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Introduction
Atmospheric pollutants are emitted into the atmosphere from 
various natural (e.g. marine, biogenic and crustal sources) 
and anthropogenic sources (e.g. fossil fuel combustion, traffic 
emissions and household combustion) (Mphepya et al., 2004). 
One of the mechanisms by which pollutants are removed 
from the atmosphere is through wet deposition (Josipovic 
et al., 2011). Many atmospheric pollutants are water soluble 
and are dissolved in cloud water and rain droplets (Waldman 
et al., 1992). The chemical analysis of rainwater enables the 
assessment of the temporal and spatial evolution of the 
chemical composition of the atmosphere, which reflects the 
numerous atmospheric physical and chemical mechanisms 
(Mphepya et al., 2006). Rainwater chemistry also reveals 
changes in atmospheric composition attributed to variances 
in natural and anthropogenic source contribution and/or 
meteorology (Vet et al., 2014). In addition, wet deposition can be 
considered a source of nutrients (e.g. nitrogen, N and sulphur, 
S) to ecosystems or transport toxic species to the environment 
depending on its chemical composition (Duce et al., 2009). 

Conradie et al. (2016) presented the chemical composition and 
fluxes of atmospheric wet deposition at four sites located in the 
interior of South Africa, which are considered to be regionally 
representative of semi-arid and savannah ecosystems. These 
sites form part of the South African component of the Deposition 
of Biogeochemically Important Trace Species (DEBITS) project, 
which was initiated in 1990 by the Global Atmosphere Watch 
(GAW) network of the World Meteorological Organisation (WMO) 
and currently endorsed by the International Global Atmospheric 
Chemistry (IGAC) programme. The main objectives of DEBITS 
entail long-term assessments of atmospheric biogeochemical 
species (mainly carbon (C), N and S species) in the tropics, as 
well as wet and dry deposition of these species (Lacaux et al., 
2003). Also included in the South African DEBITS network is the 
globally significant Cape Point (CPT) Global Atmosphere Watch 
(GAW) station, which is a coastal site mainly being impacted by 
southern hemisphere marine air masses (Fig. 1). CPT GAW is, 
however, occasionally influenced by air masses passing over 
the urban-continental region (Fig.1). The aims of this study were 
to (i) assess the chemical composition of wet season rainwater 
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collected at CPT GAW from 2004 to 2012, (ii) determine S and N 
wet deposition fluxes, (iii) establish the major sources of ionic 
species, and (iv) relate ionic composition and wet deposition 
fluxes at CPT GAW to the South African interior in order to 
complement the precipitation chemistry presented for the other 
South African sites (Conradie et al., 2016, Mphepya et al., 2004, 
Mphepya et al., 2006, Kok et al., 2021). 

Methods
Site description
Detailed descriptions of the CPT GAW station are presented in 
a number of studies (Brunke et al., 2010, Labuschagne et al., 
2018). As indicated in Fig. 1, the CPT GAW site (34°21’S, 18°29’E) 
is located at the southernmost tip of the peninsula on a cliff 
approximately 230 m above sea-level and approximately 60 
km south of the Cape Town metropole (Brunke et al., 2004). 
The site is situated within a nature reserve within the Cape 
Floral Region Protected Areas (CFRPA), which has been afforded 
United Nations Educational, Scientific and Cultural Organization 
(UNESCO) world heritage status since 2004 (UNESCO, 2015).

