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GLOSSARY

Simple definitions of various technical terms are given here to assist the reader. If required,
the reader should look to other sources for more formal and technical definitions.

Aerosol

BTEX

CALM

CALPUFF

CcC

CMAR

CSIRO

Deposition flux

DOIR

GAW station

GC/FID
HNGO;

Limit of detection

LNG
LPG

mg

Milli-Q water

A suspension of fine solid, liquid or mixed-phase particles in air.

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

Conservation and Land Management (WA Government).

An air pollution dispersion model developed by Earth Tech Inc.
(USA). It simulates the transport and diffusion of a plume via the
puff approach in which a plume is described as consisting of a
series of puffs. CALPUFF typically uses meteorological data
generatedby the processor CALMET.

Conservation Commission (WA Government).

CSIRO Marine and
http://www.cmar.csiro.au).

Atmospheric Research

Commonwealth Scientific and Industrial Research Organisation
(http://www.csiro.au).

deposition of mass in the form of gas, particle or rainwater to an
area of ground over a particular period of time. General units are in
mass per area per time.

Department of Industry and Resources (WA Government).

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

Gas chromatograph with a flame ionisation detector.

Nitric acid gas.

The smallest concentration detectable by a measurement system as
the concentration of the substance being measured approaches zero.

Liquified natural gas. It is composed mainly of methane.
liquefied petroleum gas. It is composed mainly of propane.

Milligram (1 mg = 10° gram = 0.001 gram). One thousandth of a
gram.

High purity water having resistivity of 18@cm.
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NH;

nm

NO,

PMyq

ppt

ppb

SKM
SG

TAPM

TSP

M9

ammonia gas.

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

Nitrogen dioxide.

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

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

Parts per billion (by volume): a unit for ttencentration of a gas in
the atmosphere based on the mixing ratio apprdacbncentration
of 1 ppb is equivalent to a volume of 1 cubic metrfe pure
undiluted gas in 1 thousand million cubic metres aif. The
expression ppb is without dimensions. The ppb umituseful
because its value is unaffected by changes in tape 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. pgTh (mass/volume), using the following
formula:

Clgm?) = 27315, xC
22.4136x(27315+T)

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

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

The Air Pollution Model. A prognostic meteoogical and air
pollution dispersion model developed by CSIRO Atplesic
Research (http://www.dar.csiro.au/tapm). The metegical
component of TAPM predicts the local-scale flowclsuas sea
breezes and terrain-induced circulations, given lgmger-scale
synoptic meteorology. The air pollution componesgsithe model-
predicted three-dimensional meteorology and turizde and
consists of a set of species conservation equasindsan optional
particle trajectory module.

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

Microgram (1 pg = Idgram = 0.000001 gram). One millionth of a
gram
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pm Micrometre (1 pm = I0metre = 0.000001 metre). One millionth of
a metre.

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

pmol I* one millionth of a mole per litre.

VWM Volume weighted mean. A method used to calieulbhe average
concentration of ions in rainwater. This accouptsvariability in
rainwater sample volumes and allows larger sampesfluence
the average compared with smaller samples.
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1. EXECUTIVE SUMMARY

The Burrup Peninsula is located in the Pilbara are&Vestern Australia, northeast of Dampier. It is
bounded by latitude 20.425 and 20.65°S and longitude 116.74S and 116.96'S comprising about 110
km?  This area is home to a large number of abalgietroglyphs or etchings which are of enormous
cultural significance to Australia, particularly tiee local indigenous communities. The etchingsaaound
10,000 to 20,000 years old, and provide a glimpge the life of the early inhabitants of the areln.
addition, they are still of spiritual importanceitaligenous people.

In addition to the rock etchings, the Burrup Peuniasas several large industrial complexes inclgidion
ore, liguefied natural gas production (LNG) and gmbduction. All are located around Dampier ahe t
southern area of the Peninsula. Since some gbtifeetchings are adjacent to industrial areas@afy in
the southern Peninsula, there has been some cahetrime 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 Psala by CSIRO Marine and Atmospheric Research from
August 2004 until September 2005. The study cosepria total of 10 Sites; two of these were located
the northern Burrup area and one at Mardie St&tlokm southwest of Dampier, and were considerdztto
representative of the local background concentnatiaf gases and particles. One Site was locatélein
town of Karratha, and the other five were locatedte lower Burrup Peninsula, near to the indulsarieas.

Since the sites were located at sites that hacbn@ipand were quite remote they were visited oroathty
basis to change samples and to download data. dfidke measurements presented in this study kemta
over periods of about one month so they represemthty averaged results. The range of measurements
included concentrations of sulfur dioxide, nitrogdioxide, nitric acid and ammonia gases. Theseswer
measured at nine sites using passive samplers wigoh ideal, since they could be deployed for mignth
periods at remote sites where power was not availabotal suspended particulate samples wereatetie

at the seven sites located on the Peninsula usiogil samplers. These sampled at low flow rated
provided monthly integrated samples on Teflon ffdtevhich were used to provide gravimetric mass and
chemical measurements. Microvol samplers wereiakltalled at two sites to measure Bioncentrations
during particular preset wind directions. They evelesigned to assess the jkbncentrations resulting
from the ore loading procedures at Parker Point.

Rainwater samplers were installed at seven sitesltect rainwater during the wet season. Thewater
samples were analysed for a pH and a range of Isolos so that and this data was provide at fitess
one background and four in the industrial area.foldanately two samplers experienced problems durin
the year so that little data was available fronsthsites.

During one visit to the sites an aerosol spectremets used measure the particle number distrituntia
number of particle sizes at the sites. Althougésthmeasurements were only carried out for a pleoidd
they did give some valuable information on the nitagie of dust deposition at the various sites.

The results of the nitrogen gas measurements shatvconcentrations are low at all sites. The tgghe
monthly averaged concentration at the Burrup sitas 3.5 ppb recorded at Site 5; Site 5 had theekigh
annual average concentration of 2.4 ppb. In ceht@this, the background concentration, defingdhie
Sites on the northern Burrup and at Mardie Statiwas about 0.6 ppb. There was an obvious although
small gradient in concentration between the bacakgionitrogen dioxide concentrations and those @& th
industrial sector. Annual average ammonia coneéintrs ranged from 0.3 ppb to 0.5 ppb at the Buamngb
background sites, and the annual average for thkgbaund sites was about 0.5 ppb. There was ro rea
difference in ammonia concentrations across thes,sguggesting that for the most part ammonia had a
natural source, possibly from vegetation and arsmalThe site located in Karratha had higher
concentrations than any of the other sites, bstwkis probably due to local influences.
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Sulfur dioxide concentrations were also very low amonthly average concentrations ranged from 1&ppt
Site 10 to 367 ppt at Site 4. The annual averag&dround concentration was about 108 ppt compared
with annual average of 175 ppt and a maximum anau@tage concentration of 215 ppt at Site 5. These
results suggest that the gradient of sulfur dioxidecentration between background sites and thosgei
industrial sector is low. Monthly average nitriicaiconcentrations ranged from 21 ppt at Site 1632 ppt

at Site 9. The background nitric acid concentrati@s about 155 ppt compared with 229 ppt whichtias
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 mitidustrial sector.

Annual average TSP concentrations ranged from |24.81° at Site 3 to 51.1 pg fhat Site 8. Site 1 and 3
represent the background TSP concentrations andviéiiage of those was about 22 g compared with
an average of 34 pghior the sites on the lower Burrup area. The T&Rlings at site 8 were higher than
other sites, and probablyiginated from Parker Point. At various sites thiguence of TSP derived from
iron ore transport and loading was investigatedriaasuring the iron and sea-salt fractions of T3Ris
showed that compared to other sites, Site 1 was Iefluenced by iron ore loading and transport asg
most influenced by sea-salt. At Site 8, close ak€r Point, the iron fraction of the TSP was tighést,
compared with other sites and the sea-salt fradtierlowest, indicating that TSP from ore loadingsva
significant fraction of the total TSP. High frequy PMy, concentrations measured at Site 8 showed
significantly higher concentrations when the wiraihe from the Parker Point or from the local roagim
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#htat the background flux was about 10 mg day*
compared with 69 mg fnday’ measured at Site 8 and an average of 32 thgay" for theindustrial area
of the Burrup.

Total acid deposition fluxes were measured at fites by calculating the wet and dry depositioralbf
nitrogen and sulfur species in the gas and aqupbases. This included nitrogen dioxide, sulfurxile,
nitric acid and ammonia gases and ammonium iorgteiion and sulfate in rainwater. Total acid d&fian
fluxes varied from a background of 14.3 meq yi* to 24.3 meq M yr” at Site 6 with an average of 21.1
meq n? yr' at sites adjacent to the industrial areas. Aliothe enhancement of acid deposition fluxes
from the background to the industrial areas is olagsde it is small. The absolute fluxes are of the
magnitude that would only affect soil or rock theain the most sensitive class of critical loadis.fact the
Burrup area is in a critical load class that capecwith a deposition flux of about 200 medf yr*, and
since this is significantly more than the obsergegosition fluxes at the sites they are unlikelgaase any
deleterious effects to rock or rock art on the BprPeninsula.
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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 20.425 and 20.6%’S and longitude 116.74S and 116.99'S. The main Peninsula
area is about 27 km long and about 5 km wide, actludes a collection of over 40 small islands.islt
located in the shire of Roebourne, which has a jatipm of 15,281. The population density of thears
about 1 person kihand the populations of the two adjacent small ®wfKarratha and Dampier are about
11,000 and 2,500 respectively.

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

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

LPG extraction facilities, domestic gas plant, atgr 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 dimeétiér.

In addition to the industrial activity, the Burrdpeninsula is well known for the large collection of
aboriginal rock etchings. The etchings, datech&oRleistocene era, (about 10,000 to 20,000 befesent)
are clearly of great cultural significance to Aafii. It has been estimated that as many as D000,
individual etchings may be located on the Burrupifaula. Pictures 1 and 2 show typical exampkes. a
fuller discussion of the origins of the etchinds methods used to produce them and a descriptalgsis
the reader is referred to a paper by Vinnicombd&Z2Z20 Since some of the rock etchings are adjatent
industrial areas, especially in the southern Pefénshere 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 Managein Committee, to coordinate a study of air
pollution measurements on the Peninsula.

The set of objectives established by the Committexe to:
. I nvestigate and report on impacts of proposed industrial
developments on the rock art of the Burrup

. Ensure that the studies are undertaken in an open and transparent
manner
. Based on these studies, recommend management actionsto the

management body

As a consequence of the objectives listed abovefdiewing research questions were posed by the
Committee:
. Isthe natural weathering of therock art of the Burrup Peninsula
being accelerated by industrial emissions?

. Isthere a significant and measurable problem?
. If thereisa significant issue, what management approaches are
recommended?

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

0 Measure nitrogen dioxide concentrations

0 Measure ammonia gas concentrations (one controbaedndustrial area location only)
0 Measure BTEX (benzene, toluene, xylene, total lelarganic compounds)

0 Measure sulfur dioxide concentrations (one corgra one industrial area location only)
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0 Establishment of the sampling system

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

0 Conducting analyses and reporting progress ofttiaygollowing 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 d@catith appropriate standards.

¢ Tender 39DIR0603, Microclimate and Deposition Studgluding the following:

Temperature

Relative humidity

Wet deposition — amount and chemical composition

Dry deposition — amount and chemical composition

Bulk deposition — amount and chemical composition

Chemical composition (including pH) of dew on ratkfaces 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 systemQN@C details, including estimates of
accuracy and reliability

Conducting analyses and monthly reporting of resaid progress.

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

A commitment to train and use local organisati@syernment staff, individuals or volunteers
to participate in the program in accordance withrapriate standards.

OO0 O0O0O0O0OO0OO0DOO0OO0OO0O0OO0OO0OO

The terms of reference set out in the Tenders teere

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

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

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

CSIRO Marine and Atmospheric Research (CMAR) appia these tenders (32DIR0603 and 39DIR0603)
and was subsequently invited to carry out an dlupon 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
aboriginal elders including Trevor Solomons, Witfrélicks, Tim Douglas, Robert Boona and Michael
Boona. During this visit eight sites were seleadedhe Burrup Peninsula, one of which was usey faml
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PMyo particulate measurements. Of these, sites 1ligm8 are considered to be local background sitees
they are distant from industrial development antthi@pogenic influences. In addition two other siteway
from the Burrup Peninsula, were selected. One ima¥arratha, to provide a comparison of gas
concentrations on the Burrup with those in an as)aarban area. The other was located at MardigoBt
south west of the Burrup, to provide a comparisbgas concentrations in an adjacent area where iker
no industrial activity. Table 1 shows the locatiaf the ten sites. It should be noted that Se&i&ted, but
was not used for atmospheric measurements. Pi8tsihews 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 thheuBlPeninsula and the site in Karratha. SiteMaéxdie
Station, is not shown on this scale. It is locatbdut 81 km from Dampier at a bearing of abouf215
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KARRATHA

/ﬂs ry -

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 concentratibngases, particulate concentrations and chemical
composition, dust deposition and rainwater amoadt@mposition.

4.1 Passive Gas measurements

Gas concentrations of nitrogen dioxide, sulfur @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 ctma¢ems of nitrogen dioxide, sulfur dioxide, nitracid

and ammonigases. Passive gas samplers have several impbetagfits, which are essential for a study in
a remote area such as the Burrup Peninsula. Thplae are light and easy to install and requir@ower

to sample. They can be used to measure concemsatf a number of gases for periods of about one
month.
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‘<—>‘ snap-on polythene cap
C 1 with hole

stainless steel mesh
teflon filter, 1um pores

i 5 polypropylene ring

| \ impregnated filter
) ) C 3 snap-on polythene end cap

25mm @

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 ahism is mounted about 50 mm above the lid to proie
from direct solar radiation.

' aluminium lic
aluminiur-n\
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 diffusegtietoylindrical body of the sampler. This is @rivby a
concentration gradient of gas in the sampler teatehses from the ambient level down to a veryléws!
at the filter paper interface, where the gas ictieg with the chemical coating. Validation of pa®
samplers against active sampling has been protigéders et al. (1998).

There is also a resistance to the gas moving dbenylindrical body of the sampler and this contstanst
be included in the calculation of ambient gas catregions. It comprises four partial resistancestzown
below. The major resistance is due to the geonudttlye cylinder and the others to the stainlesslshesh,
the Teflon filter and the laminar boundary lay@ihe detail in equation (1) below shows how theltata
resistance is calculated in units of.m

LR, LF , LN  LBL @
+ + +
AR AF AN AR

total air resistance =

where :

LR = length of the ring

AF = total pore area of aerosol filter

LF thickness of aerosol filter

LN thickness of the steel mesh

AR = Area of the ring (20 mm diameter)

AN = area of steel mesh

LBL = laminar boundary layer

Burrup Peninsula Air Pollution Study, Final Report. PAGE 9



Passive samplers include a filter that is impregghatith a chemical that reacts with the gas ofrege
where it is trapped on the filter. For sulfur diex and nitric acid, which are measured on the gzessive
sampler, the gases are trapped on Millipore Grd&& c2llulose filters in an acid base reaction using
impregnation of 50 pl of a 1% (w/v) solution of Nld@repared in methanol. Sulfur dioxide is trappsd
sulfate ion and nitric acid as nitrate ion, as tieas (2) and (3) show.

