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Abstract
Atmospheric chloride dry deposition rates and the
chloride content of rainfall have been measured over a
five-year period at the Building Research Association of
New Zealand (BRANZ) research station at Judgeford,
New Zealand. Dry deposition collectors were placed at
various locations on the 10 ha BRANZ site to assess the
effects of topography and the proximity of trees and
buildings on the measured deposition rates. The mean
dry deposition rates measured from collectors in the
open gave statistically indistinguishable results.
Collectors in close proximity to buildings gave rates onethird of the rates measured from collectors in the open.
The variation in dry deposition rates between collection
periods was large. The chloride deposition results are
compared with those obtained in other studies, and
'CLIMAT' atmospheric corrosivity measurements.
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INTRODUCTION
Chloride deposition from the atmosphere is an accepted
mechanism for the promotion of atmospheric corrosion
of metals. Chloride deposited on a metal surface will
provide the ionic content of an electrolyte, and since
sodium chloride (the major component of sea-salt) is
hygroscopic at relative humidities above 80%, the
corrosion reaction may be sustained in the absence of
rain or dew. Because New Zealand is an isolated chain
of islands in which strong westerly winds create sea-salt
aerosol and carry it in the atmosphere, and because
relative humidities exceeding 80% for significant
lengths of time are a characteristic of the New Zealand
climate (Duncan 1985),high levels of deposited chloride
can be predicted and will be a significant contributing
factor to corrosion.
Most previous work on chloride deposition from New
Zealand atmospheres has been by measurement of the
chloride content in rain by the Department of Scientific
and Industrial Research (DSIR) Soil Bureau (Blakemore
1953,1973; Miller 1961; Claridge 1975). Claridge (1970)
has also reported results of dry deposited salts collected
at Taita in 1969 and 1970, which indicated that
considerable amounts of chloride were included.
Duncan & Whitney (1982) suggested that the best,
although indirect, evidence available then for the
relative levels of total chloride deposition throughout
New Zealand was from the distribution of sodium in
sweet vernal grass (DSIR 1962).
Building Research Association of New Zealand
(BRANZ) has conducted a project to measure atmospheric chloride deposition and corrosion rates in New
Zealand, with the principal aim of examining the
relationship between chloride dry deposition rates and
corrosivity (Ballance & Duncan 1985; Duncan &
Ballance 1987).This paper reports the resultsof the work
to validate the test methods, including the results of
measurements made over five years at the BRANZ
research station at Judgeford, N ~ W
Zealand (41°07'S,
174'56'E).
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A chloride dry deposition collector design described by
Cawse (1974) in which atmospheric aerosol is collected
onasheet of filter paper sheltered fromrainfall wasused
(Fig. 1).Filter papers were recovered at nominally 28day intervals, as proposed by Cawse. Longer collection
periods were tried, but the amount of chloride collected
during three-month collection periods was appreciably
less than collected during the three concurrent onemonth collection periods at an adjacent collector. Cawse
(pers. comm.) advised against using three-month
collection periods because of the possibility of chloride
being blown off the surface of the collector. It is possible
that deposition rates measured using this method are
inversely related to the length of the collection period
(i.e., a number of shorter collection periods will indicate
a higher apparent deposition rate than a single longer
collection period), but more sensitive analysis methods
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measured, and a sample was retained for chloride
analysis by the same methods as were used for the filter
paper extracts.
Atmospheric corrosivity was measured using CLIMAT
test units. The test units comprise aluminium wires
wrapped around studs of nylon, mild steel, and copper.
The wire used was 0.9 nun diameter alloy 1350
(electrical purity), hard drawn. The studs were half-inch
BSW threadedand were purchased fromlocal suppliers.
CLIMAT test units have been widely used to measure
corrosivity both in New Zealand (Duncan & Whitney
1982) and overseas (Doyle & Wright 1982). The results
are interpreted in terms of three 'Corrosivity Indices'
(Doyle & Wright 1982). The general atmospheric
corrosivity index for aluminium or AI-A.C.I. is the
percentageweight lossof the wire wrapped on the nylon
stud after 90 days exposure. Similarly, the marine
corrosivity index (M.C.I.) and industrial corrosivity
index (I.C.I.) are the percentage weight losses of the
wires wrapped on the steel and copper studs
respectively.

