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ABSTRACT

This paper explores the nature, source and spatial variation of the salinity of water used for irrigation in a coastal urban
farming area in Cape Town, South Africa, where water from the Cape Flats aquifer is drawn into storage ponds and used

for crop irrigation. Water samples were collected in summer and winter from selected sites across the study area and were
analysed for salinity as well as for concentrations of major and minor ions. Each site consists of one borehole and one

pond. Isotope analysis was done for the summer samples so as to assess effects of evaporation on water quality and salin-

ity. Descriptive statistics were used to compare the variation in range of concentration of specific ions with the recom-
mended ranges set by the South African Department of Water Affairs and Forestry (DWAF) and the Food and Agriculture
Organisation (FAO). Geographical information system (GIS) analysis was used to describe the spatial distribution of salinity
across the study area, and hydro-geochemical analysis was used to assess the possibility of seawater intrusion into the
aquifer system and to characterise groundwater in the study area. The results of the research showed that the concentrations
of chloride, nitrate, potassium and sodium exceeded the target maximum limit according to DWAF and FAO guidelines.
Groundwater and pond water were also observed to be brackish in most parts of the research area in terms of total dissolved
salts content, and fresh water was only found in the middle section of the research area. It is concluded that the accumula-
tion of salts in groundwater and soil in the study area is mainly due to the agricultural activities and partially due to the
natural movement of water through the geological formation of the Cape Flats region. These findings permit the formulation
of a conceptual model of the occurrence of the salinization process, which implies that the groundwater and pond water in
the study area are generally suitable for irrigation purposes, but need to be used with caution as the vegetables grown are
classified as sensitive and moderately sensitive to salt according to DWAF guidelines for irrigation water quality (1996). The
research paves a way for possible quantitative simulation of salt mass balance in future.
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INTRODUCTION

Water salinity forms a major concern for both water supply
and irrigation globally. High salinity levels tend to affect soil
structure and crop productivity, mainly through limiting

the uptake of water by plants (Khodapanah et al., 2009). Salt
contamination can result in adverse and permanent environ-
mental impacts to soil and groundwater resources (Todd and
Mays, 2005). There might be many causes of the occurrence
and accumulation of salt in the environment. Therefore an
understanding of the origin of water salinity is prerequisite for
management of irrigation water for both crop productivity and
land use. The Philippi farming area in the Cape Flats region of
Cape Town, South Africa, as shown in Fig. 1, provides a case
study area which is often affected by these salinity issues. It

is a vegetable-producing area with its crops being intensively
irrigated with groundwater drawn from the Cape Flats aquifer.
In the past, several studies were performed in the area but little
progress has been made in better understanding the salin-

ity of the water used for agricultural purposes. Therefore, the
severity of the spatial and temporal distribution of the salinity
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problem is virtually unknown in the study area. Moreover,
recent surveys have shown that the Cape Flats aquifer repre-
sents an important resource that could potentially be exploited
as a municipal water supply in order to alleviate water short-
ages frequently experienced by the municipality of Cape Town
(Wright and Conrad, 1995; Adelana et al., 2006; Seward et al.,
2009). It is therefore important to monitor water resources in
the Cape Flats region, especially in the areas where the aquifer
system seems vulnerable to any kind of pollution, in order to
maintain the water quality of the Cape Flats aquifer within the
recommended standard levels for the various water uses. In this
paper, the chemical analysis data for major and minor ions were
used to investigate the nature, source and extent of the salinity
of the water used for irrigation in the Philippi farming area,
and to assess the suitability of the water for irrigation activities.
To cater for the effect of evaporation on the water resources in
the study area, stable isotope data were used to refine a concep-
tual model. Based on the conceptual model, plausible origins of
the salinity problem encountered in the Philippi farming area
are discussed and put forward.

Location of the study area and its land use

The Philippi area is situated on the sandy Cape Flats, about 14
km from Cape Town, Western Cape, South Africa (latitudes
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Figure 1
Location of the study area in Cape Flats region, South Africa

34°00’S and 36°00’S, and longitudes 18°31’E and 18°35’E;

Fig. 1). It lies within the quaternary catchment area, with a
topography typical of coastal plains and dune fields (DWAF,
2007). First settled by German vegetable farmers in the 19"
century, the Philippi area is still predominantly used for veg-
etable farming, although other forms of farming include shrub
and flower farming as well as poultry, pig and cattle farming
(Meerkotter, 2003). The main vegetable varieties that are grown
during both summer and winter seasons include carrots, cab-
bages, potatoes, lettuce, onions, peppers, beans, cauliflowers,
spinaches and broccoli. Although the area receives a significant
amount of rainfall during the winter season, groundwater is
often used as the main water source for irrigating the crops. It

is pumped and stored into irrigation ponds and later the stored
water is re-pumped to irrigate the sub-adjacent cropping areas.
These irrigation ponds act as the reservoirs and contain water

from boreholes, rainfall and, sometimes, irrigation return flow.

