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Figure 5: BK2 sample location. The BK2 borehole water samples were taken from the water
flowing out of the joint at the bottom of the picture. The BK2 soil and rock samples were
taken from the same profile, about 5 m to the left of the picture.
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2.3 Water Analysis

in the field water samples were analyzed for pH, Electrical Conductivity (EC), and
alkalinity. In the lab, major ions were measured via IC, major and trace elements via ICP-
MS, hardness by titration, and DOC was measured by an external laboratory.

2.3.1 pH and Electrical Conductivity

Measurement of hydrogen ion activity is an essential element in the chemical
analysis of waters. It also involves many uncertainties and is difficult to measure
accurately in poorly buffered waters (Lahav et al., 2001). Most of the samples in this
study are very dilute (EC range <5-120 uS/cm) and poorly buffered. Measurement of pH
was done with a Radiometer PHM201 which has a glass combination electrode. Stability
is indicated on the meter's display with an “S-T-A-B” readout. However, drift of the pH
reading often occurred after stability was indicated. To deal with this, the stability of a pH
reading was operationally defined in the following two ways:

1. For sub-sample readings, the general procedure was to swirl the solution well,
stop, and let the meter come to show stability. A stable pH reading was taken to
be when the reading didn’t change after swirling the solution.
2. For in situ readings, stability was not easily reached especially in faster-flowing
streams. This is consistent with a “streaming effect” noted in the literature, which
suggests that more slowly flowing water or a sub-sample should be measured
(APHA, 1995). This was addressed in two ways.
a. For waters that were flowing very quickly everywhere, the movement of
the pH reading was monitored until it varied within about 0.05 units, and
the average was taken.
b. For waters with both fast flowing areas and slower flowing pools, the
stable measurement of the pool was averaged with the value for the faster
flowing areas as determined in a. above.

The memory effect was experienced in the pH measurement of the rainwater samples.
That is, after placing the electrode in strongly buffered standard solutions for calibration, -
the meter takes a very long time to stabilize in the poorly buffered solution.

Electrical conductivity is a measure of the charged species in a given solution. It is
defined as the inverse of the resistance measured across a set distance between
electrodes. EC was measured in this study with a portable meter (CIBA-Corning Check-
mate 90) that measures the electrical resistance across 1 cm. Care must be taken when
comparing EC values as resistance across 1 m is often reported.
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2.3.2  Alkalinity and Acidity Titrations

As a major goal of this project is to gain information regarding the acid/base
equilibrium in the ecosystem, potentiometric titrations were performed with both acid and
base as titrant. The acidimetric titration gives a measure of alkalinity or acid neutralizing
capacity (ANC). The alkalimetric titration gives a measure of the acidity or base
neutralizing capacity (BNC). Putting the two titration curves together gives a picture of the
entire carbonate equilibrium spectrum for the system. The shape of this composite curve
gives clues to the species present when it is compared to the theoretical carbonate curve.

ANC (alkalinity) and BNC (acidity) are conservative capacity parameters of a
system defined as the amount of acid and base that a system can take up, respectively
(Stumm and Morgan, 1996). BNC can be divided into free (mineral, H) and weak (COy)
components that combine to form total BNC. Both ANC and BNC have been defined in
the past by the pre-defined titration endpoints 4.5 and 8.3. This is now recognized as
being potentially inaccurate, as the theoretical endpoints do not necessarily correspond
to the points at which all H* or OH added stays in solution (i.e. equivalence points; Wilde
et al., 1998; Stumm an Morgan, 1996).

The titrations were performed on a 100 mi sub-sample directly after collection with
a couple noted exceptions not exceeding 45 minutes after collection. The sample was left
open to the atmosphere, but attempts were made to keep carbonate equilibrium as close
as possible to in situ conditions. That is, the titration vessel was held in a bucket of
sample water to maintain the temperature, and movements of the sample were kept
smooth to reduce unnecessary release or dissolution of carbon dioxide. This is a critical
property of the titration as seen by Stumm & Morgan (1996) distinguishing between open
and closed systems during titration. To address this, many reported procedures include
continuous or initial scrubbing of the sample with an inert gas, like nitrogen, to remove
any dissolved carbon dioxide gas (e.g. Molvaersmyr and Lund, 1983). This technique has
the advantage of a more well defined carbonate system as you know exactly what's
happening to the dissolved CO,, and the sample can be transported to the lab before
analysis. The drawback is that it loses information with respect to the original sample
from changes to the temperature and the carbonate system.