LOCATION OF CHLORIDE COLLECTORS
AND CLIMAT TEST UNITS

Fig. 1 Chloridedry deposition collectorwithCLlMATtest unit
attached.

than those used would be needed to detect with
acceptable precision the smaller amounts of chloride
that would be collected in collection periods much less
than 28 days.
The chloride was extracted from the filter apers after
recovery from exposure by refluxing wit deionised
water in a Soxhlet a paratus. Initially the whole of the
extract was titrate l with mercuric nitrate after the
method of Schales & Schales (Metson 1956), but this
method did not give a very clear end point. The
detection sensitivity was estimated at 400 pp which is
a p roximatel equivalent to 10 p /cm /yr for a
col ection su ace of 500 cm2exposed or 28 days. After
February 1984a chloride-specificelectrode wasused; an
initial problem with this method due to bromide
interference was overcome by the addition of sodium
bromate 10 minutesbeforemeasurement. The efficiency
of theextractionmethod waschecked usingfilter papers
prepared with known amounts of sodium chloride. At
mtervals, unexposed filter papers were put through the
analysis procedure to ensure that chloride contarnination was not occurring.
Rainfall wascollected in a 100mmdiarneter glass funnel
and retained in a glass winchester sheathed in
aluminium foil. The volume of the rainfall was
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The locations of collectors on the BRANZ research
station are shown in Fig. 2. Initially collectors were
placed at locations 1,2,3, and 4 to test for differences
between collectors in the open with collectors in close
proximity to buildings. The collectors at locations 1 and
2 were then moved to locations 5 and 6 and further
collectors placed at 4 other locations on the site to
examine t6e variability of dry deposition ratesbetween
locations. Collectors were olaced on the too of a buildine
(location 5), at the top of a'hill (location 7): at the base ouf
the same hill (location 8), and in open fields (locations3,
4,6,9, and 10). The collector at location 10 was adjacent
to a large tree. The CLIMAT test units were attached to
the top of the dry deposition collector at location 3 from
13 May 1985. The rainfall collector was attached to an
exposure test rack at the position shown in Fig. 2.

RESULTS AND DISCUSSION
The atmospheric chloride dry deposition results are
presented in Tables 1,2, and 3. The CLIMAT results are
also presented in Table 3. The chloride in rain results are
presented in Table 4. Selected data are graphically
presented in Fig. 3-6.
The dry deposition results from September 1982 to
August 1985 (Table 2) were used for analysis. It can be
observed (Fig. 3) that the standard deviation among
collectors for onecollection period is proportional to the
mean for that period (i.e., the data fit a log-normal
distribution). For this reason a log transform of the data
was used to stabilise variance (Box et al. 1978).

An estimate of the coefficient of variation for one
observation is about 120%, most of which is due to the
variability between collection periods (i.e., the variation
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Table 1 Chloride dry deposition (pg/cm2/yr).

Rack location
kllection
'eriod
1981
?4Jun-22 Jul
!3 Jul-20 Aug
?O Aug-24 Sep
9 013-6 Nov
6 Nov-8 Dec
8 Dec-5 Jan
1982
7 J a n 4 Feb
5 Feb-5 Mar
I0 Mar-7 Apr
16 Apr-14 May
17 May-14 Jun
14 Jun-12 Jul
12 Jul-9 Aug
9 Aug-6 Sep
dean

'------~

coo*

* j- 1

@

)"":

Sheltered
2
1

dry deposition collector
rainlall collector

Contours in metres above M.S.I.