2S0, + 20H + 0, =——= 2H'+2S0,” )

HNO; + OH" =—— NOj + H,0 ®)

At the end of the sampling period filters are reswand extracted in clean polythene bags in Miltir@de

(18 MQcm) water. The aqueous concentrations of sulfate and nitrate dre 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 Il ggggor. 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 ranfj@ns that are regularly measured in sulfur pass
gas samples, rainwater samples and aerosol extrébisions are separated using a gradient chr@nsto
where 5 millimolar and 100 millimolar NaOH are contally mixed with Milli-Q water to produce a smbot
increase in eluent concentration during the chrograim.

100 T

9 - SO4

80 T

Conductivity
us cm* 60 I

40 T

20 T
21 eRi3cGo HEOMSA

i 1]
Ll ;

2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00
Minutes

Figure 4. Typical ion chromatograph showing sulfate and nitrate peaks.

The area of the peak is converted to a molar caratgon by utilising a calibration line produceaifn a
range of seven standards. Figure 5 shows the ge#diip between peak area and concentration fongera
of seven sulfate standards. Standards are prefireskrial dilution of 1000 pg FMINIST traceable
reference standards (Ultra Scientific). Table @wahthe range of standard concentrations usedalysia
of sulfur dioxide passive gas extracts, rainwatelysis and analysis of aerosol extracts. Subtaadards,
for example, cover a concentration range from 1 |lrifdo 64 pmol L.
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Table 2. Anion standards used in anion chromatography.

Anions Conc.
umol 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,SO; 16 8 4 2 1 0.5 0.25
CI 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,0% 16 8 4 2 1 0.5 0.25
PO 16 8 4 2 1 0.5 0.25
1x10 © -
1x10 © 1
o
g 8x10° -
X
&
5x10 ° 4
2x10 ° -

O ['—l 1 1 1 1 1
0 12.80 25.60 38.40 51.20 64.00
Sulfate umoles L™

Figure 5. Peak areas plotted against sulfate concentration.

Nitrogen dioxide concentrations are also measusatuhe passive samplers described in Figuren2hi$
case Millipore Grade 223 cellulose filters are iegrated with 50 pl of a solution of 0.44 g NaOH &r&tb

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

2NO, + 3I =—— 2NO, + |5 4)

After sampling is complete the filters are remo¥wexn the sampler and extracted into a known volaie
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 aeidd N-
1-naphthyl ethylenediamine dihydrochloride (NEDAJhe absorbance of the diazonium salt produced in
the reaction was measured in a Shimadzu UV-2401R(Vid spectrophotometer at a wavelength of 540
nm. The aqueous nitrite concentrations were deétewinfrom nine nitrite standards which are serially
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diluted from NIST traceable standards and rangm flopmolest to 100 pmoles™. Figure 6 shows a
calibration curve of nitrite concentrations as acfion of the absorbance of the diazonium saléétrim.

2.5
absorbance = -0.00001 x [NO,]? + 0.02271 x [NO, + 0.00060
b
R*=1.00

2.0 /
§ 1.5 ///
[\
2
S
3
2 1.0
< /

0.5

0.0 T T T T

0 20 40 60 80 100

. 1
Nitrite, pumoles L

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 celkilos
filters impregnated with 50 pl of a solution of 2Whv citric acid prepared in acetone. Ammonia gas
collected on the filter in an acid base reactiostamvn in reaction (5).

0\ P O\ o 5)
c C
. o o
\ | N\ | 7’
C—CHZ—C—CHZ_C " NH — C—CH,— C— CH —C

/ | \ ’ S o\

H OH H H NH
OH 4

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 chrtogr@aph is equipped with a CS12A 250 mm x 4 mm
analytical column and a CSRS Ultra Il suppressduron. The ions are detected with a conductivity
detector after they are separated using an isockdtient of 20 millimolar methane sulfonic acid.
Ammonium standards are prepared by serial dilubfosm NIST traceable standard.

Blank samplers were sent from CMAR to the BurrupiRgula during each sampling period. The blanks
were used to determine errors associated with sarppéparation, contamination during sample trarispo
and from reagents during analysis. The averagea@ublank level was subtracted from the individual
samples before concentrations were calculated.nkBsamplers were also used to determine the lifnit o
detection for gases measured by the passive sanplée limit of detection is the lowest concentrathat
can be detected with a given degree of confidefides was determined in accordance with ISO 6830(|
1995) which states that a zero sample has a 5%¢ehairgiving a measured concentration above thi¢ dim
detection. This is defined in equation (6).
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LOD =t (6)

0.95 c(0)

Where:
to.0s = the value of the 1-tailed t distribution for P95 (95% confidence limits).
Sc0) = the standard deviation of the blanks.

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

C,, XEV xRes xR xTemp x 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’(st)
=1.32 x 18 m’ s* for nitrogen dioxide and HN&at 20 °C. (Ferm, 1991)
= 1.54 x 19 m? s*for NO, at 21 °C. (Ferm, 1991)
= 2.54 x 19 m” s*for NH; at 25 °C (Ferm, 1991)

Time = sample period in seconds

10° = conversion to ppt

BTEX gases (benzene, toluene, ethylbenzene angythee 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 afainterest on a sorbent bed due to a concemtrati
gradient which exists between the sorbent bed hadambient air. During this study gas measurements
were carried out over periods of about 30 daysllabfathe 10 sites. Figure 7 shows the structufe o
sorbent tube used for BTEX sampling.

Diﬁuiion Stainless steel tube
membrane
(if fitted) Adsornem

Diﬁuk

Stainless steel cap Stainless steel
gauze gauzes

—

Storage cap

Figure 7. Diagram of a sorbent tube used to measure BTEX gas concentrations.
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BTEX sorbent tubes are manufactured from stairdéssl tubing 6.35 mm diameter and 88.9 mm Idag (

x 3',") packed with Chromosorb 106 sorbent, and purchésed either Perkin Elmer (USA) or Markes
(UK). Tubes were sent to the Burrup Peninsulaeskaiith Swagelok fittings, wrapped in baked alummi

foil and secured in an uncoated metal tin. The dulvere 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 Swaditlivlgs, 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 Elmer 400 automateztrtial
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 thringtated line to a Perkin Elmer
AutoSystem XL gas chromatograph where they werars¢épd by an SGE BP 20 column and detected with
a flame ionization detector. Table 3 gives detaflshe column and temperature program used for the
analysis.

Table 3. Gas Chromatography conditions

Item Description
Column 50 m x 0.32 mm |.D. SGE fused silica
capillary column with 1.Qum 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 £& miri* to 200C
Hold 200 C for 6 minutes

Detector Flame lonization Detector

Peak areas obtained in the GC/FID analysis wereverted to mass using a NIST traceable working
standard with a mixture of benzene, toluene, efil@ylzene, m-xylene and o-xylene with mixing ratibés o
10.1 ppm, 10.1 ppm, 10.1 ppm, 10.1 ppm and 10.0 pgspectively and an accuracy of + 2% (Scott
Specialty Gases, San Bernadino, CA, USA). Workitagndards were injected into an 812 pl stainlese st

loop heated to 80°C (353K), and then through anterybe loaded into the ATD which experiences the
same desorption conditions as the samples. Tl ofacach gas injected is calculated from equdaion

below.

Vi X C e XMW (8)
RxT

mass =

Where :

R = gas constant (0.082054 | atm &™)

T = temperature (353 K)

Vieop = l0Op volume (0.000812 L)

MW 4. = molecular weight of gas of interest (g Mol
Cyas= 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 ageses the mass per unit area ratio and multipbcabf
this ratio by the peak area of each species ghesass of each species collected by the sorblest tu
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Certified Reference standards (CRS) containing knomasses of benzene, toluene and o-xylene were
purchased from Markes International Ltd, UK, whepgared the tubes according to ISO Standard 6145
(1981) part 8. The calibration of the results preésd here is based on these certified referenceatds.

Table 4. Mass of gases for one ATD loop injection

Gas Mass injected (ng)
Benzene
Toluene 26.12
Ethyl-benzene
m-xylene 30.12
o-xylene 29.82

Ambient BTEX concentrations are calculated from itheess collected on each tube, the sampling time and
the uptake rate of each gas on Chromosorb 106h@snsin equation (9). The uptake rates, used in
equation 9, are taken from ISO 16017-2 (2003) ard@ sampling periods of four weeks and are diste

Table 5.
Table 5. Four-weekly uptake rates used to calculate ambient BTEX concentrations
Gas Adsorbent Uptake rate
ng ppni 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
0-xylene Chromosorb 106 1.91
_ Wt x10° ©)
Up xT
Where:

p = gas mixing ratio (ppt)
Wt = mass of sample adsorbed onto the Chromosditjrig)

Up = uptake rate of species on Chromosorb 106 fngp min-1)

T = sampling time (minutes)

The precision of sulfur dioxide, nitric acid, nigyen dioxide and ammonia measurements is expresgshd i
results as the relative percent difference (RPBY, ia determined between the sample pairs at efattteo
sites. The RPD is the deviation between duplicatiespof passive samplers calculated as the diféeren
divided by their mean and expressed as a perceatagieown in equation (10).
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abs(X, - X,) (10)

RPD = x 100
)
2

4.2  Particulate Sampling

Sampling was carried out for total suspended padeie (TSP) at all sites, except Karratha, Hamerstn
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 the sampling period was about 30 days, the same
for gas sampling. At sites 8 and 8HI RMamples were collected on 47 mm stretched Tefltars (Pall
K2PJ047, 2.0 um pore size) using Microvol 1100 darsgfitted with a PMy inlet. The sampling period
was the same as for TSP samples.;FAMparticulate matter that has an aerodynamic elienof 10 pm or
less. The mass of the filters was measured befudeafter sampling to produce monthly averagedqRv
TSP concentrations for each sampling period. Tassmvas measured using NATA certified protocola on
Mettler UMT2 microbalance, which measures to a mmaxn of 2100 mg with a resolution of 0.0001 mg
(0.1 pg). Picture 5 shows a rainwater sampleraamicrovolt sampler on location at Site 1.

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

A DustTrak aerosol monitor (TSI model 8250) wagtafied at site 8 to measure RJMconcentrations at
sampling frequencies of two minutes. This samplas modified to use a battery which is chargedgiain
solar panel. Since the signal from the DustTrak ddftt, due to temperature and other changewag
further modified to allow a zero to be obtained I6rminutes every four hours. This was done byrapd
relay which turned the pump off allowing the samgleamber to clear by sedimentation and diffusi®@he
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final PMy, concentrations were calculated by fitting a limévieeen each zero point and subtracting this zero
from the raw concentrations.

4.3  Rainwater Sampling

Model 200 rainwater samplers (Ecotech Pty Ltd, Bbaen, Australia) were installed at all sites excep
Karratha, Hamersley Iron and Mardie Station, S%e8HI and 10 respectively. The wet only samptgrsn
after 0.25 mm of rain, and close again if no rail Within a 30 minute period. Samples were ca#ddn
polyethylene bottles that had thymol added to presthe chemical species in the rain against degjiau

by bacteria (Gillett and Ayers, 1991; Ayers et 4B98). Bulk wet-only rainwater samples were aibel

over the usual sampling period of 30 days. Afwtection the total rainwater volume of each sanvis
determined. The samples were returned to CMAR &/ipét was measured and they were analysed for a
range of anions and cations by ion chromatography.

4.4  Meteorological Measurements and Dust Measuremen ts

A range of meteorological measurements were caaougat the sites on the Burrup Peninsula. Tentpera
and humidity were measured at sites 1, 3, 4, & &nd 8 using Hobo Pro Series sensors at 3 minute
intervals. An automatic weather station to measvirel speed and wind direction at 2 minute frequssc
was installed at site 8. The DustTrak RBifata can be combined with the wind direction datdetermine

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 &genin several ways, although none of them nedbssar
replicates the real flux. In this case measurememtre made using a passive dry Frisbee-type @ystsit
gauge (Vallack, 1995; Hall et al., 1994). Thesastst of a stainless steel Frisbee shaped holddr avi
foam insert mounted on a pole about 1.5 metres th@ground. The foam pads were sealed in redealab
plastic bags and weighed before and after the pate exposed at the Burrup Peninsula. The mass
measurements were carried out on a Sartorius M&steLA130S-F balance which has a resolution of
0.0001 g and a maximum mass of 150 g, and is eddilrusing 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 numltsgrilalition in a number of particle sizes. The GRIM
uses either mains power or a battery and empldgser scattering technique to measure the number of
particles in a series of preset size ranges. ifndhse the 15 size ranges were used from 0.3 |28 tom.

The spectrometer has a large dynamic range ancheasure particle numbers from 1 — 2 X gérticles 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, 5, 4, and 8 were analysed for a range of 19 eleniant
particle-induced X-ray emission (PIXE) analysis tae Australian Nuclear Science and Technology
Organisation (ANSTO). PIXE is a non destructive leam analysis technique that can be used tosaly
particle filter samples for a range of 19 elemeriffie PIXE analysis was carried out after the gnatic
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 ohaéo
amp beam current, 2.6 MeV protons generated by MV3Van de Graaff accelerator. Each filter is
irradiated for about 5 min. As charged patrticlesventhrough the filter and the particulate on thdece
they lose energy by exciting electrons in the K &rghells. These electrons can then be ejectedirog
electrons in the higher shells to drop down thetliié vacancies, and releasing energy in the fdrmrays
in the process. Each element emits x-rays ovdroa sange of energies unique to that element,thizd
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allows each element to be identified. The massash element on the filter was measured from tea af
each peak shown in Figure 8, since the area isoptiopal to the absolute concentration of the eletnos
the filter. The ambient concentration of each @eiis then calculated from the volume of air sadpl
Several previous studies have used PIXE analyBsgawith other techniques, to determine partiaulat
composition and sources of particulates in a nurobéustralian sites. For example, PIXE technighasge

been used in studies of particulate in Sydney (8dtal., 1993; Cohen et al., 2004) and BrisbarefCt
al., 2000).

100,000
10,000
1.000

100

Counts/ 3uC

10

0 2 4 & & 10 12 14 16
X-ray Energy (keV)

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).

5. RESULTS AND DISCUSSION

51 Gas measurements

Table 6 presents the results of passive gas measaote of ammonia and nitrogen dioxide carried othea
seven Burrup sites and at the Karratha and Mard&io® sites. The Table lists the individual
concentrations of ammonia and nitrogen dioxide athesite for each sampling period, and the average
concentrations measured from the beginning of Augd94 until the mid September 2005. Where both
pairs are less than the limit of detection the agerwas set to half the limit of detection. There several
pairs of samplers that have large differences imania concentrations between the duplicate péisr.
example, site 3, site 4 and site 6 have largerdiffees in ammonia concentration during the samlérgpd
beginning on 21/11/04, 20/11/04 and 20/11/04 ragspeyg. One reason for this difference may be thue
contamination of the sampler with ammonium saltmmonium salts are ubiquitous, especially in a hot
environment where they are present in sweat. Afjhathe samplers are handled very carefully ammonia
contamination during preparation and or samplingnocabe excluded, for these measurements.