Titrant additions were made with a digital pipette (Eppendorf Digital Pipette 4710)
and restricted to a discrete set of volumes between 100 and 1000 plL to allow for error
calculations. Acidimetric titrations were performed with dilute HCI (0.01-0.005 M) to below
pH 3.5 (Cantrell ef al., 1990; Sullivan et al., 1989). Alkalimetric titrations were performed
with dilute NaOH (0.0025 M) to a pH of at least 9 (Molvaersmyr and Lund, 1983). A
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maximum acceptable pH change for a single titrant addition was taken as 0.3 units,
though an average change of about 0.15 units was attempted in order to obtain a high-
resolution curve. Additionally, titrant additions were chosen for smaller pH changes within
0.2 units of the traditionally used carbonate end-points of pH 4.5 and 8.3.

2.3.3 Dissolved Organic Carbon

DOC was measured by CSIR Environmentek, an external laboratory in
Stellenbosch, South Africa, about 80 km from UCT. Filtered (0.45 um) samples were
submitted to the lab. In the lab, samples are acidified and purged with COx-free nitrogen.
All organic carbon is converted to CO, after the addition of potassium persulphate and
UV digestion. The CO; dissolves into a phenolphthalein solution, changing the solution’s
color, which is measured against potassium hydrogen phthalate standards.

2.3.4 Collection and Preservation

Two bottles were filled at each sampling point, and taken to the lab where they
were filtered within 48 hrs. Borehole samples (BK2 and BK4) were sampled from artesian
flow at the top of the borehole. One bottle was acidified with several drops of distilled
33% HNO; to keep metals in solution. The other was left un-acidified for analysis on IC
and for DOC. All samples were kept in a dark refrigerator below 4°C.

2.3.5 Lab Analysis

The constituents CI, F, NO,, NOs, Br, SO, Na*, Li*, PO,", K*, Ca%*, and Mg?®
were determined by ion chromatography (Dionex, see Appendix A for specifications). A
small amount of calcium and magnesium ions were present in the MQ (double distilled)
water that was used in calibrating the IC unit. So the actual concentration of these two
ions in the standards was higher than the theoretical concentration calculated from the
original stock standards. This was corrected by assuming the following:

1 — The calibration curve plotted as Response (conductance) vs. Theoretical
Concentration (ppm) should go through the origin.

2 — The calibration curve is linear.

3 - The concentrations of calcium and magnesium ions in the MQ water has
remained constant from the time the stock standards were made in March 2001,
to the time of analysis when the standard dilutions were made in June, August,
and November 2001.

Using these assumptions, the horizontal shift required to place the x-intercept of the
Response vs. Theoretical Concentration linear regression curve was taken as the MQ
concentration. The concentrations of the standard dilutions were then corrected
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according to their respective dilutions. In effect, this is basically a horizontal shift of the
linear regression curve.

Inductively coupled plasma mass spectrometry (ICP-MS) was used to analyze for
the total concentrations of the following elements: Li, Be, B, Mg, Al, Si, K, Ca, Sc, V, Cr,
Mn, Fe, Co, Ni, Cu, Zn, Ga, As, Br, Se, Rb, Sr, Y, Zr, Mo, Ag, Cd, Sn, Cs, Ba, La, Ce, Nd,
W, Tl, Pb, Th, U, Sb. This wide selection of elements was chosen in an effort to discover
any patterns in the chemistry of the water samples. ICP-MS is especially useful for its low
detection limits for heavier elements. The model used was Perkin Elmer / Sciex Elan
6000, see Appendix A for further specifications.

Hardness determinations were made as a check of the calcium and magnesium
determinations by IC and ICP-MS. The EDTA molybdo-silicate method (APHA, 1995)
was used with a diluted EDTA for less uncertainty as the water samples had very low
concentrations of calcium and magnesium.

