Comparative assessment of water quality at Durban beaches
according to local and international guidelines

David Mardon and Derek Stretch*
Centre for Research in Environmental, Coastal & Hydrological Engineering (CRECHE), School of Civil Engineering,
University of Natal, Durban 4041, South Africa

Abstract

The pathogenic pollution of Durban’s beaches is reviewed on the basis of local and international guidelines by analysing
concentrations of indicator micro-organisms (E. coli and enterococci). The average water quality isgenerally acceptable according
to South African guidelines, but assessments based on international guidelinesindicate poor water quality at many beaches during
some seasons (especially summer). The reason for this inconsistency is the absence of any enterococcus criteria in the SA
guidelines, which was found to be particularly significant when the pollution loadings are relatively low. This result confirms
epidemiological studies that have shown enterococcus to be a more sensitive indicator of pathogenic pollution in marine
environments. South African guidelines should therefore be updated to incorporate enterococcus as the preferred indicator for

marine waters.
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Introduction

Durban is situated on the East Coast of South Africa where the
subtropical climate makes the beaches a popular destination for
marine recreational activities. Pathogenic pollution of beach wa-
ters can have serious social and financial implications by having
negativeimpacts on public health and the tourism industry. Patho-
gens are any organisms, micro-organisms, or virus that can cause
disease.

The dominant source of pathogenic pollution is human faecal
discharges that enter the water body through stormwater or river
discharges.

The direct identification and enumeration of pathogens in
water bodiescan bedifficult and costly. Thereforeindicator micro-
organisms are used to identify and quantify the presence of patho-
gens. The two indicators most widely used are Escherichia coli
(E. coli) and enterococcus.

Epidemiological studies have shown that enterococcus is a
better indicator of pathogenic pollution in the case of marine
environments (Fattal et a., 1983; Priiss, 1998).

Theresearchreported herewaspart of abroader study (Mardon,
2003) into the fate and transport of pollution in the near-shore
region of the Durban bight wherethe main objectivewasto develop
amodel to predict daily pathogen level sat the beachesfor manage-
ment purposes. In this paper we focus on results from one aspect
of that study, namely a statistical analysis of the pathogenic
pollutionlevelsat Durban’ sbeachesand acomparative evaluation
of thewater quality according to pertinent South African (SA) and
international guidelines. The aims of this paper are therefore to:

* Reporttheoutcomeof beachwater quality assessmentsaccord-
ingtolocal andinternational guidelines, identifying any incon-
sistencies.
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Figure 1
The Durban Bight case study area showing the location of the
sampled beaches and stormwater drains

¢ Make recommendations on improving current SA marine
water quality guidelinesbased onthecomparisonwithinterna-
tional standards.

Durban’s beaches and pollution sources

Water quality monitoring

A local government department, eThekwini Municipality Water
and Sanitation (EMWS), is responsible for monitoring water

quality inthe Durban area. EMWS sampl ethe water from beaches,
stormwater drains, and riversin the Durban Bight between the port
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entrancein the south and the Umgeni River mouthinthenorth (see
Fig. 1). The samples are analysed using standard methods (Stand-
ard Methods, 1992) that enumerate the presence of indicator
micro-organismswith the counts reported as colony forming units
per 100 me of water (CFU/100 me).

The beaches from Addington to Laguna Beach (Fig. 1) are
designated bathing beaches. V etchesBeachisutilised for other full
contact recreational activities(e.g. diving, boating). Umgeni South
Beach is used primarily for non-contact activities (e.g. fishing)
whileLagunaBeachisusedfor jet-ski and kite-boarding activities.
Thebeachesfrom Addingtonto Battery areof special concernsince
they are used extensively for public bathing and support the hotels
and tourist activities that are situated in the area.

Beach water sampling is currently performed at fortnightly
intervals. E. coli data from January 1995 to August 2002 were
analysed in this study. Testing for enterococcus started in March
1999. The enterococcus data from March 1999 to August 2002
were therefore analysed for comparison with the E. coli data.
Wedge Beachisan exceptioninthat it hasonly been sampled from
June 2000 (both E. coli and enterococcus).

Near-shore pollution sources

Therecent study by Mardon (2003) hasshown that dischargesfrom
the Umgeni River and six stormwater drains (SWD) are the main
sources of pathogenic pollution to the beaches (see Fig. 1). The
catchment areas of the six stormwater drainsaregivenin Table 1.

