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A pilot study on rain-water composition at Darwin Airport was commenced during
the wet season of 1991-92 to assess the suitability of this site as a Regional Station
for measurement of rain-water composition within the GAW (Global Atmosphere
Watch) framework. Between November 1991 and April 1992, twenty-six daily rain-
water samples were collected using an automated wet-only rain-water sampler.
Chemical analysis for major ions followed by simple statistical analysis of the
resultant data indicated that the data were of high quality, exhibiting clear signa-
tures of both marine and continental sources for the major rain-water chemical
components. A qualitative comparison of the Darwin data with similar datasets
reported previously from Jabiru and Katherine suggests that the Darwin Airport site
is not at present heavily polluted by local anthropogenic sources of air pollutants.
Thus, in the medium term this site has the potential to make a useful contribution to
the GAW Regional Network by providing rain-water composition data for use in
monitoring trends in regional-scale atmospheric pollution in a part of Oceania as yet

unrepresented within the GAW,

Introduction

At present a total of 168 stations in 55 countries
contribute to the network of Regional Stations
operating as part of the GAW of WMO (World
Meteorological Organization; WMO No. 81
(1992)). In general terms the aim of the GAW is to
contribute to ‘global change’ research by charac-
terising atmospheric chemical composition and
its changes with time over the globe as a whole.

Two of the GAW Regional Stations, at Coffs
Harbour and Wagga Wagga, are operated in Aus-
tralia by the Bureau of Meteorology. A recent
review of data from these stations (Ayers and
Manton 1991) found that data quality from these
sites was good, but also made the point that, with
both sites located in the southeastern part of the
country, other environments in the remainder of
the continent are not represented in this country’s
contribution to GAW.

The purpose of the study described herein was
to address this lack of coverage by investigating
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another site for its potential as an additional or
alternative GAW Regional Station for precipi-
tation composition measurements. The site
chosen for this pilot study was Darwin. Several
factors determined this choice: first, it is well re-
moved from the southeastern part of the conti-
nent that is already well represented by the Coffs
Harbour and Wagga Wagga Stations; second,
tropical regions have been identified within the
‘global change’ research community (e.g. by
IGAC, the International Global Atmospheric
Chemistry Project of IGBP, the International
Geosphere-Biosphere Programme) as requiring
special attention to clarify current gaps in scien-
tific knowledge concerning atmospheric chemical
processes relevant to climate change; third, this
region is also the subject of a particular research
focus by the Bureau of Meteorology; fourth, in
terms of changing anthropogenic emissions of
reactive species into the atmosphere, the Asia/
South-East Asia region is perhaps the key region.
This important point is well illustrated by the
SO, and NO, emissions estimates and future
projections contained in Tables 1 and 2.
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Table 1. Asian SO, emissions estimates for 1986 and
projections for the years 2000 and 2010 (mega-
tonnes per year), from energy use only.

Country 1986 2000 2010
China 19.0 34.0 48.8

India 3.20 5.40 8.80
Indonesia 0.78 1.9 3.20
Korea N. 0.59 0.92 1.30
Korea S. 1.20 2.70 3.30
Taiwan 0.85 1.70 2.20
Bangladesh 0.15 0.20 0.27
Hong Kong 0.27 0.40 0.59
Malaysia 0.30 0.44 0.75
Pakistan 0.75 1.70 2.50
Philippines 0.40 0.82 1.30
Singapore 0.06 0.11 0.15
Thailand 0.63 2.6 3.0

Total 28.2 52.9 76.2

Source: Foell and Green (1991).

Table 2. Asian NO, emissions estimates for 1986 and
projections for the years 2000 and 2010 (mega-
tonnes per year), from energy use only.