Due to the very low ionic strength of the water samples analyzed, pre-
concentration by evaporation was attempted on three samples (AL1, EK4, BK1) and a
blank of de-ionized water. The samples were evaporated by a heat lamp (about 60°C)
from one plastic bottie into another through a teflon connection. The receiving bottle was
constantly cooled by a flowing water bath to allow the distillate to condense. Both the
distillate and concentrate solutions were analyzed on ICP-MS.

2.4 Soil Analysis

Samples were collected with a metal trowel and sealed in plastic bags. They were
air-dried uncovered on a lab bench and stored in plastic boftles until further analysis.
Various physical and chemical properties of the soils were determined as described
below. For major and trace element composition by XRF, the soil samples were
processed in the same way as the bedrock samples.

24.1 Grain Size

A basic grain size analysis was performed to divide the soils into gravel, sand, silt,
and clay (Table 5). Gravel was separated first by a 2 mm sieve. In this analysis, the >2
mm portion of the sample is not considered part of the soil, following the convention of
the International Society of Soil Science (vanLoon and Duffy, 2000). The sand was then
separated by washing a small amount (about 10g) of the <2 mm fraction through a 0.063
mm sieve. Though many particle size definitions (e.g. Soil Classification Working Group,
1991) take 0.053 mm as the smallest sand particle, 0.063 mm is the boundary for the

geological Wentworth-Udden scale (Kearey, 1996).
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The suspension of water and particles that passed through the 0.063 mm sieve
contained both the clay and silt fractions. Approximately 50 ml sodium
hexametaphosphate (NaPOs)s, “Calgon”, was added to each sample to disperse the clay
particles. Using Stoke's Law for idealized settling time, the clay fraction was poured off at
the correct time based on a settling rate for the smallest silt particle (0.002 mm) of 46
min. per centimeter of water height. In pouring off the suspended clay fraction, up to 100
mi of the suspension had to remain with the silt fraction in order not to mix silt with the
clay. The result being that the silt fraction is increased some amount by the clay left
behind. This is unfortunate as the heaviest clay particles would have been at the bottom
of the suspension near the settled silt. In retrospect a better method would have been to
carefully pipette the suspension out rather than pouring. The sand and silt fractions were
dried in an oven (60-70°C) to a constant weight.

Table 5: Grain size definitions and separation techniques.

| Grain ! Particle size Separation

| size range (mm) Technique

| Gravel >2 Dry sieve

| Sand 0.063-2 Wet sieve
Silt 0.002-0.063 Wet sieve, settle
Clay <0.002 Wet sieve, pour off |

2.4.2  Soil pH

Soil pH was determined in an aqueous suspension with a ratio of 1 part soil to 2.5
parts aqueous phase. Distilled water and 1M KCI were used as aqueous phases in
separate runs. The pH was determined from a glass combination electrode (Radiometer
PHM201) after stirring the suspension, letting it sit for 50 min, stirring again, and letting sit
for 10 min (McLean, 1986).

24.3 Exchangeable Cations and Acidity

Exchangeable acidity was determined by titration of filtrate from a suspension of
soil and 1M KCl in a ratio of 1:10. The filtrate was titrated to the phenolphthalein endpoint
with 0.01M NaOH.  The exchangeable Ca, Mg, and Na ions, those adsorbed to the
surfaces of soil particles, were displaced by K+ ions in the same suspension used for
exchangeable acidity above. These ions were then determined by Atomic Absorption
Spectrometry (specifications in Appendix A).

2.44 Saturated Paste Extract

An aqueous saturated paste was created for each sample in an attempt to
reconstruct the natural soil solution, which is impractical to sample directly. Saturation is

preferred over other soil to water ratios (1:1, 1:10) as it is a better estimate of in situ
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conditions. The soluble salts were measured collectively through electrical conductivity
by submerging an EC probe (CIBA-CORNING Check-mate 90) in the saturated paste
prior to extraction of the soil solution.