METHODS
Water sampling

A field survey was conducted to aid with site selection for water
sampling purposes. Water samples from boreholes and ponds
were collected and analysed on a bi-monthly basis throughout
a year cycle in order to assess the seasonal variation of water
salinity and quality, to define the hydrochemical nature of the
water and to assess its suitability for irrigation use in the study
area. Water samples were also analysed for stable environ-
mental isotopes (deuterium and oxygen-18) to investigate the
effect of evaporation on borehole and pond water in the study
area. Guided by areal distribution and the accessibility granted
by the farmers, 15 sites (S1 to S15) were selected as part of the
survey, to approximately cover the entire Philippi farming area
(Fig. 2). Site geographical location was recorded using a hand-
held global positioning system (GPS) (Table 1). For each site, a
pond water sample was collected, together with its related bore-
hole water sample. Water sampling for the physico-chemical
analysis occurred in summer (February and April 2010) and in
winter (June and August 2010). Stable environmental isotopes
(Deuterium and Oxygen-18) were also analysed in the February
2010 water samples. The water sampling procedure suggested
by Weaver et al. (2007) was followed for collecting the sam-
ples for Sites S1 to S15. The bottles for isotope analysis were
fully filled and their caps were tightly fitted in order to remove
entrapped air as much as possible. Borehole water samples were
collected at the outlet of the pipe connected to the borehole. To
ensure that the samples taken truly represented the water from
the bulk aquifer, the electrical conductivity (EC) and tempera-
ture were monitored and samples were taken only after EC and
temperature stabilised, using the TLC meter well calibrated
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with the 1 431 uS/cm calibration fluid for each field trip. Pond
water samples were directly collected from the ponds using a
bailer to bring up the water. The bailer was rinsed 2 to 3 times
with distilled water after each sample taken.

RESULTS AND DISCUSSION
Quality control of the chemical analysis of the water

As the water is electrically neutral, a charge balance should

be conducted to check the accuracy of the analysis (Cogho et
al., 1989). In such an analysis, the sum in milli-equivalents
per litre of positively-charged species has to match the sum of
negatively-charged species in the given water sample (Younger,
2007). A balance check was made against the analytical results
performed by a commercial laboratory by calculating the
cation-anion balance (CAB) of each water sample result.
Weaver et al. (2007) and Younger (2007) recommend that the
CAB should be less than 10% before being sufficiently reliable
to justify using the results for further interpretations. For this
study, most of the cation-anion balance (CAB) values of the
water samples collected were less than 10%. The few values
from water sample analysis with a CAB value of greater than
10% were discarded accordingly.

Descriptive statistics

Statistical analysis for the interpretation of large data sets was
used to give an overview of the maximum, minimum, and
arithmetic mean of the chemical composition of the borehole
and pond water collected. The arithmetic mean and ranges

of constituent concentrations were compared with the target
ranges set by South African irrigation guidelines (DWAF,
1996). An overview of the descriptive statistics for the borehole
and pond water for the entire sampling period, along with the
recommended ranges set by DWAF (the former Department of
Water Affairs and Forestry, South Africa, now the Department
of Water Affairs) and FAO (Ayers and Westcot, 1985), is pre-
sented in Table 2 (next page).

As can be seen in Table 2, the sampling could not be carried
out through the entire hydrological year; a selection was made
with February representing dry weather, April and June early
wet weather and August typical peak wet weather in the winter
rainfall climate of the study area.

Variations of some physico-chemical parameters of
groundwater and pond water

Variations in water quality experienced during the survey
are discussed below in relation to irrigation water quality
guidelines.

Borehole water had pH values ranging between 6.6 and 7.8,
indicating the circum-neutral nature of the water (Younger,
2007), and thus meeting the target range for South African
irrigation water (pH 6.5-8.4). Most of the pH values of pond
water also met this target range. However, several pond water
samples had pH values above 8.4, indicating an alkaline nature.
The electrical conductivity values ranged between 85 mS/m and
284 mS/m for borehole water and between 99 mS/m and 284
mS$/m for pond water, during the sampling period. These values
did not meet the target range for South African irrigation
water of 0-40 mS/m. Sample temperature in summer varied
from 18.2-19.5°C and 18.7-25.6°C for groundwater and pond
water, respectively, whereas in winter the temperature ranged
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from 16.4-18.4°C and 14.0-16.1°C for groundwater and pond
water, respectively. Since pond water is an open water body, its
temperature is influenced more by the temperature variations
induced by the ambient weather than is the case for the tem-
perature of groundwater (Todd and Mays, 2005).