Country 1986 2000 2010
China 7.67 15.3 21.9

India 2.83 5.52 9.25
Indonesia 0.71 1.70 3.13
Korea N. 0.63 0.94 1.25
Korea S. 0.66 1.30 1.64
Taiwan 0.30 0.65 0.83
Bangladesh 0.03 0.04 0.05
Hong Kong 0.11 0.16 0.25
Malaysia 0.30 0.58 0.98
Pakistan 0.12 0.27 0.41
Philippines 0.20 0.44 0.73
Singapore 0.17 0.25 0.34
Thailand 0.50 1.51 3.52
Total 14.2 28.7 442

Source: Foell and Green (1991).

The location of Darwin downwind of the Indo-
nesia/Malaysia source region during the middle of
the wet season, when the monsoonal -trough
moves south and winds are from the northwest,
makes this an ideal site for seeking evidence of
any secular increases in rain-water sulfate and
nitrate levels caused by increasing South-East
Asian SO, and NO, emissions.

Thus the specific aims of this pilot study were
(a) to test rain-water sampling procedures and
hardware for their appropriateness to the tropical
Darwin environment, and (b) to carry out a pre-
liminary assessment of the extent to which rain-
water composition at Darwin is representative of
regional rain-water composition.

Sampling site

The sampler was located at the Darwin Airport
meteorological observatory, where Bureau of
Meteorology observers are available to oversee
the sample collection and sample handling oper-
ations. Annual mean rainfall at this site is
1660 mm, with monthly mean rainfall distri-
bution shown in Fig. 1.

Fig. 1. Monthly mean rainfall distribution at Darwin
Airport, 1941-1992 (Bureau of Meteorology
data).
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Sampling and chemical analysis
methods

A wet-only rain-water sampler built by CSIRO
was employed in the study.* The sampler contains
a carousel holding eight 0.5L polyethylene
sample bottles, enabling daily rainfall samples to
be collected by requiring only once-per-week
sample retrieval. The carousel rotates at 0900
each day, yielding 24 h rainfall samples to 0900
each day.

The rainfall sampler is of the wet-only type,
employing a well sealed lid to avoid dry depo-
sition of gases and aerosol in periods between
rain. The lid opens automatically upon com-
mencement of rainfall, and closes after a one-
hour period having rainfall rate below 0.2 mm/h.
The sensor employed-to activate the, lid move-
ments is a standard RIMCO 20.3 cm diameter
tipping bucket rain gauge of 0.2 mm bucket
capacity.

*Now produced commercially under licence to ECOTECH Pty
Ltd.
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Given the observation elsewhere that simple
organic acids, principally formic and acetic acids,
can play a major role in the acid-base balance of
tropical rain-water (Galloway et al. 1982) the sam-
pling protocol under test included the use of a
biocide to prevent biological degradation of these
acids in the sample after collection. The biocide
used was thymol (Gillett and Ayers-1991), with
100 mg added to each sample bottle prior to
installation of the eight new sample bottles in the
sampler each week. In this way retrieved samples
were always in contact with the biocide, since they
remained in the same sample bottle throughout
the shipment, storage and chemical analysis
processes.

The samples were shipped at weekly intervals to
CSIRO at Aspendale where volume and pH (Ross
electrode; standard electrode methods) were
determined within one week, following which the
samples were shipped to the Australian Govern-
ment Analytical Laboratory (AGAL) at Kingston,
‘Tasmania, for a complete ions analysis. The
species determined were sodium, potassium
magnesium and calcium (graphite furnace AA),
ammonium (colorimetry) and chloride, nitrate,
sulfate, formate, acetate and methanesulfonate
(suppressed ion chromatography). These methods

are similar to, or improvements on, those em-
ployed at the Cape Grim Baseline Station (Ayers
and Ivey 1988) and the Coffs Harbour and Wagga
Wagga Regional Stations (Ayers and .Manton
1991). All analyses have a precision of ~10% or
better for an individual analysis at concentrations
exceeding a few pmol/L, and detection limits of
0.1 pmol/L or less.