The soil solution was vacuum extracted from the paste through a Whatman filter
{No.1) and then a 0.45 um membrane filter via a syringe. This filtered extract was
analyzed for major ions by lon Chromatography (IC), and total elemental concentrations
via Inductively Couple Plasma Mass Spectrometry (ICP-MS) (Appendix A). Simple
geochemical modeling was done on the software program PHREEQC using the
concentration data using the concentration data obtained by IC and ICP-MS.

24.5 Organic Carbon

Soil organic carbon was determined with the Walkley-Black Procedure. A small
amount of oven-dried soil (0.5-1 g) is weighed out and oxidized by sulfuric acid and
potassium dichromate. The excess potassium dichromate is titrated with iron (ll)
ammonium sulfate to determine the amount used in the oxidation procedure. The dark
violet-brown endpoint is determined visually, but is rapid and distinctive.

2.4.6 Phosphate Sorptiorn

In an attempt to estimate the partition coefficient for phosphate (PQ,*) in each of
the soils, 2.5 g of soil was shaken for 24 hrs with a standard of known phosphate
concentration (0, 0.5, 1, 2, 3, or 5 mg P/mL). The supematant was then treated with
ammonium molybdate and ascorbic acid, and absorbance was measured on a
spectrophotometer at 880 nm.

2.4.7 Mineralogy

The mineral composition of the soils was determined using X-ray diffraction
(Appendix A). Bulk (<2 mm) soil samples were ground by hand to a fine powder, and
pressed as a dry powder in a sample holder. Clay fractions were prepared on glass slides
by two methods: pipetting of a suspension, and smearing an even layer of clay particles
directly on the slide. Both bulk and clay samples were analyzed with a continuous scan
with the take-off angle (°2®) ranges of 5-54 for bulk, and 3-30 for clay. A copper x-ray
source was used.

The peaks indicated by the system software were manually identified as being
caused by specific minerals based on correlating the angie of diffraction to the theoretical
angles calculated from each mineral’s d-spacing. This method is only meant to provide a
qualitative description of which minerals are present in the samples.
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2.5 Bedrock Analysis

Prior to analysis, the outside portions of each specimen were split off and
discarded to reveal the freshest part of each rock. Thin sections were produced for each
specimen, and about 80 g was crushed to a fine powder in a carbon-steel Sieb Mill. This
powder was used to produce fusion and pressed discs for major and trace element XRF
analysis. The fusion discs were made by first weighing 6 g of sample in a platinum
crucible and drying at 105°C to determine moisture content. Then the samples were
roasted at 850°C to remove any organic material and determine loss on ignition. A flux is
added to the roasted sample, and the disc produced by the lab. Pressed discs were
made using a carbon-steel piston set to compress 6g of sample mixed with a binder ("4%
Mowiol 13/8/99”) encased in powder-form boric acid.

2.6 Vegetation Analysis

The samples were clipped and stored loosely in open plastic bags until arrival at
the laboratory 24-48hrs later. in the laboratory, the samiples were washed with a brush
and running tap water before being photographed and laid out to air-dry for 14 days. The
air-dried vegetation was then cut into small pieces and placed in beakers, weighed, and
placed in an oven at 60°C. In some cases a sub sample was taken at this stage as the
original specimen was too large. After obtaining a constant oven-dry weight, a portion of
each sample was hand-ground in a quartz agate mortar and pestle. This step helps to
homogenize the sample so that the very small amount taken for final analysis can be
representative of the original. However, due to the difficulty of hand-grinding the
vegetation to a fine enough powder, complete powdering and homogenization of the
samples was done during the mineralization step described below.

