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SUMMARY

Air quality is an issue that is of continued interest partculasly in wrban cenlres with specific concemn
regarding its impact on human health and quality of life. Concerns about MNewcastie's air guality ase
regularly expressed and typically linked to its industrial activities. Swdies previously undertaken in this area
have focused mainly on the industrial pollutant sources and their impact on the inner city suburbs. Research
lacking in the air quality of the outer lying suburbs led o the establishment of this study, whose desire it
was to construct an assessment of atmospheric particulate movements across the city of Newcastle with an
interest in the major urban potential source. Through factor analysis this smdy aims to identify the major
aumospheric particulate sources impacting on the 6 representative. (This study is currendy incompleie and is

therefore a "paper in progress’).

INTRODUCTION

The necessity io not only study, but
monitor and reduce atmospheric particulate levels
is evident through Hs impact on society. AL
sufficiently high levels, dust can affect any aspect
of the commuaity both socially and
sconomically’™ (a) through its impact oo health,
particularly in the young, old, and suffers of
chronic bronchitis, asthma, and allergies”, (b) by
impacting on visibility, where by increases in
particulate  size and conceniration decrease
visibility distance and clanty”, and {c) by way of
incurring a nuisance value, which is always
perceived greater in those who have only recently
experienced air quality deterioration than in those
subject to it over a longer period”.

Urban areas, exhibit a mulimde of
atmospheric  particulate sources predominanily
anthropogenic where characleristic trace elemenis
are propelled into  the awmmosphers 1o be
mansported a distance away from thelr source
depending on {(a)} the size and consequently
weight of the particulate, and (b) the prevailing
meteorological conditions, Table 1 shows the
major urban sources and their characteristic trace
elemenis.

LOCATION

Mewecastle (MN.5W) i3 located ~170km
north of Svdney {see insert map in fgure 1} and
is situated at the mouth of the Hunter River on
the sast coast of New South Wales. The city itself
covers ~214km? and with a population of 130,940
{as of June 30, 198%9) acts as the regional cenire
for the Hunter Valley'.

Sampling Sites
The most manageable way o stedy all
aspects of the cily was by way of a transect

which ran east to0 west from Stockton, throngh the
industry at Mavfield, and dense residential at
Waratah, Jesmond, and Wallsend, to the relative
mural ouskirts of Minmi on the cities wesiem
boundary. Figure 1 shows the location of the §
samplers, 4 of which were permanently
maintained. These 4 sites wers at Siockion
maintined by Inciteg, Mayficld and Waratah by
BPH, and Wallsend by Mewcastle City Council.
The two university samplers at Jesmond and
Minmi were installed for the purposes of thig
study, and were emoved following the sampling
peniod.

Meteorological Sites

An intimate relationship exists between
particolate emission and deposition'’, thus 10 pin
point  particulate  sources, the  prevailing
meteorology  needs w0 be  undersiood. The
parameters of imerest were wind speed and
directicn, temperature, rainfall, and
humidity™*##>, which were coilected at 3 sites
across the city, The 3 sites were at Stockton again
maintained by Incitec, Mayfield by BPH, which
was also used for Waraigh, and Wallsend by
EPA, which was used for Jesmond, Wallsend, and
Minmi.

METHODOLOGY
Sample Collection and Analysis

Adr samples were collocted at each site
by way of a high volume air sampler at a rate of
betwesn 1.5-2.0 m’/min. The decision to use high
volume air samplers was due o their availability,
They exhibit both advantageous and
disadvantageous characteristics, acknowledged by
many authors™*##7%% Nevertheless, the decision
for use was based on their simplicity and
incxpense. Sampling was performed in accordance



with the Environment Protection Authority (EPA
ammospheric particulate sampling regime, of every
6th day for a 24 hour period, over 25 weeks.

Prior 1o and following sample coliection,
the filters were dried for 24 bours at 110°C and
weighed, and the ncrsase in weight from the
clean to the sampled filter was assumed as the
amount of particulate material coliected.