Fig. 2 BRANZ research station showing locations of chloride
dry deposition collectors and rainfall collector.
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Fig. 3 Mean chloride dry deposition by variance for 36 collection periods, pg cm2/yr.

between collection periods is much greater than the
variation between collectors). The variability between
collection periods is illustrated in Fig. 4, from which i t
can be seen that there is no apparent seasonal pattern in
the dry deposition rates. This large variability between
collection periods demonstrates that a single 28-day
measurement is insufficient to reliably estimate average
chloride dry dcposi tion for a given location.

variance was conducted on the data. The mean values
for all locations are within two standard deviations of
the overall mean (Fig. 5),showing that the results from
collectors placed at different locations about the site are
statistically indistinguishable. Thus it can be concluded
that a dry deposition collector placed at any reasonably
open location will give a good measure of the level of
chloride deposition for the area.

To compare the dry deposition rates measured at each
collector location, the variation between time periods
has bcen rcmovcd. A standard two-way analysis of

The results from the collectors placed between the
buildings (Table 1) were about one-third that of the
collectors in the open, indicating that the amount of dry
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Table 2 Chloride dry deposition (pg/cm2/yr).
period

3

4

Rack location (refer Fig. 2)
5
6
7
8
9

1982
6 Sep-4 Oct
4 013-3 Nov
3 Nov-1 Dec
1 Dec-29 Dec
29 Dec-26 Jan
1983
26 Jan-23 Feb
23 Feb-23 Mar
23 Mar-20 Apr
20 Apr-18 May
18 May-15 Jun
15 Jun-13 Jul
13 Jul-10 Aug
10Aug-7Sep
7 Sep-5 Oct
15 Oct-2 Nov
2 Nov-30 Nov
30 Nov-25 Jan
1984
25 Jan-22 Feb
22 Feb-21 Mar
21 Mar-26 Apr
26 Apr-16 May
16 May-13 Jun
13Jun-1 1 Jul
11 J u M Aug
8 Aug-3 Oct
3 Oct-31 Oct
31 Oct-28 NOV
28 Nov-19 Dec
19 Dec-15 Jan
1985
15 Jan-1 3 Feb
13 Feb-18 Mar
18 Mar-15 Apr
15 Apr-13 May
13 May-1 0 Jun
10 Jun-8 Jul
8 Jul-6 Aug

--

' missin data.

t

113of !!-month collection value.

Table 3 CLIMAT and chloride dry deposition results.
Exposure period

Chloride dry deposition,

A.C.I. I.C.I. M.C.I. sum of 3 measurements
(% Mass loss)

3.84
5.18
5.59
4.31
6.70

(~km')

13 May 85-6 Aug 85
6 A u 85-29
~
0d 85
20 0~185-21Jan 86
21 Jan 86-15 A p 86
15 Apr 86-8 Ju186

0.01
0.10
0.09
0.12
0.07

5.78
4.56
6.10
3.93
7.36

60
130

Mean

0.08 5.12 5.55

112

160
00

120

deposition occumng on at least some surfaces of
structures may be considerably lower than anticipated
from measurements made in the open.
Theoverall meanchloridedry deposition rate for thesite
of 482 pg/cm2/ (based on all data for collector location
3) is considerab y higher than might have been expected
from overseas studies. Cawse (1974), for example,
reported much lower values for sites closer to the coast
than the BRANZ site. The levels measured at the
BRANZ site are similar to the levels found at similar
distances inland in Manawatu and Southland by
Ballance & Duncan (1985).
The mean chloride deposition in rain of 32OO pg/cmz/yr
is higher than levels measured at 9 sites, including two

r
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Table 4 Chloride in rain.