The steps in preparing a vegetation sample for analysis include homogenization,
mineralization, and dissolution (Hoenig, 2001; Vassileva et al, 2001; Hoenig, 1998;
Jones and Case, 1990). In this case, homogenization and mineralization overlapped, with
the mineralization performed by dry ashing in open porcelain crucibles at 450°C. The
samples were left to roast in the oven for up to 8 hrs, and after 4 hrs they were checked.
At this point each sample was further ground to a powder in its crucible to allow for
complete oxidation of organic matter. Dissolution was performed follbwing the same
procedure used to prepare powdered rock samples for analysis on an ICP-MS, which
includes a combination of HNO; and HF.
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3 Results

3.1 Water Analyses

All samples have generally low pH, EC, hardness, and DOC (Table 7). The
rainwater pH ranges from 4.6 to 5.8, with a mean of 5.1 for 9 samples. Surface water
from the eastern tributaries at Citrusdal show a similar pH range of 4.5-5.8 with a mean of
4.9 (Table 6). The mean pH of all TMG waters in this study is 5.0. This includes the
groundwater and surface water samples, but excludes samples OL3 and OL2 as they
were taken from 50 and 70 km downstream of Citrusdal, respectively. OL3 and OL2 have
higher EC and hardness values (138 and 769 uS/cm EC, 190 and 1497 umol/L hardness,
respectively) than the Citrusdal samples, where the highest values are 132 uS/cm and
159 umol/L (OR1). The Nardouw Sub-group borehole EC and hardness values are
similar to OR1, with all other samples having lower values. Looking at all samples, EC
and hardness values increase from rainwater to surface and ground waters. DOC ranges
from 1.0 to 2.1 mg/L in the TMG waters and has its highest values in the eastern

tributaries.

Table 6: Statistics for general parameters of water samples.

'Mean 5.1 16 15

: Standard deviation 5.1 14 13
Rainwater ‘ n.a.

nwaler e 106%|  86% 83%

N 9 14 5
Mean 4.9 35 38 1.3
Boonjties River sub- |Standard deviation 4.9 11| 15 0.57
catchment  [C.V. 92%|  31%| 40%|  43%
N 8 8 8 8
All TMG surface and |[Mean 4.9 52 66 12
groundwaters Standard deviation 5.0 34 48 0.6
(excluding OL2, C.v. 75% 65% 74%| 49%
OL3) N 14 14 14 11

n.a. - not analyzed; C.V. — Coefficient of Variation; N — number of samples



Table 7: General parameters for all water samples.

| Date | X Sample | £ |Hardness| DOC
S, | chi °°*99°'Y D@"Pﬁ_".“ P ey |(siom| (umoiny | (gn)
CDrain 29 May 5.4 n.a. 26 25 n.a.J
ORrain 19 Aug . . n.a. n.a. 46 na. na.
BathsRaina | 19 Aug Citrusdal rainwater | 52 n.a.| 15 na| nal
BathsRainb | 19 Aug | 55] 130 4 13 na
| UCTrain1 | 25 Jun [ na] na n.a. na. na
| UCTrain2 | 3Jul _ 5.6 n.a. 5 na., na.
UCTrain3 | 18 Jul 2 n.a. n.a. 19 na.| na.
UCTraind | 16 Aug 2 5.3 n.a. 35 32| na|
UCTrain5 | 16 Aug | 5 46 n.a. 14 nal na.
UCTrain6 | 17 Aug | Cape Town rainwater 4.8 n.a. 35 na; na|
UCTrain7 | 17 Aug | 58] 15.0] 3 3 na
. _UCTrain8 17 Aug 5.4 n.a. 14 na., na.
ﬁJCTraan 29 Aug na| na 5 4 na
| UCTrain10 | 29 Aug ' na. n.a. 5 na| na.
| UCTrain11 | 29 Aug L n.a. n.a. 4 nal
ALl | 29May | _ o | PeninsulaFm.coldspring = 47|  17.5 25 19 <ﬁ
| BK2 30May | S%® | Peninsula Fm. borehole 5.0 280 61 75 nal
Baths 19 Aug g)-§ Peninsula Fm. warm spring | 5.0 43.0 73 134 na
BK4 30 May S 3 | Nardouw Sub-group borehole | 4.8 225 116 149 n.a/
. OR1 19 Aug ? 5 [warm stream near the Bathq 52 20. Ol 132 159| <1.0
| BK1 30 May | 486 9.0 39 40 1.0
| BK3 30 May | 58 13.0 49 52| 1.0
EK4 28 May | 50/ 135 19 17/ 1.0
EKS 28 May § Surface waters from BoonjtiesL 4.9 13.0 21 17] <1.0
EK6 29 May s River sub-catchment 4.5 12.0 30 33 14
BJ1 29 May 3 56/ 130 36 41 21
BJ2 29 May € 52 135 41 44 21
 BJ3 30 May @ 52| 140 46 60 15
. oL1 30 May Olifants River at Citrusdal | 5.2  14.0 48 80| 15
. OL3 31 May Olifants River at Clanwilliam | 6.2  17.0] 138 190, 1.8
| OL2 31 May Olifanits River at Trawal 75 130 769 1497, 37