Back trajectory analysis
72-hour back trajectories of air mass movement prior to its 
arrival at the CPT GAW site on days in the wet season during 
which rain samples were collected at an arrival height of 100 
m above ground level are overlaid in Fig. 1b. These trajectories 
were calculated using the Hybrid Single-Particle Langrangian 
Integrated Trajectory (HYSPLIT) model (version 4.8) that 
was developed by the National Oceanic and Atmospheric 
Administration (NOAA) Air Resources Laboratory (ARL) (Draxler 
and Hess, 2004). Meteorological data was obtained from the 
Global Data Assimilation System (GDAS) archive of the National 
Centre for Environmental Prediction (NCEP) of the United States 
National Weather Service. Back trajectories were overlaid with 
fit-for-purpose mathematical programming software on a map 
of southern Africa that was divided into 0.2° x 0.2° grid cells. 
The frequency with which trajectories pass over each grid cell 
is represented by a colour scale where dark blue indicates the 
lowest proportion, and dark red the highest. This overlay back 
trajectory map supports the general statement made earlier (in 
Section 1) that the site is predominantly impacted by marine air 
masses, and occasionally impacted by continental air masses 
passing over the Cape Town metropole.

Sampling procedures
Rainwater samples were collected during the wet season from 
January 2004 to December 2012 on an event basis with an 
automated wet-only sampler similar to those used at the western 
and central African DEBITS sites (Galy-Lacaux et al., 2009). The 
sampler was equipped with a precipitation sensor that controls 
the cover of the sampler, opening when rain was detected, and 
hermetically sealing a single-use polyethylene bag in which the 
rainwater was collected. The precipitation collection area was 
225 cm2. After a rain event, or as soon as practically possible, 
the collected rainwater was distributed between two 50 ml 
Greiner-type essay-tubes and frozen (-18°C) immediately. (Galy-
Lacaux et al., 2009). Rain depth at CPT GAW was measured with 
a standard funnel rain gauge. 

Although the field protocols of the WMO for precipitation 
chemistry measurements (WMO, 2004) were followed in general, 
rainwater sampling at CPT GAW did not entirely comply with WMO 
protocols. A limitation of the wet-only sampler used at the CPT 
GAW station was that the lid did not close automatically after a 
rain event. Furthermore, rainwater samples were only collected 
during scheduled visits to the CPT GAW site due to logistical 
restraints. Therefore, some of the advantages associated 
with using a wet-only sampler, which include minimising 
contamination of rain samples and delays related to manual 
operations, were not realised. In addition, some rain samples 
also comprised composite samples of more than one rain event, 
such as different rain events occurring on consecutive days. 
However, in the absence of any other precipitation chemistry 
measurements for a marine environment in South Africa, as 
well as within the logistical limitations, the rainwater samples 
collected at CPT GAW can be considered as the best available 
of rainwater chemistry for a southern-hemispherical marine 
background site.

Figure 1: (a) Regional map of South Africa indicating the location of 
the measurement station at Cape Point (34°21’S, 18°29’E) along with a 
zoomed-in map of the region around the site depicting the Cape Town 
metropole, and (b) normalised overlaid hourly-arriving 72-hour back-
trajectories arriving at Cape Point on days in the wet season during which 
rain samples were collected between 2004 and 2012 with the colour bar 
indicating overpass intensity over 0.2° by 0.2° grid cells

(a)

(b)
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Analysis
The same analytical procedures were followed, as presented by 
Conradie et al. (2016) and Kok et al. (2021) for the four South 
African DEBITS sites and Welgegund in the interior of South Africa. 
In short, samples were unfrozen and analysed immediately. 
Initial analysis entailed pH and conductivity measurements with 
an HI 255 combined meter (Hanna Instruments) utilising a low 
ionic strength electrode. A Dionex ICS 3000 ion chromatograph 
(IC) was used to determine cation and anion species, i.e. 
sodium (Na+), ammonium (NH4

+), potassium (K+), calcium (Ca2+), 
magnesium (Mg2+), nitrate (NO3

-), chloride (Cl-), sulphate (SO4
2-), 

as well as water-soluble organic acids (OA), including formic- 
(COO-), acetic- (CH3COO-), propionic- (C2H5COO-) and oxalic acid 
(C2O4

2-) in rainwater samples. Details of the IC analytical setup, 
as well as detection limits of these species were presented by 
Conradie et al. (2016).