The South African guidelines for irrigation water quality
(DWAF, 1996) state that TDS (mg/?) is equal to EC (mS/m)
multiplied by a factor of 6.5. Using this relationship, the total
dissolved salts (TDS) values were estimated for the collected
water samples. Most of the TDS concentration values of both
borehole and pond water were greater than 1 000 mg/€ and
all arithmetic mean values of the TDS concentrations fell in
the range 1 000-10 000 mg/€ (Table 2). This indicates that in
the study area both groundwater and pond water were mostly
brackish, according to the water classification by Freeze and
Cherry (1979) based on TDS concentration. However, a few
places in the study area reported fresh groundwater and pond
water with TDS values less than 1 000 mg/€. The maximum
concentration values of magnesium, calcium, bicarbonate
and sulphate, expressed in milli-equivalents per litre (meg/¢),
for both borehole and pond water did not exceed the recom-
mended values set by FAO guidelines which are 5 meq/¢, 20
meq/¢, 10 meq/¢ and 20 meq/¢, respectively (Ayers and Westcot,
1985). Potassium concentrations (in mg/€) were largely out-
side of the guideline range - for irrigation water of 0-2 mg/€
(Ayers and Westcot, 1985). It was also observed that most of
the sodium concentration values for both borehole and pond
water were above the target value set by DWAF guidelines for
irrigation water (70 mg/¢). In low quantities, sodium is ben-
eficial to the growth of some plants. However, at higher con-
centrations, it is toxic to many plants, especially woody plants
(DWAF, 1996). Chloride is an essential plant micronutrient,
however it is relatively toxic to most crops at higher concen-
trations (DWAF, 1996). Most borehole samples had chloride
concentrations above the target value of 100 mg/€ according to
DWAF guidelines for irrigation water. Chloride concentration
exceeded the target value for all of the pond samples. Boron
is necessary in very small quantities for normal growth of all
plants but becomes toxic in larger concentrations (DWAF, 1996;
Todd and Mays, 2005). Across the whole survey area, the maxi-
mum boron concentrations for both borehole and pond water
samples did not exceed the irrigation water target value 0.5
mg/¢ set by the DWAF guidelines (1996). Nitrate is an essen-
tial plant macronutrient (DWAF, 1996). However, in excess
it becomes a major concern in irrigation water, because of its
stimulatory effect on plant growth and its potential to leach and
contaminate groundwater resources (DWAF, 1996). Nitrates (as
NO,) were found in groundwater across the study area, with
arithmetic mean concentration values less than the target value
recommended by the DWAF guidelines (5 mg/¢). However, the
arithmetic-mean concentration of nitrate for pond water was
above this recommended value throughout the year. The high
levels of nitrate observed in the pond water could be related to
the fertilisers applied over the cultivated area, which is directed
to the ponds through the drainage system by return flows.
Manganese is required as an enzyme activator in plants. The
maximum value of manganese concentration set by DWAF
guidelines (1996) for irrigation water is 0.02 mg/€. In most parts
of the study area, manganese concentrations in both borehole
and pond water exceeded this target value. Most of the borehole
samples had iron concentrations below the target value set by
DWAF for irrigation water (5 mg/€), except in summer, when
samples from Borehole BH9 on Site S9 had iron concentrations
greater than 5 mg/€. The iron concentrations for the pond water
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TABLE 2
Descriptive statistics of the parameters of the pond water and groundwater for the entire sampling period

