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1. INTRODUCTION

1.1 8tudy area

The study area is centred on the Swartkops estuary, which
lies on the northern slde of Port Elizabeth. The catchment
is described in detail in MacKay & Eilchstadt (in prep.). The
estuary is about 14km long, with wide s;pratidal and
intertidal f£lats. The physical, geological and bioleogical
characteristics of the Swartkops estuary have been studied

over the past ten years, and the results of these studies are

best summarised by Baird et al. (1988).

Fig 1.1 shows a map of the estuary up to its tidal limit at
Perseverance. Much of the immediate catchment of the estuary
has been undergoing rapid urbanisation, with both formal and
informal settlement encroaching on the estuary's shores.
Recently, concern has been expressed regarding degradation of
estuarine watezr gquality due to contaminated runcff from urban
developments, since there are several such sources of

pollutants which could impact on the estuary.

Pollution of the Swartkops River due to urban runoff is
discussed in MacKay & Eichstadt (1ﬁ prep.). As the major

source of freshwater to the estuary, it is important that the
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guality of the lower river be maintained at an acceptable
standard. However, presently the health risk to recreational
users af the estuary due to inflow from the Swartkops River

is thought to be small.

In comparison, other sources are potentially serious
problems ;
i1.1.1 <Chatty River
Uncontzolled informal settlement in and above the floodplialn
of the Chatty River has led to severe pollution of this
tributary (Fig. 1.2) by sewage and litter. Under normal flow
conditions, however, the Chatty meanders through a very
shallow bed for some distance before joining the estuary.
Over this distance, some natural reoxygenation occcurs and
ultraviolet exposure probably causes die-off of many bacteria
and viruses. Extremely dense algal mats remove some of Lthe
excess nutrients (Fig. 1.3). Hence the negative impact of
this source on the estuary is limited. However, under High-
flow conditions, serious pollution of the lower estuary by

untreated faecal matter is likely tec occur.
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1.1.2 Markman Canal

This ztormwater canal drains the heavy industrial township of
Markman. In its upper reaches, runoff to the canal is highly
polluted. However, the vegetation established in the canal
bed, and the long travel time to the estuary, apparently are

effective in removing most pollutants from the runoff.

1.1.3 Motherwell Canal

This canal carzies stormwater from Motherwell Townshlip
directly to the estuary.- Motherwell is a new high-density
residential development. In dry weather, a small but steady
flow of highly polluted water 18 invarliably obsezved in the
canal. The nature of this runoff has been studied in detail

and the results are described in section 4.1 of this report.

The pollution problem from the canal has to a large extent
been alleviated by measures taken in August 1990, but under
high flow conditions, there will still be an input of

pollutants to the estuary.

1.1.4 Settlement at Brickfields

.A small settlement exists in this area, very close to the
estuary bank. No sanitation is provided, since this appears
to be an informal development. The potential for pollution

from this source has net yet been assessed.



1,1.5 Other developments

The established residential areas of Redhouse, Iwartkops and
Amsterdamhoek are of such a nature that, as pollution
threats, they 5:3 potentially much less serious than other
sources mentioned above. However, in terms of overall impact
on the recreational resources of the estuary, they cannot be

ignored. ;

1.2 S8Scope of this repoxt

This report covers work done to ascertain the effects of
urban runoff on the Swartkops estuary, the period of work
being September 1989 to December 139Q. In that time, an
intensive £ield study was undertaken to investigate the
quantity and gquality of urban runoff from Motherwell Township
via the stormwater canal which drains into the estuary. The

results of this study are discussed in section 4.1.

In addition, dAilution studies using Rhodamine B dye were
carried out to assess the dispersion and dilution of the
Motherwell runoff in the estuary. The results are described

in section 4,2,

Circulation and hydrodynamics in the estuary wezre studied
over a l4-day spring-neap tidal cycle, using salinity and
temperature as tracers, and these investigations are

desczribed in section 4.3.



Detailed analysis'of historic water quality data from the
lower Swartkops River and the estuary has been discussed in
MacKay & Eichstadt (in prep.), which has been submitted to
Water 8.A., a copy of which can be found in Appendix A, and

MacKay et al. (in prep.). These results are covered briefly

in section 4.4.

Section 5 includes a discussion of the relevance and
application of ?esults obtained so far to solution of the
problem of contaminated urban runoff reaching sensitive water
bodies. The proposad future research programme is also

cutlined in this section.



2. FIERLD STUDIES

2.1 Motherwell stormwater

In QOctober 1983, a small V-notch weir, approximately SOcm
high, was constructed from steel and fixed in place in the
stormwater canal, at a point near the edge of the escarpment

which runs along the estuary bank (Fig 2.1).

Initially it was intended that water samples would be
collected at the weir, and flow measured at the V=-notch.
However, the gradient of the canal bottom was so shallow that
water backed up to a distance of some 500m from the welir.

The resultant odour, and the danger to chlldzrzen or animals
falling into the canal, made this unacceptable, and the weir

was removed in November.

In December and January, the Motherwell Town Committee
constructed instead a low brick wall in the canal, designed
sy that a steel plate with a V-notch could be inserted when
necessary, and removed when sampling and flow measurements
were completed for the day (Fig 2.2). This proved to be a
satisfactory solution to the problem of standing water in the

<anal.

10



FIG. 2.1 aerial photogra

canal
>

Ph-of lower section of Motherwell

FIG. 2.2 sampling weir in Place in the Motherwell canal
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Sixteen water samples were collected between 26 October and
17 November: this was really an initial settling-in period.
The canal was visited on a twice-weekly basis, with
additicnal samples collected 1f rain occurred in betweaen

sampling trips.

On each visit, the routine was as follows: the flow rate in
the canal was measured using a bucket and a stop-watch (Fig
2.3); conductivity, temperature and dAissolved oxygen content
were measured in situ and recorded; weather conditions and a
description of the water in the canal were also noted; a
1000ml sample of water was collected, to be delivered to the
SABS laboratory; a 250ml sample was collected in a sterile
bottle for bactericological analysis at the PEM laboratory;

both samples were placed on ice in a light-proof box.

The same procedure was carried out three times at hourly

intervals, as close to 08h00, 0Sh00 and 10h0Q as possible.

Sampling at the new weir commenced on 22 January 1990. The
sampling procedure was the same as previously, except, that
40 - 45 minufes were reguired before sampling in order for
the Qate: level behind the weir, and hence the flow, to

stabilise. 70 samples in all were taken on a twice-weekly

basis until the end of March 19930,

12



FIG., 2.3 MHeasuring flow rate In the canal

As the sampling programme continued, it became clear that
variations in flow in the canal were not always directly
attributable . to rainfall in the area. Hence it was decided
to inciude several 24-hour studies in the programme. Between
the end of Februéry and the &nd of March 1990, eight such
studies were carried out, each on different days of the week.
élow ;ate was measured hourly, and every twe hours a water
sampie was collected and stozed on ice for later delivery to
the PEM laboratory. UPE field staff were assisted by staff

of the Motherwell Town Committes.