TABLE 1
Stormwater drain
catchment areas

SWD Area (km?3)
Hospital 0.355
Rutherford 0.144
West 0.350
Somtseu 0.744
Argyle 1.618
Walter Gilbert 2.204

Dischargesfrom the drainsand the Umgeni River are sampled
and analysed by EMWS at monthly intervals. Only E. coli concen-
trations are enumerated. Statistical analysis of recent data from
June 2000 to August 2002 was carried out as part of the present
study. Median (50" percentile) and 95" percentile E. coli concen-
trationsinthe stormwater dischargesand Umgeni River are shown
inTables2and 3respectively. Annual statisticsarebased onthefull
data set while seasonal values are calculated by grouping the data
according to season: Summer (December to February), autumn
(MarchtoMay), winter (Juneto August), and spring (September to
November).

Thestatisticsin Tables2 and 3 indicate that E. coli concentra-
tions in the stormwater drains are on average higher, and have
greater variability, during spring and summer months. Durban has
asummer rainfall climate, so the pollution loadsin the stormwater
are expected to be somewhat higher during spring and summer.
Median E. coli concentrations in the Umgeni River are more
consistent over the seasons but 95" percentilevaluesare highestin
autumn.

Argyle SWD has the highest E. coli concentrations both
annually and seasonally. It also has the second largest catchment
area (Table 1) which combined with high average E. coli concen-
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TABLE 2
Median (50" percentile) E. coli concentrations of
stormwater drains and rivers

Annual | Summer| Autumn | Winter | Spring
Hospital 1750 260 750 2950 | 5250
Rutherford 3000 | 11000 | 5500 0 3250
West 1000 | 1500 330 950 1000
Somtseu 3500 | 4400 | 2000 | 2000 | 2250
Argyle 23000| 36000 | 30000 | 4650 | 80000
Walter Gilbert| 5500 | 11600 | 5750 | 3900 | 5900
Umgeni River | 2300 | 2500 | 2150 | 3000 | 2000

TABLE 3

95™" Percentile E. coli concentrations of stormwater
drains and rivers

Annual | Summer| Autumn | Winter | Spring
Hospital 174 500, 41600 | 24 000 |159 500|370 000
Rutherford 270 000| 355 000( 50 000 |112 500|272 500
West 33600| 72400 | 28 750 | 58 495 | 13 250
Somtseu 78000 | 120 000| 26 400 | 67 250 | 81 000
Argyle 821 250| 826 500|400 000 | 347 000 | 989 000
Walter Gilbert | 47 000 | 47 150 | 26 450 | 11 700 | 144 450
Umgeni River | 42000| 41200 | 82000 | 23 000 | 28 000

trations, makeit themost significant sourceof pathogenicpollution
amongst the stormwater drains.

Umgeni River has lower E. coli concentrations than the
stormwater drains but a much larger average flow rate. It is
therefore potentially the highest overall source of pathogenic
pollution for the near-shore region.

Review of water quality guidelines

Our analysisof beachwater quality alongthe Durban Bight utilised

three water quality guidelines:

e South African Water Quality Guidelines for Coastal Marine
Waters (DWAF, 1995)

¢ Ambient Water Quality Guidelines for Bacteria (US EPA,
1986)

e 2002 EU Bathing Water Quality Directive (COM, 2002)

Each of these guidelines is briefly summarised in the sections
below. The scientific information underpinning the specification
of specific pollution limits (e.g. the estimation of health risksfrom
epidemiological studies) can be found in the guideline documents
themselves or in references cited therein. For the purposes of the
present discussionit isassumed that any exceedance of aspecified
guideline limit would expose usersto an unacceptable health risk,
according to the guideline concerned. The precise definition of
“unacceptable health risk” is beyond the scope of our research.
However, comparing eval uationsbased on each of thethreeguide-
lines does at least provide a consistency check.

South African marine recreational guidelines

South African water quality (SA WQ) guidelines consider only
E. coli asanindicator of pathogenic pollution (DWAF, 1995). For
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full andintermediate contact recreational waters, thefollowing two
limits for enumerated E. coli are specified:

* Lessthan 20% of samplesto exceed 100 CFU/100 me

e Lessthan 5% of samplesto exceed 2000 CFU/100 me

The guidelines do not set limits for enterococcus concentrations,
nor do they specify a sampling frequency.