The monthly mean ammonia concentrations are shaowhable 6. Detection limits for ammonia were
calculated from the blanks sent with each batchaofiplers on a monthly basis, and they ranged frdm 0
ppb to 0.6 ppb. If only one duplicate was abowe Itmit of detection that value is entered as theam
However, the mean of a duplicate pair was setthalfimit of detection when both duplicates werssléhan
the limit of detection. Ammonia concentrationsged from 0.1 ppb on the Burrup Peninsula and Mardie
Station to more than 4 ppb at the Karratha sitarrdtha (Site 9) has ammonia concentrations thragera
from about 2 ppb to 4 ppb with an average of cltse2.6 ppb; this is significantly higher than
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concentrations at the other sites, and may be dua local urban source. Average annual ammonia
concentrations at the Burrup Peninsula sites rdérage 0.3 ppb at site 1 to 0.5 ppb at site 6. Ae¢ 40,
Mardie Station, the annual average ammonia coratgonr was 0.8 ppb; slightly higher than the Burrup
sites. Since sites 1, 3 are situated on the nortted of the Burrup, away from the industrial argaose,
and site 10 could be considered to represent tbed lmackground concentration. The average ammonia
concentration of the background is then about (@b. p There appears to be no real differences in
concentration at any of these sites, indicating dnamonia is not enhanced above the local backgroun

Ammonia concentrations are shown in Figure 9 pib#tgainst the sampling mid-date. It shows thaepic
for Site 9, ammonia concentrations on the Burrgpgemerally quite consistent from site to sitete $D has
slightly elevated ammonia concentrations during s@ampling periods, and this may be due to aawviiti
carried out at the Station.

5.0

Site 1 —e—Sijte 3 —— Site 4
4.5 Site 5 —A—Sijte 6 - O0- Sjte 7
—0- Site 8 —0— Site 9 —0— Site 10 ﬁ

4.0 A
3.5 1
3.0 1
2.5 A
2.0 A
1.5 A
1.0 A
0.5

0.0 ‘ ‘ = ‘ ‘ ‘
Aug 04 Oct 04 Dec 04 Jan 05 Apr 05 Jun 05 Aug 05

Sample Mid-date

NHjz, ppb

Figure 9. Ammonia concentrations plotted against the mid-date of the sampling period.

The ammonia data presented in Table 6 can be cashparammonia concentrations of 0.09 ppb measured
in maritime air at the Cape Grim Baseline Air Pbtn Station by Ayers and Gras, (1983). A seriés o
unpublished passive gas measurements of ammonirrgduonthly sampling at Kuala Lumpur show that
the average concentration is 8.3 ppb with a maxiraiBb.2 ppb. Table 6 shows that concentrationthen
Burrup are much closer to concentrations measuréhpe Grim than those measured in a polluted urban
environment of Kuala Lumpur.

The monthly mean nitrogen dioxide concentrations afso presented in Table 6. Monthly mean
concentrations ranged from 0.2 ppb at site 10 duieptember 2004 to 3.8 ppb at site 9, during ME#A2
The nitrogen dioxide concentrations averaged oker12 sampling periods show that the lowest annual
average concentration of 0.5 ppb were measuredaadi® Station, although Sites 1 and 3, at 0.6 pgb a
0.7 ppb, on the Northern end of the Burrup, are afzy low. Assuming these sites define a regitaak
ground the local background concentration for gigno dioxide is about 0.6 ppb. The limit of deteatfor
nitrogen dioxide measurements using passive sasfdeB0 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 elevatedgan dioxide concentrations. The annual average
concentrations at these sites range from 1.4 ppgh4gpb. Taken together, they have nitrogenidex
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concentrations of about 1.9 ppb, and this is omyoalerate enhancement over the local backgroues ait
the northern Burrup and Mardie Station.

4.0

——Site 1 —— Site 3 —— Site 4 2
35 4 Site 5 —A—Sijte 6 - 0- Site 7 / \
' —- Site 8 —0—Site 9 —— Site 10 \

3.0 1

2.5 4

2.0

NO,, ppb

1.5 A

1.0 A

0.5 -

OO T T T T T T
Aug 04 Oct 04 Dec 04 Jan 05 Apr 05 Jun 05 Aug 05

Sample Mid-date

Figure 10. Nitrogen dioxide concentrations plotted against the mid-date of the sampling period.

Nitrogen dioxide concentrations, plotted againstdampling period, are displayed in Figure 10. yTdteow
clearly the slight enhancement in concentratiorstas closer to the industrial area of the Bumelptive to
those observed at the local background, at Sit8sahd 10.

The nitrogen dioxide concentrations measured oBtireup 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 concentrationdotial.2
ppb at the Global Atmosphere Watch (GAW) StationBakit Koto Tabang, Sumatra. Passive gas
measurements were made over approximately mon#éripgs at a remote site west of Darwin over several
years using passive samplers. At this site thei@naverage nitrogen dioxide concentration was @pth
(Ayers et al., 2000). Ayers et al. (2002) carrad passive sampling for nitrogen dioxide and mesu
annual average concentrations of 0.8 ppb at a Maay'background” site at Tanah Rata, in the Camero
Highlands, north of Kuala Lumpur. The results frBukit Koto Tabang, Charles Point and Tanah Rata ar
comparable to the concentrations at Sites 1, 31&naonfirming that a regional background of ab@u
ppb is quite reasonable, and that a range of 3@ ppb could be expected.

In comparison, very high concentrations of nitrogkoxide have been measured at several large Asian
cities. Nitrogen dioxide concentrations of abo@tppb 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 td33fpb from 1994 to 1998. The results from the Bypirr
sites show that nitrogen dioxide concentrationsraveh lower than those experienced in large pallute
Asian cities.

Burrup Peninsula Air Pollution Study, Final Report. PAGE 20



Table 6. 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. ¢ signifies contaminated
sample.

Date on Date off NE  NH; RPD NQ NO, RPD
(ppb)  ppb % (ppb)  (ppbv) %
mean mean
Site 1
29/07/04 11:50 02/09/04 15:35 <0.2 0.1 0.7 0.7 512.
29/07/04 11:50 02/09/04 15:35 <0.2 0.8
02/09/04 15:40 08/10/04 09:35 0.6 0.5 50.5 0.4 0.5 21.6
02/09/04 15:40 08/10/04 09:35 0.4 0.6
08/10/04 09:45 21/11/04 12:.J5 <0.2 0.3 0.6 0.8 636.
08/10/04 09:45 21/11/04 12:05 0.3 0.9
21/11/04 12:05 17/12/04 12:10 0.9 0.7 22.7 0.5 05 29
21/11/04 12:05 17/12/04 12:1)0 0.7 0.5
17/12/04 12:10 19/01/05 13:2 <0.4 0.2 0.5 0.5 2.6
17/12/04 12:10 19/01/05 13:J2 <0.4 0.5
19/01/05 13:07 21/02/05 12:55 0.6 0.6 0.3 0.3 2.0
19/01/05 13:07 21/02/05 12:95 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 51
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
________ men | 03 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 11
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: 11 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 07 72
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 11 11 23
18/04/05 14:41  31/05/05 13: 0.6 1.2
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Table 6 cont

Date on Date off NE NH; RPD NG NO, RPD
(ppb)  Ppb % (ppb)  (ppbv) %
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:J0 <0.4 0.2 0.6 0.6 611.
07/08/05 15:10 14/09/0513:J0 <0.4 0.7
Memn 05 07
Site 4
01/08/04 12:09 01/09/04 09:17 <0.3 0.1 1.6 15 3.2
01/08/04 12:09 01/09/04 09:17 <0.3 15
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 08:20 <0.2 0.1 2.3 2.3 1.8
07/10/04 09:20 20/11/04 08:20 <0.2 2.3
20/11/04 08:20 18/12/04 06:30 2.2 15 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:J2 <0.4 0.2 2.2 2.2 0.0
18/12/04 06:30 18/01/05 10:J2 <0.4 2.2
18/01/05 10:07 16/02/05 06:30 <0.2 0.1 1.3 13 15
18/01/05 10:07 16/02/05 06:30  <0.2 13
16/02/05 06:45 23/03/05 09:93 0.3 0.3 37.8 1.6 16 27
16/02/05 06:45 23/03/05 09:53 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 18
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 30/06/05 08:45 <0.1 1.0
30/06/05 08:48 08/08/05 08:47 <0.6 0.3 1.0 11 2.6
30/06/05 08:48 08/08/05 08:47 <0.6 11
08/08/05 08:47 13/09/05 08:43 <0.4 0.2 14 1.6 22.3
08/08/05 08:47 13/09/05 08:43 <0.4 18
Men 04 8
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 11:1J5 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 14
18/12/04 07:45 18/01/05 12:38 <0.4 1.8
18/01/05 12:44 16/02/05 08:30 <0.2 0.1 15 15 0.0
18/01/05 12:44 16/02/05 08:30 <0.2 15
16/02/05 08:15 23/03/05 11:96 0.7 0.6 19.3 14 14 53
16/02/05 08:15 23/03/05 11:56 0.6 15
23/03/05 11:56  28/04/05 10:2 <0.4 0.5 2.5 2.5 1.2
23/03/05 11:56  28/04/05 10:32 0.5 2.5
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Table 6 cont

Date on Date off NE NH; RPD NG NO, RPD
(ppb)  ppb % (ppb)  (ppbv) %
mean mean

28/04/05 10:22 30/05/05 11: <0.5 0.7 3.5 3.5 0.5
28/04/05 10:22  30/05/05 11: 0.7 3.5
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 59
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

Men 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 19 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 18 113.8 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: 13 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 19 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: <0.4 1.9
28/04/05 09:36  30/05/05 13: 11 11 9.1 2.6 26 61
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 13 13 11
30/05/05 13:00 30/06/05 10: 0.7 13
30/06/05 10:15 08/08/05 10: <0.6 0.3 1.4 15 1.7
30/06/05 10:15 08/08/05 10: <0.6 15
08/08/05 10:21  13/09/05 14: <0.4 0.2 1.6 14 427.
08/08/05 10:21  13/09/05 14: <0.4 1.2

Men | 05 18

Site 7
01/08/04 15:01 01/09/04 08: <0.3 0.1 1.3 13 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 16 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 6.5
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 15 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 14 14 43
18/01/05 15:16  16/02/05 09: 0.2 14
16/02/05 09:30 23/03/05 13: 0.6 0.8 41.1 13 1.3 04
16/02/05 09:30 23/03/05 13: 0.9 1.3
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Table 6 cont

Date on Date off NE NH; RPD NG NO, RPD
(ppb)  ppb % (ppb)  (ppbv) %
mean mean
23/03/05 13:12 28/04/0511:20 <0.4 0.2 15 15 2.7
23/03/05 13:12 28/04/0511:20 <0.4 15
28/04/05 11:20 30/05/05 14:1)0 0.6 0.7 16.9 1.9 19 7.6
28/04/05 11:20 30/05/05 14:1)0 0.7 2.0
30/05/05 14:10 30/06/05 11:45 0.4 0.4 1.0 0.9 154
30/05/05 14:10 30/06/0511:25 <0.1 0.8
30/06/05 11:23 08/08/05 11:35 <0.6 0.3 1.0 1.0 0.1
30/06/05 11:23 08/08/05 11:35 <0.6 1.0
08/08/05 11:25 13/09/0511:41 <0.4 0.2 11 0.6 475
08/08/05 11:25 13/09/0511:41 <0.4 0.1
Men 04 14
Site 8
03/08/04 09:07 01/09/04 11:5 <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 15:40 0.9 0.8 7.0 2.4 23 55
01/09/04 11:15 07/10/04 15:40 0.8 2.3
07/10/04 15:05 20/11/04 16:30 0.2 0.2 11.7 2.8 28 3.9
07/10/04 15:05 20/11/04 16:30 0.3 2.7
20/11/04 16:30 18/12/04 11:30 0.8 0.8 1.8 2.5 25 01
20/11/04 16:30 18/12/04 11:30 0.8 2.5
18/12/04 11:30 18/01/05 17:17 <0.4 0.2 2.0 2.0 0.4
18/12/04 11:30 18/01/05 17:j7 <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 23/03/05 14:31 0.6 0.6 224.9 1.7 1.8 6.5
16/02/05 11:15 23/03/05 14:31 2.0 1.8
23/03/05 14:35 28/04/05 11:50 <0.4 0.2 2.1 2.1 0.3
23/03/05 14:35 28/04/0511:40 <0.4 2.1
28/04/05 11:51  30/05/05 16:40 0.8 0.8 10.2 2.7 26 34
28/04/05 11:51 30/05/05 16:40 0.7 2.6
30/05/05 16:01  30/06/05 12:30 0.2 0.2 26.4 15 15 04
30/05/05 16:01  30/06/05 12:30 0.2 15
30/06/05 12:35 08/08/0512:35 <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 15:50 <0.4 2.0
________ men | o4 21
Site 9
05/08/04 15:00 03/09/04 18:40 1.8 19 7.8 2.3 24 291
05/08/04 15:00 03/09/04 18:40 2.0 2.6
03/09/04 18:00 07/10/04 20:30 2.6 2.6 1.2 2.3 23 71
03/09/04 18:00 07/10/04 20:30 2.6 2.3
07/10/04 20:35 20/11/04 18:40 2.4 2.4 0.7 18 19 6 3
07/10/04 20:35 20/11/04 18:40 2.4 1.9
20/11/04 18:00 20/12/04 11:30 3.2 3.2 3.3 1.7 1.7 01
20/11/04 18:00 20/12/04 11:30 3.3 1.7
20/12/04 11:30 20/01/05 10:1§5 11 11
20/12/04 11:30 20/01/05 10:1j5
20/01/05 10:45 16/02/05 18:Q0 3.2 3.5 21.8 15 16 6.4
20/01/05 10:45 16/02/05 18:0 3.9 1.6
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Table 6 cont

Date on Date off NE NH; RPD NG NO, RPD
(ppb)  ppb % (ppb)  (ppbv) %
mean mean
16/02/05 18:10 23/03/05 15:0 3.2 3.0 8.9 1.8 1.9 8.31
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 24 13.7 2.2 23 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:(4 4.3 3.8
30/05/05 18:08 30/06/05 13:30 15 1.2 42.1 2.6 26 05
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 18:40 1.6 1.7 8.2 2.2 24 0.11
08/08/05 17:45 15/09/05 18:40 1.7 2.5
~ Mean I 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 10:30 <0.3 0.3
01/09/04 10:50 01/10/04 12:35 0.7 0.6 39.2 0.2 02 71
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 71
01/10/04 12:35 01/12/04 10:30 0.4 0.3
01/12/04 12:00 27/01/05 14:90 0.8 0.6 60.5 0.4 04 1.2
01/12/04 12:00 27/01/05 14:Q0 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:d0 0.9 1.1 48.3 0.8 0.8 2.0
17/03/05 11:30 28/04/05 08:d0 1.4 0.8
28/04/05 08:00 19/05/05 10:4o0 0.5 1.4 122.6 1.1 1.1 3.0
28/04/05 08:00 19/05/05 10:4o0 2.2 1.0
19/05/05 10:15 05/07/05 11:d5 0.5 0.8 72.6 0.5 0.5 0.3
19/05/05 10:15 05/07/05 11:d5 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 12:40 0.7 0.9 26.4 0.3 0.3 84
05/08/05 13:20 15/09/05 12:40 1.0 0.3
Mean 0.8 0.5

Table 7 displays the concentrations of sulphur idi@and nitric acid measured at the Burrup sitet a&tn
Mardie Station over the annual period from Augu604£ to mid September 2005. Average monthly
concentrations of sulphur dioxide range from 19 gpting 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 es$ 4if 3 and 10, are assumed to be regional bacidjrou
levels and appear to be in the range of about 83ph39 ppt, with an annual average of about 188 p
The annual average concentration at sites 4 —o8lisabout 175 ppt, with a maximum of 215 ppt, se t
enhancement in sulphur dioxide concentrations esdlsites is very small. Detection limits for $wip
dioxide and nitric acid, calculated from the standddeviation of blanks, using an ISO (1994) techeiq
were 28 ppt and 45 ppt respectively over a 30 daypsing period.