The programme ended on March 31, but two more sampling tzips

were undertaken in April for the purpose of interlaboratory

13



calibration. A total of 10 samples were collected, split,

and sent to both the SABS and the PEM laboratories,

Table 2.1
Schedule of analyses carried out
1. Twice-weekly sampling

In situ - Temperature, conductiﬁity (EC) dissolved
oxygen, flow rate

SABS lab - EC; pH; T8S; TDS; nitrate N;
ammonia N + nitrite N; orthophosphate P;
COD; OA ‘
PEM lab -~ Total coliforms; faecal coliforms; E. coli;
faecal streptococci {(once per week only).
2. 24 -~ hour sampling

In situ - flow rate
PEM lab - pH, EC, COD, OA

3. Calibration Samples

SABS lab - pH, EC, COD, OA
PEM lab - pH, EC, COD, OA

2.2 Dye Studieq

On 16 October 1990, two releases of Rhodamine B dye were
made, én the ebb and flood tide, to determine the extent of
influence of the plume from the Motherwell canal. Aerial
photographs Qere taken at intervals after each release, and

were scaled later in the laboratory.
A grid of marker buoys was laid both upstream and downstream
of the canal mouth, in order to permit X-Y position fixing of

the plume limits. The position of each buoy was fixed

14



relative to a mark painted on the concrete bridge over the
canal using theodolites. However, the orange buoys were not
clearly visible in the subsequent photographs, so were not
used in scaling the plume snapshots. The concrete bridge,
visible in all photographs, was used as a convenient scale
length of 28.3m.

The Rhodamine B dye was mixed with methanol to a density
equivalent to that of the estuary water. Approximately 2
litres of the mixture was released in a plug on the estuary
slde of the concrete bridge. The ebb-tide dye release was
made at 07h45. Records from a vector averaging current meter
moored in mid-stream opposlite the canal mouth show that the

tide was outgoing until 10h45.

The flood-tide release was made in the same manner at 12hd6,

a short while before the f£l00od current reached maximum spéed.

2.3 Estuary circulation studies

During May 1990, five trips were made to the estuary to
measure depth profiles of salinity and temperature at 11
stations beﬁween the mouth and the head (Fig 1.1) using a

Valeport Series 800 Mk II CTDS meter.
The estuary was sampled at low slack water and high slack
water on each trip: the boat was anchored in mid-stream at

each station. Salinity and temperature were recorded at 1lm

18



intervals at stations where the watezr depth was 5m or
greater, and at 0.5m intervals otherwise. If a halocline was
observed, the depth interval was reduced to 0.25m. In most
cases each slack water run began at the mouth and finished at
the head within 60-75 minutes. However, on 17 May, while
anchored at Station 1, we were called by police to assist in
the search for a boedy in the Swartkopé mcecuth area, which led

to some considerable delay.

The sampling period covered one 14 day spring-neap cycle,

from 17 to 30 May.

18



3. INTERPRETATICON OF EXISTING DATA

3.1 PEM Bacteriological data

The Port Elizabeth City Engineer's Department collected

| samples at 9 stations along the estuary between the head and
the mouth between March 1980 and September 1987. Monthly
samples were analysed for faecal coligbrma and E. coli per

100ml.,

Staff of the Port Elizabeth City Health Department resumed
bacterioclogical sampling at four of these stations, and at an
additional station near the Motherwell canal mouth from
November 1987. 1Initially, the stations were sampled on a
fortnightly basis, later weekly, than bi-weekly. Since June

1989, sampling has continued at weekly intervals.

The data has been collated and subjected to statistical .
analysis (MacKay et al, in prep; MacKay & Lord, 1991), and

the results are discussed in section 4.4 of this report.

3.2 DWA Chemical and bactexrioclogical data

The Department of Water Affairs monitors 13 stations along
the river/estuary system between Kruisriver and
Amsterdamhoek, at quarterly intervals. Analyses carried out
inclpde pPH, conductivity, ammonla-N, OA, COD, E. coli and
faecal coliforms. Results of statistical analysis o¢f the

river water guality data have been discussed in MacKay &

17



Eichatadt (in prep.) and are covered briefly in section 4.4

of this report,

3.3 Research by the University of Port Elizabeth
In recent years, much regsearch has been done concerning
bioclogical and geological aspscts of the Swartkops system.

Appendix B contains a list of alil the;:elevant references,

3.4 PEM Water level records

Several water level recorders have been deployed in the river
and estuary since 1987, and these are maintained by the Clty
Engineer's department in order to provide data input for the

hydrological model of the estuary (Huizinga, 1984).

Only one recorder remains in the lower river, but data is
available from 4 recorders along the estuary. The recorders
include shaft encoders linked to data loggers which store
half-hourly water levels relative to mean sea levsal,

Although there are gaps 1n.the records, they coulé be used to
provide valuable information on the hydrodynamic behaviour of
the estuary, particularly dealay and distortion of the tidal
sighal due to constriction inside the estuary. Long-term
tzends in the flushing capability of the estuary could be
identified, as the magnitude of the tidal prism varies with

changing estuary morphology.
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3.5 Weather data

Daily rainfall totals from Weather Bureau Stations at
Swartkops Power Station, H.F. Verwoerd Airport and Uitenhaqe
were ugsed in interpretation of water guality data from the
Swartkops River, the estuary and the Motherwell stormwater
canal. Daily rainfall records from Bluewater Bay were

provided by Dr A.P. Martin, the Swartkbps Conservation

Qfficer.

In addition, a rain gauge was installed in January 1990 at

the house of a UPE employee resident in Motherwell township.
Daily totals were recorded for approximately four weeks, but
ware discontinued .when this person moved away from the area

at short notice,.

A weather station i{s maintained at Cape Recife by the
Department of Oceanography, UPE, and hourly values of wind
speed and direction, alr temperature and pressure and solar

radiation are recorded there,

19



4, RESULTS AND DISCUSSION

4.1 Motherwell Stormwater

4.1.1 Results from 1988 study

In 1988, the Department of Oceanography sampled runoff from
Motherwell township, in the same way as during latter
studies. Water samples were collected oh 22 days between 9
August and 20 October 1988, and flow rates recorded (Scarr,

1588), Table 4.1 summarises the rasults obtained.

Table 4.1 Results of analysis of stormwater samples from

Motherwell canal.

| Determinand | Medlan of 22 daily medians |
| Flow rate V2 1see T i
: Faecal coliforms : 54 000 per 10Oml :
: EC : $.45 mS/m 1
: pH : 8.3 units :
: nitrate-N : 5.2 mg/l :
: O-phosphate-P : 0.2%9 mg/1 :
bmmmme e - ;

20



Table 4.2 Bacteriological and virological analysis of
stormwater samples from Motherwell canal (from

Scarr, 1988),

D pm————————— fmmmmm e ——— pmmmm———— pmmmm——— $mmmmmm - +
l I [ { | | |
| Date | Faecal | Paecal {Coll~- |8al- |IViruses |
| | coliforms| strept- |farges |monellal |
! { per 100mlt ococci |iperx 10mli | |
| | | per 100mlt " i | I
R frmw e ——— e LT e pm—————— fm——m———— +
I I i [ | |
| 26/7/88 | 10 100 i 430 { & 004 (POS 16324 REO|
| | | I | i |
| 27/9/88 | 1 533 300 | 46 700 I 55 000 |POS 193 INTRAI
| i | I | I |
| 8s11/88 | >50 000 | 37 200 I 400 |POS | - |
t } i i ; I |
$mm————————— frmm—m——— - trmmnem———— pomm e m—— pommm——— fommen——- +

The results show that by soon after the commencement-of
development in Motherwell, a continual flow of polluted
runoff was reaching the 3waftkops estuary. This runoff had
high levels of fascal bacteria and was nutrient-enriched. 1iIn
addition, viruses had been ?ositively-identified as present

in the runoftf.

