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This study investigates the baseline environmental levels of arsenic (As) in two rivers; one of which 
traverses through Guguletu (R1) and the other running by the peripheral of Langa (R2) residential areas 
in Cape Town. The rivers were monitored for As in upstream, midstream and downstream stations for 
twelve months, during consecutive summer and winter seasons between 2011 and 2012. The collected 
water samples were treated with HCl and KI, and heated in a water bath at 80°C for 30 min, and As was 
measured using hydride generation atomic absorption spectrometer (HG-AAS). The data obtained were 
subjected to descriptive statistics, while the Duncan Multiple Range tests was used to compare the 
mean concentrations of As in the different sampling stations, and between the two rivers. The mean 
concentration levels of arsenic ranged R1, 0.98±0.34 to 1.23±0.43 (0.62 – 2.03) µg/L and 0.43±0.02 to 
0.44±0.03 (0.08 – 0.68) µg/ℓ. The highest concentration of As (2.03 µg/ℓ) was observed in R1 river water 
during summer, and the least concentration 0.08 µg/ℓ in R2 water during winter. There was significant 
difference (P≤0.05) in the mean concentrations of As in R1 and R2 rivers water, while the seasonal mean 
concentrations during winter and summer, was not significantly different (P≥0.05). The concentrations 
of As detected in both rivers were lower than the recommended guideline value for freshwater. 
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INTRODUCTION 
 
Arsenic (As) occurs naturally in the environment; 
however the concentrations of arsenic can be elevated as 
a result of anthropogenic release, such as from mining 
and processing activities of variety of mineral ores such 
as copper, gold, nickel, lead, zinc etc, and during 
smelting metallurgical operations. Other anthropogenic 
sources of arsenic are from the use of arsenic containing 
insecticides and herbicides, combustion of wood treated 
with arsenic based preservative, seepages from 
hazardous waste sites, cotton and wool processing 
operations, and from coal combustion power generation 
plants,   when   arsenic   contaminated  coals   are    fired  

(Mondal et al., 2006).  
Arsenic is mobilized and or remobilized by natural 

weathering reactions, biological activity, geochemical 
reactions, volcanic emissions and anthropogenic 
redistribution (Mohan and Pittman, 2007). Smedley et al. 
(2007); Smedley and Kinniburgh (2002) reported high 
arsenic levels in groundwater derived from zones of gold 
(Au) mineralization in the lower Proterozoic (Birimian) 
volcano-sedimentary rocks, where Au occurred along 
with quartz in its vein structures, and in altered sulphide 
minerals (pyrite, chalcopyrite, arsenopyrite). Soil erosion 
and    leaching    contribute     between     6.12    ×    1010 
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and 2.38 × 1011 g/year of arsenic in dissolved and 
suspended forms, respectively into the rivers and oceans 
(Mackenzie et al., 1979). Water bodies and drinking 
water sources may contain low concentration of 
anthropogenic or naturally occurring arsenic; however the 
level depends on the nature and source type. The 
increasing level of arsenic in water systems is of great 
concern all over the world due to human exposure via 
use of such water and its attendant effect on human and 
environment health.  

The availability of arsenic in the environment arises 
from its persistence and ability to accumulate in different 
environmental compartment. The build-up of arsenic in 
the environment may result in toxic and deleterious 
consequences ranging from acute to chronic effects 
(IPCS, 2001; NRC, 2001; Some et al., 2012). The World 
Health Organization established that arsenic concentra-
tion greater than 10 μg/L in water, has adverse effect on 
human health (WHO, 2001). Studies revealed that skin 
disorder linked to the presence of arsenic in drinking 
water has been documented in many part of the world 
with the frequency of occurrence of the skin lesions 
associated with arsenic concentration in tube-well and 
groundwater (Charlet and Polya, 2006; Some et al., 
2012). Elevated levels of arsenic in human blood causes 
skin disorders such as melanosis, keratosis and more 
rare skin tumour in contaminated populations (IPCS, 
2001; Hashim et al., 2013). Other reported adverse 
effects of human exposure to arsenic include skin 
lesions, cardiovascular diseases, liver and kidney 
dysfunction cancer of the bladder, lungs, skin, kidney, 
nasal passages, liver, and prostate etc (NRC, 2001; 
Brinkel et al., 2009; Hashim et al., 2013). 