Results and discussion

Data record

The data record appears in Table 3. Missing-data
elements occur where there was insufficient
sample for complete analysis, the result was below
the analytical detection limit, or the result was
flagged as being otherwise suspect. Since our
prime aim is to determine the suitability of the
sampling/analytical methods used in the pilot
study, the following sections are devoted to inves-
tigation ‘of the data quality from a number of
perspectives.

pH comparison
The first data quality check is that provided by the
pair of pH determinations carried out initially at

Table3. Daily rain-water data (to 0900 each day) for the Darwin Airport site: pH (AG) refers to pH determined at AGAL,
PH (As) refers to that determined at CSIRO, Aspendale; Form and Acet refer respectively to the total (ionised
plus un-ionised) formic and acetic acid concentrations in each sample; nS/cm (25°C) refers to -electrical

conductivity measured at 298 K.

Sample Rain Na* Kt Mg?* Ca’* NH,S CI- NO;~ SO2~ Form Acet pH pH uS/cm
date  (mm) (uM) (pM) (uM) (M) (M) (uWM) (uWM) (M) (uM) (M) AG As 25°C
21/11/91 5.7 26.3 3.8 5.7 6.7 4.5 41.8 17.6 7.8 229 21.5 47 46 -134
22/11/91 6.2 373 03 33 2.7 5.1 32,7 25.1 5.9 19.1 13.7 44 45 114
23/11/91 7.4 27.0 0.6 3.1 2.6 4.7 32.7 143 5.8 26.7 20.3 45 123
24/11/91 1.7 77.4 7.0 6.7 108 80.1 3I1.1 12.7  39.1 447 43 43 218
26/11/91 0.4 94.4 28 107 9.0 42.1 95.1 32.1 72 436 133 4.5-45 . 232
27/11/91  20.9 3.0 0.1 1.1 1.3 4.8 4.1 1.0 0.9 6.8 52 5.2 491
28/11/91 1.1 14.3 1.2 4.2 102 203 336 9.1 36.4 352 4.1 4.1 157
29/11/91  15.2 4.6 0.6 1.3 1.9 5.9 7.2 2.5 10.2 10.4 47 48 .11.6
3/12/91 39 19.1 2.0 4.6 4.3 16.4 10.0 83 273 9.7 45 .45 10.9
15/12/91 1.1 207 83 228 11.1 193 227 186 20,6 36.9 1.2 45 45 46.1
16/12/91 1.6 75.2 " 7.4 6.0 1.9 83.8 17.8 10.0 296 11.7 45 44 21
18/12/91 5.6 345 1.9 4.2 3.6 5.5 384 13.1 8.3 338 186 44 43 13.5
20/12/91 0.6 51.7 4.1 8.7 214 61.8 228 184 50.0 17.1 47 47 23
1/1/92 9.3 43.5 1.2 4.9 2.1 4.4 52.5 153 6.4 278 169 4.4 14
5/1/92  38.7 43 0.1 0.5 0.6 6.3 1.4 1.1 4.7 53 5.1 49 5.57
11/2/92 28.8 57.4 3.6 5.1 2.7 1.6 56.4 129 5.6 0.3 46 6.8 6.7 20.7
14/2/92 323 35.2 2.6 4.5 8.8 0.4 - 437 8.7 6.1 0.1 69 53-55 13
17/3/92  30.5 11.8 1.5 2.0 1.7 15.2 7.9 4.5 0.1 55 5.1 54 8.57
18/3/92 21.3 13.1 0.5 1.7 1.1 0.4 16.9 7.4 3.9 0.2 63 49 53 '9.97
26/3/92 377 54 0.1 0.6 0.4 0.1 12.1 1.6 1.9 0.3 79 5.2 56 4.3
27/3/92 8.5 8.2 2.1 0.6 0.7 2.0 11.1 1.9 1.6 7.0 1.7 5.0 5.2 7.6
28/3/92 0.8 7.7 107 18.1 419 850 - 10.1 3.6 2.7 15.8 12.7 49
7/4/92 119 08 04 0.2 1.1 0.3 4.8 0.4 0.5 1.4 6.5 56 5.7 2.47
8/4/92 18.2 1.6 04 0.2 0.5 0.2 34 0.7 0.6 0.3 3.8 5.7 5.7 2.51
9/4/92 44.6 20 0.1 0.4 0.4 0.1 3.6 0.6 0.6 0.3 1.0 56 5.9 2.39
10/4/92 5.4 6.5 0.3 0.7 0.6 0.9 8.6 1.1 1.1 2.4 47 53 5.4 4.52
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CSIRO upon receipt of the samples, and sub-
sequently some weeks later at AGAL at the time of
sample analysis. As shown by Gillett and Ayers
(1991), such a time history of pH can provide a
sensitive check on biological degradation in rain-
water samples that contain significant quantities
of organic acids, which is the expected situation in
tropical Australia (Likens et al. 1987; Ayers and
Gillett 1988a; Gillett et al. 1990). A more rigorous
check would be to have sample pH measured on
site in Darwin immediately after- sample collec-
tion. However, in the absence of chemistry-
trained personnel and clean chemical facilities at
the sampling site, it was judged prudent to avoid
the possibility of sample contamination that
would arise from on-site pH analysis.