4.1.2 Results from 1989-90

Fig 4.1 shows box-and-whisker plots drawn as follows : for
the twice-weekly sampling results of the second of three
samples were extracted from the record; from the 24-hour
sampling, the results of the 07h00 sampls were extracted.,
These were then separated into wet-weather and dry-weather _
samples, where wet weather was defined as more than Smm rain

zecorded at Bluewater Bay in the 24 hours antecedent to

21



sampling, while dry weather was defined as less than S5mm of

rain in the past 24 hours.

The results show clear differences between runoff quality in
wet and dry weather. Compared to wet-weather runoff, dry-
weather flow was usually between 1.5 and 2 litzres per second,
but never zero; pH and EC were higher; faecal coliforms perz
100ml showed a similar median but greater range in values;
OA, COD, orthophosphate-P and TDS were all significantly
higher. In most cases, the dry-weather flow exceedead the
General Effluent Standazd in all determinands, although the
wet-weather flow guality was usually acceptable in terms of

this standard.

22
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FIG 4.1 Box-and-whisker plots to show wet-weather and dry-
weather runoff characteristics. Samples taken in
Motherwell canal.
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Invariably, dry-weather flow could be traced back to
blockages 0f the sewerage systaem, often due to vandalism.

Much refuse and litter was dumped in the canal and this added

to pollutant loads.

A more detailed analysis of the quality and quantity of
zunoff from Motherwell, and its impact on the Swartkops
estuary, is in preparation and will be submitted to Water SA

shortly (MacKay & Lord, in prep.).

Measures were proposed to alleviate the problem of the
polluted runoff, which persisted despite all attempts éo
maintain the sewerage system in good order and to keep the
canal clean. One such proposal was the installation of an
artificial reed bed at the bottom of the canal, through which
dry-weather flow would pass, while bacteria and excess
nutrients were removed. Wet-weather flow would pass directly

to the estuary.

The solution f£inally adopted appears to have been

successfql : a sump was-  excavated below the floor of the
Icahal to colléct dry-weather flow, which then pumped back to
the sewage system for treatment. High flows pass over the

top to the estuary. The design is shown in Fig 4.2.

25
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4.2 Dye Studies at Motherwell Canal

4.2.1 EbBDb tide
On the day of the dye studies, the wind was a light south-

westerly, and the weather partly cloudy.

The first release was made on the ebb tide at 07h4S. Fig
4.3 shows graphs of current speed and direction, depth-

averaged salinity and temperature measured at the VACH

mooring.
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(a) Current velocity
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(b) Salinity / temperature
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FIG 4.3 Graphs showing current velocity, salinity and
tempgrature measured in the estuary during dye



Pig 4.4 shows a series of scaled drawings made from the
aerial photographs. S8Scale length is indicated by the length
of the concrete causeway over the bridge (28.3m). The

downatream drift of the motorboat can be seen in drawings

(), (d) and (e).

The drawings show that most of the disp;rslon,of the plume
was in the longitudinal direction, with the plume length
reaching approximately 360m by 34 minutes after release time,
corresponding to a longitudinal dispersion velocity of
roughly 0.2 m.s“* , compared to midstream measured current
speeds of 0.10 - 0.13 m.s-1 . The VACM rotor was 2m below
the water surface, which could have led to lower speeds being
measured than at the surface, since ebb currents in estuaries
tend to be concentrated in the upper layer of the water
column. In addition, the plume was concentrated in the
shallow region of the estqary bed, on the outside of a bend,

which could also have led to.higher longitudinal velocities,.

29



{a) +6 mins {b) +10 mins
——> tide

f\

{c} + 14 mins

(d) + 22 mins

(e) + 34 mins

FIG. 4.4 Scale drawings of dye plume on ebb tide




Lateral dispersion was approximately 0.02 m.s-*, averaged
over the 34 minutes of observations. By the end of tha
obsexrvation period, the leading edge of the plume ha& reached
the stretch of shallows and sandbanks between the Markman
Canal and the 0ld Grahamstown Road bridge. Here the plume
was mixed and diluted and could no longer be seen by eye.

The areal dispersion, estimated using a graph paper grid, was
9825 m* in 34 minutes, corresponding to a dispersion rate of
4.8 m*.s"*, It han be assumed that Ehe plume mixed downwazd
to a maximum depth of 0.5m, a reasonable estimate for fresher
inflow into estuarine conditions, i{f little vertical
tuzbulent mixing occurs on the ebb tide (MacKay & Schumann,

1990)., Dilution calculations can be done as follows :

Total velume of plume after 34 minutes 9825 m2 x 0.5m

4912.5m?

" 5x10-?m?.s~*

Canal flow on day of dye studies

Total canal input in 34 minutes 10.2m?

Qilution-fdétor 4912.5n* = 482

- ——

Hence 1£f the canal flow had been polluted by sewage as usﬁal,
with a count of 1 000 000 faecal coliforms per 100ml,

dilution would be as follows:

31



Total faecal coliforms in 10.2m° = 1 x 10"
Dilution 1x1Q022 = 2 x 107 per m?

4912.5m?
= 2000 faecal
coliforms/100ml,
If no die-off occurred in the 34 minutes after these bacteria
were released into the estuary, the count within the plume
would have been 2000 faecal coliforms per 100ml. The plume
remained close to the bank, where fishermen and children

paddle : in such a zone, a bacteria count as high as that

above is unacceptable.

‘The dilution estimates above are conservative, since
frequently bacteria counts in the canal were of the order of
10®* per 100mi. Also, uniform dispersion across and along the
Plume is assumed : if the canal flow is of much lower
electrical conductivity than the receiving estuary water,

vertical mixing and dispersion will be reduced, leading to

amaller dilution volumes.

4.2.2 Plood tide

Nd'draw!nqs wé:e made of flood tida dispersion, since none
was observed while the aeroplane was overhead in the flrst 20
minutes after release. (Figs. 4.5 and 4.6). The reason for

this is not clear but could be explained as follows :
Measured f1lood current speed at the time of release (12h06)
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was approximately 0.19 m.s~* and increasing to a maximum of
0.35 m.s=* at 12h45. PFlood currents in estuaries tend to be
concentrated In the lower layer of the water column, and in
the deepest part of the channel cress-section., Hence there
was little movement of water at the dye release position, and

s0 little dispersion.

Later, once the water level rose with the incoming tide, the
stagnant water at the canal mouth would have been transported

upstream towards Redhouse.

After the asroplane landed, we returned to the canal, to find
that some 85 minutes after release, the plume extended in a
narrow ribbon-shape to the first bend, a distance of about
400m. The plume appeared to be considerably diluted. A
similar pattern of dispersion on the flo0d tide was observed
several times, from the alr and from the top of the
escarpment : even without dye, the surface of the plume was

clearly visible due to the presence of scum and oils.
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4.3 Salinity and temperature data

The salinity profiles (Fig 4.7) show the Swartkops to be

mar ine-dominated almost to the head. River flow is low
compared to the tidal prism, and hence salinities were
consistently higher than 25 9/00, &ven at station 11 near the

head.