Quality assurance / quality control
Data quality was ensured in accordance with the WMO Data 
Quality Objectives (DQO) stated in the WMO precipitation 
chemistry manual (WMO, 2004). All rainwater samples were 
visually inspected in order to identify visible contaminants, e.g. 
dust, insects and plant matter, which were removed by filtering 
the sample through a 0.2 μm filter (supplied by Sigma Aldrich) 
prior to chemical analysis. Any visible contamination was also 
recorded. The accuracy of all analytical methods utilised in 
rainwater analysis (IC, pH and conductivity measurements) 
were also verified bi-annually through participation in 11 inter-
laboratory comparison study (LIS) of the WMO from 2007 to 2012. 
Example results of the laboratory performance are presented in 
Fig. 2. Although the analytical laboratory demonstrated a few 
unsatisfactory results for some measurements (either biased 
high or low), no continuous or systematic biases were shown 
throughout the period. The ionic balance of each rain sample 
was also considered by calculating the ion difference (ID) with 
the following equation (WMO, 2004): 

 (1)

where AE is the total of the anions in µeqL-1 and CE is the total of 
the cations in µeqL-1. Acceptance ranges for the ID, as indicated 
in the WMO (2004) report, were applied to all the rain samples 
collected in this study. Only samples that passed WMO ID% 
criteria are reported in this paper.

In Table 1, the total numbers of rainwater samples collected 
for chemical analysis are presented. All these samples 
passed the WMO ID% criteria, were of sufficient volume (> 0.2 
mm) and were not associated with any analytical errors. As 
mentioned previously, due to limitations associated with the 
wet-only samplers utilised at CPT GAW, as well as logistical 
restraints related to sample collection, rainwater samples did 

Figure 2: Results of the WMO LIS 47 study in 2012 indicated by ring 
diagrams with a legend for the ring diagram indicated. Green hexagons 
indicate good results (measurements are within the interquartile 
range (IQR), defined as the 25th to 75th percentile or middle half (50%) 
of the measurements), green trapezoids indicate satisfactory results 
(measurements are within the range defined by median ± IQR/1.349), 
purple trapezoids indicate results not within the satisfactory category, 
but within a range defined by the median ± 2(IQR/1.349), and red 
triangles indicate that the results are unsatisfactory (measurements are 
outside the range defined by the median + 2(IQR/1.349)). Measurements 
below the detection limit are indicated by an open circle, while an open 
circle with a slash through indicates that no measurement was reported. 
IQR/1.349 is the non-parametric estimate of the standard deviation, 
sometimes called the pseudo-standard deviation (Qasac-Americas, 2018) 

Table 1: Summary of wet deposition samples collected during the wet season at CPT GAW from 2004 to 2012

2004 2005 2006 2007 2008 2009 2010 2011 2012 Total

Number of samples collected 10 15 13 16 14 16 12 8 18 122

Collected rainfall (mm) 224 107 126 192 107 240 92 41 214 1341

Total wet season rainfall (mm) 367 186 235 319 191 304 182 167 288 2239

Wet season % TP 61 58 54 60 56 79 51 25 74 60

Total annual rainfall (mm) 484 366 304 422 264 393 254 256 378 3121

Average annual rainfall (mm) 347

% TP 46 29 41 45 40 61 36 16 57 43
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not completely adhere to WMO protocols (e.g. some rainwater 
samples could contain an accumulation of several rain events). 
In addition, samples were only collected from May to October 
at CPT GAW, which correspond with the wet season in this part 
of South Africa. The percentage rainfall collected with valid 
precipitation chemistry data for all nine of the wet seasons at 
CPT GAW relative to the nine-year annual precipitation total, 
i.e. the percentage total precipitation (%TP), was 43%, with 
none of the nine sampling years reaching the WMO annual %TP 
acceptance range of 70%. In addition, seven of the nine years 
had a %TP < 50%. Although the dataset does not satisfy the 
WMO annual data completeness criterion of %TP ≥ 70%, it does 
meet the WMO seasonal data completeness criterion of TP ≥ 
60%, having a multi-year wet season %TP = 60%. We therefore 
consider the dataset to be representative of wet season 
precipitation composition during the nine-year sampling period 
at the predominantly marine-influenced CPT site (Fig. 1b).  