The affinity of arsenic and selenium with gold, copper, 
nickel, zinc, lead, cobalt, silver and other ores mined in 
South Africa suggests that trace amount of arsenic may 
be widespread. Arsenic and selenium, unlike most other 
toxic metals and metalloids are fairly easily dissolved 
through a range of pH conditions and redox potential 
(Eh). This may lead to significant natural dissolution when 
high concentrations present in rocks and mineral 
formations are in contact with water. The use of As 
treated wood, or charcoal produced from the charring of 
As treated wood for domestic and commercial cooking, 
as well as other purposes such as braying, roasting, 
grilling and smoking in many homes and settlements in 
Cape Town and many part of South Africa, forms a major 
source of anthropogenic release and exposure of As. 
Information concerning the prevalence and distribution of 
arsenic in urban and rural rivers in Cape Town and its 
environs is scarce and scanty. There is need for the 
evaluation, characterization and prioritization of arsenic in 
the environment, in order to acquire basic data and 
critical information that may be required for developing 
policies, and making informed decision on environmental 
protection, management of arsenic contamination, as well 
as developing rational  approach  to  mitigate the  release  
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of arsenic.  

In this study, a systematic assessment on the sources, 
pathways and levels of arsenic in metropolitan streams 
and rivers traversing the Cape Town environment was 
investigated, in order to define the prevalence in Cape 
Town environment, and generate baseline data useful for 
monitoring purposes. 
 
 

MATERIALS AND METHODS 
 
Study area 
 
Cape Town, the administrative seat of the Government of the 
Western Cape is located on the Western coast of South Africa geo-
referenced on the Southern latitude S 33o and Eastern longitude E 
18o. Outside the Cape Town city centre are a number of Peri-urban 
communities, settlements, and camps, many of which are populated 
beyond carriage capacity of the available residential. This meant 
the possibility of unsustainability use of available resources with 
high potential of negative consequences on the environment. The 
study covered stretch of major metropolitan rivers traversing 
through alternates of farmland and high density residential areas at 
Guguletu, (R1) and offset areas of Langa (R2) along Vanguard Road 
(Figure 1), which delivers urban sewerage into the central waste 
water treatment plant at Athlone, Cape Town environs.  

The river flowing through Langa has its origin at the Southern 
area between Eppings Industrial Layout 1 and 2, traversing by the 
outskirt of the community. Industrial waste water released from the 
industries in Eppings 1 and 2 contributes significantly to the flow 
volume of the stream, and flow by the Athlone waste water 
treatment facility, releasing its content into Swart River which in-turn 
discharge it content in Atlantic Ocean in the North of the Peninsula. 
The river traversing Guguletu on the other hand, has it sourced 
from industrial waste water receiving pond at Belhar, traversing 
through the community, and with high human activities taking place 
around it. The Guguletu flow channels into Lotus River, which in-
turn release it content into the Atlantic Ocean by the South of the 
Peninsula. Due to the high density residential through which both 
rivers flows, large quantity of domestic waste water, surface runoff 
and solid waste are added to the flowing waters.   

At each of the rivers (Figure 1), water samples were collected at 
three different points marked as upstream, midstream and 
downstream. The geo-reference GPS co-ordinates for the Langa 
stream are; upstream (LS1) S 33° 56.698’ E 18° 31.453’, midstream 
(LS2) S 33° 56.994’ E 18° 31.453 and downstream (LS3) S 33° 
56.994’ E 18° 30.500’. The GPS coordinates for Guguletu are 
upstream (GS1) S 33º 59.176´, E 18° 34.263´, midstream (GS2) S 
33° 59.252´, E 18° 34.212´, downstream (GS3) S 33° 59.576´, and 
E 18º 34.055´.  
 
