 0.97 1804. 1308.5
4 12/09/07 16/10/07 2.95 0.04 0.20 0.38 1.30 Ab67. 2204.5
4 16/10/07 08/11/07 2.95 0.05 0.14 0.37 1.24 1860. 1450.3
4 08/11/07 08/01/08 4.64 0.03 0.21 0.57 1.14 @139. 5962.5
4 08/01/08 07/02/08 4.96 0.05 0.22 0.62 1.44 3553. 3324.1
4 07/02/08 11/03/08 3.05 0.07 0.13 0.37 0.69 2884. 2157.3
4 11/03/08 21/04/08 0.94 0.01 0.05 0.12 0.54 1®96. 869.4
4 21/04/08 03/06/08
4 03/06/08 14/07/08 1.56 0.04 0.09 0.19 0.34 8141. 1264.2
4 14/07/08 13/08/08 1.87 0.04 0.11 0.23 0.74 mi19.1137.3
5 03/05/07 07/06/07 1.12 0.03 0.07 0.14 0.29 986.7 856.3
5 07/06/07 04/08/07 1.41 0.01 0.10 0.18 0.28 1P44. 1816.3
5 04/08/07 12/09/07 1.23 0.02 0.18 0.17 0.42 1B16. 1113.0
5 12/09/07 16/10/07 2.41 0.04 0.18 0.31 0.50 10997. 1821.2
5 16/10/07 08/11/07 3.25 0.05 0.17 0.41 0.63 1¥55. 1603.4
5 08/11/07 08/01/08 3.24 0.03 0.16 0.42 0.57 4619. 4445.4
5 08/01/08 07/02/08 2.65 0.07 0.13 0.32 0.36 1803. 1721.0
5 07/02/08 11/03/08 4.24 0.03 0.20 0.53 0.74 P11. 3095.7
5 11/03/08 21/04/08 1.52 0.04 0.09 0.18 0.35 1259. 1360.8
5 21/04/08 03/06/08 0.99 0.02 0.13 0.14 0.52 1830. 1075.2
5 03/06/08 14/07/08 1.27 0.03 0.07 0.16 0.29 1275.1131.3
5 14/07/08 13/08/08 151 0.02 0.10 0.19 0.43 1950. 996.6
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Table B4  Continued
Site Date on Date off pH Na NH," K* Mg ca’ Cation  Anion
Sum Sum
pgm®  pgnmi® pgni® pgn® pgni®  peqlt  peqtl
6 03/05/07 07/06/07 1.42 0.03 0.09 0.18 0.28 17180. 1003.4
6 07/06/07 04/08/07 1.81 0.02 0.12 0.23 0.27 2403. 2183.0
6 04/08/07 12/09/07 1.45 0.03 0.21 0.19 0.42 1506. 1383.9
6 12/09/07 16/10/07 2.64 0.05 0.19 0.33 0.50 X49. 2011.7
6 16/10/07 08/11/07 3.96 0.07 0.20 0.50 0.65 2085. 2025.7
6 08/11/07 08/01/08 3.67 0.04 0.18 0.48 0.57 5138. 5103.1
6 08/01/08 07/02/08 4.43 0.06 0.20 0.55 0.63 3009. 2811.3
6 07/02/08 11/03/08 2.80 0.07 0.13 0.33 0.32 246. 1878.7
6 11/03/08 21/04/08 1.62 0.06 0.10 0.20 0.30 1%90. 1518.5
6 21/04/08 03/06/08 0.67 0.04 0.09 0.08 0.17 771.6 688.5
6 03/06/08 14/07/08 1.64 0.04 0.12 0.20 0.28 1683. 1455.5
6 14/07/08 13/08/08 1.90 0.04 0.14 0.23 0.38 1866. 1200.1
7 03/05/07 07/06/07 1.50 0.03 0.09 0.19 0.34 ®77.1148.3
7 07/06/07 03/08/07 1.91 0.01 0.11 0.24 0.29 B176. 2412.2
7 03/08/07 12/09/07 1.45 0.02 0.19 0.19 0.65 1900. 1328.1
7 02/09/07 16/10/07 2.74 0.05 0.20 0.35 0.92 A191. 2193.6