One quarter of cach filter was nsed for
analysis, which was cut inio pieces ~lem® and fed
into a 100ml boiler. 40mi of concentrated BN
was added to each boiler, which were covered
with waich glasses and boiled genily for 30
minates. The watch glasses wers fhen removed,
and the boilers condnued to boil until the lguid
had reduced w ~20ml, at which point they were
removed from the hear, allowed o cool 10 room
temperature and the liguid transferred 1o 100ml
volumeiric flasks, 30mi of distilled water was
added to each boiler, which was agitated, placed
on the heat for 10 minuies, removed from the
hea: and allowed 1o stand for at least 30 minutes
1o allow any iwace elements trapped in the filter o
diffuse inio the rinse water. This remaining
solution was added 1o the 100ml volumetric flasks
using two washings. The flasks were then made
up to the 100ml mark with distilied water. This
solution was centrifuged (3360 rom, 300 seconds),
the superant decanied, and stored in plasiic vials
awaiting analysis,

Trace clornent megsurement was done by
a Varian Alomic Absorption Spectrophotometer
(AAS). Standard preparation, insitrument
optimisation, and operating procedures were all
carried out in accordance with specificadons as
per the manufacturer’s operating manual”.

Through a regression and quadratic
equation performed by the AAS a value was
given which corresponded to the amount of each
element in 1/4 of each filter. This value was
multiplied by 4 o give a value for the gntirs
filter, which was divided by the amount of air
that passed across the filter, giving an zlemental
concentration at each sits for each sampling day
in ug/m’.

Quality Assurance heasures and Errors

1. The high volums alr samplers wers
calibrated periodically through out the 25
week sampling perdod using a top
loading orifice plate’ and differeatial
monometer” both  constucted 1o the
Australian Standard: AS2724-3,

2. The glassware was all washed in a nitric
acid bath prior 10 use, and all water used
in analysis was triple deionised.

3. Every 25th filter was prepared 25 a
‘reagent blank’, which was not used in
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sample collection but still underwent the
full wace slement exwacton procedurss
and AAS analysis.

4. Trace eiement readings from the reagent
blanks were  submasted  from  the
respective sampled readings, and this
value was taken as the tue amount of
each rrace clement sampled.

3 During  analysis the AAS  program
prompted  quality comtrol solutions for
deviation, Excessive deviation resulted in
analysis batch rejection.

. Most samples were analysed on at least
two separale occasions, and ofien up
six independent readings wers obtained.
The average standard deviation betwesn
readings was 4%,

7. The raw ug/m? readings for sach element
was assessed relative o both the lower
detection Yimit (LDL) and seasitivity of
the AAS, Readings cither below the LDL
or below the sensitivity Hmit once the
biank was submacted, were teaed for
the purposes of siatistical amalysis as
ZET0.

Statistical Analysis

The muitivariate smatistical technique of
factor analysist®®>E0E wae nged 1o identfy
relationships  betwsen  elemental  concenirations
and meteorological data. Analysis performed on
the data was similar 10 that used by Garz®, where
a mamix of correlaton coefficient  batweon
variables was calculated, The imitial number of
factors wag exiracied through principal component
analysis, where factors with values greater than or
squal to 0.9 were kept and rotated io a fipal
reading using a varimax rofaton. From these
resalis factor values greater than 0.5 were taken
as  wvalid comrelation  readings  from  which
relationships  between the variables was
established and potential sources of atmospheric
pollutants identified. The entire factor analysis
procedure  was performed on  the statstical
computer package 'Minitab for Windows'.

RESULTS/DISCLUSRION

Of the 9 slemens egred for, only 3 gave
values above either the LDL or sensitivity Himit of
the AAS and were therefore the only cloments
that could be further analysed. The 5 elements
were calcium, iron, magnesium, mangancse, and
potassium, Histograms werg cregied (0 identify
the relative significance of each clement at each
site {see graphs 1-5).