 
Sample collection 
 
Water samples were collected in pre-cleaned polyethylene 
containers. The containers were cleaned by soaking in a solution of 
10% nitric acid and rinsed with deionized water. Samples were 
collected in triplicate from each sampling station along the rivers. 
Determination of physical and chemical properties of the water 
samples pH, conductivity, salinity and total dissolve solid (TDS).  

The pH and conductivity of the water samples were determined 
in-situ using pre-calibrated Instrument (Hanna HI 4522), while water 
turbidity were measured with a pre-calibrated Turbidimeter 2100P. 
The salinity and total dissolve solid (TDS) of the water samples 
were determined according to methods prescribed by American 
Public  Health  Association  (APHA,  1998).  Recovery  studies  was  
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Figure 1. Map of Cape Town showing Guguletu and Langa study areas (Source: adapted from Google map). Legend:       - 
Sampling Station;      - Study location. 

 
 
 
also conducted on replicates (n=5) of spiked water samples and 
deionized water (n=5) to validate the efficiency of recovery of the 
method. 
 
 
Sample preparation and estimation 
 
Water samples were treated by the addition of 1 ml of 5 M HCl and 
1 ml of 20% KI to a 10 mℓ water sample in test tubes and heated in 
a water bath at 80°C for 30 min (Wahed et al., 2006). The treated 
water were filtered into 50 ml volumetric flasks and made up to 
mark with deionized water. Procedural blank was prepared using 
the same method (Wahed et al., 2006), and aspirated to correct for 
background absorption. The concentrations of As were determined 
in the water samples using a Shimadzu atomic absorption 
spectrophotometer (AA–6300), coupled with a Hydride Vapour 
generator HVG-1 (HG- AAS) in stream of argon gas, at 0.32±0.02 
MPA and a flow rate of 70 ml/min. 
 
 
Recovery studies 
 
Water samples and deionized water were spiked with different 
concentrations of As in 5- replicates. The spiked water samples and 
deionized water were subjected to sample preparation procedures, 
followed by the estimation of As in each of them.   
 
 
RESULTS  
 
The  analysis  of  replicates  spiked  water  samples   and  

deionized water (n=5) showed good recovery between 
100.3 to 104.4% and relative standard deviation of 3.21 
to 12.42%. The percentage recoveries and relative 
standard deviation for arsenic (As) were 100.3 and 3.21% 
for spiked water; 104.4 and 12.42% for deionized water. 
The percentage recovery of As falls within the generally 
acceptable recovery 100±20%.  

The mean concentration level of As in the water 
samples collected upstream (GS1, LS1), midstream 
(GS2, LS2) and downstream (GS3, LS3) at Guguletu (R1) 
and Langa (R2) were ranged 0.98±0.34 – 1.23±0.43 (0.62 
– 2.03) µg/ℓ and 0.43±0.0.15 - 0.44±0.03 (0.08 – 0.68) 
µg/ℓ, respectively (Table 1). The highest concentration of 
As, 2.03 µg/L was observed in water collected from R1 
during summer, while the least concentration 0.08 µg/ℓ 
was measured in water collected from R2 during winter.   

The pH of R1 water ranged between 6.7 upstream 
during winter and 8.4 midstream, during summer, while it 
ranged between 6.0 midstream during winter and 8.8 
midstream during summer in R2 river water. However, the 
mean pH of water measured at the different sampling 
stations along the rivers at R1 and R2 were 7.53±0.43 to 
7.77±0.66 and 7.47±0.42 to 8.07±0.53, respectively 
(Table 1). The highest conductivity 1.67 mS/cm was 
measured in upstream water at R1 during winter, with the 
least conductivity 0.49 mS/cm in downstream water at R2 
during   winter   as   well.   The    mean    conductivity    of 
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Table 1. Result of selected physico-chemical properties and mean concentration (ug/l) of arsenic in water samples from the different sampling station along river course. 
  