Pond February April June August Target
water range
value Var.range Mean Var.range Mean Var.range Mean Var.range Mean
(ground-
water
value)
Tempe- 21.6-25.6 23.441.0 18.7-21.2 19.540.7 14.2-16.1 15.240.6 14.0-16.0 15.240.7
rature (18.2-19.5) (18.840.4) (18.3-19.0) (18.640.3) (14.9-18.0) (16.441.2) (14.4-18.4) (16.841.5) o
H 7.3-8.4 7.810.3 7.7-8.3 8.0+0.2 6.9-8.0 7.510.3 6.8-8.6 7.810.4 6.5-8.4
P (7.0-7.7) (7.440.2) (6.7-7.8) (7.440.3) (6.7-7.5) (7.120.3) (6.6-7.5) (7.1£0.3) (6.5-8.4)
EC 99-243 181449 117- 263 180451 115- 284 190+59 125-253 191451 0-40
(99-272) (178452) (102- 271) (201£59.4) (85-278) (178+80.4) (104-284) (189463.2) | (0-40) mS/m
TDS 643.5-1579.5|1 176.5 £316.7| 760.5- 1 709.5 |1 170.0+ 316.7 | 747.5-1 846.0 | 1 235.0+382.1 | 812.5-1 644.5 | 1 241.5+£328.3
(643.5-1 768.0) | (1 157.04337.6) | (663.0-1 761.5) | (1 306.5+386.1) | (552.5-1 807.0) | (1 157.0£522.6) | (676.0-1 846.0) | (1 228.5+410.7)
Adj. SAR 1.8-5.5 3.341.1 1.6-7.8 3.711.6 1.1-6.5 2.941.6 1.8-6.9 3.5%1.3 ---
(1.3-4.5) (2.940.9) (1.5-6.4) (3.6%1.6) (1.4- 4.5) (2.6£1.4) (1.6- 5.6) (3.7£1.5)
Mg 1.1-3.1 2.110.7 1.2-3.2 2.240.7 1.1-3.3 2.0+0.7 1.2-3.1 2.240.7 0-5
(0.8-2.9) (1.940.6) (0.9-3.2) (2.340.85) (0.7-2.9) (1.9£1.0) (0.9-3.2) (2.1£0.8) (0-5) meq/e*
Ca? 4.9-19.1 10.1+4.3 4.2-18.7 9.644.5 5.2-14.4 8.8+3.2 5.7-17.3 10.04+4.0 0-20
(4.4-19.5) (11.0+4.7) (4.2-18.3) (11.445.1) (5.4-18.7) (11.045.9) (5.0-17.4) (9.744.9) (0-20) meq/e*
HCO - 1.6-6.0 4.241.0 2.3-6.2 4.4+1.1 2.8-7.2 5.0+1.3 2.3-74 5.2+1.3 0-10
3 (2.0 -6.4) (5.0£1.2) (1.4-5.5) (4.3£1.4) (3.0~ 6.0) (5.141.2) (2.6-6.0) (5.041.2) (0-10) meq/€*
Na* 60.3-208.4 125.6+49.7 54.7-309.2 142.0+71.3 31.6-286.3 105.6+1.4 58.1-268.5 137.2160.9 0-70
(38.8- 173.4) | (109.7436.3) | (47.6-279.4) | (150.9477.0) | (39.6- 197.4) | (102.8466.3) | (50.3-221.4) | (144.7471.4) | (0-70) mg/e
cr 143.0-499.8 | 297.9+128.2 | 126.9- 630.9 | 300.4+153.9 | 138.3-571.9 | 303.6%145.7 | 138.3-563.1 301.5+140.2 0-100
(98.0- 480.3) | (266.7+103.0) | (96.9- 643.3) | (330.7£178.1) | (102.2- 481.1) | (259.9+163.3) | (99.6-495.2) | (316.5+159.8) | (0-100) mg/e
B 0.03-0.12 0.0610.03 0.06-0.16 0.1140.03 0.00-0.18 0.060.03 0.06-0.20 0.12+0.03 0-0.5
(0.00-0.11) | (0.0440.03) | (0.05-0.16) | (0.1120.04) | (0.03-0.14) | (0.0940.05) | (0.04-0.16) | (0.10+0.04) | (0-0.5) mg/e
K 15.7-59.7 | 35.4%12.24 | 15.5-53.2 35.2411.5 19.6-58.6 30.3+11.7 20.6- 75.6 45.3+14.0 0-2
(5.7-68.4) | (28.5417.9) | (8.1-74.8) | (35.5421.0) | (3.8-57.6) | (27.2421.8) | (6.3—-65.0) | (29.5419.7) | (0-2) mg/e*
SO > 0.6-16.3 5.913.4 1.5-15.2 5.843.4 1.1- 10.2 4.513.0 1.6-15.1 6.244.4 0-20
4 (1.4-14.8) (6.5+4.4) (1.3-14.9) (7.5£5.0) (1.5-15.5) (7.345.7) (1.7- 13.4) (5.944.5) (0-20) meq/e*
NO. - 0.0-34.0 11.8%3.9 0.0-25.0 7.316.5 0.0-58.0 23.8+12.07 1.0-73.0 28.1+11.3 0-5
3 (0.0-10.0) (3.1+2.3) (0.0-10.0) (3.8+2.8) (0.0- 10.0) (4.342.4) (0.0-10.0) (4.043.3) (0-5) mg/
M 0.00-0.09 0.03£0.01 | 0.00-0.07 | 0.0240.01 | 0.00-0.02 | 0.01+0.01 0.00- 0.04 0.01£0.01 0-0.02
(0.00-0.05) | (0.0240.01) | (0.00-0.09) | (0.03+0.02) | (0.00-0.01) | (0.0140.01) | (0.00-0.02) | (0.01£0.00) |(0-0.02) mg/e
Fer 0.08-1.09 0.4010.28 0.09-3.11 0.6840.56 0.02-0.16 0.0710.04 0.00- 3.01 0.70£0.29 0-5
(0.04-9.3) (2.641.06) | (0.10-6.99) | (2.1241.48) | (0.01- 1.15) | (0.5040.34) | (0.03-2.00) | (0.69+0.56) | (0-5) mg/¢

* Values taken from Water Quality for Agriculture, FAO (Ayers and Westcot, 1985)
as no information is available in DWAF guidelines for these constituents.
Var.: Variation
Adj. SAR: Adjusted sodium adsorption ratio

all fell into the 0-5 mg/¢ DWAF target range. The high iron
levels observed in groundwater could be related to the piping
equipment used to pump out water from the boreholes, as this
is sometimes subject to corrosion.