7 16/10/07 08/11/07 4.15 0.07 0.22 0.52 0.77 219.1949.0
7 08/11/07 08/01/08 3.66 0.04 0.19 0.52 0.78 53161. 5461.9
7 08/01/08 07/02/08 2.50 0.04 0.11 0.31 0.34 1%93. 1692.4
7 07/02/08 11/03/08 3.13 0.06 0.15 0.38 0.45 4B25. 2325.7
7 11/03/08 21/04/08 2.54 0.04 0.15 0.30 0.65 1083. 1155.5
7 21/04/08 03/06/08
7 03/06/08 14/07/08 12.07 0.22 0.60 1.49 1.88 12 1942.6
7 14/07/08 13/08/08 1.17 0.03 0.07 0.14 0.26 855.8772.2
8 24/01/07 22/02/07 5.42 0.05 0.22 0.68 0.95 3wW11.3797.4
8 22/02/07 20/03/07 2.59 0.04 0.14 0.32 0.52 1504. 1511.0
8 20/03/07 03/05/07 1.27 0.04 0.07 0.16 0.27 1861. 1248.2
8 03/05/07 07/06/07 1.04 0.05 0.07 0.13 0.34 980.7 756.9
8 07/06/07 03/08/07 1.36 0.01 0.09 0.17 0.31 1883. 1809.1
8 03/08/07 12/09/07 0.80 0.01 0.12 0.12 0.34 939.0 753.9
8 12/09/07 16/10/07 241 0.04 0.17 0.31 0.50 1873.1743.0
8 16/10/07 08/11/07 3.32 0.07 0.16 0.42 0.52 1¥65. 1636.5
8 08/11/07 08/01/08 3.49 0.03 0.16 0.45 0.61 4961. 5057.9
8 08/01/08 07/02/08 3.90 0.06 0.18 0.50 0.57 2665. 2452.2
8 07/02/08 11/03/08 2.29 0.06 0.10 0.27 0.28 1B77.1572.7
8 11/03/08 21/04/08 1.28 0.05 0.08 0.16 0.25 1153.1043.3
8 21/04/08 03/06/08 0.82 0.12 0.12 0.11 0.40 697.7543.4
8 03/06/08 14/07/08 0.45 0.04 0.02 0.06 0.19 559.0418.7
8 14/07/08 13/08/08 1.15 0.07 0.08 0.15 0.52 489.5 357.3
8 Cond 24/01/07 22/02/07 5.69 0.08 0.24 0.72 1.032842.0 2648.3
8 Cond 22/02/07 20/03/07 3.36 0.05 0.16 0.41 0.651310.0 1186.2
8 Cond 20/03/07 03/05/07 1.42 0.08 0.07 0.18 0.25 583.5 526.5
8 Cond 03/05/07 07/06/07 1.09 0.11 0.06 0.13 0.23 200.2 181.2
8 Cond 07/06/07 03/08/07 1.47 0.04 0.10 0.18 0.26 329.7 321.0
8 Cond 03/08/07 12/09/07 1.41 0.14 0.19 0.19 0.47 417.2 369.4
8 Cond 12/09/07 16/10/07 1.65 0.04 0.11 0.21 0.351070.1 1010.8
8 Cond 16/10/07 08/11/07 3.73 0.09 0.17 0.46 0.551079.9 977.2
8 Cond 08/11/07 08/01/08 3.97 0.07 0.19 0.51 0.782841.1 2594.8
8 Cond 08/01/08 07/02/08 1.98 0.09 0.09 0.23 0.22 791.5 730.3
8 Cond 07/02/08 11/03/08 10.34 0.12 0.47 1.29 1.923523.7 3397.8
8 Cond 11/03/08 21/04/08 1.86 0.10 0.10 0.22 0.31 7425 676.1
8 Cond 21/04/08 03/06/08 0.92 0.11 0.13 0.12 0.27 457.1 438.5
8 Cond 03/06/08 14/07/08 0.97 0.12 0.04 0.10 0.20 1255 116.9
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8 Cond 14/07/08 13/08/08 1.11 0.08 0.07 0.13 0.22 242.6 209.1
Table B4 Continued