Burrup Peninsula Air Pollution Study, Final Report. PAGE 25



450
—=—Site 1 —— Site 3 —— Site 4 Site 5 —A— Sijte 6
400 A - 0- Site 7 —0- Site 8 —0—Site 9 —0— Site 10

350
300 -

250 ~

SO,, ppt

200 A
150 ~
100 ~

50 -

0 T T T T T T
Aug 04 Oct 04 Dec 04 Jan 05 Apr 05 Jun 05 Aug 05

Sample Mid-date

Figure 11. Sulfur dioxide concentrations plotted against the mid-date of the sampling period.

Sulfur dioxide concentrations at each site aretgibtagainst the sampling mid-time in Figure 11.eTh
Figure shows that there is a small elevation iplsuil dioxide concentrations at some sites, sueh &and
6. Concentrations at the local background sitssamd 10 tend to have lower concentrations, affhdgite

9 can also have concentrations near the backgratledst during some sampling periods.

Several studies have determined sulphur dioxideeaminations in remote terrestrial regions usingspas
samplers, and in pristine areas using active sagpéichniques, and these can be used to compdrehait
background concentrations on the Burrup Peninsutapristine areas very low concentrations of sulph
dioxide have been recorded. For example at th¢hFeale a 7-day average concentration of less 2vap
measured using a chemical ionisation mass specteorfidueya 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 laas 115 ppt. These studies show that very low sulph
dioxide concentrations are possible in areas tleatansidered to be pristine and where air is mpiaicted
by anthropogenic pollution.

At Bukit Koto Tabang, GAW station on Sumatra thengal average sulphur dioxide concentrations were
1.3 ppb during 1996 (Gillett et al., 2000). At @ba Point, West of Darwin average sulphur dioxide
concentrations were 0.75 ppb between June 1993Jamel 1997 (Ayers et al., 2000) and at Tanah Rata,
north of Kuala Lumpur, Malaysia the average conedian was 0.5 ppb from August 1990 to January 1992
(Ayers et al., 2002). These “background” conceitrns are significantly higher than any of the
measurements recorded at any of 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 48 m
1992 and 1996 respectively and in Bogor the anavatage concentration was 1.9 ppb in 1996 (Gidett
al., 2000). The concentrations in Petaling Jagar iKuala Lumpur averaged 6.3 ppb over a five pesiod
from March 1994 to March 1998 (Ayers et al., 2000).other sites near Kuala Lumpur concentratioesew
recorded from August 1996 to January 1997 at Klamyil 1996 to April 1997 at Ulu Langat and August
1996 to June 1997 Johor Baru Malaysia where coretgons were 6.2 ppb, 0.9 ppb and 1.9 ppb
respectively. These concentrations are typicabhias that are heavily impacted with anthropogenic
pollution and are obviously much higher than tholsgerved on the Burrup Peninsula.
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Nitric acid concentrations are also presented ibld&; these were measured as nitrate ion which is
collected with the sulphur dioxide passive samplEne monthly average concentrations shown in tider
range from 21 ppt at site 10 during August 2004632 ppt at site 9 during May 2005. The assumed
background sites of 1, 3 and 10 have nitric aciiceatrations of 144 ppt, 162 ppt and 160 ppt respey,
indicating an average annual background conceotraif about 155 ppt. At Sites 4 — 8, on the sauthe
Burrup Peninsula, annual average concentratiorgerhfrom 198 ppt at site 4 to 250 ppt at site 8ngi\a
southern area average of 229 ppt. Although theamnation increase from the background to thersont
Burrup sites is noticeable, the enhancement islsara the concentrations are very low.

Figure 12 shows concentrations of nitric acid atheaite plotted against the mid-time of the sangplin
period. It shows only a small enhancement in miagtid concentrations at the sites on the lowerugur
compared with those at the local background sit€se concentrations have some temporal trends; most
sites had low concentrations during the Januarylke sampling period and higher concentrationsngur
the May sampling period. A similar temporal tremdn also be observed for nitrogen dioxide
concentrations, in Figure 10.
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Figure 12. Nitric acid concentrations plotted against the mid-date of the sampling period.

By way of comparison “background” concentration9&4 ppb have been measured at Charles Point from
June 1993 to June 1997 (Ayers et al., 2000) any déhe 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, Malay#gers et al., 2002). These concentrations anehm
higher than those measured on the Burrup Peninsula.
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Table 7. 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) % (pP)  (pPY) %
mean mean
Site 1
29/07/04 11:50 02/09/04 15:35 116 99 35.8 60 61 3.7
29/07/04 11:50 02/09/04 15:35 81 62
02/09/04 15:40 08/10/04 09:35 59 62 10.9 116 135 428
02/09/04 15:40 08/10/04 09:35 66 154
08/10/04 09:45 21/11/04 12:05 128 137 12.9 167 169 2.2
08/10/04 09:45 21/11/04 12:05 146 171
21/11/04 12:05 17/12/04 12:10 120 96 51.1 162 159 .0 5
21/11/04 12:05 17/12/04 12:1)0 71 155
17/12/04 12:10 19/01/05 13:(2 90 123 53.7 97 127 147
17/12/04 12:10 19/01/05 13:02 156 157
19/01/05 13:07 21/02/05 12:55 204 199 5.1 81 86 210
19/01/05 13:07 21/02/05 12:95 193 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
________ men | 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 S5 1
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 0.0 127 116 821
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 7 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 13:40 117 121
,,,,,,,, Mean (1% 16 |
Site 4
01/08/04 12:09 01/09/04 09:1j7 108 109 2.4 107 120 062
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 10.5
18/12/04 06:30 18/01/05 10:42 155 213
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 44 324 210 210 50
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 (a1 |
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 0.11
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 11:56 116 222 95.6 238 246 6.2
16/02/05 08:15 23/03/05 11:56 328 253
23/03/05 11:56 28/04/05 10:42 321 313 5.5 257 255 31
23/03/05 11:56 28/04/05 10:42 304 253
28/04/05 10:22 30/05/05 11:40 194 192 2.6 390 406 8 7
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Table 7 cont
Date on Date off SO SO RPD HNQ HNO; RPD
(ppt) (ppt) % (pP)  (pPY) %
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
________ men | o as a0
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 04
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 24.1 452 506 215
28/04/05 11:20 30/05/05 14: 147 561
30/05/05 14:10 30/06/05 11: 118 134 241 461 517 215
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: 145 137 121 192 223 27.3
08/08/05 11:25 13/09/05 11: 129 253
________ Mean | . ae o oa
Site7
01/08/04 15:01 01/09/04 08: 123 123 0.0 91 118 445
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 25
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 91
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 18
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 04
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 7 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 11:40 224 207
28/04/05 11:20 30/05/05 14:1j0 160 154 7.4 403 386 9 8
28/04/05 11:20 30/05/05 14:1j0 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 32.8 150 166 818
08/08/05 11:25 13/09/05 11:41 68 181
________ Mean (1w 220 |
Site8
03/08/04 09:07 01/09/04 11:05 107 127 30.4 108 119 184
03/08/04 09:07 01/09/04 11:05 146 130
01/09/04 11:15 07/10/04 15:40 143 156 17.1 260 263 1.7
01/09/04 11:15 07/10/04 15:90 169 265
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 12
20/11/04 16:30 18/12/04 11:30 196 210
18/12/04 11:30 18/01/05 17:47 261 258 2.0 173 176 .0 3
18/12/04 11:30 18/01/05 17:17 255 178
18/01/05 17:25 16/02/05 10:40 147 137 13.6 228 235 55
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 47.5 406 410 2.2
28/04/05 11:51 30/05/05 16:0 111 414
30/05/05 16:01 30/06/05 12:30 49 63 43.1 220 222 32
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 (14 20 |
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 18:00 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 25 207 215 79
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Table 7 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 15:20 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:q4 105 156 64.9 673 632 13.0
28/04/05 13:45 30/05/05 18:q4 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 26 |
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 3.4
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 08:40 43 48 24.4 217 223 7 5.
17/03/05 11:30 28/04/05 08:40 54 229
28/04/05 08:00 19/05/05 10:30 236 240 3.2 301 329 7.01
28/04/05 08:00 19/05/05 10:30 243 357
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

Table 8 presents the concentrations of benzeneertel and ethylbenzene at the sites on the Burrup
Peninsula and at Karratha and Mardie Station. ofes sites the measurements were below the limit of
detection, and in those cases the average wa® $elft the limit of detection. Limits of detectidor
benzene, calculated on a monthly basis from thedatal deviation of blanks using an ISO (1994) tegqin,
ranged from 1 ppt to 14 ppt over a 30 day samptiagod. There were a number of instances where
samplers were obviously contaminated. For mothede samplers contamination resulted becausentize e
of the samplers were not sealed sufficiently toven¢ ambient air diffusing to the adsorbent during
transport to Melbourne. Contaminated samplerssigeified with ¢, and these have not been used to
calculate averages. Some samplers at Site 9, tlarmraay have been contaminated, but they were all
included in the averages since it is more diffitaldiscern contamination in an urban area whetlpis
often used. The maximum monthly mean of benzemeeadration of 158 ppt was recorded at Site 9,
Karratha and the minimum was 4 ppt at Site 10. driveual average benzene concentrations at sigarid
Mardie Station were about 19 ppt, and with an ayeraf 21 ppt, sites 4 — 8 show no real enhancement
above the background concentration.
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The data in Table 8 can be compared with concémtiabf benzene, toluene and ethylbenzene measured
outer urban areas of Melbourne. In Aspendale, blaie concentrations of BTEX gases were measured
during 7-day sampling times for a period of 10 nhsntLawson et al., 2005). The average concenirgitio
for that period were 300 ppt, 800 ppt and 1100 fpptbenzene, toluene and ethylbenzene respectively;
minimum concentrations were 90 ppt, 220 ppt ang@0 Similar concentrations were observed during 7
day sampling periods in March, 2003 in Launcestbean concentrations of benzene were 230 ppt with a
standard deviation of 120 ppt (Galbally et al., 20Galbally et al., 2004).
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Table 8. Concentrations of benzene, toluene and ethylbenzene 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 Ethylbenzene Ethylbenzene

(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( 41° 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°¢

Men 6 8 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 8 cont

Date/time On  Date/time Off | Benzene Benzene Toluene Toluene Ethylbenzene Ethylbenzene
(ppt) mean (ppt) mean (ppt) mean
 Men [ % 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
oMen L 2 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 13/09/0510:32| NA 2488 34
Mean 21 34 14
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Table 8 cont

Date/time On

Date/time Off

Benzene Benzene Toluene Toluene Ethylbenzene Ethylbenzene

(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
o Men L 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
Men 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 8 cont

Date/time On

Date/time Off

Benzene Benzene Toluene Toluene Ethylbenzene Ethylbenzene

(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 15:00f 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
Men 8 2% 9
Site 9
05/08/04 15:00 03/09/04 18:00f 29 29 32 32 7 7
05/08/04 15:00 03/09/04 18:00f <1 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 18:00f 32 32 174 174 34 34
07/10/04 20:40 20/11/04 18:00f <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 18:00f 149 127 2491 2552 308 330
08/08/05 17:45 15/09/05 18:00f 105 2612 352
oMen L 1 M3 9B
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 8 cont

Date/time On  Date/time Off | Benzene Benzene Toluene Toluene Ethylbenzene Ethylbenzene
(ppt) mean (ppt) mean (ppt) mean

01/10/04 12:35 01/12/04 10:30] <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 17/03/05 11:30] <9 4 16 14 6 6
18/02/05 09:30 17/03/05 11:30] <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

Figure 13 shows the temporal variation of benzeneaah of the sites.

It shows that Site 9, Kamath

generally has the highest benzene concentratiorsumably due to the increased emissions of benzene

from motor vehicles.

concentrations measured at the local backgroursitest 1, 3 and 10.
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Figure 13. Benzene concentrations at each site plotted against the sample mid-date.

There is little enhancemehtbenzene at the lower Burrup sites copmpared to
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Table 9. 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 Offf p+m-Xylene p+m-Xyleneo-Xylene o0-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°
o Men [ 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 09:44 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 9 cont

Date/time On Date/time Off] p+m-Xylene p+m-Xylene-Xylene o0-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
 Mewnr 12 6
Site 4
01/08/04 12:09  01/09/04 09:1f 16 18 4 4
01/08/04 12:09  01/09/04 09:1f 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 09:4b 43 47 15 17
16/02/05 06:30  23/03/05 09:4b 50 19
23/03/05 09:50  28/04/05 08:4/ 43 43 11 10
23/03/05 09:50  28/04/05 08:4/ 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
o Mean |8 1
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 08:0f 52 51 17 17
18/01/05 12:44  16/02/05 08:0f 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 09:2p 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 9 cont

Date/time On Date/time Offf p+m-Xylene p+m-Xyleneo-Xylene o0-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 Men |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 13:0b 27 27 15 14
16/02/05 09:38  23/03/05 13:0b 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 11:4fL 18 16 5 3
08/08/05 11:25  13/09/05 11:4)L 14 1
o Men 02 8
Site 8
03/08/04 09:07 01/09/04 15:4B 30 29 7 7
03/08/04 09:07  01/09/04 15:4B 28 6
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Table 9 cont

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 17:1j¢ 37 35 14 13
20/11/04 16:30  18/01/05 17:1j¢ 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 Men 429 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 29 128

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 9 cont

Date/time On Date/time Offf p+m-Xylene p+m-Xyleneo-Xylene o0-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

Table 9 lists the concentrations of the three xylsomers measured at the sampling sites. Moatrefage
p+m xylene concentrations range from 20 ppt to 1ppR at site 9 (Karratha). The average annual
concentration of xylenes over the 12 sampling pisrifor Sites 1 and 3 all is about 7 ppt compareabtaut

23 ppt for sites 4 — 8. As expected, there is andynall enhancement of xylene at Sites 4 — 8 theelocal
background concentrations. The average at sgeh@jher than any other site probably due to tfaence

of motor vehicles.

52 Particulate Measurements

5.2.1 TSP Measurements

Concentrations of TSP measured at sites 1 — 8 &fd, Pheasured at sites 8 and 8 HI with conditional
sampling are presented in Table 10. The averagsites 1 and 3, considered to represent background
levels, is about 22 pg frover the period from August 2004 until mid SeptemP@05. The maximum
monthly averaged TSP concentrations are 136 figtSite 7, during January/February 2005 and 136ug
*at Site 8, during January/February 2005, and tleeage for sites 4 — 8 is about 34 ug. nThis shows that
TSP concentrations, probably due to anthropogectigitees, are enhanced on the lower Burrup Perésu
atasites 4 — 8. This is particularly true at Stevhich had an annual average TSP concentrati&d .af ug

m.

Conditional samplingo measure PM was carried out at Site 8HI, about 0.5 km to 1 km eafsthe
Hamersley Iron loading facilities at Parker Poanid at Site 8 which is located about 3 km eastaokét
Point; see Figure 1 for site locations. Site 8tdkviocated in order to sample RMriginating from Parker
Point, and the sampler operated when the wind titmeovas between 225° and 315°. At Site 8 the
conditional sampler operated when the wind directias between 180° and 360°, also to collect,Pidm
Parker Point. Table 8 shows that at 116.6 [fgamd 19.8 ug mat 8HI and Site 8 respectively, there is a
large difference in PM mass concentration between the two sites. Fifrems these sites have been
analysed for a range of elements and soluble ispécies to seek a fingerprint for particulate omging
from the Parker Point iron ore loading facilities.
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Table 10. Concentrations of TSP at sites 1 — 8 and PMjo conditionally sampled at sites 8 and 8HI from the end of
August 2004 until September 2005. Concentrations are in ug m™.