Figure 2 shows a comparison of the CSIRO and
AGAL pH values for each sample. Given analyti-
cal uncertainty of order + 0.1 pH unit for an indi-
vidual analysis, the results suggest that there was
no measurable sample degradation by biological
processes in the period between the measure-
ments. Coupled with the fact that significant
organic acid concentrations occur in many
samples, especially those taken early in the wet
season, the plot provides strong evidence that the
thymol biocide was effective in maintaining
sample integrity.

The deviation of a few tenths of a unit for
samples with pH values between about five and
six is not unusual, and is probably related to inor-
ganic rather than biological/organic processes in
the sample. It is notoriously difficult in this pH
range to obtain consistent pH measurements be-
cause this range is that most affected by changes in
equilibrium of the sample with atmospheric CO,,
and slow dissolution of slightly soluble soil dust.

Fig. 2. pH determined at AGAL plotted against pH
determined some weeks earlier at CSIRO,
Aspendale.
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Use of a biocide cannot influence such effects.
However, as shown in the plot, such changes are
usually small so have little or no bearing on the
final data interpretation, and in any case are
virtually impossible to avoid.

Our overall conclusion is that the pH com-
parison indicates no significant changes in sample
composition between receipt of the samples in
Melbourne and the subsequent analysis at AGAL
in Tasmania.

Ion balance

Perhaps the most commonly used test of overall
data quality in terms of the precision and accuracy
of chemical analysis is the ion balance check,
based on the electroneutrality requirement. It re-
quires that the sum of the cation concentrations
should equal the sum of the anion concentrations
in each sample. The underlying assumption is that
none of the major ionic species has been omitted
from the list of species determined by chemical
analysis.

Given precision of order= 10% or better for
each individual ion analysis, a reasonable rule of
thumb (Santroch 1992) is that the cation and
anion sums should have imbalances no worse
than +20%, where the % imbalance parameter
can be defined as:

(Z cations—X anions)

[1] =
%IB = 200 (X cations+X anions)

.1

Note that concentrations used for the ion balance
calculation are expressed in equivalents, i.e.
molar concentration for each ion multiplied by
ionic charge.