Site Dateon Dateoff pH Na' NH," K* Mg** cea’ Cation  Anion

Sum Sum

ugni®  ugmi® pgm®  pgm®  pgni®  peqlt  peqlt

8Hi 21/05/07 25/06/07 0.94 0.11 0.05 0.11 0.25 .857 49.9
8Hi 25/06/07 04/08/07 1.23 0.06 0.05 0.14 0.22 6.28 162.5
8Hi 04/08/07 12/09/07 0.88 0.07 0.09 0.13 0.61 8.97 193.7
8Hi 12/09/07 08/11/07 1.41 0.05 0.08 0.20 0.75 9613 1420.7
8Hi 08/11/07 08/01/08 1.57 0.07 0.08 0.22 0.74 9518 1803.8
8Hi 08/01/08 07/02/08 4.29 0.10 0.19 0.56 0.83 5413 1291.5
8Hi 07/02/08 11/03/08 1.97 0.14 0.09 0.24 0.31 5.B5 530.5
8Hi 11/03/08 21/04/08 1.74 0.12 0.10 0.25 0.31 3.85 453.3
8Hi 21/04/08 04/06/08 1.20 0.18 0.14 0.19 0.36 8.22 205.1

8Hi 04/06/08  14/07/08 117 014 005 013 014 .053 485

8Hi 14/07/08 13/08/08 0.64 0.10 0.04 0.08 0.10 .378 70.9
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Table B5. Anion concentrations measured in TSP collected at various sites in 2007/2008.

Site Cl NO; so” C0° PO F CH,COO HCOO CHSO; HCOq
ugnm®  pgm®  pgm®  pgnm®  opgm®  opgm® opgm® opgm® opgm® pgm?

1 2.33 0.00 0.62 0.91 0.13 0.02 0.00 0.00 0.01
1 2.58 0.00 0.42 0.75 0.11 0.00 0.00 0.00 0.00
1 1.93 0.00 0.62 0.98 0.21 0.01 0.00 0.01 0.00
1 3.67 0.00 0.94 1.50 0.21 0.01 0.00 0.00 0.00
1 5.69 0.01 0.97 1.87 0.18 0.00 0.00 0.00 0.00
1 5.87 0.01 1.24 2.13 0.21 0.01 0.00 0.00 0.00
1 0.26 0.00 0.08 0.14 0.26 0.00 0.00 0.00 0.00
1 3.37 0.00 1.23 1.52 0.15 0.01 0.00 0.00 0.00
1 1.59 0.00 1.18 1.37 0.24 0.01 0.00 0.00 0.00
1 1.29 0.00 0.60 1.05 0.21 0.01 0.00 0.00 0.00
1 2.46 0.00 0.51 0.90 0.09 0.00 0.00 0.00 0.00
1 3.09 0.01 0.55 0.94 0.09 0.00 0.00 0.01 0.00
3 9.93 1.69 3.41 0.30 0.02 <0.01 <0.01 0.02 0.10
3 4.47 1.18 1.62 0.25 0.02 <0.01 <0.01 0.01 0.02
3 1.27 0.88 1.00 0.20 0.02 <0.01 <0.01 0.01 0.02
3 1.75 0.53 0.69 0.11 0.01 <0.01 <0.01  <0.01 0.01

3 2.60 0.43 0.78 0.11 0.01 <0.01 <0.01 0.01 0.01
3 1.73 0.56 0.91 0.21 0.01 <0.01 <0.01 0.01 0.01
3 3.99 0.90 1.51 0.21 0.02 <0.01 <0.01 0.01 0.02
3 1.51 0.18 0.39 0.03 <0.01 <0.01 <0.01 0.01 0.01
3 1.79 0.31 0.59 0.09 0.01 <0.01 <0.01 0.01 0.01
3 8.21 2.51 3.47 0.40 0.01 <0.01 0.01 0.01 0.10
3 4.81 1.60 1.93 0.19 0.02 <0.01 <0.01 0.01 0.03
3 1.63 0.48 0.29 0.05 <0.01 <0.01 0.01 0.02 <0.01
3

3 1.82 0.44 0.73 0.08 0.01 <0.01 <0.01 <0.01 0.01
3 1.79 0.32 0.58 0.06 0.01 <0.01 <0.01 <0.01 0.01
4 1.76 0.75 0.86 0.14 0.00 <0.01 0.01 0.01 0.01
4 2.95 0.56 0.99 0.11 0.00 <0.01 0.01 0.01 0.01
4 2.05 0.86 1.14 0.16 0.01 <0.01 0.01 0.01 0.01
4 4.39 1.26 2.01 0.18 0.01 <0.01 0.01 0.03 0.03
4 4.68 0.70 1.39 0.15 0.01 <0.01 0.01 0.03 0.02
4 7.27 1.47 2.69 0.14 0.01 <0.01 0.01 0.02 0.06
4 7.14 2.35 3.32 0.25 0.01 <0.01 0.01 0.02 0.08
4 4.29 1.35 1.81 0.17 0.01 <0.01 <0.01 0.01 0.03
4 1.26 0.67 0.69 0.08 0.01 <0.01 <0.01 0.01 0.01
4