Very little stratification was observed, particularly below
station 5, where the water column was well mixed on both
£flood and ebb tides. A small degree of stratification was
observed in the upper reaches, between stations 8 and 11,

which tended to become slightly more marked at heap tides.

The estuary follows the general pattern, observed in other
East Cape astuaries, of tendency to stratification at neap
tides or during increased river flow, and the opposite
tendency to vertical mixing at spring tides (MacKay and
Schumann, 1%90), However the degree of stratification and

the range of observed salinities are both small.

The influence of the sea on the lower and middle estuary can
ciearly be seen on inspection of the temperature profiles
(Fig 4.7). Temperature in these regions depends more on that
of the neighbouring ocean on incoming tides, but can change
markedly as water from further upstream is advected seawards
on the outgoing tides, This was particulazly clear on 21 May

and 23 May.
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In the mornings, temperature inversions are common in the
water column, due to the rapid cooling at niqht of the air
layer above the water column. These inversions become moze
marked at neap tides when vertical mixing is inhibited due to
lower tidal energy and the presence of a slight salinity

stratification.

Fig 4.8 shows daily ranges of depth-averaged salinity and
temperature, compared to the daily tidal range, sea
temperature range measured at Humewood, and air temperature

range measured at H.F. Verwoerd Airport.

The maximum daily range in salinity occurred at stations 5, ¢
and 6a at neap tides, with very small ranges observed in the
uvpper and lower estuary, again a pattern common to other
estuaries. At spring tides (21 and 23 May) this pattern
shifted upstream, as the larger-amplitude tides penetrated
further up the eskua:y. By 30 May, the pattern was again
returning to the neap tide situation. It would appear that

_ very little egchanqe of water occurred between the upper and
‘middlc estuary, while exchange between the middle and lower
estuary was adequate at spring tides, but much decreased

during neap tides.

While the sea temperature remained relatively constant, that

in the estuary was dependent on air temperature. Generally,
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estuaries can display a temperature gradient cof up to 10°C,
directed up-estuary in summer, and seawards in winﬁe:, as the
moderating influence of the sea is felt., During the time of
measurements, it is likely that the autumn transition between

these two situations was under way (Fig 4.8).

In summazy, the Swartkops, although behaving in a manner
similar to other estuaries of lts physical type, shows
susceptibility to degradation via input of pollutants to its
middle and upper reaches, where mixing and tidal exchange are
inefficient at removing contaminants, and residence times may

be longer than 14 days.
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4,4 BRiver and estuary historic data

4,.4.1 Lower Swartkops River

The Department of Water Affairs in Port Elizabeth provided
records of analysis of water samples collected in the
Swartkops River between 1978 and 1991. This data was
subjected to statistical analysis and interpretation in order
to assess the potential for pollution of the estuary due to

contaminated river inflow.

Results show that the impact of the ziver on the estuary
presently may not be significant, compared to other inputs.
However, the lower Swartkcops River itself is negatively
impacted by runoff from the Uitenhage-Despatch industzial
complex, particularly in dry weather when little dilution

"QCCUrs.

The full text of a paper by MacKay & Eichstadt (in prep.) is
included in Appendix A to this report. The title of the
paper is "Water Quality of the Lower Swartkops River,
1978-1991",

4.4.2 Swartkops Estuary

The Cify Engineer's Department and the Medical Officer of
Health of Port Elizabeth kindly made available results of
analysis of samples.taken in the estuary between 1978 and
1991.‘ The analyses were microbiological : E. coli and faecal

coliforms per 100ml.
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The data has been subjected to rigorous statistical analysis,
the results of which are contalned in a paper entitled
"Bacteriological water quality of the Swartkops Estuary 1978-

1991" (MacKay et al., in prep.}. .

Briefly, the results show that there has been a deterioration
in bacteriological water quallty in the estuary during that
pericd, particularly at Redhouse, Zwartkops and adjacent to
the Motherwell canal. Levels in excess of 10® faecal
coliforms/100ml were frequently found in the estuary near the
canal, making this area totally unsuitable for recreation.
Pollution was invariably traced to contaminated runcff in the
stormwatey system draining Motherwell Township, as described

in Section 4.1 of this report.

However the installation of the sump to intercept
contaminated zrunoff in the canal led to an immediate and
significant decrease in the levels of faecal coliforms in the
estuary nearby, showing that this solution was indeed

effective in reducing pollution.
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S. CONMCLUSIOMS

5.1 Rffects of stormwater on the estuary

Data from the lower Swartkops River and Motherwell canal have
shown that the pollution is not linked to storm-£flow runoff.
During periods of high rainfall, pollutants may be brought
down to the estuary, but the flushing time inside the estuary
is greatly decreased, so that there may be little

accumulation of contaminants under these conditions.

During the normal rainy seasons, pollutants entering with
freshwater flow will remain in the upper layers of the water
éolumn due to stratification between the freah inflow and fhe
more saline estuary water. While stratification persists,
contaminants will be removed from the estuary in the upper
seaward-£flowing layer on ebb tides, and accumulation within
the estuarine ecosystem will be limited (Wooldridge et al.,
1890).

The need to prevent highly-contaminated dry-weather urban
runoff from reaching recreational water bodies such as
eStuaziés has been demonstrated in this report : the guality
of runoff from Hotherweil is typical of othezr urban
developments, The Chatty River, the Markman canal and'other
shoreline developments can be expected to yield similar
runoff which will also enter the estuary. 1In dry weather,

the Swartkops in its upper and middle reaches has been shown
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to be well-mixed with long residence times and limited
flushing : in these regions, the assimilative capacity of the
zeceiving water could well be exceeded, leading to long-term
deteriozration in the quality of the water and ¢f the

estuarine environment, possibly irreversible,

5.2 Implications for stormwater management

Large, open concrete-lined stormwater canals have been shown
in the case of Motherwell, to be totally unsuitable,
particulazly where the canals drain into a sensitive water
body. Solutions are available to existing problems, such as
diversion of dry-weather flow through an artificial reedbed

or to the main sewerage system for treatment.

Better still would be sensible design of major stormwater-
canals. For example, the Markman canal, adjacent to
Motherwell, carries potentially far more dangerous
contaminants sourced in runoff from heavy industrial areas.
However the canal is lined with gablons in its lower reaches,
and is not lined at all further up. Thick vegetation has
been established in the canal and this very effectively
filters out pollutants before the runoff can reach the

estuary.
When designing stormwater reticulation systems in
environmentally sensitive areas such as the coastal zone,

provision should be made for long retention times in unlined
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basins, and storm drains should be covered where possible.

Retention under ultra-violet light {sunlight] would help to
kill off sewage-related bacteria and virzuses, while natural
reoxygenation would assist in removal of COD and conversion

af ammonia to nitrate.

As urbanisation proceeds rapidly in South Africa, the problem
of polluted runoff will be observed in many other areas,
particularly the lower-income high-density formal and
informal settiements. When providing infrastructure, however
basic, to such areas, thought must be given to long-term

maintenance of environmental quality.