Figure 3 contains a plot of anion sum versus
cation sum for those samples in Table 1 for which
data are available for all ions. Included in the
figure are lines depicting the envelope for
%IB = +20%. -

Although the number of points in the plot is
small, the indication is that data quality is excel-
lent. The points just outside the +20% ion imbal-
ance envelopes at very low total cation and anion
concentrations (<50 peq/L) do not contradict
this conclusion, since at such low levels, where
many of the individual ion concentrations are
close to the analytical detection limits, an increase
in fractional error in ion concentration is imposs-
ible to avoid; the +20% criterion is too stringent
at these levels (Santroch 1992). Similarly, the only
points lying outside the envelope at total ion sums
>50 peq/L do not contradict the general con-
clusion of excellent analytical precision/accuracy,
since these points come from samples corre-
sponding to very low daily rainfall totals. Such
samples yield very little liquid water for analysis,
which greatly increases the problem of contami-
nation during sample handling processes and can
lead to errant results such as the two labelled in
Fig. 3. Indeed, for this reason in many studies, a
recent Australian example being the Hunter Val-
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Fig: 3. Anion sum versus cation sum for Darwin.rain-..
water samples. Unity slope is shown by the full
line. The broken lines depict +20% imbalance
(see text for definition). The two labelled points
arise from samples corresponding to days wit
24-hour rainfall totals <1 mm. -
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ley Acid Rain Study, samples of less than 2 mm
total rainfall are not analysed (Bridgman et al.
1988). Thus once again our overall assessment
from the ion balance check is that the data quality
in terms of analytical accuracy is excellent, being
at least as good as that acknowledged as very good
at Cape Grim (Ayers and Ivey 1988) and good
at Coffs Harbour and Wagga Wagga (Ayers and
Manton 1991).

Time series )
In addition to addressing the questions of sample
stability and analytical performance it is im-
portant to take the assessment of this pilot study
further, to seek evidence of regional representa-
tiveness in the data collected. One characteristic
feature of previous studies of rain-water compo-
sition in the Northern Territory (NT) that should
also be evident in the Darwin data is a systematic
decrease in ion concentrations as the wet season
progresses from the transitional period, domi-
nated by southeasterly surface winds, through to
the monsoonal period, dominated by north-
westerly surface winds. This characteristic was
noted in the early bulk deposition study of
Wetselaar and Hutton (1963) at Katherine and
subsequently, also at Katherine, by Likens et al.
(1987), and at Jabiru by Noller et al. (1990).
Figure 4 contains a time series plot of several of
the components listed in Table 1. Comparison of
this plot with Fig. 7 from Likens et al. (1987) (the
chloride data from which are included in Fig. 4)
and Fig. 4 from Noller et al. (1990) reveals a con-

Fig. -4... Time. series .of. selected. ion .concentrations at..
Darwin. The full line shows monthly mean
chloride concentrations reported for Katherine
by Likens et al. (1987).
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sistency in the results from the three NT sites.
This gives us considerable confidence that the
Darwin data contain valid chemical information
pertaining to the atmosphere of the NT.

Factor analysis

A more informative investigation of ‘information
content’ in the Darwin rain-water data can be
obtained from a qualitative statistical appraisal of
the dataset. Here we adopt the method of factor
analysis with varimax rotation, which has also
been applied by Ayers and Manton (1991) to the
Coffs Harbour and Wagga Wagga rain-water com-
position data, and by Noller (1993) to a similar
dataset from Jabiru. The aim is to seek confir-
mation that the data contain the expected chemi-
cal signatures of both marine sources (dominant
during on-shore winds) and continental sources
(dominant during southeasterly winds) of rain-
water components.

Table 4 contains the results of factor analysis
applied to the data contained in Table 3. The rela-
tively small number of samples available in the
pilot study precluded stratifying the data into
smaller subsets according to external conditions
(e.g. local wind direction). Samples with <<1 mm
rain and the single sample with Na*>200 pmol/L
were excluded from the analysis, the former for
reasons already discussed, the latter because
variance associated with this obvious outlier
unreasonably dominated overall variance in the
dataset if this single point was included.
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Table 4. Variance explained and factor loadings ob- -

tained by application of factor analysis with-
varimax rotation to Darwin rain-water data.