4 2.15 0.58 0.95 0.10 0.01 <0.01 <0.01 0.01 0.01
4 2.80 0.60 1.08 0.10 0.00 <0.01 0.01 0.01 0.01
5 1.36 0.65 0.76 0.13 0.00 <0.01 0.01 0.01 0.01
5 2.18 0.45 0.77 0.09 0.00 <0.01 <0.01 0.01 0.01
5 1.53 0.72 0.96 0.18 0.01 <0.01 <0.01 0.01 0.01
5 3.27 1.04 1.60 0.21 0.01 <0.01 0.01 0.01 0.02
5 4.91 0.91 1.75 0.22 0.01 <0.01 0.01 0.02 0.03
5 4.82 1.18 2.08 0.14 0.00 <0.01 <0.01 0.01 0.05
5 3.50 1.26 1.67 0.18 0.02 <0.01 <0.01 0.01 0.03
5 5.93 1.79 2.80 0.27 0.00 <0.01 0.01 0.02 0.07
5 1.68 1.07 1.29 0.20 0.00 <0.01 <0.01 0.01 0.02
5 1.06 0.72 1.13 0.16 0.01 <0.01 0.01 0.01 0.01
5 1.75 0.50 0.81 0.09 0.00 <0.01 <0.01 0.01 0.01
5 2.24 0.51 0.88 0.09 0.01 <0.01 0.01 0.01 0.01
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Table B5 Continued
Site Cl NO; so” C0° PO F CH,COO HCOO CHSO; HCOs
ugni®  pgm®  pgnm®  pgni®  pgnm®  pgm®  ugnmi®  pgmi®  pgmi®  pg
6 1.73 0.00 0.68 0.81 0.14 0.00 0.00 0.00 0.00 0.01
6 2.67 0.00 0.47 0.89 0.12 0.00 0.00 0.00 0.00 0.01
6 1.93 0.00 0.84 1.15 0.24 0.01 0.00 0.01 0.01 0.01
6 3.64 0.00 1.14 1.75 0.23 0.01 0.00 0.01 0.00 0.02
6 6.30 0.01 1.06 2.17 0.26 0.01 0.00 0.00 0.00 0.03
6 5.65 0.00 1.31 2.23 0.17 0.01 0.01 0.02 0.01 0.01
6 5.73 0.01 1.95 2.77 0.33 0.01 0.00 0.00 0.00 0.02
6 3.59 0.01 1.18 1.61 0.16 0.02 0.00 0.00 0.00 0.01
6 1.80 0.00 1.12 1.35 0.22 0.01 0.00 0.00 0.00 0.01
6 0.71 0.00 0.47 0.62 0.15 0.00 0.00 0.00 0.00 0.01
6 2.37 0.00 0.55 0.95 0.11 0.01 0.00 0.01 0.00 0.01
6 2.80 0.00 0.55 0.98 0.10 0.01 0.00 0.01 0.01 0.02
7 2.11 0.00 0.67 0.82 0.13 0.00 0.00 0.01 0.01 0.01
7 3.09 0.01 0.50 0.92 0.12 0.00 0.00 0.01 0.00 0.01
7 1.91 0.00 0.77 1.01 0.18 0.01 0.00 0.01 0.01 0.02
7 4.01 0.00 1.31 1.80 0.23 0.01 0.00 0.02 0.01 0.03
7 6.11 0.01 1.02 2.02 0.25 0.01 0.00 0.02 0.01 0.03
7 5.91 0.01 1.53 2.48 0.17 0.01 0.01 0.03 0.02 0.02
7 3.41 0.00 1.24 1.64 0.23 0.00 0.00 0.01 0.01 0.01
7 4.54 0.01 1.48 1.88 0.19 0.02 0.00 0.00 0.00 0.01
7 3.52 0.01 1.56 1.77 0.31 0.01 0.00 0.01 0.01 0.02
7 0.02 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.01 0.01
7 18.29 0.02 3.99 6.91 0.71 0.03 0.00 0.02 0.02 40.0
7 1.86 0.00 0.34 0.57 0.06 0.00 0.00 0.01 0.01 0.01
8 8.91 0.01 1.53 3.45 0.28 0.00 0.00 0.01 0.01 0.02
8 3.65 0.01 1.14 1.59 0.25 0.01 0.00 0.01 0.01 0.02
8 1.29 0.00 0.92 1.11 0.17 0.01 0.00 0.00 0.00 0.01
8 1.20 0.00 0.56 0.68 0.12 0.00 0.00 0.01 0.01 0.01
8 2.16 0.00 0.48 0.79 0.11 0.01 0.00 0.00 0.00 0.01
8 1.01 0.00 0.45 0.61 0.14 0.01 0.00 0.01 0.01 0.02
8 3.26 0.00 0.98 1.43 0.20 0.00 0.00 0.01 0.01 0.02
8 4.98 0.01 0.84 1.79 0.22 0.00 0.00 0.01 0.01 0.03
8 5.62 0.00 1.23 2.22 0.19 0.00 0.00 0.01 0.01 0.01
8 4.95 0.01 1.76 2.41 0.33 0.00 0.00 0.01 0.00 0.02
8 3.10 0.00 1.01 1.24 0.12 0.00 0.00 0.01 0.01 0.01
8 1.24 0.00 0.91 1.09 0.20 0.00 0.00 0.00 0.00 0.01
8 0.75 0.00 0.65 1.03 0.22 0.00 0.00 0.01 0.01 0.02
8 0.62 0.00 0.19 0.28 0.03 0.00 0.00 0.01 0.00 0.01
8 1.64 0.00 0.43 0.66 0.07 0.00 0.00 0.02 0.01 0.02
8 Cond 8.56 0.01 1.43 3.40 0.28 0.00 0.01 0.01 0.01 0.03
8 Cond 4.75 0.01 1.27 1.82 0.23 0.00 0.00 0.00 0.00 0.03
8 Cond 1.31 0.00 1.07 1.28 0.21 0.00 0.00 0.01 0.01 0.01
8 Cond 1.28 0.00 0.84 0.82 0.11 0.00 0.00 0.03 0.03 0.04
8 Cond 2.28 0.00 0.57 0.86 0.11 0.01 0.00 0.02 0.02 0.03
8 Cond 1.87 0.00 0.92 1.27 0.23 0.01 0.00 0.03 0.03 0.04
8 Cond 2.42 0.00 0.66 1.09 0.14 0.00 0.00 0.01 0.01 0.02
8 Cond 5.46 0.01 0.91 1.90 0.21 0.00 0.00 0.02 0.02 0.04
8 Cond 5.78 0.01 1.27 2.36 0.27 0.00 0.00 0.01 0.01 0.02
8 Cond 2.36 0.00 1.09 1.26 0.13 0.01 0.00 0.00 0.00 0.01
8 Cond 14.52 0.03 5.01 6.69 0.58 0.01 0.01 001 10.0 0.04
8 Cond 2.15 0.00 1.23 1.27 0.19 0.00 0.00 0.00 0.00 0.02
8 Cond 0.96 0.00 0.78 1.18 0.25 0.00 0.00 0.01 0.00 0.01
8 Cond 1.31 0.00 0.64 0.73 0.08 0.00 0.00 0.01 0.01 0.03
8 Cond 1.40 0.00 0.58 0.73 0.08 0.00 0.00 0.01 0.01 0.02
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Table B5 Continued