5.3 Puture resasarch
A detaliled proposal for future research was submitted to the
Water Research Commission, and much of this proposal is

reproduced here,

Project Title : The influence of urban zrunoff on the water
quality of an estuary in an urban catchment.
Project Leader : H. M. MacKay

Duration : Jan 1992 - Dec 1992

Introduction
It has been shown in recent studies that the Swartkops astuary
is being heavily impacted by rapid urbanisation in its

immediate catchment. Research indicates degradation of both
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chemical and microbiological water guality in the estuary, due
largely to runoff from surrounding urban areas (Lord & MacKay,
1990; MacKay & Eichstadt, in prep.; MacKay & Lord, in prep.;

MacKay, Lord, Devey & de Leeuw, in prep.).

Further urban and industrial development in the lower catchment
may result in exceedance of the assimilative capacity of the
estuary and the lower Swartkops River i.e. the estuary will no
longer be able to absorb the loads of contaminants without
unacceptable degradation in water qQuality. A balance must be
maintained between two conflicting aspects, namely (i) the need
for economic development and housing in the catchment area, and
(1i) the high recreational value placed on the estuary by
residents and tourists. Such a balance can only be achieved
with adequate knowledge of thé assimilative caﬁacity of the
estuary, since any changes=s in land use in the catchment are
ultimately zeflected in the sensitive estuarine environment,

It is hoped that this researc; will break new ground in the
balancing of conservation with development, particularly in the
fragile cocastal zone, and that viable options can be provided
in order for managers to make informed decisions. The problems
ndw evident in the Swartkops catchment, which are assoclated
with urbanisation, are already arising in other areas of South
Africa. Results of the research proposed here will have wide
applicability to other river-estuary systems in the country, as

econonmic and social development programmes proceed apace.
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Research Proposal

A considerable amount of knowledge has been gained concerning
the gquality and quantity of runoff from a typical urban
development in the Swartkops catchment, Motherwell township. It
has been shown that options are available to minimise the risk
of serious pollution in the estuary from such runoff (Loxd &

MacKay, 1990).

This knowledge can now be extended and applied in a holistic
study of the estuary and its immediate catchment, with the aim
of providing management options for the future. 1In this
proposal, a study programme is outlined which will lead to a
better understandling of the hydrodynamic and chemical processes
active in the estuary, and the response of the estuary both to
stormflow and to the ubiquitous dry-weather runoff typical of

urban developments.

The personnel involved in the proposed project have
considerable expe}ience in estuarine research, and it is felt
that the work will tie "land-based" knowledge of stormwater to
. its effects in the receiving water. In addition, Ma. MacKay

| will be registered for a Ph.D. degree in the Department of

Oceanography, University of Port Elizabeth, in 1992,

Programme Outline
An intensjive measurement programme will be undertaken over the

autumn equinox period, to coincide with equinox spring and neap
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tides in the estuary, and the local autumn rainy season. The
University of Port Elizabeth will be contracted to gupply data
on tidal currents, water levels, salinity and temperature in
the estuary, as well as processing available weather data from
the region. Sampling for key water guality determinands such as
bacteria, nutrients and dissolved oxygen will take place at the

same time,

Subsequent sampling will be undertaken during and after
rainfall events to assess the short-term impact of stormflow on
the estuary and to monitor the recovery of the estuary after
such an event. Point sources of stormwater and effluent will be
monitored while estuary sampling proceeds. All field work will

be supervised by H. MacKay.

Chemical and bacteriologicél analysis of water samples will be
carried out by an accredited laboratory, and it is hoped that
inter-laboratory calibrations can be undertaken during the

year.

"The field programme should extend over approximately 9 months,
tb:cover both wet and dry catchment coﬁditions. Numerical
modelling will play a small parxt in the study - programmes
available from the United States Environmental Protection
Agency will be used to model water guality, in particular
salinity and dissolved oxygen. However, the emphasis will be on

direct field measurements in the Swartkops area, since such a
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complex system cannot be accurately modelled.

Work initiated earlier on development of local water gquality
criteria (MacKay & Lord, 1990) will be continued using

information gained in the proposed study.
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ABSTRACT

Water guality dahta records, collected in the Swartkop-s River
between 1978 and 1991, were subjected to statistical
analysis. Results show that the Uitenhage-Despatch urban and
industrial complex impacts significantly on the quality of
the Swartkops River. The use of non-parametric statistical
tests to obtain information from low-frequency data is
demonstrated, and the value of long-term surface watex

guality monitoring programmes is highlighted.



1. INTRODUCTION

This paper covers two aspects of water gquality management:
firstly, the use of non-parametric statistics and median
analysis to obtain useful information from data sets of
limited length and low sampling frequency; secondly, the
application of these methods to analysis of data from the
Swartkops River, in order to assess the impact of industrial
development on water guality and the potential for pollution

of the Swartkops estuary.

The Swartkops estuary iz a major resource for the city of
Port Elizabeth in terms of recreation and tourism, as well as
being biologically a highly productive area (Heydorn et al.
1987). Recent rapid development in the Swartkops catchment
as far upstream as Ultenhage has led to cencern regarding the
possible degradation of water quality in the estuary and the
lower river. The major threat appears to be due teo
contaminated runcff reaching.the watercourse from the
industrial areas of Uitenhage and Despatch, and from the so-
called "Third-world" high-density and informal settlements
which are encroaching onto the catchment area and the
Eloédplain (Loxrd & MacKay, 1990). The river appears to be
affected by seepage from established industrial effluent
ponds in the area, and the ongoing discharge of domestic
waéte water from McNaughton and Rosedale Townships via the
Kat Canal (FPig. 1), similar to the discharge observed from

Motherwell Township (MacKay & Lord, in prep.).



As the Swartkops River is the major source of freshwater
for the estuary, it is important that the guality of Ehe
river water be maintained at a level which is adequate to
protect the estuary. Results of water samples collected from
the river by the "Department of Water Affairs show that the
Uitenhage-Despatch complex does have a siqnifécant impact on
water guality in the river. This implies that any further
development should be planned with a view to minimising
inputs of anthropogenic substances into the river/estuary

system.

2. STUDY AREA

The Swartkops River drains a catchment area of
approximately 1370 km?, lying to the north and west of Port
Elizabeth. The main tributaries are the Elands River, which
joins the 3wartkops above Ultenhage, the Brak River, and'the
small Chatty system, whicﬁ enters the Swartkops below its
tidal limit. Soils in the catchment are predominantly
lithosols. Land use is limited to agriculture, with the
exception of the Uitenhage-~Despatch urban and industrial

complex.

Mean annual precipitation varies from 706 mm in the upper
catchment to 547 mm in the lower catchment. Mean annual
tunoff from the System is estimated to be 84.2 x 10* m?
{Reddering and Esterhuysen, 1981). No flow records are kKept

for the Swartkops River below its confluence with the Elands



River, but normal flow at Perseverance (Fig. 1) is probably
between 0.05 and 0.5 m?s~* (Hulzinga, 1984; Baird et al.
1986). During the 1981 floods, a peak £low of 2130 m?s-? was
recorded at‘the Niven Bridge at Uitenhage (du Plessis, 1984),
a level which is thought to be clogse to the theoretical 100

year event (Hughes, 13987},

Industries in the Uitenhage/Despatch area include tanning,
wool precessing and the manufacturing of automobile
components, several factories being situated within 300 m of
the river banks. River stone is quarried below Perseverance.
Only one industrial wastewater discharge has been permitted
on this stretch of the river: the Department of Water Affairs
allows the release of 35 000 m?® per year of purified effluent
which complies with the General Effluent Standard (DWA,
1986), except for scap, oil and grease, for which the

discharge limit has been set at 5 mg/l.