Hydrogeochemical interpretation

To overcome the difficulties of comparing results for large
number of samples, graphic representations are useful for
emphasizing similarities and differences (Todd and Mays,
2005). Amongst others, the Piper diagram was used for this
survey to assess the interactions between the various compo-
nents that affect the quality of the water, in order to draw out
similarities and to characterise the water types encountered

in the study area. Patterns of cation and anion concentrations
of the groundwater and pond water were represented on Piper
diagrams (Figs. 3 and 4). As the study area is a coastal area, the
seawater represents an end member for the survey. Its constitu-
ent composition is also plotted on the Piper diagrams.
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From the Piper diagrams, the following observations may
be made:
o The water sampled from both the collected borehole and

pond is of mixed origin, as the values for the water fell in

the upper part of the diamond field of the Piper diagram.

o Regarding the concept of hydrochemical facies developed to
describe cation and anion concentrations based on sub-
divisions of the Piper diagram (Freeze and Cherry, 1979),
groundwater in the study area is characterised either by
Ca-Cl, Ca-HCO,, Ca-SO, and Na-Cl chemical types.

o The plots of borehole data did not fall close to the seawater
plot, suggesting that there is no intrusion of seawater into
the sediments of the study area.

Suitability for irrigation use

The standard United States (US) salinity diagram developed
by Richards (1954) was used to assess the suitability of water
for irrigation purposes. In the US salinity diagram, the
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adjusted SAR values varied from 1.06 to 7.75. The plot of these
data on the US salinity diagram shows that the wate'r samples Figure 6
are mostly found confined to 4 water type classes (Figs. 5 and Salinity diagram classification of irrigation
6). A summary of the percentages of the various water type water based on Richards, 1954 (Pond water
classes encountered during the survey period is presented in during the sampling period)
Table 3.
TABLE 3
Percentages of the four water type classes encountered
during the sampling period (2010)
Classes of Groundwater Pond water
water type Feb Apr Jun Aug Feb Apr Jun Aug
C3-S1 83.33 40.00 60.00 42.86 57.14 65.38 58.62 42.31
C3-S2 0.00 10.00 0.00 28.57 10.71 7.69 0.00 15.38
C4-S1 8.33 30.00 20.00 14.29 14.29 11.54 27.59 23.08
C4-S2 8.33 20.00 20.00 14.29 17.86 15.38 13.79 19.23
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The specificities of these classes (Kirchner, 1995) are as follows:

o Water of C3-S1 class should only be used on soils which can
be leached easily and salinity control must be practiced at
all times.

o Water of C3-S2 class should only be used on those soils
which have good drainage and only plants having a good
salt tolerance should be grown.

o Water of C4-S1 class is generally considered to be poor
quality for irrigation but it may be used if all other condi-
tions are favourable such as adequate drainage and applica-
tion of additional good quality of water, and only crops of
the highest salt tolerance should be grown.

 The very high salinity of water of C4-S2 class permits occa-
sional use and then only under favourable soil and plant
conditions. Only plants of high salt tolerance should be
grown if water of this quality must be used.

It was observed that most water samples from the study area
were confined to the C3-S1 class throughout the sampling
period. Since most vegetable crops grown in the study area are
classified as sensitive and moderately sensitive to salt (DWAF,
1996), the water in the study area needs to be used carefully,
and special management practices have to be applied.

Spatial distribution

Table 4 includes the summary of the mean of TDS values
per site in summer and winter for borehole and pond water,

respectively. Kriging approach was used to infer the distribu-

tion pattern of TDS concentration in the study area, for bore-

hole and pond water, respectively, during the entire sampling

period (Figs. 7 and 8).

The following observations were made:

o In summer, groundwater was mostly fresh in the western
and central parts of the study area. The high TDS values
are observed in the south-eastern part of the study area.
The same pattern is also observed in winter but ground-
water tended to be more brackish in the north-western
part of the study area.

o In summer, most of the pond waters were brackish in
nature. Fresh pond water is observed only in the middle
section of the study area. Pond water with high salin-
ity levels is found in the north-western, eastern and the
south-eastern parts, particularly. The same pattern is also
observed in winter time but the pond water at most sites
was diluted.

o Inthe north-western and eastern part of the study area,
the salinity levels of the pond water were higher than
those of the borehole water. This might be due to the
evaporation process and to the irrigation return flow
process, as some chemical fertilisers go back to the ponds
after being spread over the cultivated area.

o The summer pattern sketches had saltier areas than the
winter pattern sketches. This might be due to the effect of
the evaporation process.