Date/time Date/time TSP Date/time Date/time TSP PMio
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 32.4 21/11/04 15:35 7/12/04 14:00 31.5
17/12/04 12:39  19/01/05 12:40 35.Q 17/12/04 14:20 9/01/05 16:12 43.7
19/01/05 13:10 21/02/05 13:05 36.9 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 8/0%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.Q 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 /0805 14:41 8.62
07/08/05 11:32  14/09/05 08:05 11.4 not working
Men 26 | | 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 12.3 01/09/04 12:00 7/1@04 11:20 12.4
07/10/04 09:04 20/11/04 08:30 42.6 07/10/04 11:00 0/1P04 12:15 32.0
20/11/04 09:20  18/12/04 06:20 60.3 20/11/04 12:40 8/12/04 07:30 334
18/12/04 06:30  18/01/05 09:40 60.9 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 47.6 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 22.9 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 0O/0&05 09:08 16.2
30/06/05 08:40  08/08/05 08:25 15.4 30/06/05 09:15 8/0®/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
Men 33 [ | 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 38.4 20/11/04 14:30 8/12/04 09:30 58.4
18/12/04 08:45 18/01/05 11:15 47.1 18/12/04 09:50 8/01/05 15:00 42.4
18/01/05 11:30 16/02/05 07:15 50.9 18/01/05 15:14 6/02/05 09:00 136.0
16/02/05 07:25 23/03/05 10:32 31.9 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 14.1 30/05/05 13:59 0/0&05 11:15 15.1
30/06/05 10:10  08/08/05 10:03 11.9 30/06/05 11:20 8/0®/05 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
o Men 247 | ] Mean 366
Burrup Peninsula Air Pollution Study, Final Report. PAGE 44



Site 10 cont
Date/time Date/time TSP Date/time Date/time TSP PMs,
on Off ugm® | on Off pgm®  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 8/14/04 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 3/005 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 5.1  |(Mean 198
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 20/01/05 08:32 53.0
20/01/05 08:46 23/02/05 08:30 560.9
23/02/05 08:40 31/03/05 07:26 49.3
31/03/05 07:30 02/05/05 08:49 81.1
02/05/05 09:00 09/06/05 08:36 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

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

The detailed results of the PIXE analysis are givethe Appendix in Table Al. Table 11 presents th
results of the gravimetric mass concentrations etenated chemical mass (ECM) concentration, ribre 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 $ONO;, NH," Mgzﬂ HOOC-
COOH, HCOOH and CHCOOH, as suggested by Brook et al. (1997).

ECM = SQ% + NO; + NH," + 1.79V + 1.24Zn + Pb + Br + Cl + Na + soil + rénter (11)
Where:

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

Remainder = HOOC-COOH + HCOOH + @EDOH + Md" (13)

Values of ECM are given in Table 11, and are coembavith gravimetric mass in Figure 14. Figure 14
shows a straight line fitted to the gravimetricadahd the ECM values with a reduced major axisessjon.
The slope of the line is 0.73, indicating that mafsthe gravimetric mass is accounted for by theVE@e
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remainder is probably due contributions of comlmstierived organic and elemental carbon, which were
not measured in this study and residual water #&stsakwith the gravimetric mass measurement.

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

ore to the loading facilities. The data show thatiron content of the particulate material ag 8Hi varies
from 17 % to 56 %, with an average of 31.5 %. Traetion of sea-salt at each site was estimateswh fro
composition of seawater provided by Millero (197d3ing Mg* as an indicator of sea-salt. The results
given in Table 11 show that Site 8Hi had an avessgesalt fraction of 9.5 %, the lowest fractiorseé-salt

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

the ore loading operations.

Table 11 also shows the concentration of iron gasighstantially from Site 1, the background saeSite 8.
For example, on average iron contributed 3.5 %smadsalt 37.6 % of the TSP particulate loadingtat 5
This compares with contributions of 23.4 % and P8.6or iron and sea-salt respectively at Site &e TSP
samples at Sites 5 and 7 had average iron cordéitk7 % — 11.1 % and sea-salt loadings of ab6%2
which are intermediate between Site 1 and Sit@lds suggests that the increase in TSP observedebat
Site 1 and Site 8 may be due to dust which origimditom the ore loading and transport processdss T
point is emphasized by the increasing iron to sdiaratios proceeding from Site 1 to Site 8 givermable
11.

120
100 ECM = 0.73 x gravimetric mass + 3.56 S
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Figure 14. ECM as a function of gravimetric mass for all sites.
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Table 11. Concentrations of gravimetric mass, ECM and iron, fraction of ECM to gravimetric mass (%) and the fraction
of iron and sea-salt in TSP and PM3, samples collected at various sites.

Site Date on Date off Grav ECM % Fe % % Fe:
Mass pg m* Total pgm®  Fe Sea Sea-salt
ug s mas: sali

1 29/07/04  02/09/04 11.6 10.1 87.2 0.649 6.65 36.10.18
1 02/09/04  08/10/04 14.0 12.2 86.9 0.519 4.39 47.2 0.09
1 08/10/04 21/11/04 24.3 18.9 77.8 0.736 3.60 42.90.08
1 21/11/04  17/12/04 32.4 26.9 82.9 0.545 2.00 43.3 0.05
1 17/12/04  19/01/05 35.0 30.0 85.6 0.635 2.15 48.1 0.04
1 19/01/05 21/02/05 36.6 30.8 84.2 0.380 1.23 54.4 0.02
1 21/02/05  28/03/05 25.1 22.4 89.1 0.853 4.03 33.60.12
1 28/03/05  18/04/05 13.6 11.7 86.2 0.452 3.95 34.90.11
1 18/04/05 31/05/05 25.0 10.2 40.7 0.397 1.88 16.50.11
1 31/05/05 13/07/05 33.6 14.3 42.6 0.493 1.74 14.30.12
1 13/07/05 07/08/05 8.8 7.7 87.4 0.422 5.69 342 170.
1 07/08/05  14/09/05 11.4 9.5 83.2 0.406 4.22 452 .090
R 26 O 778 0542 346 376 010
4 01/08/04 01/09/04 15.3 11.5 75.1 0.945 6.17 25.30.24
4 01/09/04 07/10/04 12.1 8.0 66.0 0.826 6.84 24.3 .280
4 07/10/04 20/11/04 42.6 36.9 86.7 4.319 10.15 16.30.62
4 20/11/04 18/12/04 60.3 43.9 72.8 2.366 3.92 19.7 0.20
4 18/12/04  18/01/05 60.6 50.3 83.0 2.766 4.57 24.30.19
4 18/01/05 16/02/05 55.2 43.8 79.4 2.234 4.05 30.6 0.13
4 16/02/05 23/03/05 47.6 35.9 75.2 2.920 6.13 24.2 0.25
4 23/03/05 28/04/05 28.5 21.4 75.1 1.867 6.55 19.10.34
4 28/04/05  30/05/05 22.6 16.5 73.3 1.264 5.61 14.8 0.38
4 30/05/05  30/06/05 17.6 15.1 85.4 0.896 5.08 34.7 0.15
4 30/06/05 08/08/05 15.6 10.6 67.8 0.975 6.26 15.6 0.40
4 08/08/05  13/09/05 33.2 23.0 69.2 1.743 5.24 15.1 0.35
L 343 264 758 1927 583 220 | 029
5 07/10/04 20/11/04 32.0 25.4 79.5 4.080 12.74 27.90.46
5 18/01/05 16/02/05 36.4 25.9 71.2 1.707 4.69 38.10.12
5 16/02/05 23/03/05 30.7 28.5 92.9 2.967 9.66 25.1 0.39
5 23/03/05  28/04/05 17.8 21.0 118.3 2.559 14.39 620. 0.70
5 28/04/05  30/05/05 15.5 13.9 89.7 1.968 12.73 18.50.69
5 08/08/05  13/09/05 17.0 13.0 76.6 2.710 15.94 26.8 0.59
U 249 213 . 880 . 2665 1169 262 049
7 01/08/04  01/09/04 19.2 16.5 86.1 2.696 14.07 20.7 0.68
7 01/09/04 07/10/04 21.8 18.3 83.9 3.094 14.20 24.50.58
7 07/10/04  20/11/04 46.6 31.8 68.1 5.118 10.98 20.50.53
7 20/11/04  18/12/04 58.4 43.9 75.2 5.864 10.04 19.80.51
7 18/12/04  18/01/05 42.4 39.2 92.4 4.047 9.55 29.8 0.32
7 18/01/05 16/02/05 136.0 120.9 88.9 12.602 9.27 .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 13.12 19.30.68
7 28/04/05  30/05/05 15.0 13.3 88.8 1.809 12.04 23.50.51
7 30/05/05  30/06/05 15.1 14.1 93.1 1.155 7.62 41.10.19
7 30/06/05 08/08/05 11.4 10.4 91.9 0.976 8.59 26.30.33
7 08/08/05  13/09/05 16.8 15.6 92.7 2.495 14.82 29.10.51
36.6 311 86.4 3.817 11.12 26.0 0.46
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Table 11 cont

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

8 03/08/04  01/09/04 22.9 20.4 89.3 6.107 26.72 15.21.76
8 01/09/04  07/10/04 28.2 254 90.2 7.565 26.86 19.6 1.37
8 07/10/04  20/11/04 52.7 54.1 102.6 19.292 36.62 616 2.21
8 20/11/04  18/12/04 53.4 40.6 76.0 7.920 14.82 20.70.72
8 18/12/04  18/01/05 61.7 58.1 94.2 13.210 21.42 025. 0.86
8 18/01/05  16/02/05 94.6 78.5 83.0 19.678 20.80 320. 1.02
8 16/02/05  23/03/05 29.3 26.4 90.3 5.275 18.02 21.70.83
8 23/03/05  28/04/05 135.2 114.7 84.8 29.294 2167761 1.23
SR 9.7 . 523 . 838 . 13543 2337 196 125
8 Cond 04/08/04  01/09/04 10.3 7.9 76.3 0.726 702561 0.45
8 Cond 01/09/04  07/10/04 13.2 10.3 78.1 1.186 9.0020.1 0.45
8 Cond 07/10/04 20/11/04 21.4 15.7 73.1 2.883 13.440.4 1.29
8 Cond 20/11/04 18/12/04 31.0 20.8 67.0 1.638 5.2913.1 0.40
8 Cond 18/12/04  18/01/05 42.9 35.3 82.3 4.166 9.7116.5 0.59
8 Cond 18/01/05 16/02/05 32.0 28.8 90.0 1.586 4.9621.4 0.23
8 Cond 16/02/05  23/03/05 24.1 20.0 83.2 1.614 6.7018.9 0.35
8 Cond 23/03/05  28/04/05 13.0 9.0 69.5 1.398 10.789.7 1.11
8 Cond 28/04/05  30/05/05 16.1 8.0 49.7 0.690 429331 0.32
8 Cond 30/05/05  30/06/05 10.6 10.1 94.5 0.569 5.3433.6 0.16
8 Cond 30/06/05  08/08/05 8.8 7.6 85.9 0.836 9.46 .317 0.55
8 Cond 08/08/05  13/09/05 13.6 12.2 89.7 1.978 14.517.7 0.82
_______________________________________________ 198 155 /83 1606 838 173 06

8Hi 04/08/04  02/09/04 86.4 74.6 86.3 29.857 3457 .0 5 6.95

8Hi 02/09/04  08/10/04 64.8 49.6 76.5 16.905 26.090.01 2.61

8Hi 08/10/04  30/11/04 96.6 71.2 73.7 24.653 25.530.61 2.40

8Hi 30/11/04  20/12/04 79.0 67.3 85.3 19.797 25.074.41 1.74

8Hi 20/12/04  20/01/05 53.0 49.0 92.6 12.067 22.784.02 0.95

8Hi 20/01/05 23/02/05 560.9 395.4 70.5 94.333 16.826.7 1.01

8Hi 23/02/05  31/03/05 49.3 44.3 89.9 12535 2543341 1.90

8Hi 31/03/05 02/05/05 81.1 56.2 69.3 17.493 2157 9 6 3.12

8Hi 02/05/05 09/06/05 81.4 81.3 99.9 34902 4287 .2 3 13.46

8Hi 09/06/05 01/07/05 49.7 55.0 110.7 27.673 55.742.1 26.47

8Hi 01/07/05  09/08/05 82.0 68.7 83.7 34789 4241 3 1 32.80

8Hi 09/08/05 16/09/05 115.2 99.1 86.0 45562 39.536.5 6.09
116.6 92.6 85.4 30.880 31.53 9.5 8.3

5.2.2 DustTrak Measurements

Figures 15, 16, 17 and 18 show BMoncentrations measured using the DustTrak ingntrat site 8
during four periods throughout the study plottedaasinction of wind direction. Figures 15 and 1&rev
plotted using wind directions measured at Site lRcted at a frequency of 2 minutes, while Figutésand
18 employed 30 minute averaged wind direction dedan Karratha Airport. The Figures show that
background PN concentration at site 8 appears to be about 1®idpased on the concentration envelope
observed in wind directions about 1%0fd about 15°. Site 8 is only about 2 — 3 km e&she iron ore
loading facilities at Parker Point and it is evid&om the Figures, that the activities at ParkeinPhave a
large influence on PN concentrations at Site 8. The plot shows a largeease in Ppover background
concentrations in wind directions ranging from ab®20° to 280° and this is directly downwind of kear
Point. The other influence on R)Mtconcentrations at site 8 is vehicle traffic tréimgl along Burrup Road.
This can be seen as increased,fddncentrations, particularly in wind directionsrfr about 43° to 105°.
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Figure 15. PM3p concentrations measured by DustTrak at site 8 froma™ August 2004 until 1% September 2004, and
plotted against wind direction measured at Site 8 at a frequency of two minutes.
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Figure 16. PMsip 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.
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Figure 17. PMsip 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.
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Figure 18. PM3p 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.

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 includechcesi
that report 3-monthly samples were collected asSit, 4, 5, 6, 7 and 8 for periods 3 and 4. Thalt® of
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these samples have been inconsistent at all sitgsgdthose periods. It was found that the dustsvan the
foam pads was often less than that found on thakldtzam pads, which were sent to the Burrup Petansu
and treated in the same manner, except they werexposed. Moreover, repeated weighing of the foam
pads showed an unacceptably large range of duss wasindividual foam pads. Despite repeated
weighings these inconsistencies could not be oweeco For these reasons the results of all the dust
depositions cannot be reported in this final repdrhe only available estimates dust depositioretuare
those from an aerosol spectrometer discussed inetkiesection.

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 raeaparticle size distribution. Although measuratae
were taken for only for a short period at each, siteevertheless provides valuable size distrdjutilata
which can be converted to particle concentration, then to dust deposition.

Size distributions were measured over a size rénoge 0.3 um — 20 um in 15 steps at each site oggogs

of 1 minute. The data were stored on a removahta tbgger card and then transferred to a notebook
computer. The size distributions showed that miiggas measured were greater than 10 pm diamaaér,
this could be due to losses in the inlet or to timgnstatistics (the sample flow rate is relativiglw; about 2

I 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 baaimiron ore
content of about 23 %. This gives a short recdrgbarticle 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 Kho-et al. (2004).