Calculations
The annual volume weighted mean (VWM) concentration of each 
ionic species was determined as follows (Conradie et al., 2016): 

 (2)

where Ci and Pi representing the concentration (μeq.L-1) of a 
given ion and the standard gauge rain depth (mm) of each 
precipitation event, respectively, while N is the total number of 
rain samples (Table 1). The H+ concentrations were calculated 
from the measured pH values.

A general method utilised to estimate the contribution of 
sea salt to the ionic composition is to calculate the excess 
concentrations of K+, Mg2+, Ca2+, Cl- and SO4

2- with respect to sea 
salt using Na+ as a reference, i.e. assuming Na+ was completely 
of marine origin. Reference ratios of these species in relation to 
Na+ in seawater, as presented by (Keene et al., 1986), were used. 
The sea salt fractions (ssf) of any of these species, X, with respect 
to Na+ are:

 (3)

where [ X ]ssf is the sea salt contribution of X, [ Na+ ]rain is the 
Na+ concentration in rain, and [ X / Na+ ]seawater is the seawater 
concentration ratio (Keene et al., 1986). The non-sea salt fraction 
(nssf) of X is then calculated by:

 (4)

where [ X ]rain is the concentration of species X in rainwater. The 
seawater enrichment factors (EF) of species X with regard to the 
reference ratio were also calculated as follows (Quiterio et al., 
2004, Chao and Wong, 2002):

 (5)

Water-soluble OA in wet deposition was considered as reference 
species for biomass burning (Helas and Pienaar, 1996, Conradie 
et al., 2016). Neutralisation of sulphuric and nitric acids by 
base cations can be evaluated by calculating the neutralisation 
factors (NF) with the following equation (Laouali et al., 2012, 
Possanzini et al., 1988):

 (6)

where X is the base cation of interest, i.e. Mg2+, Ca2+ and NH4
+.

Results and discussion
Ionic composition	
In Table 2, the wet season VWM concentrations of each 
ionic species, together with the averaged pH and electrical 
conductivity (EC) values determined at CPT GAW from 2004 to 
2012, are listed. The water-soluble OAs are presented as the sum 
of VWM concentrations of COO-, CH3COO-, C2H5COO- and C2O4

2-. 
All-year round VWM concentrations reported by Conradie et al. 
(2016) for the four South African DEBITS sites in the interior, 
i.e. Amersfoort (AF), Louis Trichardt (LT), Skukuza (SK) and Vaal 
Triangle (VT), from 2009 to 2014 are also presented. 

It is evident from Table 2 that Na+ and Cl- were the most 
abundant ionic species at CPT GAW, with significantly higher 
wet season VWM concentrations compared to other ionic 
species. In addition, Na+ and Cl- concentrations were also 
substantially higher than levels thereof at the four sites in the 
interior of South Africa, as well as concentrations reported for 
other DEBITS sites in Africa (Galy-Lacaux et al., 2009). These 
higher recorded values for Na+ and Cl- can be expected for a site 
predominantly influenced by marine air masses. This is also 

Table 2: Wet season VWM concentrations (µEq.L-1) of ionic species, as well 
as pH and EC at CPT GAW from 2004 to 2012. Also indicated are all-year 
round VWM, pH and EC at the four South African DEBITS sites from 2009 to 
2014 (Conradie et al., 2016)

CPT GAW AF LT SK VT

pH 5.49 4.32 4.89 4.66 4.51

EC 80.98 42.6 13.1 22.9 33.6

H+ 7.16 61.18 15.24 22.24 44.64

Na+ 298.64 17.79 7.75 13.17 3.50

NH4
+ 13.41 28.50 10.85 12.80 29.06

K+ 11.28 7.35 5.12 2.08 1.41

Mg2+ 59.36 5.54 1.93 3.27 4.55

Ca2+ 18.57 16.39 6.25 4.69 16.18

NO3
- 10.01 33.40 7.49 13.20 22.97

Cl- 354.18 17.96 10.83 15.73 4.52

SO4
2- 33.59 67.21 12.37 18.66 55.00

OA 3.47  
(3.14)