TABLE 4
Summary of EC and TDS values for the entire sampling campaign

Site Origin EC (mS/m) TDS (mg/e)

Feb Apr Jun Aug Feb Apr Jun Aug Summer Winter
S1 BH1 198.00 NS NS NS 1287.00 NS NS NS 1287.00 NS
S2 BH2 184.00 NS NS NS 1196.00 NS NS NS 1196.00 NS
S5 BH5 163.00 209.00 177.00 195.00 1 059.50 1358.50 1150.50 1267.50 1209.00 1209.00
S6 BH6 135.00 238.00 NS 220.00 877.50 1547.00 NS 1430.00 1212.25 1430.00
S8 BHS 191.00 195.00 85.00 NS 1241.50 1267.50 552.50 NS 1254.50 552.50
S9 BH9 161.00 169.00 NS NS 1046.50 1098.50 NS NS 1072.50 NS
S10 BH10 104.00 102.00 NS 121.00 676.00 663.00 NS 786.50 669.50 786.50
S11 BH11 99.00 102.00 116.00 104.00 643.50 663.00 754.00 676.00 653.25 715.00
S12 BH12 161.00 243.00 NS 171.00 1046.50 1579.50 NS 1111.50 1313.00 1111.50
S13 BH13 272.00 271.00 278.00 284.00 1768.00 1761.50 1807.00 1846.00 1764.75 1826.50
S14 BH14 240.00 236.00 NS NS 1560.00 1534.00 NS NS 1547.00 NS
S15 BH15 223.00 243.00 236.00 231.00 1449.50 1579.50 1534.00 1501.50 1514.50 1517.75
S1 P1 229.00 NS NS NS 1488.50 NS NS NS 1488.50 NS
S3 P3 99.00 120.00 126.50 133.00 643.50 780.00 822.25 864.50 711.75 843.38
S4 P4 119.50 130.50 122.00 125.50 776.75 848.25 793.00 815.75 812.50 804.38
S5 P5 179.00 156.50 158.00 193.00 1163.50 1017.25 1027.00 1254.50 1090.38 1140.75
S6 P6 206.50 219.50 237.50 218.50 1342.25 1426.75 1543.75 1420.25 1384.50 1482.00
S7 P7 222.00 240.50 241.50 238.50 1443.00 1563.25 1569.75 1550.25 1503.13 1560.00
S8 P8 172.50 175.50 184.00 208.50 1121.25 1140.75 1196.00 1355.25 1131.00 1275.63
S9 P9 129.50 136.00 127.50 136.00 841.75 884.00 828.75 884.00 862.88 856.38
S10 P10 117.00 117.00 115.50 130.50 760.50 760.50 750.75 848.25 760.50 799.50
S11 P11 151.00 124.50 147.00 129.00 981.50 809.25 955.50 838.50 895.38 897.00
S12 P12 215.00 209.50 243.50 242.50 1397.50 1361.75 1582.75 1576.25 1379.63 1579.50
S13 P13 241.50 261.50 283.50 250.50 1569.75 1699.75 1842.75 1628.25 1634.75 1735.50
S14 P14 226.50 230.50 233.50 232.50 1472.25 1498.25 1517.75 1511.25 1485.25 1514.50
S15 P15 228.50 224.50 225.50 236.67 1485.25 1459.25 1465.75 1538.33 1472.25 1502.04
BH: Borehole; NS: No Sample; P: Pond; S: Site
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Figure7
TDS spatial distribution of the BH water in (a) summer and (b) winter
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Figure 8
TDS spatial distribution of the pond water in (a) summer and (b) winter

Environmental isotopes

This research looked at the stable isotopes oxygen-18 (**O) and
deuterium (*H, or simply D) of the water samples. As water
evaporates, the heavier molecules tend to remain; therefore
water which has been subject to much evaporation can be
expected to contain higher proportions of *O and *H than
fresh rainwater (Schwartz and Zhang, 2003). Isotope informa-
tion made it possible to establish physical processes affecting
groundwater and pond water in the study area. Results for
stable isotopes oxygen-18 and deuterium in the summer water
samples were plotted with reference to the global and local
meteoric water lines (GMWL and LMWL), whose relations are
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0’H = 8 x 80 + 10 (Craig, 1961; Schwartz and Zhang, 2003)
and 8°H = 6.1 x §"0 + 8.6 (Diamond and Harry, 1997) respec-
tively (Table 5 and Fig. 9).

As shown in Fig. 9, the signatures of the stable isotopes of
the pond water lie along a correlative line with a slope of 3.980
which is between 1 and 5. This suggests that the oxygen-18 and
deuterium data for the pond water followed an evaporation
line, according to Schwartz and Zhang (2003). The pond waters
were significantly affected by the evaporation processes in the
study area. However, the signatures of the stable isotopes of
the borehole water did not correlate well and were closer to
each other. In contrast to the pond water, borehole water is not
affected by evaporation processes in the study area.
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TABLE 5
Results of stable
isotope analysis
Origin 80 |&%H
() (W)