n.a. — not analyzed
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Table 8: Molar concentration® of major ions and charge balance for 30 water samples.

" Date V - ] ] _'. i Rl R ety e . e
Sample [Collected | Category Desciption | 4 |NOz |
! (2001) ; : :
{CDrain 2G-Ma 152 11 g 24| nd] nd 4 143 8] nd.| nd| nd| nd 0.3 ig 0.2
{ORrain 13-Aug Ciffusdal talivvater 2| 59| 31 5 3{nd 8 36| 27| 2| nd| 02f nd 11 % 0.41
BathsRaina 18-Aul 75 8 2 6] 05| nd 7 82 11] nd.[ nd] nd.| 0B 0.7 ) 0.08
‘BathsRainb [ 18-Aug 13 5 5 4 ilnd| 3 16 2] 2 nd} nd] 04 03] 10 0.08
'UCTrain1 25-Jun 73 3 7 7 8| nd| % 34 19 2| nd| nd.| 06 0.8 99 0.12
'UCTrain2 FJul 66 1 3 13 2] nd 2 32 8 2| nd] nd| 04 05 %9 0.08
'UCTrain3 18-Jul 145 12| B 8 4 nd| 9% 152 9] 2| nd| nd|nd| 04 %9 0.21
UCTraind 16-Aug| Rainwater 244 25 4 8 2| nd 5 288 17 2| nd]| nd.{ nd 05 25 0.%
UCTrain5 16-Aug 111 10 2 5 2| nd| 25 107] 10 2|/ nd| 03] 05 06| nd. 0.16
UCTrainb 17-Aug Cape Town rainwaler 270 27 5 13 4 nd] 16 36| 21 2| nd| nd| nd| 08| nd 0.40
UCTrain? 17-Aug 40 1] 0.4 3] 0.7] nd 2 11 3} nd.| nd| nd] 04 0.3 99 0.04
‘UCTrain8 17-Au 107 9 1 8 4] n.d. 4 95 8 2| nd| nd]| 0.4 0.5 49 0.15
"UCTraing 29-Au 35 2] 07) 18] 09 nd|{ ‘ 36 5/ 2| nd| 02| 06] 06 %9 0.6
UCTrain10 |  29-Aug 42 2| 07 5| 08/ nd| ‘% 21 3| nd| nd| nd| 04] 05 %I 0.05
{UCTrain11 29-Aug 16 2l 06 3] 05/ nd] % 18 3 2| nd| nd| 0.4 0.5 Y9 0.0
‘ALt 29-May Peninsula Fr. cold spring 155 17 2 6] nd| 07] 22 156 4 2| nd| ndfnd| nd[ nd. 0.2
BK2 30-May Spring and Peninsula Fm. borehole 308 3| 22| 30| nd|nd] 1" 301 9] 3| nd|003] nd} 06| 83 0.51
Baths 19-Aug grondwater Peninsula Frr. wam spring 33| 83| *B6] 56| ndfnd| 9 448 18] C6 6| nd.| nd 2| 165 1.06
BK4 30-May Nardouw Sub-3roup borshole 841 971 34 33| nd 11 15 797] 15| nd| nd| nd| nd 4 11 1.08
'OR1 19-Aug Warm stream near the Baths 956 120 35 41] nd.} nd 7 1108] 35 1 6] nd.| nd. 3 62 1.47
BKI1 30-May 223 30 8 7 2 nd| 26 258 5] 0.01] n.d.| n.d.| n.d. 1 4 0.34
'BK3 30-May i 249 38 10 14 51 n.d. 2 316 8l C6] 03] 02| nd 0.5 23 0.42
EK4 28-May 109 13 5 7] ndjnd] 11 136 3| nd| nd| nd| nd| nd] nd 0.17
EKS 28-May gg::;;:g;ﬁg? 18] 14| 2] 3| nd|nd| 12 131] 4] nd| nd| nd| nd| nd| 21 0.17
EKB 29-May atchinent 187 24 7 9] ndjnd| 35 199 6] nd.| nd]| nd]| nd 0.2 12 0.8
BJ1 29-May|Surface water 206 AN 8 9] nd.| nd 2 240 7| nd.] nd.| nd] nd. 0.2 18 0.34
‘BR2 29-May. 227 34 8 10] nd{nd| 7 258 7| nd.| nd| nd] nd 0.1 7 0.8
BJ3 30-May 256 41 11 12| n.d.| nd 7 302 12| nd.] nd| nd.| n.d. 0.1 g 0.43
oLt 30-May Olifants River at Citrigdal 251 51 18 15] n.d. 1 7 284| 16( €8] 0.2 0.1] n.d. 0.1 3B 0.48
‘O3 31-May Olifants River at Clanwilliam 666 *®137| 78 39| nd| nd]| 07 852 45| €9 3] 0.04] n.d. 0.6 80 1.3
02 31-May Olifants River at Trawal 4310! ®962| *801| 112] n.d.| nd.]|0.03] " 45|4857| 553 2| nd| nd.| n.d 0.7] 1223 8.82