14.64 
(13.24)

12.14 
(11.10)

9.69  
(8.69)

12.51 
(11.49)

*Dissociated fractions of the organic acids are indicated in brackets
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observed for other marine measurement sites such as Cape 
Grimm, Tasmania (Ayers and Ivey, 1988) and remote islands and 
coastal East Asian sites (Vet et al., 2014). The significantly higher 
Na+ and Cl- concentrations also contributed to noticeably higher 
EC of rainwater samples collected at CPT GAW compared to the 
other South African DEBITS sites. The second and third most 
abundant species were Mg+ and SO4

2-, respectively, which are 
also most likely mainly associated with marine air, as indicated 
in subsequent paragraphs. SO4

2- was the most abundant species 
at the four DEBITS sites in the South African interior, which was 
attributed, by Conradie et al. (2016), to sulphur emissions from 
anthropogenic activities in this region.

Although CPT GAW is on occasion influenced by air masses 
passing over the Cape Town metropole (Fig.1), especially during 
winter, a significantly lower impact of anthropogenic emissions 
on rainwater chemistry is expected, which is also signified 
by the lower VWM concentration of NO3

- compared to the two 
industrially impacted AF and VT sites.

Substantially lower values are also reported for OA at CPT GAW 
compared to the other South African DEBITS sites, which reflects 
a less significant influence of biomass burning on rain chemistry 
at CPT GAW. Swartz et al. (2020) also indicated that seasonal 
open biomass burning in the Overberg region did not contribute 
substantially to the NO2 and O3 concentrations at CPT GAW. 

Acidity
The average pH of wet season rainwater at CPT GAW was 5.49, 
which is slightly lower than the pH of unpolluted rainwater, 
i.e. 5.60 (Eby, 2004). Average rainwater pH at GPT GAW was 
higher than the average pH at all the sites located in the South 
African interior, including the rural background sites LT and SK. 
Evidently, the resultant H+ concentration was also lower at CPT 
GAW, especially being significantly lower than H+ levels at AF 
and VT in proximity of anthropogenic emissions. In Fig. 3, the 
pH frequency distribution of rain events occurring during the 
wet season at CPT GAW is presented. It is evident that most of 
rain events had pH values ranging between 5.2 and 5.8. It was 
found that 85% of rain events had pH > 5.2, while 35% had pH > 
5.6. The average pH value of rainwater at CPT GAW reflects the 
low frequency impacts of anthropogenic activities and biomass 

burning on rainwater chemistry at CPT GAW. However, the 
occasional influence of anthropogenic emissions is reflected by 
the largest number of rain events having pH values between 5.2 
and 5.4 (Fig. 3), while 9.8% of rain events had pH values lower 
than 5.0. 
 

The acidity potential (pA), presented in Table 3, is the sum of 
the potential acidic compounds, which include sulphuric acid 
(anthropogenic SO4

2-), nitric acid (NO3
-) and OA (Mphepya et al., 

2004, Laouali et al., 2012). Empirical estimations indicated that 
SO4

2- in rainwater at CPT GAW was entirely from marine origin, 
i.e. completely in the sea-salt fraction (Equation 4). Therefore, 
terrigenous and anthropogenic sources did not contribute 
to any SO4

2- measured in rainwater. The measured acidity (H+, 
measured) at CPT GAW is lower than the estimated acidity 
(total H+, estimated from the pA), which can be ascribed to 
neutralisation by basic cation species such as Ca2+, NH4

+ and Mg2+. 
Neutralisation factors were calculated (Equation 6) to evaluate 
the neutralisation of nitric acid by these bases, which indicated 

Figure 3: pH distribution of precipitation samples collected during the annual wet season (May-October) at CPT GAW during the period 2004 to 2012.