BH 1 —2.44 —7.49
BH 2 -1.94 —5.51
BH 5 -2.92 —6.29
BH 6 -2.00 —8.28
BH 8 -1.49 —6.74
BH9 —2.09 —5.65
BH 10 -2.07 —6.57
BH 11 —2.69 —8.01
BH 12 -1.74 —3.64 f
BH 13 -2.12| —6.30 -5
BH 14 -2.00 —5.38
BH 15 -1.92 =731
Pond 1 —2.14 —6.38
Pond 3 —2.04 —6.40
Pond 4 —0.85 -2.15
Pond 5 —2.35 —6.45
Pond 6 —1.38 —3.66
Pond 7 -0.23 2.68
Pond 8 -1.82 -4.03
Pond 9 —1.47 -3.40 /
Pond 10 -1.27 —0.05
Pond 11 —2.11 —4.25
Pond 12 -1.72 -4.37
Pond 13 —2.04 —4.25
Pond 14 -1.57 -1.47
Pond 15 -1.70 -3.36

Figure 9
Plot of ®Q isotope vs. ?H isotope data

Conceptual model of the salinity process in the study area

Based on available data and information, it is possible to derive
a conceptual model of the salinization process. In the study
area, groundwater is pumped from the aquifer and stored in the
ponds. While being subject to intensive evaporation, as indi-
cated by the isotope analysis, the pond water is re-pumped to
irrigate the sub-adjacent crop area. Some water used in irrigat-
ing the fields is taken up by plants for growth, whereas some is
eventually returned to the atmosphere through direct evapora-
tion and plant transpiration. The remaining water infiltrates
and percolates deeper to recharge the aquifer. During the rainy
season returns in winter, the ponds are directly filled up again,
the crops are directly irrigated and the aquifer is naturally
recharged. When the summer dry season arrives, the water

is pumped again from the aquifer to fill up the ponds and the
same process continues in a cycle (Fig. 10). The possible scenar-
ios of the occurrence and accumulation of salt in the environ-
ment of the study area can be sketched in Fig. 10.

As can be observed in Fig. 10, the pond water is the core of
the system. Water from different sources is stored in the ponds
and later pumped out for crop irrigation. The sources of the
pond water are mainly groundwater, which is pumped in sum-
mer, and rain, which is significant in winter, and limited return
flow water, which depends on the amount of the applied irriga-
tion water, local geomorphology and the soil’s ability to absorb
the water. The conceptual model is focused on the quality of
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groundwater found in the Cape Flats region, since it is the main
source feeding the ponds.

According to Wright and Conrad (1995), groundwater in
the main part of the Cape Flats region generally has a fairly low
salinity. Increasing salt concentration in groundwater that has
been observed in the region could be explained by considering
3 different scenarios (Fig. 11).

Scenario 1: Salt is building up due to the natural movement
of water through the geological formation of the Cape Flats
region

According to Wright and Conrad (1995), the geological forma-
tion of the Cape Flats region consists on Cenozoic deposits
underlain by essentially impervious Malmesbury or Cape
Granite, mostly composed of fine to coarse calcareous sands,
thin calcareous clay and peat lenses locally. The Cape Flats
Aquifer report (DWAF, 2007) indicates that the calcareous
character of the porous medium influences the quality of the
groundwater found in places on the Cape Flats, and that the
mostly alkaline character of groundwater is due to the dissolu-
tion of calcrete and carbonate in the aquifer as a result of the
effect of rock-water interactions. The Piper diagram geochemi-
cal interpretation of the borehole samples suggests that ground-
water was subject to ion exchange and dissolution processes. As
water and the geological formations through which water flows
constitute a complex dynamic system, in which any change of
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one part of the system is reflected in the other part (Cogho et
al., 1989), the natural movement of water through the porous
media could be a source that contributed to the load of salt in
groundwater found in the Cape Flats region.

Scenario 2: Salt is building up due to the agricultural
activities

The agricultural sector is the main water user in the Western
Cape (Adelana et al., 2006). Many tonnes of various fertilisers,
manures, insecticides and fungicides are applied on the land
of the Cape Flats region every year by farmers in order to meet
productivity targets. For the Philippi farming area, in par-
ticular, about 400 t of fertilisers are applied on farms annually
(Wright and Conrad, 1995). Agricultural activities that have
been identified as posing the most serious threat to ground-
water are: intensive animal feedlots, use of sewage sludge for
preparing land for crop production, use of fertilisers, irrigation,
and use of pesticides (Tredoux, 1984; Mehlomakulu, 2000).
Irrigation could be a source of groundwater salinization in
large areas as it induces important quantities of soluble salts of
the applied water, as well as applied fertilisers, insecticides and
fungicides to reach the water table, when the drainage system
of the cultivated area is improperly managed (Kenneth and
Neeltje, 2002). In the Philippi area, the accumulation of salts in
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Scenario 2
Scenario 3

A 4 A4

Salinization due to the
agricultural activities

Salinization due to
urban development

the soil and in groundwater due to irrigation practices can be
examined in 3 stages:

Short term: Because of the evaporation process in the
entire region, salt can quickly build up in the pond when
water is pumped out from the aquifer and stored in the
pond before being used for crop irrigation. The interpreta-
tion of the stable isotopes of the pond water supports this
idea as the pond water has evidently been subject to evapo-
ration processes.