US EPA water quality guidelines

The United States Environmental Protection Agency (US EPA)
guideline for recreational waters (US EPA, 1986) stipulates two
criteriafor both fresh and marine (full body contact) recreational
waters.

The first criterion is that the geometric mean (GM) of a
“statistically sufficient” number of samples (defined as usually
morethan 5 samplesequally spaced over a30 d period) should not
exceed alimiting value set for the specific indicator micro-organ-
ism. The second criterion is a single sample limit (SSL) which
should not be exceeded by any sample. The SSL is set by Eq. (1)
usingtheGM limit and afactored | og-standard deviation valuethat
depends on the type of bathing use.

g = 10[Log(GM Limit)+ factor*oqog] 1)

Thelog-standard deviation should be determined from asampling
record where possible, but default values of 0.4 for freshwater
(E.coli and enterococcus) and 0.7 for marine water (enterococcus)
are recommended where the sampling history is limited. The
appropriate scaling factor in Eq. (1) is specified as a one-sided
confidencelimit (CL) with aprobability value specifictothebeach
use, as follows:

e Designated bathinguse:  75%

e Moderate use for bathing: 82%

e Light usefor bathing: 90%

e Infrequent use for bathing: 95%

Inthe case of freshwater, the EPA specifiesthat the GM for E-coli
should not exceed 126 CFU/100 me, and/or for enterococcus
should not exceed 33 CFU/100 m&. In the case of marine waters,
the EPA giveaGM limit of 35 CFU/100 me for enterococcus but
do not specify an E. coli limit since they no longer use it as an
indicator for marine environments.

Prior to 1986 the EPA used afaecal coliform GM limit of 200
CFU/100 me with an upper single sample faecal coliform limit of
400 CFU/100 me.

2002 EU bathing water directive
The EU guidelines (COM, 2002) specify two 95" percentilelimits

for E. coli and enterococcusin bathing waters. They arereferred to
as“guide’ and “obligatory” limits (see Table 4).

TABLE 4
2002 EU bathing water quality criteria

Excellent
quality (Guide)

Parameters Good quality

(Obligatory)

Enterococcus (CFU/100 me) 100
E.coli (CFU/100 me) 250

200
500
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The EU guidelines require three previous calendar years of
sampled data for E. coli and enterococcus. The 95" percentile
valuesaredetermined using aparametric approach. Thelogarithms
of the data are taken, from which the mean () and standard
deviation (o) are estimated. The 95" percentile (V,,,) values are
then obtained from

Voo = glures'e) 2

The95" percentilevaluesfor E. coli and enterococcusarethen used
to classify the water quality asfollows:

¢ If either arehigher thantheir obligatory valuesthenthebathing
water is classified as “Poor”

e If both are equal to or less than the obligatory value then the
bathing water is classified as “ Good”

¢ If bothareequal toor lessthan theguidevaluethen the bathing
water is classified as “ Excellent”.

The EU guideline procedure is based on the assumption that
indicator concentrations are log-normally distributed. This as-
sumption has been found to be agood approximation for Durban’s
beaches (Mardon, 2003).

The EU guidelines are consistent with the recently updated
World Health Organisation guidelines (WHO, 2001).

Analysis of Durban bathing beaches
SA Marine recreational guidelines

Analysis methods

Both annual and seasonal (as defined above) exceedance statistics
were estimated by the usual method of ranking the data and
counting the values above specified limits. Only E. coli datawere
used in this case since the SA water quality guidelines are based
solely on thisindicator.

Analysis results
The annual exceedance percentages of the SA WQ guideline
concentration levels are given in Tables 5 and 6.

The summer and autumn seasons usually have the greatest
proportion of unacceptable water quality. It can be seen that all
beachesfrom Vetchesto Bay of Plenty satisfy both of the SA WQ
guideline exceedance levels. The remaining beaches (Battery to
Umgeni South) exceed the first guideline value annually and for
most seasons, since morethan 20% of the samplesare greater than
100 CFU/100 me. Umgeni South exceeds the second guideline
limit annually and for most seasons, spring being the exception.
Battery Beach annually has less than 5% of samples greater than
2000 CFU/100 me; however, during summer and autumn thislimit
is exceeded.