Table 3: Contributions of mineral and organic acids to the total acidity

µeq.L-1 %

‡Sulphuric acid 0 0

Nitric acid 10.01 76.1

OA 3.14 23.9

Estimated total H+ (pA) 13.15 100

Measured H+ 7.16 54.4

‡Anthropogenic sulphates

Table 4: Acid neutralisation factors (NFX) of CPT GAW wet seasonal 
wet deposition for 2004 to 2012

NFX

Ca2+ 1.85

Mg2+ 5.93

NH4
+ 1.34
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that Mg2+ is the major ionic species in rainwater that neutralises 
nitric acid (Table 4). The calculated potential contribution of 
the mineral acids (nitric acid) at CPT GAW is 76.1%, which forms 
the greatest part of free acidity. Therefore, the marginal acidity 
of rainwater at CPT GAW, as well as rain events with pH < 5, 
can be attributed to the influence of anthropogenic activities 
associated with the Cape Town metropole. In addition, Swartz et 
al. (2020) indicated that, especially during the wet season, CPT 
GAW is also impacted by the intermittent long-range transport 
of air masses passing over industrialised northern interior.  

Sources
Explorative statistical analysis, i.e. Pearson correlation 
calculations, was conducted in order to establish relationships 
between the different ionic species, which could be indicative 
of similar sources of species. It is evident from Table 5 that good 
correlations are observed between all species considered to be 
associated with marine air masses, i.e. Na+, Cl-, Mg2+, K+, Ca2+ and 
SO4

2-. However, correlations between some of these species could 
also be attributed to terrigenous sources (e.g. Ca2+ and Mg2+), 
which will be explored in subsequent paragraphs. In contrast to 
Conradie et al. (2016), no correlation is observed between SO4

2- 
and NO3

-, which is consistent with different sources, i.e. marine 
and anthropogenic, respectively, of these species at CPT GAW. 
In addition, NH4

+ is moderately correlated with SO4
2- and other 

ionic species associated with marine air masses and weakly 
correlated to NO3

-, which also reflects different sources of SO4
2- 

and NO3
-. Furthermore, it implies that marine emissions of NH4

+ 
could also be a potential source of NH4

+ measured in rain at CPT 

GAW. It is also of interest to note that moderate correlations are 
observed between OA and species associated with marine air 
masses (e.g. Na+ and Cl-), which are indicative of some of these 
species also being of marine origin. In addition, no correlations 
are observed between H+ and acidic ions, which correspond to 
the low acidity of wet season rainwater. 

The ssf and nssf were calculated for the wet season VWM 
concentrations of Cl-, Mg2+, K+, Ca2+ and SO4

2- with Equations 3 
and 4, as discussed in the quality assurance / quality control 
section, in order to estimate the marine and non-marine 
contributions, while it was assumed that Na+ was entirely 
from a marine source. The nssf of Cl-, Mg2+, K+, Ca2+ and 
SO4

2- was considered to be terrigenous. The sum of the VWM 
concentrations of the ssf and nssf of the species comprised the 
marine and terrigenous contributions, respectively. As indicated 
in the previous section, SO4

2- was completely of marine origin 
and an anthropogenic fraction was not calculated. It can be 
assumed that NO3

- at CPT GAW is predominantly associated 
with anthropogenic activities in the Cape Town metropole, 
e.g. vehicular emissions and household combustion. Swartz et 
al. (2020) attributed increased NO2 concentrations at CP GAW 
to air masses passing over the Cape Town conurbation. NH4

+ 
in precipitation is usually attributed to agricultural activities. 
However, guano from the sea birds and marine NH4

+ emissions 
could potentially be a more significant source at CPT GAW. 
OA concentrations can be considered a proxy for the biomass 
burning contribution. In Fig. 4, a summary of the estimations 
of the source group contributions to the chemical composition 