500 o 6000
450 = mass concentration :
400 = deposition x 10 + 5000 "
S T
B ©
2 350 - 4000 «
5 300 :
£ 250 - - 3000 £
8 200 S
8 150 | [ 2000 g
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g 100 - 1000 O
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Figure 19. 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 dusisitegn measurements are shown in Figure 19 fes sinh

the lower Burrup, and in Figure 20 for sites 1 &noin northern Burrup area. They appear consistéht
PMy, results measured with the DustTrak at Site 8gf@mple. The average TSP concentration measured
at Site 8 with the GRIMM was about 40 pg’nwhich is in the range of the DustTrak resultsvaman
Figures 15 — 18. The average TSP loading for ditesd 3 was about 9 pg*rmompared with about 40 pg
m* at Site 8, and about 30 uge’rat sites 4, 5, 6 and 7. These results are o$dh®e order as the averages
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presented in Table 10, and indicate that higher @@Rentrations exist at the lower Burrup sites pared
to the “background” at sites 1 and 3.
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Figure 20. 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 calculationsSites 4, 5, 6, 7 and 8 are presented in FigurantBfor
Sites 1 and 3 in Figure 20. These data show thsit deposition values average about 10 rifgday” at
Sites 1 and 3 compared to about 68 mgday’ at Site 8 and 32 mg frday’ for sites 4, 5, 6 7, and 8.
These depositions indicate that over this shortpdarperiod the more industrial area of the Burrup
experienced higher dust deposition than the backgtaites. But, it should be noted that the alisolu
values of the dust deposition at any of the Busities is quite low. In comparison, Vallack, (19983ing
the frisbee type foam pad samplers to measure digmisition fluxes at two villages in north Yorkshir
One was located near a power station for 17 mdntha area known to have relatively high dust feiged

a maximum of about 120 mghaay’ was measured with an average of about 63 fglay’. The second
site was in a rural area known to have lower dejposfluxes and the flux was 23 mgaday’, using a dry
frisbee without an insert. The dust fluxes measatethe lower Burrup sites are generally lowenthhose
measured at the high deposition site in north Ylirks except at site 8 which is closest to theloagling
facilities at Parker Point.

5.4  Meteorological Measurements

Figure 21 displays wind directions observed at 8ifeom August 2004 and December 2004. No data wer
collected at site 8 during January 2005 so the fos¢hat period was compiled using data from Keraa
Airport. The Figure shows that during August wigidections were from about 200° to about 256t a
smaller component from about 70°. From Septembed wirections generally veered more to the north
until November, when they were from about 250°36°2
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Figure 21. 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.

Table 12 shows average, maximum and minimum tertyreraneasurements at sites 1, 3, 4, 5, 6, 7 and 8
from August 2004 until March 2005. Temperaturesasoeed at the sites were used to calculate
concentrations of gaseous species measured irtutlg. sThe temperatures will assist in interpreiatif
seasonal cycles are found in any of the gas, pdate matter or dust measurements. The average
temperatures show only small variations from gitasite and the variation is generally only a fraictof a
degree Celsius.
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Table 12. 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
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 21.2 539 499 9.5
21/11/04 11:34 17/12/04 12:J1 294  37.6 23.9 63.6 229 17.8
17/12/04 12:12  19/01/0512:51 30.6  40.3 24.8 68.7 3.79 6.9
19/01/05 12:52  21/02/05 12:42  30.5 36.7 26.3 722 269 4.5
23/02/05 09:57 28/03/0510:36 31.7 409 25.2 30.1 538 0
28/03/05 10:46  18/04/05 09:31 30.3 38.2 235 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 13/07/0511:37 21.2 27.0 15.3 MF MF  MF
13/07/05 11:35 07/08/0511:49 220 28.8 16.2 MF MF  MF
_07/08/0511:23  14/09/0509:99 218 279 160  MF_ MF_MF
Site 3
02/09/04 13:07 08/10/04 11:34 23.8 35.3 17.3 59.8 829 12.7
08/10/04 11:36  21/11/04 15:40 28.8  40.2 21.7 546 419 10.9
21/11/04 15:40 17/12/04 14:J1 29.6  40.0 24.2 62.8 888 15.4
19/01/05 16:19 21/02/0509:52 30.6 37.7 27.0 746 189 29.9
21/02/05 09:58 28/03/0512:13 319 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 12:540 27.6 38.4 20.8 MF MF  MF
31/05/05 13:30 13/07/0513:40 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  14/09/0513:49 221 332 160  MF__ MF MF
Site 4
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 23.6 324 16.0 55.6 839 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 18/01/0509:419 31.1 418 24.3 63.7 1.09 131
18/01/05 09:32  16/02/05 06:49  30.7 38.2 26.9 727 239 204
16/02/05 06:55 23/03/0509:49 32.1 429 27.8 62.0 988 16.2
23/03/05 09:37 28/04/05 08:J3 30.7  40.0 23.2 553 1.09 9.5
28/04/05 08:10 30/05/05 10:47 27.1 36.6 20.9 62.0 9.39 9.5
30/05/05 10:12 30/06/05 08:41 214  28.2 15.8 57.1 9.09 20.8
30/06/05 08:25 08/08/05 08:38 21.8 29.2 15.0 48.9 00.a 11.6
.08/08/0508:34 13/09/0508:92 220 287 152 587 809 135
Site 5
01/08/04 15:44 01/09/04 11:38 21.0 28.3 14.7 133 513 1.34
01/09/04 11:41 07/10/04 10:59 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 65.1 219 131
18/01/05 12:23  16/02/05 08:J8  30.5 371 26.8 740 299 24.8
16/02/05 08:30 22/03/0511:33 32.0 431 27.5 634 179 16.2
23/03/05 11:40 28/04/05 10:4 304  40.1 22.9 572 419 10.9
28/04/05 10:05 30/05/0511:20 26.3 34.3 20.0 65.0 008 11.2
30/05/05 11:32  30/06/05 09:]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 51.7 012 135
08/08/0509:21 _ 13/09/0510:42 21.6 285 150 612 9.99 158
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Table 12 cont

Date on Date off Temp Temp Temp Humidity Humidity Humidity
mean  max min mean max min
Site 6
03/08/04 12:51 01/09/04 10:41 21.2 284 13.8 451 1.79 9.5
01/09/04 10:25 07/10/04 10:04 23.7 34.6 15.7 549 819 6.5
07/10/04 10:14 29/10/04 10:J7 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:J8 31.4 43.0 24.2 612 049 12.0
18/01/05 11:13  16/02/05 07:19  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 09:7 30.8 40.2 23.0 533 219 7.5
28/04/05 09:20 30/05/05 12:38 26.5 34.6 19.7 67.3 038 11.2
30/05/05 12:43  30/06/05 10:g4 20.9 27.8 13.8 725 038 17.8
30/06/05 10:11 08/08/05 10:J5 21.2 28.5 14.9 54.7 0384 11.2
08/08/05 10:12  13/09/05 14:33 21.7 29.5 14.6 68.3 038 8.5
_23/03/05 10:41  28/04/0509:47 308 402 230 533 219 7.5
Site 7
01/08/04 14:18 01/09/04 13:41 21.6 29.0 14.6 43.1 4.19 10.5
01/09/04 13:28 07/10/04 13:J0 23.8 36.9 15.5 541 959 6.5
07/10/04 13:16 20/11/04 14:6 29.7 41.4 21.2 443 3.79 8.1
18/12/04 10:15 18/01/05 15:J9 31.5 42.5 24.2 60.8 299 12.3
18/01/05 15:07 16/02/05 09:113  31.0 39.9 26.5 71.0 219 23
16/02/05 09:25 23/03/05 12:55 32.5 42.3 26.8 599 259 15
23/03/05 12:59 28/04/0510:§9 31.4 42.4 23.7 515 099 7.5
28/04/05 10:59 30/05/05 13:96 26.5 354 20.1 63.0 829 10.5
30/05/05 14:04 30/06/05 11:13 21.1 274 14.6 57.7 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  13/09/0511:45 218 290 137 571 7.89 123
Site 8
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 19.3 486 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 62.7 199 135
23/03/05 13:58 28/04/05 11:52 30.5 40.0 23.2 572 439 9.2
28/04/05 11:56  30/05/05 15:17 26.4 34.8 19.1 644 949 9.5
30/05/05 15:23  30/06/05 11:§9 21.0 27.8 14.7 576 9.09 12.7
30/06/05 12:04 08/08/0511:58 21.3 29.5 14.2 49.8 00.4 95
08/08/05 12:01 13/09/05 15:32 21.5 30.1 13.7 59.6 9.79 10.2

5.5 Rainwater Composition

Tables 13a and 13b present concentrations of cat#rions, 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. This isalbse most of the sites are in close proximity ® th
ocean. The focus of this study will be on the sea-salt sulfate and nitrate concentrations andsifegn

in rainwater since they are indicative of the tatahcentration (neutralised and unneutralised)utflisc
acid and nitric acid in rainwater. Sulfate in maaier has a sea-salt source as well as a non kesmsece.
The non sea-salt fraction of the sulfate in rairwatas estimated by assuming chloride had a preddely
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marine source. lonic ratios provided by Millerd974) were then used to calculate the non sedraation
of sulfate in the rainwater samples.

The volume-weighted mean concentrations are gimeoold italics in Tables 13a and 13b. These result
show a slight increase in non sea-salt sulfate @utnations, from a local background of 4.8 iéqtl Site 3,

to 15.6 peqt at site 7. These results can be contrasted withiqus studies, using similar sampling and
analytical procedures, carried out in Malaysia Bmtbnesia. Non sea-salt concentrations were medsir
several sites covering a range of pollution regimdadonesia (Gillett et al., 2000). At the hdgyolluted
sites in Jakarta and Bogor non sea-salt concemtsativere 29 ped'l— 38 peq, whereas it was about 13
peq I* at the relatively unpolluted GAW station at BukKibto Tabang, in west Sumatra. At Petaling Jaya,
near Kuala Lumpur annual VWM non sea-salt sulfatncentrations in rainwater ranged from
approximately 40 ped'l- 70 peqt over 5 annual periods, (Ayers et al., 2000) andchfabout 30 peg—

60 peq T at other polluted Malaysian sites (Ayers et @002). Even at the relatively unpolluted Malaysian
site in the Cameron Highlands, north of Kuala Lummon sea-salt concentration VWM was 11.4 jieq |
The non sea-salt sulfate concentrations at ungallgites in Malaysia and Indonesia exceeded those
measured at the local back ground site on the PuUPeninsula, and were similar to the concentratabribe
lower sites on the Burrup.
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Table 13a. Measurements of rainfall amount, pH, concentrations of cations, cation sum and anion sum. lonic
concentrations are peq . VWM is the volume weighted mean concentrations at each site. The VWM anions are in
bold.

Sample Sample  pH H Na NH," K* Mg** cgt YCat  YAn
(mm)

Site 3
18/04/05 — 06/05/05 14.2 4586 259 71.0 6.6 46 413 181 139.7 139.8
06/05/05 — 24/05/05 79.0 5.172 6.7 16.2 1.4 0.6 1.4 0.9 27.3 26.1
31/05/05 — 13/07/05 71.0 4733 185 39.0 7.0 12 6 6. 3.7 76.1 74.0

VWM 14.6 338 4.7 14 54 4.4

Site 5
14/11/04 — 06/03/05 0.8 4341 456  169.4 94.5 25.439.6 89.2 463.7 4575
16/03/05 — 23/03/05 5.8 5.345 45 214.1 7.8 6.6 440. 56.2 329.6 338.4
24/03/05 — 28/04/05 3.4 5.215 6.1 85.5 16.7 52 813. 25.1 152.3  157.3
28/04/05 — 16/05/05 18.2 4818 152 49.9 5.4 16 5 9. 58 87.4 81.0
16/05/05 — 30/05/05 85.4 4988 10.3 19.3 1.5 07 3 2. 1.0 35.1 31.7
30/06/05 — 08/08/05 71.0 4944 114 39.4 5.9 11 0 6. 3.7 67.5 64.1

VWM 11.2 385 4.8 14 6.1 5.3

Site 6
16/03/05 — 23/03/05 5.8 944.9 5375 1075 291.171.3%
23/03/05 — 28/04/05 3.4 4698 20.0 1235 7.4 6.2 .824 305 2124 2221
28/04/05 — 16/05/05 14.1 4736 184 46.1 9.9 19 7 9. 67 92.8 84.9
16/05/05 — 30/05/05 60.0 4830 14.8 30.8 4.4 12 8 4. 18 57.8 54.7
30/06/05 — 08/08/05 71.0 4762 173 31.0 1.4 08 6 4. 29 58.0 46.6

VWM 15.7 63.0 20.7 45 125 212

Site 7
16/03/05 — 23/03/05 5.8 1095.3 2085 91.4  248.7 93.%6
24/03/05 — 28/04/05 3.4 4732 185 92.1 6.5 49 117. 214 160.6  165.2
16/05/05 — 30/05/05 76.5 5.059 8.7 29.7 2.6 1.2 41 1.4 47.6 48.0
30/06/05 — 08/08/05 71.0 4835 14.6 43.4 3.2 20 7 6. 24 72.4 68.1

VWM 11.2 74.2 10.1 438 14.0 265

Site 8
16/03/05 — 23/03/05 5.8 7541  0.03 7218 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 21.8054 3521 853.0 550.3
28/04/05 — 16/05/05 15.0 4794 161 1279 4.5 15.422.9 51.3 238.0 204.0
16/05/05 — 13/05/05 61.8 4949 112 36.3 2.3 18 9 6. 84 66.9 55.0
05/06/05 — 17/06/05 21.4 239.2 30.0 22.4 788 221

VWM 94 1185 8.7 8.8 32.0 89.4

Nitrate concentrations on the Burrup Peninsulaedrfgom 4.2 peq’at Site 3 to 11.5 ped hnd 10.8 peq

I at Sites 6 and 7 respectively. These results shgaographical gradient in concentration from tieal
background site to the lower Burrup sites, and thiprobably due a similar geographical gradient in
nitrogen dioxide concentrations from the local lgaokind to the lower Burrup sites. In contrasthese
results, the unpolluted sites in Tanah rata andtB{kto Tabang have nitrate concentrations of adodry
peq I' and 0.8 peq™ respectively, (Ayers et al., 1996; Gillett et., &2000) which is similar to the
concentrations at Site 3. However the more pdallutées in Asia have substantially higher nitrate
concentrations than any of the Burrup sites. Coimagons at various sites in Malaysia range from
approximately 15 ped' 30 peqt and from 13 peql- about 38 peqllin Jakarta (Ayers et al., 1996;
Gillett et. al., 2000).
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Table 13b. Measurements of anion concentrations in rainwater samples. All concentrations are peq I'*. *S04*

indicates non sea-salt sulfate. Volume weighted mean concentrations are given in bold italics.

cr NO,  NO; so® *sSOo~ G025  POF F CH,COO HCOO CHSO, HCO;
Site 3
75.6 0.03 115 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 15 0.06 0.4 0.3 0.8
43.2 0.04 4.9 12.0 7.5 0.5 2.9 0.36 2.5 7.8 004 3 0.
37.3 0.06 4.2 8.7 48 0.6 3.2 0.33 4.0 7.3 0.04 05
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 4.2 121 601 1.1
78.3 0.22 7.9 175 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 52 0.35 0.7 0.4 0.3
21.9 0.04 15 4.8 2.5 0.02 2.5 0.04 0.3 0.3 0.5
42.4 0.01 5.4 7.7 3.3 0.6 2.5 0.10 15 3.7 0.02 0.4
42.0 0.04 4.7 8.7 4.4 0.7 34 0.17 11 29 0.01 05
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 10.4 135 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 57 0.3
35.0 0.03 3.5 55 1.9 2.0 0.05 0.02 0.2 0.3
69.4 010 115 17.3 10.2 2.1 35 0.21 11 31 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 15 0.08 0.12 0.09 0.03 0.4
85.7 005 108 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 33.7 277 790. 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
3200 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 0.38 8.1
5.6  Deposition of Nitrogen and Sulfur

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

the neutralised species.