a - Units are umol/L except for Zanions and cations (neq/L), and charge balance error (CBE, %)
b - acid neutralizing capacity.

c - A’ is the dissociated weak acid concentration estimated from DOC (see text).

d - Average of all rain waters

e - taken from IC analysis (see text)



3.1.1 Major ion composition of water samples

Rainwater samples are dominated by Na*, CI', Mg*" and SO, ions (Table 8), with
ion to chloride ratios similar to seawater (Table 10). The rainwater samples collected near
Citrusdal are similar to those collected in Cape Town both in terms of relative and
absolute concentrations. For example, CI" concentrations range from 16 to 326 pmol/L in
Citrusdal, and 11 to 306 umol/L in Cape Town (Fig. 6). Of the eight storms sampled at
Cape Town, four were sampled sequentially and show a decline in CI' concentration as
more rain falls (Aug 16, 17, 19, 29). The one exception to this is the second collection on
17 Aug. This sample was collected during a very hard downpour, while the other two for

that day were collected during lighter rain (Table 9).

350 9rt100 15:\30
300 | 1;&0 10h00 5 16h30
N
1
;_\250 T— — §
5 200 - \§
g \
§15°' S 15h15 § 8hd5
3 § 15::1)45 § 17h00 Lgrtfc’)o
3} 103- § 19tl'?00 \\\\ 9n00 )
OJ :\§§ & AN \\\§

Figure 6: Chloride concentrations of rainwater samples. Collection times are shown for samples that
were taken from the same strrm
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Table 9: Rain collection volumes, rates, and electrical conductivities (EC's). BathsRainB1 is a
sample that became part of the BatthalnB composite sample

UCTra|n3

UCTrain4

UCTrain5

UCTrain7 Intermittant rates

UCTrain8 and wind directions

ORrain From the West, :
BathsRainA over 19-Aug 14.8 120 200 0.4
BathsRainB Piekenierskloof 19-Aug 4.1 170 1500 1.9
BathsRainB1 mountains 19-Aug 74 40 400 2.1
UCTrain9 Major dewnpour 29-Aug 4.9 15 1000 14.1
UCTrain10 from the South " | 29-Aug 4.8 5 250 10.6
UCTrain11 29-Aug 3.9 10 500 10.6

The relative concentrations of ions remains similar from rain water to surface
water, spring, and borehole samples (Fig. 8). Na® and CI' remain the dominant ions, and
the waters retain a rough seawater signature (Table 10). Notable enrichments in ion-Cl’
ratio with respect to seawater, are ANC (4.5 to 58), K* (1.9 to 4.6, excluding the Ope cold
spring sample), Ca* (1.7 to 3.8, excluding the Ope cold spring sample), and F" (22 to 35).
The only consistently depleted ion is SO,* (0.37 to 0.70, excluding rain water).