There are tgree purified domestic effluent discharges
within the study area: Kwanobuhle sewage treatment works
- releasas 131.24 Ml per day, Uitenhage treatment works 8.83 Ml
per day, and Despatch treatment works 1.68 ML per day.
Together these probably contribute significantly to the river
£low measured at Perseverance. Runoff from factory premises
and rocads may be contaminated, and several stormwater drains
lead this runoff directly into the river. A number of

municipal solid waste disposal gsites are located within the



study area, and the effect on the river of leachates and
surface runcff from these sites has not yet been est;blished.
Squatter settlements such as those at Perseverance and within
the Brak and Chatty catchments are potential sources of

faecal pollution.

3. SAMPLING AND ANALYSIS
3.1 Pield sampling techniques

River sampling was carried out at the stations shown in
Fig. 1 between 09h00 and 12h00 on sampling days, at
approximately 3-monthly intervals. From 1990, samples were
taken monthly. Additional sampling was undertaken only if
_suspected pollution was observed and repcrted to the

Department of Water Affajirs.

Statien SRO% was sampled from a causeway bridge over the
river but at all ¢ther stations samples were taken from the
bank. The Ulitenhage and Despatch sewage treatment works

effluents were sampled at the point of final discharge.

A clean l-litzre plastic bottle with a screw cap was used
ﬁa_take a'single grab sample at each.station. The bottles
were prior rinsed with sample at the stations before being
filled, but wexe not pre-treated in any other way. Saﬁple

bottles were not re-used for subsequent sampling trips.

Bottles were marked appropriately, stored in a cloased



cooler bag without ice, and delivered to the South African
Bureau of Standards (SABS) laborateory in Port Elizabeth
within one hour of the last station being sampled.
Thereafter, the samples were stored at 4°C for a maximum of

two days before analysis.

3.2 Laboratory analysis

The following standard methods were used (SABS, 1384):

Analysis SABS method po.
PH (logae units) 11
Electrical conductivity 1057
{mS/m at 25°C} :
Suspended solids (mg/1l) 1049
Oxygen absorbed Erom N/BO 220

potassium permanganate in 4 hrs
at 27°C (mg/l Oa)

Free and saline ammonia as N (mg/1) 217

Chemical oxygen demand (afterx 1048
chloride corxrection) (mg/l 0Oz}

Sulphates as 3042~ 212
Chlorides as Cl- 202

3.3 Data analysis
- Commercial software packages, running on an IBM-compatible
personal computer, were used for data analysis. The data was

previously checked for accuracy by hand.

The program WQSTATII, developed by Colorado State

University (1988), was run with the pre-checked data to



investigate the statistical characteristics of the records
such as seasonality, correlation and normality, and to check

for linear trends using the Kendall Tau test.

STATGRAPHICS (Statistical CGraphics Corporation, 1986) was
used to pleot the box-and-whisker diagrams and correlation
matrices, while annual median series and other graphs wére
plotted with HARVARD GRAPHICS (Software Publishing

Corporation, 1987).

4. DATA ANALYSIS
4.1 Data quality

Table 1 shows the length 0f each data set, including the
years for which there were several missing values. In some

years, only one value was recorded.

4.2 Data characteristics

It was found that for all stations, total dissolved sclids
(TDS), sulphate and chloride concentrations were closely
correlated with measurements of electrical conductivity (EC),
so that EC provided an acceptable syrroegate for major ion and
TDS levels. Hence only the determinands pH, oxygen absorbed
by permanganate (OA) and EC will be discussed in the

following sections. .

Data were tested for normality by assessing the

statistical significance of the skew and kurtosis parameters



of each determinand at each statien. In every case,'all
available records were used., Results showed that none of the
data sets were normally distributed, at confidence levels of
80% and greater. This was to be expected, since most water
quality determinands tend not to follow a normal distribution

(Sanders et al., 1283).

The data showed no serial correlation, which was also as
expected: the minimum sampling interval in most cases was 3
months, and temporal correlation would be unlikely at this

level of sampling.

The Kruskal-Wallis test for equality of medians among
seasons was used to check for seasonality. Seasons were
defined in terms of the sprinq,'summer, autumn and winter
‘quarters. The only data set which showed significant
seascnality was QA at station SROl1 (75% confidence). OA
levels tended to be lowest here in winter months, higher in
the spring seasons This may be due to the fact that the
station ls not impacted directly by any urban or industrial
dgvelopment, being upstream from Uitenhage. Hence natural
hydrological cycles still predominate, where oxygen levels
increase with decreased winter water temperatures, Elevated
OA levels appear to coincide with the spring rainy season, as

is borne out by results of correlatlon analysis (section

41.5).



4.3 Box and whisker plots

Figures 2.a, 2.b and 2.¢c show box and whisker plofs of all
available pH, EC and OA measurements at the five river
stations for the period 1978 - 1%89. For comparison, data
from the Elands River (1970 -1979) are included, as well as
results of samples of final effluent from Uitenhage sewage
treatment works (UITE} and Despatch sewage treatment works
({DESP) for the period 1987 -1%89. The notches in the boxes
of Fig. 2 correspond to the 95% confidence intervals around
the median, and allow a first check for significant
differences between stations. If the notches of boxes from
two stations do not overlap, then there is a 95% probability
that their medians are significantly different, |

The pH plot (Fig 2.a) shows that there is a signi;icant
increase in pH Erom background levels at the Elands River and
SRO1l stations to SRO2, SRO3 and SROS, possibly due to
industrial activity. Station SR0Z is immediately downstream
from a wool washing factory: overflow and seepage of highly
alkaline water from oxidation ponds could be causind the high
bH levels. Station SR04 is not significantly different from
SRdlf‘and neither are the effluents from UITE and DESP
stations. Except for the o¢casional ocutliers, pH levels at
all stations are within the recommended limits for protection

of aquatic life and dzinking water (Kempster et al., 1880)}.

Fig 2.b shows very clear differences in EC values. There



is a marked increase in EC median values and ranges
downstream of SRO01l, with the highest values being recorded at
SRO3 station. (The Brak River itself is known £or its

naturally high conductivity levels.)

variations in EC with time are closely linked to rainfall
and hence to river £low. The low flows commeonly observed in
the Swartkops River aid evaporation from pools, which may
also contribute to the general downstream elevation of median
EC levels. However, the ilncrease, at SR02 in particular, is
almost certainly due largely to urban and industrial
development in the catchment, with an assocliated lcad of
‘dissolved solids reaching the river via runoff from hard
surfaces and factoty vards, as well as the other scurces
mentioned above. The naturally high conductivity of input

from the Brak River may mask impact downstream from the

confluence,

According to.the criteria of Kempster et al. (1980), the
river below SR02 may be used for livestock watering, but the
recommgnded median levels for drinking and irrigation water

‘are exceeded at all doynstream stations.

Fig. 2.c shows 4-hour OA values as compared to the' general
and special standards for effluents, 10 mg/l and 5 mg/l Qa
absorbed respactively. (DWA, 198c). OA values are

significantly higher at SR02 and downstream than at the

10



baseline station SROl. The Uitenhage works discharge
exceeded the generxral standard on 75% of the samples, but
levels downstream at SR04 and 8RO5 show a decrease in median
QA, implying some recovery due to the river's self-cleansing

ability,.