Sampling station pH Conductivity (mS/cm) Turbidity (NTU) Total dissolve solid (mg/L) As (µg/L) 

Guguletu      

Upstream 7.58±0.60 1.23±0.33 23.74±28.93 595.35±169.02 1.15±0.39 

Midstream 7.58±0.12 1.06±0.50 44.33±33.99 530.27±248.86 0.87±0.18 

Downstream 7.63±0.06 0.71±0.16 14.00±0.00 306.37±17.77 0.69±0.05 

Overall mean 7.59±0.49 1.13±0.40 27.23±29.42 548.78±197.42 1.04±0.36 
      

Summer  7.77±0.66 1.37±0.17 5.93±5.57 682.83±88.37 1.23±0.43 

Winter  7.53±0.43 1.06±0.42 33.32±30.70 510.48±204.41 0.98±0.34 

Mean 7.59±0.49 1.13±0.39 27.23±29.42 548.78±197.42 1.04±0.37 
      

Langa      

Upstream 7.78±0.04 0.82±0.34 19.75±0.42 409.07±169.98 0.54±0.08 

Midstream 7.59±0.62 0.95±0.26 17.29±14.30 471.98±132.45 0.47±0.10 

Downstream 7.38±0.12 0.75±0.18 13.99±5.97 376.87±92.41 0.25±0.13 

Overall mean 7.59±0.50 0.88±0.27 17.12±11.38 440.37±135.63 0.43±0.14 
      

Summer  8.07±0.53 0.97±0.07 6.29±3.78 482.87±35.60 0.44±0.03 

Winter  7.47±0.42 0.86±0.30 19.83±11.04 429.75±149.43 0.43±0.15 

Mean 7.59±0.50 0.88±0.27 17.12±11.37 440.37±135.63 0.43±0.14 

 
 
 
the water collected from the rivers at the different 
sampling stations ranged 1.06±0.42 mS/cm during 
winter to 1.37±0.17 mS/cm (Table 1) during 
summer at R1, while that at R2 ranged from 
0.86±0.30 mS/cm to 0.97±0.07 mS/cm during 
winter and summer seasons, respectively. 

The mean turbidity of the water samples were 
5.93±5.57 - 33.32±30.70 NTU and 6.29±3.78 - 
19.83±11.04 NTU in R1 and R2, during summer 
and winter seasons, respectively (Table 1). The 
lowest and highest water turbidity value of 0.37 
NTU and 89.2 NTU were detected upstream at R1 
during summer and winter, respectively. The 
mean total dissolved solids (TDS) in water 
samples  collected  at  the  different   sampling 

stations at R1 and R2 ranged 510.48±204.41 to 
682.83±88.37 ppm and 429.75±149.43 to 
482.87±35.60 ppm, respectively (Table 1). The 
lowest and highest TDS, 277.4 and 836.6 ppm 
were measured midstream at R2 and upstream at 
R1, respectively during winter. Generally, TDS 
detected in R2 stream water ranged 277.4 - 779.5 
ppm midstream, while TDS ranged 288.7 - 836.9 
ppm in R1 river. 

 
        