While the relative concentrations remain similar across the water samples, the
absolute concentrations change, as indicated by an increase in ionic strength from 0.1
mM in rainwater to 1 mM in groundwater. This increase in dissolved constituents is
particularly evident in comparing the rainwater to the pristine Peninsula Formation (Ope)
headwater samples (BK1, EK4, EK5) and the Ope groundwater samples (AL1, BK2,
Baths; Fig. 7). The Nardouw Sub-group (Sn) borehole sample (BK4) has a higher ionic
strength than any of the Ope samples.
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Figure 7: Major cations (left hand side of paired columns) and anions (right hand side of
paired columns) for rainwater (n=14), Peninsula (Ope) surface water (n=3; BK1, EK4, EKS5),
Ope springs (18°C-AL1, 43°C-Baths), Ope groundwater (BK2), and Nardouw (Sn)
groundwater (BK4).

ANC - Acid Neutralizing Capacity. Exit temperature of springs and boreholes is given in
arentheses.
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Figure 8: Percentage of total ions for seawater, rainwater (n=14), Peninsula (Ope) surface
water (n=3; BK1, EK4, EK5), Ope springs (18°C-AL1, 43°C-Baths), Ope groundwater (BK2),
and Nardouw (Sn) groundwater (BK4).

ANC - Acid Neutralizing Capacity. Exit temperature of springs and boreholes is given in
parentheses.
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Table 10: lon-CI' ratio for water samples compared to lon-CI' ratio for seawater. ANC is

represented as HCO,'.
Surface Ope Ope Sn

lon |Rainwater| water surface |Ope spring| borehole | Ope spring | borehole

(n=14) (n=10) |water (n=3)] (18°C) (28°C) (43°C) (23°C)
Na* 1.2 0.99 1.0 1.0 1.1 1.0 1.0
Mg?* 0.92 1.4 1.4 1.1 1.2 1.3 1.3
Ca™ 1.7 2.9 3.8 0.77 1.8 1.6 1.8
K* 4.6 27 3.6 1.1 2.4 2.2 1.9
Cr 1 1 1 1 1 1 1
SO” 1.9 0.64 0.48 0.55 0.54 0.51 0.54
Br- 8.7 1.0 1.3 n.d. n.d. n.d. n.d.
F n.d. 22 35 n.d. n.d. n.d. n.d.
HCO3 22 31 58 n.d. 19 15 20

n.d. — not detected

3.1.2 Minor and trace constituents of water samples

Minor and trace element concentrations follow a similar trend to the major ions,
with absolute concentrations increasing from rain water to surface and ground waters.
The highest concentrations are found in the Peninsula Formation (Ope) warm bath
sample (Baths), the stream near the warm baths (OR1), the Ope borehole (BK2), the
Nardouw Sub-group borehole (BK4), and the Olifants River sample from 70 km
downstream of Citrusdal (OL2). The Baths has the highest concentration of Al (9450
nmol/L), As (180 nmol/L), Pb (38 nmol/L), Rb (294 nmol/L), Si (1498 pmol/L), and Zn
(3281 nmol/L). Theoretically, Si should increase with increasing temperature, and this is
seen in the samples (Fig. 9). BK2 and the Baths have the highest Cu concentrations (394
and 256 nmol/L, respectively), which are about a factor of 5 higher than the next highest
sample. The OL2 sample contains the largest concentration of Sr (3621 nmol/L). Fe is
highest in OR1 (19697 nmol/L), with the next highest concentrations being an order of
magnitude lower, and occurring in surface water samples (up to 1960 nmol/L, OL2). BK4
has the highest Mn concentration (1221 nmol/L) followed by the Baths (896 nmol/L), with
an anomalously high surface water value at OL3 (1049 nmol/L). B is an order of
magnitude higher in OR1 and OL2 than in the other samples.
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