1 NOV-29NOV
2 Dec-5 Jan

1983
5 Jan-2 Feb
2 Feb-2 Mar
2 Mar-30 Mar
30 Mar-28 Apr
28 Apr-25 May
25 May-22 Jun
22 Jun-20 Jut
20 Jul-17 Aug
17 Aug-14 Sep
14 Sep-12 Oct
12 Oct-1 0 NOV
10 Nov-7 Dec
7 Dec-4 Jan
1984
4 Jan-1 Feb
1 Feb29 Feb
29 Feb-28 Mar
28 Mar-26 Apr
26 Apr-23 May
23 May-20 Jun
20 Jun-18 Jul
18 Jul-15 Aug
15 Aug-12 Sep
22 Sep-10 Oct
10 Ocl-7 NOV
7 Nov-5 Dec
5 Dec-1 0 Jan
1985
10 Jan-7 Feb
13 Feb-18 Mar
18 Mar-1 5 Apr
15 Apr-13 May
13 May-1 0 Jun
10 Jun-8 Jul
8 Jul-5 Aug
5 Aug-2 Sep
2 Sep-4 Oct
4 Ocl-29 Oct
29 Ocl-25 NOV
25 Nov-24 Dec
24 Dec-21 Jan
1986
21 Jan-17 Feb
17 Feb-18 Mar
18 Mar-1 4 Apr
14 Apr-12 May
12 May-9 Jun
9 Jun-7 Jul

sites 0.5 krn from the coast, in the southern part of the
North Island of New Zealand (Blakemore 1953), and is
three times higher than levels reported for Taita
(41012'S, 174°58'E), approximately 8 km south of
Judgeford (Miller 1961; Blakemore 1973;Claridge 1975).

This is evidence of the strong marine influence at the
Judgeford site.
The CLIMAT marine corrosivity index results are
indicativeof a 'moderate' to 'moderately-severe' marine
environment according to the classifications proposed
by Doyle & Wright (1982). The values of the industrial
corrosivity index confirmed that the site is
predominantly marine and not influenced by industry.
The marine corrosivity index results correlated (r=.78)
with the log sum dry deposition values for the
corresponding time period, as shown in Fig. 6. The
correlation equation,
marine corrosivity index =
-7.26 + 2.75 in (chloride pg/cm2),
is similar to that reported by Duncan & Ballance (19871,
who also used 28-day chloridecollectionperiods. This is
further evidence of the significance of dry deposited
chloride as a corrosion stimulator in New Zealand, and
supports the view of Duncan & Ballance (1987) that the
CLIMAT test is a valid indicator of chloride dry
deposition levels in predominantly marine-influenced
sites. However, if the measured rate of chloride
deposition proves to be dependent on the length of
collection period, as indicated by the lower three-month
rates obtained in this study, then the terms of the
correlation equation will vary with the length of
collection period. The CLIMAT results also correlated
with the volume of rainfall (t.=.60). This weaker
correlation may be attributed to the complex effect of
chloridecontaining rain on the corrosion reaction.
While sustaining the corrosion reaction during
precipitation the rain will also dissolve and wash away
accumulated salts and other surface contaminants such
as corrosion products from the corroding surface
(Duncan 19841, so reducing subsequent corrosion.

CONCLUSIONS
Methods to collect and measure atmospheric chloride
dry deposition have been validated. 'Measurements
made over five years at Judgeford, New Zealand have
been analysed.
Higher levels of dry deposited chloride (482p g / d / y r )
than expected from overseas studies were found, in
agreement with other work in New Zealand. There were
large differences observed between collection periods,
demonstrating that a number of measurements are
necessary to reliably estimate the average deposition.
No apparent seasonal effect was found. Collectors
placed at different locations about the site gave
statistically indistinguishable results; thus a collector at
any reasonably open location should give a good
indication of the like1 highest levels of dry deposited
chloride on exposedl surfaces throughout an area.
Collectors placed between buildings gave measures of
deposition one third that of collectors in open locations.
The levels of chloride in rain (16 mg/l, 3200 pg/cd/yr)
were high compared to earlier studies at other places in
New Zealand.
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Collection Date

Fig. 4 Chloride dly deposition rate by collection date, collector location 3.

verall
lean

Collector Location
Fig. 5 Mean chloride deposition rate by collector location (bars represent two standard
deviations either side of mean).

The reasonable correlation of the CLIMAT results with
chloride dry deposition confirms the significance of dry
deposited chloride as a corrosion stimulator, and
supports the validity of use of the CLIMAT test as an
indicator of chloride dry deposition levels at marine
influenced sites.
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