Overall Battery Beach is the most problematic bathing beach
sinceit failsboth SA WQ criteria during the summer and autumn.
North Beach, although not failing any of the exceedance criteria
annually, exceeded the 100 CFU/100 m£ guidelinevaluein 18% of
summer samples. Thisshould be of concern asbathing beachesare
used intensively during the summer holiday period. Bay of Plenty
Beach is another beach where the percentage of samples greater
than 100 CFU/100 me are only marginally less than the SA WQ
limit.
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TABLE 5
SA Marine WQ Guideline Criteria 1 (Max 20% of
samples greater than 100 CFU/100 m£)

Designated Annual | Summer|Autumn | Winter | Spring
bathing
Vetches Pier % 8% 6% 9% 5%
Addington 6% 11% 2% 6% 7%
South 6% 8% 4% 8% 2%
Wedge 8% 0% 0% 13% 15%
North 8% 18% 1% 8% 2%
Bay 13% 15% 15% 17% 2%
Battery 34% 28% 41% 40% 27%
Country Club | 20% 26% 22% 17% 16%
Laguna 28% 47% 24% 22% 18%
Umgeni South| 48% 2% 48% 38% 40%
TABLE 6

SA Marine WQ Guideline Criteria 2 (Max 5% of
samples greater than 2000 CFU/100 m£)

Designated Annual |[Summer|Autumn | Winter | Spring
bathing

Vetches Pier 0% 0% 0% 0% 0%
Addington 1% 0% 0% 2% 0%
South 0% 0% 0% 0% 0%
Wedge 0% 0% 0% 0% 0%
North 0% 0% 0% 0% 0%
Bay 0% 0% 0% 0% 0%
Battery 3% 5% 8% 0% 0%
Country Club | 0% 0% 0% 0% 0%
Laguna 1% 0% 0% 2% 0%
Umgeni South| 12% 21% 16% 11% 2%

US EPA water quality guidelines

Analysis methods

The GM criteria set by the US EPA guideline indicates that 5
samples per 30-day period are required. The fortnightly sampling
of Durban’s beaches is too infrequent to meet this requirement.
However, theimplementati on guidance document (USEPA, 2000)
states that the guideline should not be interpreted as specifying a
minimum number of samples. Rather it isthe GM of the samples
collected, in conjunction with a single sample maximum, which
determinescompliancewiththewater quality criteria, regardlessof
the number collected. The GM was therefore calculated using 3
samples spanning an approximate 30 d period. The use of fewer
samplesdoes, however, imply ahigher statistical uncertainty inthe
GM estimates.

Since the EPA does not specify E. coli GM limits for marine
waters, itwasdecided to usetheir freshwater limitsin order tocheck
how the WQ assessment depended on the use of different indicator
micro-organisms.

The application of the EPA SSL guideline requires the stipu-
lationof a“use” category for thebeaches. Beachesfrom Addington
toBattery wereassumedto beinthe" designated bathing” category,
whileV etches, Country Club and Lagunawereassumedtobeinthe
“moderate usefor bathing” category. Umgeni South isnot usually
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used for bathing but was assumed to fall in the “infrequent use for
bathing” category inorder to assesstherisksassociated with water-
sport activities at the beaches adjacent to the river mouth.

Geometric mean analysis results

Theresults of the beach WQ analysiswith respect to the EPA GM
guidelinelimitsfor freshwater E. coli and marine enterococcusare
shown in Table 7.

TABLE 7
Exceedance of the US EPA geometric mean
guideline limits
Indicator Escherichia coli Entero-
coccus
Start Date Jan-1995 Mar-1999 | Mar-1999
End Date Aug-2002 | Aug-2002 | Aug-2002
Vetches Pier 0% 0% 7%
Addington 0% 0% 5%
South 0% 0% 6%
Wedge 0% 0% 10%
North 0% 0% 4%
Bay of Plenty 4% 5% 6%
Battery 29% 44% 34%
Country Club 10% 11% 20%
Laguna 18% 25% 21%
Umgeni South 51% 63% 63%

Battery beach is again seen to be the most polluted bathing
beach, with the EPA GM limits exceeded for approximately one
third of the time.

An interesting result concerns the difference between the
results based on E. coli vs. enterococci for the beaches from
Vetches Pier to North. The E. coli GM limit is never exceeded at
those locations, whilst the enterococcus GM limit is exceeded for
between 3% and 10% of the time. For the more polluted beaches
from Battery to Umgeni, the differences are small. These results
support the conclusion (e.g. Priss, 1998) that enterococcus is a
more sensitive indicator of pathogenic pollution for marine envi-
ronments, especially at low concentration levels.