Factor 1 Factor 2 Factor 3

% variance explained 61.4 18.1 9.9 .
rainfall —0.76
Nat 0.88
K+ 0.80
Mg+ 0.92
Ca?t 0.80
NH,* 0.91
(o 0.92
NO;~ 0.64 0.66
SO4*~ 0.80 0.55
HCOO~ 0.93
CH;CO0~ 0.90
HY 0.94

The Table shows only factor loadings with
values <—0.5 or >0.5, values typical of those
suggested by Crawley and Sievering (1986) to
reflect the boundary between significant factor
loadings and those lacking statistical signifi-
cance.

The results shown in Table 4 have much in
common with those of a similar analysis carried
out on the Coffs Harbour and Wagga Wagga data-
sets (Ayers and Manton 1991) and the Jabiru
dataset (Noller 1993). Factor 1 is very clearly the
‘marine’ factor, with high loadings of the major
sea-salt components: sodium, potassium, mag-
nesium, calcium, chloride and sulfate. Factor 2 is
equally clearly the ‘continental’ factor, with high
loadings of items having terrestrial, biological
sources (ammonium, formate) as well as the acid
components (hydrogen ion, nitrate and sulfate)
that can have either biological or anthropogenic
continental sources (Ayers and Gillett 1988b).

There are only. two components that do not fit
with this straightforward interpretation. The first
is the inclusion of a significant nitrate loading in
the marine factor, since nitrate is an insignificant
component in sea-water (Millero 1974). No de-
tailed explanation will be sought here, however it
is worth. noting that attachment of nitric acid
vapour to alkaline sea-salt particles during inland
transport of marine air is well known in the litera-
ture, and has been reported at least once pre-
viously in Australia (Ayers 1978). One interesting
possibility that merits consideration in a more
comprehensive study would be the question of
whether. long-range transport from :Indonesia
could be involved.

The second factor seemingly at odds with the
simple explanation in terms of a marine plus a
continental factor is the separation of acetate
from the other ‘continental’ components in
Table 4. This seems surprising given the close

" coupling between atmospheric formic and acetic

4

acids that has been universally reported across the
globe (Keene and Galloway 1988). However in the
case of the Darwin rain-water this separation of
acetate from formate in the factor analysis can be
shown to be a result of the large change in acidity
that accompanies the progression of the wet
season, during which free acidity falls by an order
of magnitude, as indicated in Table 3 by the
increase in pH from about 4.5 to 5.5 as the wet
season progresses. Because acetic acid is a weak
acid, with pKa of 4.76 (at 298 K), its degree of
ionisation changes from only about 20 per cent
ionised at the pH values <4.3 found in the first
rains at the start of the wet season, to almost
totally ionised at the pH values of > 5.5 typical of
the middle to late part of the wet season. The
result is that although total acetic acid concen-
tration (ionised plus un-ionised) does vary season-
ally along with the concentrations of other ions,
the variance in acetate anion concentration is
dominated by pH effects, not total ion concen-
tration. This is not the case for formic acid, which
with pKa of 3.74 acts essentially as a strong acid at
all pH values much above 4. In chemical termin-
ology the acetate/acetic acid pair is seen to be
acting as a ‘buffer’.

The effect of pH on suppressing variance in
acetate concentration is illustrated in Fig. S,
where the percentage ionisation of acetate is
plotted against hydrogen ion concentration for
each of the rain-water samples. The plot reveals
that acetate concentration remains almost con-
stant irrespective of hydrogen ion concentration,
because the decrease in total acetic acid con-
centration that goes with decreasing H* con-
centration (increasing pH in Table 3) is offset by
the increasing ionisation to acetate that also
accompanies the decrease in H*.