4.4 Annual median series

Where data are too sparse for annual box-and-whisker plots
to be drawn, and trends may be masked by high natural
variability, graphs showing annual medians, with the maximum
and minimum values plotted in a box acround the median, are
often useful for gqualitatively assessing long-term data
characteristics. Figs. 3.a, 3.b, and 3.c show annual pH, EC
and OA medians from station SRO1, SR0OZ and SR04 as examples.
The series from SRO0S is very similar to SR04, but shows
greater variability around the medians, while SR0O3 is similar
in trend to SROl (note the change of vertical scale for

SRO1}.

In all éases, annual medians appear to be linked to the
-annual total of rainfall measured at Uitenhage (Weather
‘Bureau). Thé‘drought years of 1989 - 1991 are reflected in
the upward trend in EC levels at all stations during that

time.

An interesting anomaly can be seen: at SR0l, high OA

values are measured in years of high rainfall. 1In dry years,

11
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OA levels decrease while higher EC values are record?d. At
SR02, OA levels are generally much higher, as seen in the
box-and-whisker plots, but follow the opposite trend:
elevated levels in dry years, followed by lower levels in wet
years. A possible explanation could be the natural increase
of decaying detrital material at SROl in wet years, leading
to greater oxygen demand as the material decomposes. In dry
years, the river at SR02 is impacted by contaminated runoff,
leading to higher OA levels, while during geod rains, -
increased river flow causes dilution of this poalluted input.
Elevated OA levels at the downstream stations de¢ not appear
to follow the flow-dependent pattern so closely, and
varjability may be linked with more certainty to urban or

industrial activity than to natural hydrelogical cycles.

4.5 Correlation analysis

Correlation analysis can be used beth éualitatively and
quantitatively in different ways: (i) between several
stations along a river reach to assess the spatial extent of
polliution or impact; (ii) between determinands at a single
station to isolate the possible character of the pollution;
{1ii) between determipands and rainfall to assess the effect

Gf river £low or storm flow where few records are available.

For each of the above three cases, Spearman-rho rank
correlation coefficients were calculated for Swartkops River

stations on two levels: firstly each data point was used and

12



correlated with the 7~day antecedent rainfall total,‘and
secondly annuyal medians were correlated with annual rainfall
totals. When testing for spatial correlation, improved
confidence levels were attained using all available data
points matched according to sampling days, rather than annual
medians. However, when testing at individual stations £for
correlation between water guality and rainfall, use of annual
values yielded more siqnificant results. This perhaps
reflects the complex nature of the relationships between
.:ainfall, runoff and water quality in any catchment, and
shows that to gquantify this relationship adequately, e=ither
sampling should be more frequent then three-monthly, or the

data get should be at least ten years in length.

The same relationships that were observed in the box-and-
whisker plots and median series can now be quanﬁified with
some confidence in the correlation matrices. Spearman
correlation coefficients are scaled to fall between -1.0 and
+1.0; tf the absolute value of the coefficient is greater
than 0.6, significant correlation is indicated, which may be
positive or negative, depending on the sign. aAbsolute wvalues
between 0.4 and 0.6 indicate a possible relationship, but
this may not be statistically significant. Values less than

0.4 mean little or no correlation exists.

4.5.1 Spatial correlation

Matrices of spatial correlation coefficients can be found

13



in Tables 2.a to 2.c.

Generally, correlation between upper stations SRO1-SRO3
and lower stations SR04-SRQ5 is poor, indicating that
different processes are active in the upper reaches compared
to those in the lower zeaches. SR04 and SROS are well
correlated in terms of pH, EC and OA, showing that whatever
process leads to water quality variability in this section of
the river acts at both stations, so that %Lthe impact is likely
to originate upstream of SR04 but downstream of the

canfluence with the Brak River.

SROl and SR03 are similar to each other in terms of EC
trends, showing that 3R03, like SROl, is impacted more by
natural hydrological processes than by runoff from industrial

areas.

The negative eorrelation in OA between 5SRO0l and SR0O2, and
the lack of correlation downstream, is striking, though not
strong. However, 1t does indicate that water guality at SRO2
depends much more on the nature and extent of runoff frﬁm
urﬁén areas than it does on any hydrological cycles, and that
it is not generally linked to water quality either upstream

or downstream, suggesting a localised, possibly point source

of pollution.

14



4.5,2 Correlation between determinands
Matrices of correlation coefficients can be found in

Tables 3.a to 3.e.

Tables 3.,a to 3.2 highlight both the strengths and
weaknesses of correlation analysis. Where river flow recozds
are not available, rainfall can be used as a reasonable
surregate since the Spearman procedure is based on the ranks
of the data zather than absolute values, and generally
increased rainfall can be axpected to lead to increased river

flow, although the relationship is not linear.

Where data are closely grouped around a median value, for
example EC at SRO0l1 and pH at most stations, samplinq‘erro:,
laboratory error and the random nature of variabllity of most
water quality determinands tend to make the correlation test
less powerful, and more data is needed t¢o increase the
gsignificance of results. Hence the correlation between EC at
SROL1 and”énnual rainfall is positive, which is opposite to
natural trends. There may be a physical explanation to be
Epund‘on further field investigation, but it is more likely

to be due to the small range of EC vaiues compared to those

downstream, leading to loss of power in the Spearman test,

4.6 Trend testing
Another non-parametric procedure, the Kendall Tau test for

linear trend, was used with all available data to check for

15
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positive, zero or negative trends at the 95% confideqce
lavel. The Sen slope estimate can be used in conjunction to
gquantify the magnitude of the trend. At least £ive years of

quarterly data is required for best results.

Table 4 shows the significant trends and Sen slope
estimates. Long-term trends in pH levels are small, but
oppositely signed upstream and downstream of the Uitenhage-
Despatch area, indicating that different factors are

affecting water quality in these regions.

There is a strong positive trend in EC at 8RO02, which is
evident before the drouaght years and is not shown at the
other stations, so is likely to be linked to development.
The downward trend in EC at SRﬁB is also relatively large,
although the data set extends only from 1978 to 1986 and
excludes the recent drought. This may be due to increased
urban runoff froﬁ Kwanobuhle township, as has been observed
from Motherwell township further down in the catchment
(MacKay & Lord, in prep.).

‘5. CONCLUSIONS

The analysis shows clearly that the Ultenhage-Despatch urban
industrial complex has a significant effect on the water
quality of the lower Swartkops River. The impact on the
river includes an increase in pH and EC levels and a

daecrease in dissolved oxygen content reflected in the

16



elevated OA levels in the water compared to upstream
measurements. Occasional extreme values of OA were recorded,
such as 39 mg/l Oz absorbed at SR0O2 in one sample, and thus

sporadic acute pollution of .the river may occur.

This degradation in water quality is not directly linked to

rainfall, since the presence of polluted runoff appears to be
common to both wet and dry weather. At station SR0Z however,
stormflow appears to lead to improvement in water quality due

to dilution.

Water quality in this case was defined only in terms of pH,
conductivity and oxygen levels, a definition which is limited
sinmce it gives no indication of faecal pellution, toxic
substances, or af the concentrétions 0f excess nutrients
which lead to eutrophication. Such measurements are‘important
in assessing possible effects on the riverine and estuarine

aquatic ecosystem.