DISCUSSION 

 
The concentration of As varied between  sampling  

stations in the upstream, midstream and 
downstream water courses; 0.62 - 2.03 µg/ℓ in the 
river traversing Guguletu (R1) and 0.08 - 0.68 µg/ℓ 
in river running the peripherals of Langa (R2). The 
variation in concentration levels of As depends on 
the physico-chemical properties of water, 
exposure of the rivers to either natural or 
anthropogenic source inputs and the chemical 
form of As in the rivers. In water, the 
concentration of As depends on the prevalence of 
AsIII oxide (As2O3), however the predominating 
form of As is a function of the water pH and redox 
conditions. For instance AsV oxide (HAs2O2-) is 
prevalent in water at circum - neutral pHs. In 
oxidizing  or   acidic   water   environment,   As2O3  
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tends to form hydrated oxide (or arsenious acid), thereby 
decreasing the free and measurable As (As2O3) 
concentration. The concentration of As will therefore 
increase until at high pH, or strongly reducing water 
environment when ortho-arsenite (AsO33-) and meta-
arsenite AsO2- (that is, arsenites which are readily 
oxidized to arsenates) are formed from the reduction of 
As2O3 (Welch et al., 2000; Smedley and Kinniburgh, 
2002; Charlet and Polya, 2006). There were significant 
differences (P≤0.05) in the levels of As detected in water 
samples collected at the different sampling stations in R1 
and R2. This may be as a result of differences in volume 
and quantity of municipal and industrial runoff discharged 
into the main stream course, from adjoining settlements 
and industrial layouts at different intersections. According 
to EPA (1998), municipal waste water systems and septic 
tank in unsewered areas can contributes significant 
quantities of metals especially arsenic, mercury, 
chromium, lead, iron, manganese and biodegradable 
organic carbon to streams and rivers into which they 
empty their content. Exposure of surface water 
(especially those with sources from rocks/springs) or 
groundwater to geological sources rocks containing As 
minerals, and the nature of the hydrogeology of the water 
along the stream flow course as well as environmental 
factors can also exacerbate As levels. There may also be 
geological or anthropogenic hot spots, where higher 
levels of arsenic may occur along the river course 
(UNICEF, 2008). Human population and the food chain 
can inadvertently be exposed by drinking or using As-
contaminated water (NRDC, 2000). 

The concentrations of As detected in R1 and R2 waters 
were however below the 10 µg/L (0.010 ppm) maximum 
contaminant guideline level (MCL) set by World Health 
Organization (2001), however chronic exposure to lower 
levels of As is linked to adverse health effects in human 
populations. For instance, waters from tubes wells in 
some countries such as Bangladesh, Cambodia, 
Vietnam, Argentina, Chile, USA, Canada, Japan etc were 
reported to contain As at concentration levels that poses 
unacceptable risks (Hutton, 1987; Hashim et al., 2013). 
Although, As levels in the river systems were not 
detected at concentrations above the MCL, a maximum 
contaminant level goal (MCLG) of 0 ppm in water is 
recommended in order to avoid these adverse 
consequences (EPA, 1989). The concentration of As in 
R1 water were higher compared to R2 water, and this may 
be attributed to the proximal of R1 river flow course to the 
Braai Centre at Guguletu, from where ash produced from 
open commercial meat roasting are washed into the main 
stream drainage, as well as other human activities such 
as the direct loading of combustion ash and other wastes 
into river.  

The availability and prevalence of metals and many 
toxic substances in water systems, depends on the 
exposure of the water body to metals/toxic substances 
sources, the level they are exposed to, and  the  physico- 

 
 
 
 
chemical properties (pH, dissolved solids (TDS), turbidity 
conditions) of the water. The concentration of As varied 
with the pH of the river water at the different sampling 
stations (6.7 - 8.4 and 6.0 - 8.8 at R1 and R2, 
respectively), with higher As concentration observed as 
pH increased. Welch et al. (2000) reported that the 
concentration of As2O3 increases with increase in pH, 
and appeared to be constant at near neutral pH. The pH 
detected in the different sampling stations along the 
course of each of the rivers traversing Guguletu and 
Langa were not significantly different (P≥0.05). The 
observed conductivities of the waters in the different 
sampling stations in R1 and R2 at Guguletu and Langa 
were also not significantly different (P≥0.05). The 
ANZECC (2000) guideline (recommends that water pH 
should be within the range of 6.5 - 8.0 in healthy 
freshwater fit for sustenance of aquatic life and human 
health, while the South African Department of Water 
Affairs and Forestry and WHO water guideline standards 
(DWF, 1996) suggests a pH of range 6.0 – 9.0 for water 
used for domestic purposes.  