Burrup Peninsula Air Pollution Study, Final Report.

PAGE 58



N, + O, =—— 2NO (14)

NO + HO, (or RO,) = NO, + OH (15)
NO + O3 = NO, + O, (16)
NO, + OH =—— HNO; (17)
NH; + HNO; = NH,NO; (18)
S + 0, =/ SO, (19)
SO, + O3 = SO; + O, (20)
SO, + H,0, = SO0; + H,0 (21)
SO; + H,0 =—— H,SO, (22)
2NH; + H,SO, = (NH4),S0, (23)

Wet deposition fluxes in meqfof nitrogen and sulfur were calculated from thefai amount in mm and
the concentrations of nitrate, sulfate and ammoniurthe rainwater samples collected at each sithe
results of these deposition fluxes are shown inédaB. The totals shown in the Table are the arfhwees
at each site. Since the amount of rain that teflaeh site was similar, the range in wet depasitiaxes is
similar to that observed in the rainfall compositio
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Table 14. Wet deposition fluxes of nitrogen and sulfur. *SO4 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

Table 15 displays the dry deposition fluxes of ammapnitrogen dioxide, sulfur dioxide and nitricichc
estimated at each site. Dry deposition fluxes vestemated from the product of the gas concentratioe
sampling period and the dry deposition velocityepDsition velocities for nitrogen dioxide, sulfuoxide
and nitric acid are taken from Manins, (1994). sThsed an inferential technique to estimate depasit
velocities for Malaysian conditions.

The deposition flux, & to the surface of a gas such as sulfur dioxidg beadescribed in terms of a dry
deposition velocity,
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C C (24)

r (ra+rb+rc)

t

Fd=CxVvd =

Where:
C is the near-surface concentration of the reletrage gas.
Vdis inversely proportional to the sum of three stsice terms

vd =(ra+rb+rc)” (25)

These terms characterise the critical factors odlintg 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 8B71iBaldocchi et al., 1987).

The annual average values were 0.0090 i, 86028 m set and 0.0021 m sé&cfor nitric acid, sulfur
dioxide and nitrogen dioxide respectively. The dgposition flux for ammonia was taken from Puxbaum
and Gregorgi, (1998). Inferred deposition vel@stirom such studies as Meyers et. al. (1991) sirowal
average deposition velocities can vary by about.1(8ince deposition flux is the product of depasiti
velocity and gas mixing ratio this variability fleshrough to the deposition flux so that it hakeast a 10%
uncertainty.

The dry deposition results, shown in Table 15,aeulated from the 12 approximately monthly averag
concentrations of the gases measured at each Hite.annual deposition in meg’mygr* is the addition of
the monthly values for each gas, and the totaldgyyosition is given in the last column of Table TFhe
total deposition values vary from about 8.8 megynt* at Site 1 to 40.4 meqhyr' 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 rangenfd4.2 meq iyr* to 17.7 meq myr™.
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Table 15. Dry deposition fluxes of nitrogen and sulfur. Totals are given in bold italics.

Date on Date off NE NO, SO HNO, total
megqnf megqn?¥ meqn? meqn? 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 11:1h 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 11:2p 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 88
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 1.4 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 04 0.2 04 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
Total | 65 23 11 21 121
Site 4
01/08/04 12:09 01/09/04 09:1f 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 09:58 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 08:4f 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
Totl | a9 53 15 26 142
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
Burrup Peninsula Air Pollution Study, Final Report. PAGE 62



Table 15 Cont

Date on Date off NE NO, SO HNO, total
megqnf megqn?¥ meqn? meqn? 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 14
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 11 31 177
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 1.5
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 07:2p 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 1.5
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 24
30/05/05 13:00 30/06/05 10:2p 0.5 0.3 0.1 0.5 14
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 31 169
Site 7
01/08/04 15:01 01/09/04 08:2j4 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 04 14
20/11/04 14:35 18/12/04 09:4p 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 11:2p 0.4 0.2 0.0 0.2 0.9
30/06/05 11:23 08/08/05 11:2p 0.4 0.3 0.0 0.2 0.9
08/08/05 11:25 13/09/05 11:4fL 0.3 0.2 0.1 0.2 0.7
Totdl | 57 42 11 26 137
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Table 15 Cont

Date on Date off NE NO, SO HNO, total
megqnf megqn?¥ meqn? meqn? meqny

Site 8

03/08/04 09:07 01/09/04 11:0p 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 17:1) 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 14:3]L 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 13 3.2 16.9
Site 9

05/08/04 15:00 03/09/04 18:0p 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 35 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 35 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 17:3p 2.7 0.8 0.0 0.1 3.7
08/08/05 17:45 15/09/05 18:0p 2.1 0.7 0.0 0.2 3.0

JTotal 319 67 07 11 404

Site10

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 13:2p 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 2.0 144

Table 16 displays results for the total of the et dry annual deposition flux of nitrogen and wulf
estimated at the various sites, and the propodfadry deposition. Total wet and dry depositiomxis are
given for sites 3, 5, 6, 7 and 8 since rainwatengas were not collected at Sites 1, 4, 9 or 10e Mtal
annual deposition flux of nitrogen and sulfur verfeom 14.3 meq fyr! at Site 3 to 24.3 meqhyr’ at
Site 6; this represents an increase over the bagkdrat Site 3, to the lower Burrup sites whichrage
about 21.1 meq thyr’. The proportion of dry deposition is high at eaith, in the range of about 69 % —
85 %, due to the low rainfall amounts compared w&ittonstant deposition of gas to the surface.
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Table 16. Notional annual deposition flux of nitrogen and sulfur.

Site NH' NO; *SO,* NH, NO, SO, HNO; TotDry Total %
meqn? meqn? meqn?’ meqn’ meqn? meqn? meqn? meqn? meqn? Dry

1 4.3 1.8 0.8 1.9 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 5.3 15 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 1.4 3.1 16.9 24.3 69.3
7 1.7 1.8 2.8 57 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 — — — 319 6.7 0.7 1.1 404

10 — — — 10.4 1.3 0.6 2.0 14.4

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

At the relatively unpolluted Indonesian GAW statigite 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 meqg’myr™ at a relatively
undisturbed site in the Cameron Highlands, nortiKeéla Lumpur. In Australia, rainwater composition
and gas concentrations were measured at Charles, Rbout 13 kilometres west of Darwin, across Port
Darwin and the annual wet and dry deposition fléxitrogen plus sulfur was about 20 med g at this
site (Ayers et. al., 2000).

The critical load concept can be used to compatie aéposition fluxes to determine if adverse efexiuld
result to rock or aboriginal rock art. For a fultBscussion of this see Ayers et al. (2000). @tigcal load
has been defined as “a quantitative estimate ofxgosure to one or more pollutants below which
significant harmful effects on specified elementgshe environment do not occur according to outrenir
knowledge” (Nilsson and Grennfelt, 1988). In abglb assessment of ecosystem sensitivity to acidic
deposition Cinderby et al. (1998) have determinedtial load or deposition flux of 25 megayr™ for the
most sensitive areas of the world. This meansdbpbsitions of about 25 meq?gr* would only have a
detrimental effect on the most sensitive ecosysteifise depositions presented in Table 16 indicha#t t
some sites are subject to depositions of about &5 mif yr’. Given that the overall precision of passive
gas measurements in this study was about + 20%6Sfte example, would have a deposition flux raggi
from about 19.5 meq fayr® to 29.2 meq i yr’, which is only just above that for areas which eeey
sensistive to acid depositionin fact the assessment by Cinderby et al. (1988} b sensitivity classes
consisting of 25 meq fyr?, 50 meq rf yr*, 100 meq meq thyr?, 150 meq meq fyr?, 200 meq M yr*
and >200 meq meq fyr?, and places the Burrup area in the least sengitags. This means that the
critical load for the Burrup area is at least 208gqnmy’ yr™, and since this is significantly more than the
observed deposition fluxes at the sites they alikaly to cause any deleterious effects to rockomkart on
the Burrup Peninsula.

The deposition fluxes estimated for any of the Bprsites are very low when compared to heavilyyted
areas in Malaysia and Indonesia. In the heavillupe 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 totatvand
dry deposition fluxes ranged from 122 meq y* to 345 meq M yr* (Ayers et al., 2000). In a study by
Gillett et al. (2000) at Jakarta and Bogor totgbakition fluxes of nitrogen and sulfur were abodi® 2neq
m? yr' were estimated during 1992 and 1996.
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Figure 22. Total annual deposition of nitrogen and sulfur at site 3.

Figures 22 and 23 show the contributions the vargaurces of nitrogen and sulfur make to the totl
and dry deposition flux of nitrogen and sulfur egtted for Site 3 and Site 6. Figure 22 showsftivatnost
months deposition of ammonia is the largest coatobto the total annual sulfur and nitrogen defposi
flux at Site 3; on an annual basis it contributeswt 45% of the total deposition. This is becahseother
gases have a lower deposition flux at the backgt@ites, and because ammonia appears to be démived
natural sources, since the concentrations varle litom site to site. The contribution of ammonia
deposition flux is reduced during the periods winain fell due to the supplementary contributionghe
total deposition flux in the form of non sea-sailfste, ammonium and nitrate derived from rain. eOthe
whole year dry deposition at site 3 is about 84f%e total deposition and nitrogen deposition acds for
about 86 % of the total compared with only abou®d 8r sulfur.

The monthly deposition fluxes of sulfur and nitrogd Site 6, and their individual contributiongthem are
shown in Figure 23. At this site nitrogen depasitifrom ammonia gas, makes a large fraction oftaked
deposition during a few of the months. During othberiods nitrogen deposition from nitrogen dioxige
significant proportion of the total deposition fluxDuring the period around the W &ebruary 2005 wet
deposition of ammonium, nitrate and sulfate makgeacontributions to the total flux during that ntton
Dry deposition over the whole year is about 69 % @itrogen deposition is about 87 % compared witly o
about 13 % deposition of sulfur.
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Figure 23. Total annual deposition of nitrogen and sulfur at site 6.

5.7  Comparison with modelling studies.

The annual average concentration of nitrogen depsdilfur dioxide and ammonia, and their depositioan
provided in this study, and they can be used topasmwith the results of a modelling study (SKMQ2)
SKM, (2003) modelled annual average nitrogen diextcdncentrations 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 2003.
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Figure 24. TAPM predicted annual nitrogen dioxide concentrations (ppb) for existing industry (SKM, 2003).

Figure 24 shows the results nitrogen dioxide cotraéions 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 25. The results of
nitrogen dioxide concentrations produced in TAPM &ALPUFF modelling are summarised in Table 17,
and compared with annual average concentratiotieaites used in the current study.
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Figure 25. CALPUFF predicted annual nitrogen dioxide concentrations (ppb) for existing industry, (SKM, 2003).

Of the two modelling approaches, TAPM appears togare much better with the measured values
generated during this study. The modelled CALPWEgtlts appear to be underestimated at all siteenw
compared to the measurements. The TAPM resultebenvare quite close to the measured concentgation
at Sites 1, 3 and 4, and a little lower than thesneed results at the other sites. At Site 9, &ha the
TAPM modelled result is about 1 ppb and appeansniderestimate the nitrogen dioxide concentration of
2.22 measured at this site.

Table 17 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 produéextn TAPM modelling are presented in Figure 26kagn
ha' yr'. Table 18 shows these results compared with stimated nitrogen deposition fluxes generated in
this measurement program. The TAPM modelled resaré converted from kg har?to meq nf yr'in
order to make the comparison. The data in theeTaslhbw that the TAPM results are substantially thas
those estimated by measurements. This is in perttal the lower nitrogen dioxide concentrations WAP
predicts at some sites; Site 9, for example. Theraeason is probably due to the deposition vglased
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in TAPM compared to the values used in this studyhen the concentration ratio between TAPM and thi
study is considered, the ratio of the deposition firoduced in this study appears to be aboutiB&stthat
from TAPM. This suggests that the deposition raged in this study is about 3.3 times that in TAPM.
Deposition fluxes of nitrogen dioxide estimatednfir@ ALPUFF are not considered here since they were
much lower than the TAPM predictions.
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Figure 26. TAPM predicted annual nitrogen dioxide deposition (kg ha™ yr™) for existing industry, (SKM, 2003).

Table 18. Annual average deposition flux of nitrogen dioxide estimated from measurements at the Burrup Peninsula
sites compared with TAPM model results.

Site Measured TAPM
meq M’ 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 modelsre used to predict the annual average sulfur
dioxide concentrations for the industrial condigaxisting at that time. Figures 27 and 28 areridkom
SKM (2003), and show the sulfur dioxide concentmagi predicted by TAPM and CALPUFF respectively.
The minimum sulfur dioxide concentration predictsd TAPM is 100 ppt and the maximum is about 600
ppt in contours just north and east of Dampier. LBBFF modelling shown in Figure 28 gives more
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detailed results; the minimum contour is 20 ppt #me maximum is about 800 ppt near East Intercourse
Island, immediately east of Dampier.
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Figure 27. TAPM predicted annual sulfur dioxide concentrations (ppb) for existing industry (SKM, 2003).

A summary of the annual average concentrationsulifirsdioxide estimated by TAPM and CALPUFF
modelling and measured in the current study isrgiaelable 19. The Table shows that the measuwriédrs
dioxide concentrations are quite close to the coima@ons predicted by both TAPM and CALPUFF. The
concentrations measured in this study generallynse® be a little higher than the modelled results,
especially for TAPM, which gives lower values th@ALPUFF, except at Site 8 which has measured
concentrations slightly lower than the models predi
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Figure 28. CALPUFF predicted annual sulfur dioxide concentrations (ppb) for existing industry (SKM, 2003).

Table 19 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 predictedgusAPM and CALPUFF models and the results of these
are taken from SKM, (2003), and are displayed guFés 29 and 30. A summary of these results, ctetve

to meq nf yr’, are given in Table 20, along with the results meabat each site. The Table shows that the
TAPM and CALPUFF results range from <0.16 med w' at Site 9 to 0.78 meq fyr" at Site 8.
However, the deposition fluxes estimated from tlas goncentration measured in this study, and the
deposition velocity are significantly greater the fluxes suggested by the models. The measlueelsf

are usually a factor of about 3 — 5 times more ttte model predictions, and this may be due to the
deposition velocities used in the conversion ofgae concentration to a deposition flux.
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Figure 29. TAPM predicted annual sulfur dioxide deposition (kg ha™ yr'l) for existing industry (SKM, 2003).
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Figure 30. CALPUFF predicted annual sulfur dioxide deposition (kg ha™® yr") for existing industry (SKM, 2003).
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Table 20. 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*yrt  meqnm?yr’  meqm?yrt
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
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6. SUMMARY AND CONCLUSIONS

This document reports results from a 12 month stwidgir pollution and rainwater composition on the
Burrup Peninsula from the beginning of August 2004l September 2005. A total of nine sites wesedi

in the study, 7 of these, Sites 1, 3, 4, 5, 6,nd & were on the Burrup Peninsula, one was |dcite
Karratha, and the other at Mardie Station 81 KnmfiGarratha on a bearing of 215°. The study incafsat
measurements of concentrations of gases includitfgrsdioxide, nitrogen dioxide, nitric acid, amman
and BTEX gases. TSP samples were collected ahsstes, and conditional sampling for RWas carried
out at Site 8 and near the ore loading facilitiedarker Point. Sampling was conducted over mgnthl
periods and TSP concentration and chemical compnsitere measured on the samples. Measurements of
ionic composition and pH were made on rainwatergasncollected at 5 sites 3, 5, 6, 7 and 8, overthip
sampling periods. An aerosol spectrometer was tsatkasure the size distribution of TSP at eadhef
sites over a limited period. Size distributionsnfrthe measurements were converted to mass coatientr
and deposition flux to estimate the magnitude attdieposition at the sites on the Burrup.