Site Cl NO; so” C0° PO F CH,COO HCOO CHSO; HCOs

ugni®  pgm®  pgnm®  pgni®  pgnm®  pgm®  ugnmi®  pgmi®  pgmi®  pg
8Hi 1.29 0.00 0.45 0.79 0.08 0.00 0.01 0.02 0.02 .070
8Hi 1.82 0.00 0.29 0.67 0.05 0.00 0.00 0.00 0.00 .040
8Hi 1.22 0.00 0.39 0.77 0.12 0.00 0.00 0.01 0.01 .030
8Hi 2.06 0.00 0.35 1.83 0.19 0.00 0.00 0.01 0.00 .020
8Hi 2.32 0.00 0.44 2.22 0.17 0.00 0.00 0.01 0.00 .010
8Hi 6.19 0.01 1.61 3.03 0.30 0.00 0.00 0.00 0.00 .030
8Hi 2.66 0.00 1.02 1.47 0.12 0.00 0.00 0.01 0.00 .020
8Hi 2.63 0.00 1.05 1.23 0.16 0.00 0.00 0.01 0.00 .030
8Hi 1.44 0.00 0.80 1.44 0.27 0.00 0.00 0.01 0.01 .030
8Hi 1.65 0.00 0.59 0.73 0.07 0.00 0.00 0.04 0.03 .070
8Hi 0.82 0.00 0.38 0.60 0.05 0.00 0.00 0.01 0.01 .030
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