Graph 1 shows the average ugm” of
calcium, which s characteristic of ground
dismrbance activities. Mayfield recorded the



highest concenation typically because of the
magnitude of ground disturbance activites that
occur im and  around  the  induswial  area,
predominanty on intemal unpaved roads, Calcium
concentrations decreased away from Mayfisid
which has a two fold explanation, (1) the impact
of indusirial ground dismwbance  activities
decreases as distance from that sourcs incresses,
and (2) the types of ground dismrrbance activites
at the other sites generated fewer atmospheric
particulates than activities surrounding Mayfeld.
Minmi showed an  increase in  calcium
concentration fromm Wallsend most fkely due 1o
the housing development under way cast of the
Mianmi sampler,

Graph 2 shows the avemge ugm™ of
iron, which is most chamcieristic of general
industrial activities. Clearly, Mayfield experienced
the greatest impact of fron particulates due o ig
locatdon as being the closest sampler 1o the
industry. Iron concemtrations drop off rapidly at
the other sampling sites exhibiting an inverse
relationship o distance from the industry.
Mayfield exhibiied 115 gmes greater
concentrations of iron than Minmi which not only
reinforced the previous statement but indicaied
that the weight of industrial iron particulates are
relatively large and exhibit 2 short residence time
in the atmosphers,

Graph 3 shows the average
micrograms/cubic metre of manganese. asd like
iron gecomied  the highest concentations at
Mayfield, decreasing as distance from the industry
increased. Graphically, the aend of manganess
may be the same as iron but the concenlrations
are much smaller. Iron concenwations exceed
manganese by betwesa 3 and 77 dmes for sach
site.  The most likely explanation is  that
manganese is churacteristic of a specific industry
constipiting a very small portion of Newcasile’s
total industrial activities, mostly of which iron is
characterisde.

Graph 4 shows the avemge ugm™ of
magnesinm, which is characteristic of the ocean,
reinforced by the obvious wend of the highest
concentration recorded at Swckion, decreasing
with incressed distance from the coast,

Graph 5 shows the average ug.m™ of
potassiure which  is  characwieristic  of  soil
disurbance. Potassium was only recorded at
Jesmond and Minmi with higher concentration
recorded at Minmi due w0 the housing and estate
development east of the Minmi sampler.

Factor analysis was performed for each
site on the elemenis and the meteorclogical
variables previously identified. Two exampies of
the results are shown in table 2 and 3 which
represent the  Mayfield  and  Minmi  sies
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respectvely.

Correlations from iables 2 and 3 were
assessed with respect o table 1 and the following
ideniifications were made. Fow factors were
identified at Mayfield (table 2), thres contributing
to the frace eclemeni concenirations. Facior 1,
which contributed 23.9% 1o the relationships
identified, showsd a correlation betwean calciam,
iron and north east wind indicating calcium to be
@ result of industrial unpaved road disturbance
and particulaie suspension, while iron was purely
from indusital activities. Factor 2, contributed
i87%, and showed 3 comelation between
magnesium and casterly wind indicating this to be
from an ocean source. Factor 4, which conmibuted
14.1%, showed a correlation berween manganese,
maximuim  wind  speed, and northerly  wind
indicating another industrial source, possibly the
manganese plant,

Five factors were identified at Minmi
{table 3), again only three contributing to tace
clement  concentrations. Facior 1. which
contributed 20.9% to the relodonships idendified,
showed a comrelation  between  potassium,
magnesium, minimum temperatare, and  south
easterly wind. Porassium was identified as having
come from soil distorbance activides such as
housing constructon tw the 2ast of the sample,
while the magnesivm  was  undoubtedly a
derivative of the ocean. Faclor 2. which
contributed 19.1%, showed a correlation batween
iron and easterly wind indicating this w0 have
derived from the indusiry. Factor 2, contributed
14.2%, and showsd a correlation between calcium
and north east wind potensially having derived
from ground disturbance activides occumring at
buiiding sites to the north cast of the sampler.