Table 5: Pearson correlation for ionic species measured in CPT GAW wet deposition samples collected during the wet season for the period 2004 to 2012. 
Correlations ≥ 0.7 were considered significant and are highlighted in green (Sheskin, 2003), while correlations < 0.7 are highlighted in orange.
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of rainwater at CPT GAW is presented. It is evident from Fig. 4 
that the chemical content of rainwater collected at CPT GAW 
was dominated by the marine contribution, i.e. 94%, while 
the other sources contributed ≤ 2% each. This source group 
distribution for CPT GAW is completely unique in comparison to 
the source group distribution reported for the four other South 
African DEBITS sites located in the north-eastern interior where 
SO4

2- and NO3
- dominated rainwater composition (Mphepya et 

al., 2004, Mphepya et al., 2006, Conradie et al., 2016). The main 
sources of ionic species in rainwater in the north-eastern interior 
of South African were the combustion of fossil fuels. 

The ratios of Cl-, Mg2+, K+, Ca2+ and SO4
2- with regard to Na+ are 

presented together with the EFs (Equation 5) in relation to the 
reference seawater ratios (Keene et al., 1986) in Table 6. It is 
evident that the Cl-/Na+, Mg-+/Na+ and SO4

2-/Na+ ratios were similar 
to seawater ratios, with EFs very close to one. Calculation of nssf 
with Equation 4 indicated that Mg2+ and SO4

2- were completely in 
the ssf, while Cl- was almost entirely (98%) in the ssf. Comparison 
of rain- and seawater ratios of K+/Na+ and Ca2+/Na+ ratios, as well 
as EFs indicated that these were not only of marine origin. K+ and 
Ca2+ were also estimated to be from terrigenous sources, which 
mainly comprised the terrigenous contribution to the chemical 
content of rainwater. Therefore, correlations between these 
species (Table 5) could also be attributed to terrigenous/crustal 
sources. 

Conclusions
A total of 122 rainwater samples were collected during the 
wet season (May to October) at CPT GAW from 2004 to 2012. 
Although the WMO criteria for precipitation collection were 

generally followed, logistical and instrumental limitations did 
not allow for sample collection to adhere completely to the WMO 
guidelines. Therefore, only 43% of the total rain depth from 2004 
to 2012 was collected. However, 100% of the samples passed 
the WMO ID% criteria and none of the samples were discarded 
due to analytical errors, while samples represented 60% of the 
wet season rainfall. Therefore, the samples were considered to 
satisfactorily represent the chemical composition of wet season 
rainfall over the nine-year sampling period. 

Na+ and Cl- were the most abundant ionic species at CPT GAW, 
with wet season VWM concentrations significantly higher 
compared to other ionic species, as well as higher than all-
year round VWM concentrations of Na+ and Cl- measured at 
other South African DEBITS sites in the interior. The average 
pH of rainwater at this marine site was slightly lower than the 
pH of unpolluted rainwater, while it is indicated that mainly 
NO3

- contributed to the marginal acidity due to the occasional 
influence of air masses passing over the Cape Town metropole. 
It was also indicated that SO4

2- in rainwater at CPT GAW was 
entirely associated with marine air mass with no anthropogenic 
contribution, which is in contrast to the DEBITS sites situated 
in the South African interior, where anthropogenic SO4

2- was 
the major constituent in rainwater. Estimations of source 
contribution indicated that 94% of the chemical content at CPT 
GAW can be attributed to the marine source, which signifies that 
CPT GAW is representative of southern-hemispherical marine air 
masses. 

Valuable conclusions could be drawn from rain samples collected 
for a region and ecosystem in Southern Africa, for which no 
precipitation chemistry has been reported. The significance 
of the influence of anthropogenic activities on precipitation 
chemistry in the South African interior is also highlighted 
by the rainwater chemistry for a clean marine background 
site. It is recommended that future precipitation chemistry 
studies should include more sites representative of different 
regions and ecosystems in Southern Africa, while precipitation 
collection should continue at the current South African DEBITS 
sites in order to reflect changes in source contributions and 
meteorology. 
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