The gas concentrations presented show that irna#s; concentrations are very low compared to eollu
urban areas. Local background concentrations, aellfrom sites 1, 3 and 10 were ammonia 0.5 ppb,
nitrogen dioxide 0.6 ppb, sulfur dioxide 108 pptlamtric acid 155 ppt. Ammonia concentrationsvstd
little spatial variation in concentration indicagithat most ambient ammonia has a natural souftere
was some small enhancement of nitrogen dioxidéyisdioxide and nitric acid concentrations overdbat
sites which are assumed to represent the local pemknd. Even so, the concentrations of ammonia,
nitrogen dioxide, sulfur dioxide and nitric acidearery low compared with measurements made at other
remote locations. BTEX concentrations were alsy Vaw at all sites and for all sampling periodshe
benzene concentration at the background sitesafd3.0 was about 19 ppt and the average at the sites
about 21 ppt. Benzene, and other BTEX gas coretéots showed little enhancement over the backgtoun
levels suggesting that their concentration hasgelaatural component.

For particulate mass (TSP) concentrations, sit@sdl3, which were taken to represent the local dracind
level, had an annual average concentration of ah8upig n. In contrast to this the annual average
concentrations on the lower Burrup was about 31nmjfg TSP on the lower Burrup, where most of the
industrial and anthropogenic activities occur, ioderately enhanced over the local background
concentration. Samples colleted near Parker Roidtat other sites were analysed for a range ofezies
including iron. TSP at Sites 4, 5, 7 and 8 hadghdr fraction of iron and less sea-salt than thekground
TSP at Site 1. This suggests that the observaddre in TSP at these sites could be due to dusttfre
ore loading and transportation processes. Thigesigpn is reinforced by enhanced Moncentrations
during a number of periods at Site 8 when the as passing over the ore loading facilities at RaPient.

An aerosol spectrometer was used for a short pegigadoduce particle mass-size distribution dath dunst
deposition fluxes at each of the sites. The aweragss concentrations of 30 pg walculated from the
aerosol spectrometer data at Site 8 are consigfémithose measured with the DustTrak instrumerie
dust deposition flux at Sites 1 and 3 averaged abdung n¥ day' compared to about 68 mg“nday’ at
site 8 and about 30 mgday’ at sites 4, 5, 6, and 7. They indicate a highest deposition flux in the
more industrialised area of the Burrup, especat|gite 8 which is closest to the ore loading Taes.

The total deposition flux of nitrogen and sulfursadetermined at sites 3, 5, 6, 7 and 8. This dedudry
deposition in the form of ammonia, nitrogen dioxidelfur dioxide and nitric acid gases, and infibren of
nitrate, ammonia and non sea-salt sulfate in rdi@wa The measurements are similar to previous
measurements recorded at another remote locatidnstralia, and lower than relatively unpollutetesiin
Malaysia, and at the Indonesian GAW station. Tépgodition fluxes at each site were very low andelow
than the critical load for even the most sensitikeas to nitrogen and sulfur deposition. Prevemgogical
studies have suggested that the Burrup Peninsedaisuguite insensitive to acid deposition, andraltary

is that the deposition flux of nitrogen and sulfionly a small fraction of the critical load. THeposition
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fluxes observed are not of the magnitude whichxgeeted to cause any deterioration of the rockhen t
Burrup Peninsula.

A comparison of the concentrations of nitrogen @lexand sulfur dioxide concentrations observechia t
study was made with results of modelled concemtnatipredicted using TAPM and CALPUFF. Nitrogen
dioxide concentrations at Sites 1, 3 and 4 comp&reaurably with TAPM predictions, but tended to &e
little higher at the other sites especially at St&arratha, where the measured concentration \vesta
double that predicted by TAPM. The concentratioreasured in this study were much higher than those
predicted by CALPUFF. CALPUFF predicts higher sulfioxide concentrations than TAPM and are more
consistent with the concentrations measured instiigy.

Both TAPM and CALPUFF provide deposition fluxes rifrogen and sulfur and comparisons with the
measured fluxes shows that the models always prégs than that suggested by the measured values
provided by the current study. The average anniiadgen dioxide deposition fluxes predicted byPM

are lower than the measured values by a factoetviden about 2 and 5, and may be due to a comtninati
of a lower TAPM predicted concentration and the ad#pon velocity used in the current study. The
predicted deposition fluxes of sulfur dioxide fradMPM and CALPUFF models are similar to each other,
but less than those measured in the current stiviasured deposition fluxes are higher than theahsdaly

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

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
ugni® pgm® pgm® pgnt® ugm®  pgn®  pgm® pgn?®
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 0556 0.000 0.354.3222 0.131 0.203
1 08/10/04 21/11/04 5.020 0.238 0.945 0.000 0.644.842 0.284 0.341
1 21/11/04  17/12/04 8.232 0.364 1331 0.000 0.857.755 0.315 0.495
1 17/12/04  19/01/05 8574 0.313 1.329 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% 0.237 0.556
1 21/02/05  28/03/05 5.784 0.451 1.637 0.000 0.681.333 0.239 0.358
1 28/03/05  18/04/05 3.092 0.153 0.686 0.000 0.455.92a 0.109 0.149
1 18/04/05 31/05/05 1.919 0.340 0.549 0.025 0.301.886. 0.279 0.149
1 31/05/05 13/07/05 0.000 0.208 0.643 0.001 0.153.133 0.063 0.098
1 13/07/05  07/08/05 2411 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%2 0.083 0.125
4 01/08/04 01/09/04 2.138 0.247 0.828 0.000 0.223.912 0.116 0.709
4 01/09/04 07/10/04 0.636 0.130 0559 0.000 0.118.842D 0.071 0.619
4 07/10/04 20/11/04 3.240 0.900 3415 0.000 0.699.279% 0.495 3.610
4 20/11/04  18/12/04 8.251 1.175 3916 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 0.976.476 0500 4.645
4 18/01/05 16/02/05 8.495 0.819 2917 0.000 0.938.3266 0.416 3.734
4 16/02/05 23/03/05 5.632 0.863 3.125 0.000 0.617.6088 0.364 2.150
4 23/03/05  28/04/05 2.306 0.566 1987 0.000 0.426.8411 0.216 2.004
4 28/04/05  30/05/05 1.705 0.420 1550 0.000 0.384.71 0.230 1.623
4 30/05/05 30/06/05 4.373 0.191 0.791 0.000 0.355.47%3 0.149 0.297
4 30/06/05 08/08/05 1.223 0.248 0.917 0.000 0.273.314 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 1485 0.000 0.753.27H 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 2411 0.332 1.277 0.000 0.212.986L 0.148 0.456
7 01/09/04 07/10/04 2.363 0.337 1.200 0.000 0.268.673 0.150 0.543
7 07/10/04  20/11/04 4.526 0.563 1913 0.000 0.597.9672 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 1687 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 0.272.90%2 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 0.292.748 0.151 0.522
8 07/10/04  20/11/04 4557 0.694 2.308 0.000 0.541.0468 0.302 1.167
8 20/11/04 18/12/04 6.306 0.771 2.341 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
ugnt® pgn® pgm® pgnt® ugni® pgn®  pgn® pgn®
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 0508 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 1.732.730 0.745 2.192
8 Cond 04/08/04 01/09/04 1282 0.219 0.747 0.002162D. 1.408 0.084 0.291
8 Cond 01/09/04 07/10/04 1146 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 1.634 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 5949 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 0.556 0.000274. 2.464 0.106 0.232
8 Cond 30/06/05 08/08/05 1428 0.264 0.596 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 3573 0.923 2547 0.000 0.412.402 0.301 1.783
8Hi 08/10/04 30/11/04 5749 1.074 2.857 0.000 0.528.264 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 1804 0.000 1.01%.148 0.294  1.297
8Hi 20/01/05 23/02/05 58.009 5.862 17.449 0.000 25.8 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 1365 4.087 0.000 0.514.727 0.409 1.651
8Hi 02/05/05  09/06/05 2.051 1.802 4535 0.009 0.4224.337 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 1200 2.673 0.000 0.482.849 0.233 2.668
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Table A2. Elemental concentrations of TSP and PM;o samples at various sites measured by PIXE analysis.

Site Date on Date off Ti V Cr Mn Fe Co Ni Cu
ugnm® pgnm® ugni® pgni® pgm® pgm® opgn® ougn®
1 29/07/04 02/09/04 0.017 0.002 0.000 0.007 0.771.004€0 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 0.874.0120 0.000 0.004
1 21/11/04 17/12/04 0.039 0.000 0.000 0.010 0.647.0080 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 0.537.0020 0.001 0.004
1 18/04/05 31/05/05 0.017 0.000 0.003 0.007 0.471.008 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 0.501.0030 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 0.945.0090 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 2.920.0320 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 0.896.01@M 0.003 0.004
4 30/06/05 08/08/05 0.034 0.001 0.001 0.012 0.975.008 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 2.710.0230 0.002 0.010
7 01/08/04 01/09/04 0.042 0.001 0.002 0.021 2.696.0140 0.001 0.005
7 01/09/04 07/10/04 0.038 0.003 0.000 0.024 3.094.0220 0.001 0.007
7 07/10/04 20/11/04 0.066 0.002 0.003 0.041 5.118.042 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 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 19.29177 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 13.210D109 0.003 0.015
8 18/01/05 16/02/05 0.179 0.012 0.003 0.132 19.6718B194 0.020 0.056
8 16/02/05 23/03/05 0.070 0.004 0.005 0.035 5.275.048 0.000 0.009
8 23/03/05 28/04/05 0.217 0.000 0.042 0.173 29.2¥4251 0.001 0.068
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Table A2 cont
Site Date on Date off Ti \% Cr Mn Fe Co Ni Cu
pgn® ugnt® ugni® pgni® pgn® pgm® pgm® ugnt
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 0.017186.. 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 0.018586.. 0.019 0.000 0.012
8 Cond 16/02/05  23/03/05 0.075 0.001 0.002 0.0226141. 0.010 0.002 0.009
8 Cond  23/03/05  28/04/05 0.028 0.001 0.089 0.013398L. 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 0.0088360. 0.004 0.025 0.004
8Cond 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.8%.234 0.013 0.055
8Hi 02/09/04 08/10/04 0.102 0.004 0.007 0.119 1%.900.131 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 12.060.083 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 0.0212 0.232 32.900.161 0.000 0.216
8Hi 09/06/05 01/07/05 0.105 0.000 0.018 0.201 23.6M0.116 0.000 0.271
8Hi 01/07/05  09/08/05 0.107 0.010 0.010 0.364 32.780.041 0.000 0.019
8Hi 09/08/05 16/09/05 0.157 0.005 0.020 0.299 4%5.560.292 0.000 0.053
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Table A3. Elemental concentrations of TSP and PM;o 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® upugm® ugm® elemental Mass Total Fe
ug n pg 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 1404 6.98B 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 36.57 428 1.23
1 21/02/05 28/03/05 0.007 0.008 0.017 22.40 2514 9.18B 4.03
1 28/03/05 18/04/05 0.003 0.008 0.020 11.70 13.57 6.28 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 2544 174
1 13/07/05 07/08/05 0.000 0.008 0.002 7.70 8.81 487. 5.69
1 07/08/05 14/09/05 0.002 0.004 0.001 9.50 11.41 2383 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 9.367 4.05
4 16/02/05 23/03/05 0.014 0.015 0.013 35.85 47.65 5.24/ 6.13
4 23/03/05 28/04/05 0.007 0.007 0.009 21.42 2851 5.1 6.55
4 28/04/05 30/05/05 0.013 0.008 0.024 16.53 2255 337 561
4 30/05/05 30/06/05 0.004 0.008 0.000 15.08 1765 5438 5.08
4 30/06/05 08/08/05 0.001 0.000 0.007 10.57 1559 7.88 6.26
4 08/08/05 13/09/05 0.010 0.004 0.000 22.99 33.24 9.1& 524
5 07/10/04 20/11/04 0.015 0.014 0.003 25.45 32.02 94&/ 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 2.8@ 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 1594
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 5.2%Z7 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 2126 0.73® 13.12
7 28/04/05 30/05/05 0.013 0.005 0.000 13.34 15.02 8.838 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 1.88® 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 2286 9.318 26.72
8 01/09/04 07/10/04  0.024 0.015 0.025 25.41 28.16 0.28 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 53.44 6.04&4 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 % %
pgn® pgm® pgm®  elemental Mass Total Fe
pg 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 9142 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
8Cond 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 1a6. 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 48.8 85.89 9.46
8Cond 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 92.59 22.78
8Hi 20/01/05 23/02/05 0.050 0.024 0.022 395.38 BB50. 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 2157
8Hi 02/05/05  09/06/05 0.065 0.010 0.037 81.31 81.42 99.87 4287
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 4241
8Hi 09/08/05  16/09/05 0.092 0.118 0.127 99.11 1852 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 Dateoff pH Na NH," K* Mg®* ca’ Cation  Anion
Sum Sum
ugm®  pgm®  pgm®  opgm®  ugn®  peql peql
1 29/07/04 02/09/04  6.355 1.51 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 0.461610.5 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 18235
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 Date on Dateoff pH Na NH, K* Mg** ca’ Cation  Anion
Sum Sum
pgm®  pgni®  pgnm®  pgm®  ugni®  peqlt  peql
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 81.5 1537.0 1679.8
8Hi 20/12/04 20/01/05 6.880 4.41 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 1103.4 1157.6
8Hi 31/03/05 02/05/05 7.408 1.87 0.16 0.09 0.21 61.1 771.8 809.8
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 45.3 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 31.5 1113.0 1184.0
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Table A5. Anion concentrations measured in TSP collected at various sites.

Site cl NO; so> G025 PO* F CHs,COO HCOO CH,SO; HCO;
wegn®  pgm®  pgm®  pgn®  pgn®  pgm®  pgn® pgm® pugm® pgmd
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 0.14 300
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 0.02 133
4 6.03 1.73 2.59 032 <001 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 0.12 242
4 8.70 1.72 2.92 0.32 <0.01 0.02 0.06 0.10 0.10 229
4 5.34 1.83 2.27 0.25 <0.01 0.01 0.04 0.06 005 318
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 0.07 007 210
7 6.53 1.55 2.35 0.33 <0.01 0.01 0.02 0.05 0.10 005
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 1.84 251 0.36 <0.01 0.01 0.02 0.08 0.07 006
8 7.96 2.12 3.15 0.41 <0.01 0.01 0.02 0.06 0.14 702
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 <0.01 001 100 0.02
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Table A5 Continued

Site cl NO; SOF G074 POF F CH,COO HCOO CH,SO; HCO;
pegn®  pgm®  pgni®  pgni®  pgni®  pgni®  pgni®  pgm®  pgn®  pgni®
8 Con 4.34 1.48 1.98 0.28 <0.01 0.01 0.01 0.04 0.06 0.13
8 Con 557 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 <0.01 001 100 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 <0.01 003 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 527 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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