Role of organic acids and comparison with other
studies

One of the key elements of this pilot study was the
inclusion in the sampling procedures of thymol
biocide in order to prevent biological consump-
tion of organic acids, which previous studies at
Jabiru (Ayers and Gillett 1988a; Noller et al.
1990; Gillett et al. 1990) and Katherine (Likens et
al. 1987) had shown to be important components
in the acid-base balance of NT cloud and rain-
water. The data in Table 3 confirm that formic

-and acetic acids are significant anionic species in

Darwin rain-water, and must therefore be

- accounted for when rain-water acidity is under
. consideration. Clearly in this part of the globe pH

values in the ‘acid rain’ range of pH less than
about 4.7 may have as much to do with organic

- acidity, presumably of natural origin (Keene and

Galloway 1988), as with sulfuric and nitric acids
of anthropogenic origin.
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Fig.5. Acetate concentration (filled squares) and % ion-
isation of acetic acid (open squares) as a function
of sample H* concentrations. The single outlier.
point arrowed- arises from.a. sample of -only
0.4 mm total daily. rainfall..
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Figure 6:shows a plot of formate against nitrate,
confirming: that: formate is.about as significant as
nitrate as -an acidic. anion: in-the Darwin: rain-.
water. samples. When the.5 peq/L or so of acetic
acid (Fig..5), plus a possible small contribution by..
additional unmeasured acids (Galloway et al:
1982; Likens.et al: 1987),is added to formate it-is-
clear that-organic acidity plays a‘significant part in.
the overall rain-water acid-base balance:

These results: can be- compared' qualitatively:
with results from-the:only. two other NT sites from
which comparable data:have been reported,
Katherine (Likens et al. 1987).and Jabiru (Noller.
et al: 1990; Gillett et al. 1990). The absolute levels
of'the various rain-water constituents, their vari-
ation (decrease)-with progress of-the wet season,

and: the occurrence .in-the rain-water samples of .

significant quantities. of-formic and:acetic acids
are similar at all thiree sites; suggesting;a regional .
consistency in rain-water. composition that pro-
vides. some' argument against. there. being any.
major. influence. by. local. sources. at-any .of these
sites. However the small size of the current pilot
study- database. and the.fact that the measure-.
“ments at Darwin and the other sites were made in.
different years. preclude a.quantitative .compari--
son or unequivocal assessment of the (apparently
small). extent. to. which local- urban/industrial

sources might influence the: Darwin:-samples. .

Clearly this is one issue:that should'be addressed
in any ongoing studies at this.site, with particular.
attention paid to- rain-water: sulfate and nitrate
levels that:in principle could be subject to some..
influence from the small, but-significant, local"
SO, and. NOj;. emissions (AEC 1989)..

Fig. 6. Rain-water-formate versus rain-water nitrate
concentration.. The line corresponds to unity

slope.
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Conclusions-

Rain-water was sampled' at Darwin Airport on
26 days during the wet season-of 1991-1992 to
assess.-the .suitability of this site for use as a
GAW. Regional-Station for. precipitation chem-
istry sampling; and to evaluate the accuracy and
relidbility. of ' the: wet-only - sampling methods,
sample handling-and sample analysis methods
employed.

From a variety:of perspectives data quality is
shown to be high, at least-comparable with that
produced by the other Australian- Regional
Stations located .at Coffs Harbour and Wagga
Wagga. The ‘information-content’ of the dataset
was likewise judged to be high.-For example, clear
chemical signatures were . apparent- identifying
separate marine.and continental contributions to
the dissolved material in:the rain-water samples,
and organic acids, principally formic acid, were
identified’ as' significant” contributors to overall
rain-water acidity.

Accordingly, given the strategic location of
Darwin downwind of the Indonesian archipelago
during the annual monsoon season, this site and
the methods tested have the potential to provide
long-term records of precipitation composition
that should be -usefiil for assessing any secular
trend” in.. regional - atmospheric composition
brought. about. by- increasing anthropogenic
emissions of reactive sulfur-and nitrogen species.
The only unresolved issue in-this.regard is that of
assessing quantitatively the extent to which local
sources of SO, and NO; may influence rain-water
composition at the pilot-study site throughout the
different phases of .the wet:season.