The wmesults of factor analysis have
allowed the identdfication of potential sources, but
the relative impact or significance of each source
was assessed with mespect o the elomental
concentrations indicated in graphs 1-5 allowing
the following conclusions 1o be made. Clearly
iron, magnesium, and manganese have bheen
identified 2t Maylicld and Minmi and it would
appear have derived from the same sources, but
elemental  concentrations  at Minmi  are 2
magnitude less than those at Mayfield, indicating
the relative impact at Mayfield 1o be more
significant. Factor analysis shows the sowrces of
calcium and potassium © be localised at both
sites which is reflected in graph | where calcium
concentrations are high at both Mayfield and
Minmi, and graph 5 where potassium  was
recorded al intermiitent sites,
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Figure 1: Location of MNeweastle and the Sampling Sites

Table 1: Urban Suspended Particulate Sources and the Trace Elements Characteristic of Each

SOURCES Ca Cd Cu Fa Y i f:] Mg ] ¥
Agncu}mﬂ: Ll it & = Ll . E

Constructon = = # & = @
Domeste Heating # @ =
izldusu-}. @ = &® 3 £
Street Dust ® ® = - »
Vehicalar * ® =

Geoean ® # =

(2.,5,6,10,11,13,14,15,21 22 24,2728 39,30,31,32,33,35,36)

Table 2 : Factor Apalysis Correlations for Maviield

Variables Factor 1 Tactor 2 Factor 3 Factor 4§
Ca $.827 2113 0.281 0.231
Fe GB4h4 0344 4181 ~3.101
Mn 4.073 -0.383 4.072 &467E
Mg 0,336 #6502 -0.1407 -.250
TSP 2,748 0.332 0.34¢ G.025
Min, Temp 0.009 8828 G210 1536
Maz, Tomp 0.30% 0.482 0.413 0.051
Maz, Wind Speed -0.096 <0178 -0.040 #8352
Rainfall 0.15% 0.034 0.064 -0419 1
North {.31% -0.092 03.246 734
North Eam #5817 0257 3173 0050
Eam G317 $.413 0.193 -0 180
South East -B 82T 3.332 0.215 -2.210
Soush -0.153 0.041 -5.928 3116
South West 162 BiAir) <568 -3.074
West 0.002 -8.817 0.1 -0.185
% of Yariance 238 187 14.1 141




Table 3 : Factor Analysis Correlations for Minmi

Yaziables Factor 1 Factor 2 Facwwe 3 Factor 4  Factor 5

Ca 8373 0.05% 8,512 0.063 -0.007

1 -0.07% 2913 G.198 0023 -0.035
E 8777 0.214 4.337 0424 -0.274
bin -0.187 ~B7E3 0188 -0.01% 0.159
Mg D264 0318 0.136 -3.082 -002
TSP 0.253 -R584 3,152 0027 -3.241
Min, Temp. 5768 0.000 -0.300% Eeleris 0.165
Max. Tanp, 0.158 0412 0,146 20,181 -B.E38
Max. Humnidity 0.0 -0.080 -0.236 -5834 0.054
Maz, Wind Bpend G.487 -3124 0.107 8,787 0.807
Meoxth -0381 0.180 0,285 -$.584 -§.586
Morth East 0.3 -0.095 2796 0.182 -0.166
Eam -0.H0 -8.764 0,068 0.011 0.044
South Bam 8.758 0.184 -0.080 G113 -0.039
South G001 -0.126 -0.ET -0.234 2842
Sowh West 0.637 0,238 -6.71% -0.00% 0058
Weat -0.383 8215 -0.406 0.445 -G.265

% of Yariance 09 19.1 14.2 10.6 9.8

Graph 1: Calciurn Coneantrations at each Sampling
Site

Graph 2: Iron Conconirations at cach Sampling Site

Graph 3: Magnesium Concentrations at sach
Sampling Site

Graph 4; Manganese Concengations al cach
Sampling Sie
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