Medium term: The evaporation of the pond water and the
water used for irrigation, and the application of the fertilis-
ers, are the constant factors which could contribute to the
accumulation of salts in the study area over time.

Long term: The long-term farming activities represent a
potential source that can increase the load of salt in the
study area. Farming has been practiced for more than a
century in the Philippi area. Even though the farmers have
good drainage facilities and good land management skills,
salts often accumulate over time at different stages, for
instance during the evaporation process from the ponds,
the evaporation process from the aquifer, the repetition

of irrigation over the crop area, the application of fertilis-
ers, and the application of insecticides. The groundwater
abstraction practice is also a stress-inducing factor on the
salinity level observed in the study area. According to the
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information given by the farmers during the survey, water
is pumped from the aquifer for about 12 h on a daily basis
(from 6:00 to 18:00) at an average rate of 5 €/s. This amounts
to a withdrawal of about 200 m*/day from a single borehole.
Considering the many boreholes pumped on a daily basis,
the decline in groundwater levels could induce an ingress of
saline water from the deep underlying layers.

Scenario 3: Salt is building up due to contamination from
urbanisation

This scenario is deduced from the literature search which
suggests that urban development can be a significant source of
contamination in the case of growing cities on sandy aquifers.
The Cape Town Metropolitan region is experiencing significant
urban growth with a continual increase in human population.
Consequently, both formal and informal settlements in and
around the Metropolitan region can result in point-source
contamination of the Cape Flats aquifer. Such sources could

be industrial and municipal solid and liquid waste plants, tank
and pipeline leakage, informal settlement’s sewage systems, etc.
Wright and Conrad (1995) reported that urban planners totally
ignored the Cape Flats aquifer when developing the Cape Flats
region, and constructed a solid waste disposal site and waste-
water treatment works directly above the most productive

part of the aquifer. Two waste disposal sites and sewage works
were identified by Tredoux (1984) as three major sources of
groundwater pollution in the Cape Flats. In addition to these
three sources, impairment of the water quality could also result
from the extensive housing schemes being developed in the
areas where the aquifer is best suited for groundwater abstrac-
tion (Mehlomakulu, 2000). As the Cape Flats region represents
a large part of the Cape Town Metropolitan area, its suburbs,
residential and commercial developments could impact the
quality of the water that recharges the Cape Flats aquifer and
contribute to the increase in salt concentration in this shallow
groundwater.

CONCLUSION AND RECOMMENDATIONS

Regarding the TDS data of the collected samples in the study
area, the research suggested that both groundwater and pond
water were mostly brackish, and fresh water was only found in
the central part of the area, with the eastern parts having high
saline water. The detailed comparison of the concentrations of
some specific ions with the published guidelines of DWAF and
FAO indicated that ions such as chloride, nitrate, potassium
and sodium were above the recommended target range in most
parts of the study area. The hydrogeochemical information
indicated that the waters in the study area are characterised
by either Ca-Cl, Ca-HCO,, Ca-SO, or Na-Cl chemical types.
Most of the pond water samples showed the same pattern of
composition as their related boreholes throughout the year,
and revealed that the main source of the pond water was
groundwater. Environmentally stable isotopes indicated that
the pond water is significantly affected by evaporation. The
results also suggested that evaporation was not a significant
process affecting the ion concentrations of groundwater. The
research indicated that the accumulation of salts in the study
area was mostly due to the agricultural activities, the evapora-
tion process from the open water bodies (pond waters) and, to
a lesser extent, the natural movement of groundwater through
the geological formation of the area. Urbanisation could also
play a role in the accumulation of salts the Cape Flats region. As
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the vegetables grown in the study area are sensitive and mod-
erately sensitive to salt, farmers should be encouraged to use
the water with caution, and to improve their drainage and land
management skills so that salts would be leached out from the
root zone and would not affect plant growth. Also, the City of
Cape Town should take note of the deteriorating water quality
as the municipality often experiences water supply shortages,
while this aquifer could be an alternative source of water supply
for the city.

Continuous monitoring of water quality in the Philippi
area is recommended, as it is an important user of the Cape
Flats aquifer. There is also a need to investigate the impact of
the various land use activities, including agricultural activities,
industrial activities, and informal settlements in and around
the whole Cape Flats region, on the water quality of the Cape
Flats aquifer, so as to develop an awareness programme to warn
the farmers, owners of industries and residents about the rel-
evant hazards of land use on the Cape Flats aquifer. This would
help to maintain the water quality of the Cape Flats aquifer
within the recommended standard levels for various human
uses and to protect the aquifer for future development.
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