Although, no definite relationship was established 
between pH and TDS (510.48±204.41 to 682.83±88.37 
mg/l and 429.75±149.43 to 482.87±35.60 mg/l, in R1 and 
R2, respectively), results showed that the concentration of 
TDS increases with decrease in water pH. The 
conductivity of stream water (1.06±0.42 to 1.37±0.17 
mS/cm and 0.86±0.30 to 0.97±0.07 mS/cm in R1 and R2, 
respectively) also increases with increase in TDS. The 
concentration of As also increases with increase in 
conductivity of the river water (with correlation coefficient 
ɣ=0.73 and ɣ=0.49 at R1 and R2, respectively). The 
conductivity of the water collected from all the sampling 
stations in R1 and R2 at Guguletu and Langa were higher 
than the 0.5 mS/cm, WHO recommended guideline limit 
for conductivity in water (Agbalagba et al., 2011).  

Aside from insoluble substrates and particulates which 
may remain suspended in water, the turbidity of water is 
a function of the dynamics of water saturation and its 
capacity for dissolved solids. Guguletu river water 
showed higher turbidity (5.93±5.57 to 33.32±30.70 NTU) 
than R2 at Langa (6.29±3.78 to 19.83±11.04 NTU). There 
is evidence of good correlation between water turbidity 
and TDS with correlation coefficient ɣ=0.68 and ɣ=0.54 
for Guguletu and Langa river waters, respectively. This 
implies that turbid waters have high propensity for soluble 
metals than highly turbid water. On the other hand, it was 
reported that highly turbid waters tend to undergo self-
purification by depositing excess particulate load in 
siltation and sedimentation process or as tidal deposits in 
flowing waters.      

The turbidity of the water upstream, midstream and 
downstream were not significantly different (P≥0.05), 
although midstream turbidity was slightly higher probably 
because of human activities taking place about 
midstream. This study result is consistent with the 
findings of Amraoui et al. (2003) on turbidity  dynamics  in 



 

 
 
 
 
Karstic systems of Ribaa and Bittit springs in the Middle 
Atlas (Morocco), Rowe et al. (2003), and Engstrom-Ost 
and Candolin (2006). Apart from a few samples (7.35%) 
where the turbidity of the water were less than 5 NTU 
during summer, all samples had turbidity values higher 
than the acceptable level, an indication of poor 
freshwater quality. The turbidity of the water in the two 
rivers were however not significantly different (P≥0.05). 

The concentrations of arsenic were noted to be higher 
during summer than in winter. The low concentration of 
arsenic observed during winter may due to dilution, 
although this (dilution) may not totally account for the 
seasonal variation due to the likelihood of other arsenic 
reactions. The physico-chemical properties of the 
streams also varied with season. The pH, conductivity 
and TDS of the streams were higher during summer (dry 
season) than in during winter (wet season) while water 
turbidity was lower during summer (dry season). This is 
consistent with the findings of Ezekiel et al. (2011) on 
seasonal effect of pH condition of water measured in 
Sombreiro River. The conductivity, TDS, and salinity 
measured in water samples collected from Guguletu were 
also significantly (P≤0.05) higher than in water collected 
from Langa during both seasons.  

The changing physico-chemical properties, such as 
TDS, conductivity, pH and redox potential, as well as flow 
volume and seasonal variations may probably explain the 
slight variation in the detected level As between different 
sampling stations on the rivers. The form and 
characteristics of occurrence in the water also have an 
effect on the available concentration levels. Thus, 
constant and consistent monitoring of water systems is 
desirable.  

 
 
Conclusion 
 
The concentration of As in the river waters were not 
appreciably high and within background levels. There 
were slight concentration levels variations in spatial 
distribution of arsenic in both river waters. Arsenic 
concentration levels in water samples were lower than 
the guideline minimum standard limit set by WHO, hence 
are below compliance level. The observed levels may 
serve as baseline data needed for environmental 
prioritization of arsenic prevalence in surface waters, 
since the observed concentration levels are not at a 
critical health thresholds limit. There is also need to 
develop national benchmark level for environmental 
monitoring against the buildup of As in streams and rivers 
in order to forestall exposure and adverse health effects 
in human populations. 
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