Long-term routine monitoging of surface water has been shown
to be a valuable and worth-while activity. However, the need
to use availabie financial and manpower rescurces efficiently
in well-designed monitoring programme has been highlighted.
Careful choice of water quality determinands is most
impbrtant in order to make best use of the information

gathered.

17



ACKNOWLEDGEMENTS

Water guality data were kindly made available by the
Department of Water Affairs, Port Elizabeth. Rainfall
records were provided by the Weather Buyreauw. This analysis
was completed while the first author was emploved in the
Department of Oceanography at the University of Port
Elizabeth. Funding for the work was provided by the Water

Research Commission.

18



REFERENCES
BAIRD D., WINTER P.E.D. & WENDT G. (1986), Final Report:.
Swartkops Flux Studies; unpublished report, Department of

Zaology, University of Port Elizabeth, South Africa.

DU PLESSIS D.B. (1984), Dogumentation of the March-May 1981
£loods in the South Eagtern Cape; Technical Report No.

TR120, Department of Water Affairs, Pretoria, South

Africa.

DWA (1986), Manaaement of fhe Watexr Resources of the Republic
of South Africa: Department of Water Affairs, Pretoria,

South Africa.

HEYDORN A.E.F., SWART D.H. & BAIRD D. (1987), Synthesis of

the proceedings ¢f the symposium on the Swartkops Estuary:

in The_sSwartkops Estuary, ed. D. Baird, J.F.K. Marais &

A.P. Martin, South African National Scientific Programmes

Report MNo. 156, 95-101.

HUGHES D.A. (1987), gwartkops £lood hvdrograph studv: Report
at the end of Dhase II; Special Report No. 3/87,

Hydrological Research Unit, Rhodes University,

G;ahamstown, South Africa.

139



HUTZINGA P. (1984), Application of the NRIO 1-D hydrodynamic
model Lo the Swartkops Estuary:; CSIR Research Report 560,

Stellenbosch, South Africa.

KEMPSTER P.L., HATTINGH W.H.J. & VAN VLIET H.R. (1380},
jummarised water gualjty crireria; Technical Report No.
TR108, Department of Environmental Affairs, Pretoria,

South Africa.

LORD D.A. & MACKAY H.M. (1990), Uxban Runoff: Problems and
sglutions; presented at Oceans '90, San Lameer, South

Africa, June 19%0.

MACKAY H.M. & LORD D.A. (in prep.), Gharacterisation of urban

gunoff from Motherwell Township, Port Elizabeth.

REDDERING J.S5.V. &-ESTERHUYSEH K. (1981), The sedimentary

ecology of the Swaxtkops Esktuary: Research on
Sedimentation in Estuaries (ROSIE) Report No. 1,

Department of Ceology, University of Port Elizabeth, South

‘Africa.

SABS (1984), gpecification 241: Water for domestic sypplies;

South African Bureau of Standards, Pretoria, South Africa.

29



SANDERS T.G., WARD R.C., LOFTIS J.C., S3TEELE T.D., kQRIAN
D.A. & YEVIJEVICH V. (1%87), DResian of networks for monitoring
water guality: Water Resources Publications, Littleton,

Colorado.

21



Table 1

Number of records in the data base

B R R ] - v - —— i ———

e A e e e e ok e ke —— . ——— -

!
T 60 (1,0)! 60 (1,001 24 (1,3)fF 58 (1,0)1 55 (2,01
: 60 (1,0}: 60 (1,0): 25 (1,5}: 58 (1,0): 55 (2,0):
: 54 (1,0]: 55 (1,0}: 23 (1,5)} 50 {l,l): 51 [2,0}:
: 52 (0,0): 50 (2,0): 20 (1;5)} 46 {l,l): 46 {2,0}:
TOS : 18 {;,6): i6 (0,9}: 16 (0,9): 16 (0,9): 1% (0,9}:
} 60 [1,0): 59 {1,0)} 25 (1,5}: 57 (1,0): 54 {2,0):
: }
d
+

Note: (x,y) where x = number of years for which there was
only 1 sample;
y = number of years for which there were no
samples.
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Table 2.a

Correlation of pH between stations (all wvalues)

SRO1
*
SRO1 | 1.00
i
SRO2 i 0.19
}
SRQ3 i 0.29
|
SRO4 ] 0.03
I
SROS | g.13
Table 2.b

Correlation of EC between stations

{all values)

o ot oy S mm ol R OWR WP M ME R WD Mm e —m am Em e T M A et EE M A N NS W RS W CEN W BN AR W W

A ——— . AP e R R R R ]

SRO1l
SRO1 1 1,00
i
SROZ l Q.01
{
SRO3 { 0.80
[
SR04 [ 0.0e
[
SROS5 | 0.086
Table 2.c

.81

.69

Correlation of OA between stations

SRO1
5R02
SRO3
SR04

SROS

e — e St — —

1.00

(all values)

e R S WP W W ek mmk ke S e wm wm e o e T W WE MmO W NN W EE WA W W W W E W W e -
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Table 3.a
SRO01 - correlation between water quality and rainfall (annual
values)

PH EC OA RAIN
+ ---------------------------------------
PH | 1.490
EC | 8.15 1,00
oA | -0.13 0,43 1.00
RAIN | -0.05% J.39 Q.75 1.00
Table 3.0

SR02 - correlation between water quality and rainfall (annual
values)

PH EC OA RAIN
. ——— e S
PH | 1.00
EC i 0.28 1.00
QA i 0.27 9.34 1.00
RAIN i ~0.37 -0.80 -0.41 1.400
Table 3.c

SR03 - correlation between water quality and rainfall (annual
values) -

PH EC OA RAIN
e e ey A ST S
PH | 1.60
EC [ 0.47 1.400
OA ] 0.07 -0.51 1.00
RAIN i Q.13 -0.48 -0.03 1.00
Table 3.4

SR04 - correlation between water quality and rainfall (annual
values)

PH EC OA RAIN
L
£H i 1.00
EC ! 0.18 1.00
- QA i 0.02 0.26 1.00
RALN i 0.12 -0.63 Q.07 1.Q00
Table 3.e

SRO5 - correlation between water quality and rainfall (annual
values)

PH EC 0A RAIN
o e mE S e = o -
PH ' | 1.00
EC ! 0.52 1.00
OA ! -0.18 -0.20 1.00
RAIN ! -0.30 -0.69 0.31 1.00
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Table 4

Kendall Tau trends at 95% CI, Sen slope estimate iﬁ data
units/year

PH EC oA
sRo1 | -0.05 175 -0.07
SRO2 : NS +17.25 +0.42
SRO3 : +0.05 -24.75 NS
SR04 : NS +2.43 -0.13%
SROS : +0.07 NS -0.09
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FIGURE CAPTIONS

Figure 1. Map of the lower Swartkops River showing the study
area in relation to the Uitenhage-Despatch

complex.,

Figure 2. Box-and-whisker plots of water guality
determinands for the period 1987-1991. (a) pH;

{(b) EC; (c) OA.
Figure 3.a Time series of annual medians from station SROLl.

Figure 3.b Time series of annual medians from station SRO2Z.

Figure 3.c Time series of annual medians from station SRO4.
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