Note that E. coli exceedances for the period 1995 to 2002 are
generally lower than for 1999 to 2002. Rather than anincreasein
the pollution of the beaches, this seemsto reflect improvementsto
thetesting methodsthat wereintroduced after 1999 (Jacksonetal.,
2002).

Single sample limit analysis results
Exceedance percentages for the enterococcus SSL for each “use
category” areshownin Table8. Summer hasthelargest percentage
of enterococci SSL exceedances for most beaches. Battery Beach
is an exception where the autumn season experiences the largest
SSL exceedance. Battery Beachal sohasthelargest SSL exceedances
of all the bathing beaches (32% in autumn and 27% in summer).
Although North Beach exceeded the SSL only 6% annually, al
these exceedances occurred during summer (27%). Therefore,
according to this criterion, North Beach is as polluted as Battery
Beach during the summer season.

The percentage of beach observations where both the GM and
SSL guidance values for enterococcus were exceeded isshownin
Table9.
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TABLE 8
Exceedance of the US EPA SSL for enterococcus
Designated | Annual |Summer|Autumn | Winter | Spring
bathing
Addington 4% % 0% 5% 6%
South 7% 7% 10% 5% 6%
Wedge 4% 0% 0% 10% 8%
North 6% 27% 0% 0% 0%
Bay 4% 14% 5% 0% 0%
Battery 23% 27% 32% 20% 11%
Moderate Annual | Summer|{Autumn | Winter | Spring
use
Vetches Pier 7% 7% 9% 0% 13%
Country Club | 13% 20% 14% 5% 13%
Laguna 11% 29% 5% 11% 6%
Infrequent Annual | Summer|{Autumn | Winter | Spring
use
Umgeni South| 25% 53% 29% 16% 6%
TABLE 9

US EPA beach use failure (US EPA GM and SSL
criteria combined)

Designated Annual |[Summer|Autumn | Winter | Spring
bathing

Addington 1% 0% 0% 0% 6%
South 3% 7% 5% 0% 0%
Wedge 2% 0% 0% 0% 8%
North 3% 13% 0% 0% 0%
Bay 1% 7% 0% 0% 0%
Battery 16% 13% 25% 10% 11%
Moderate Annual | Summer|{Autumn | Winter | Spring
use

Vetches Pier 1% 0% 0% 0% 6%
Country Club | 5% 13% 4% 5% 0%

Laguna 8% 27% 9% 0% 0%
Infrequent Annual | Summer|{Autumn | Winter | Spring
use

Umgeni South| 23% 47% 24% 17% 6%

Battery Beach is again the worst affected designated bathing
beach, with the enterococcus levels annually exceeding both GM
and SSL values in 16% of beach samples. All other designated
bathing beaches have typically between 1% and 3% annual
exceedance of the US EPA WQ criteria. There is a marked
difference in the seasona analysis of the beaches, with summer,
and to a lesser degree spring and autumn, having the highest
percentage of failures. A significant observation is that during
summer, North Beach has the same exceedances as Battery Beach
(13%).
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2002 EU bathing water directive

Analysis methods

The 2002 EU bathing water directive statesthat a 3-year record of
sampled indicator concentrations should be utilized for determin-
ingthequality of beach bathingwaters. Theperiod from November
1999 to August 2002 was analysed.

A problem arose using the parametric approach for estimating
the 95" percentile value because a significant proportion of the
beach sampleswere measured as having zero E. coli or enterococ-
cus counts. The testing method used by EMWS is designed to
detect high valuesthat exceed water quality standards, whilelower
indicator concentrations are not accurately measured. Enterococ-
cus counts were most affected, with beaches from Vetchesto Bay
of Plenty having 30% to 70% of their indictor concentrations
recorded aszero. TheWorld Heal th Organi sationguideline (WHO,
2001) on which the 2002 EU guidelines are based, states that zero
readings should be replaced by a value representing the lowest
detectable value (in this case 1 to 10 CFU/100 m¢). However, a
large proportion of zero concentrations can make the analysis
sensitive to the selected minimum value. Another method sug-
gested by WHO (2001) istofit aprobability density function (PDF)
based ontheobservationsand then to usethe propertiesof thisPDF
to estimatethe 95" percentile. Thelatter approach wasused for this
study. Thefitted PDF method wasfound to agreewith the paramet-
ric approach if values of between 1 and 5 CFU/100 me were used
to replace zero counts.

Analysis results

The 95" percentile values for E. coli and enterococcus were

categorised according to the 2002 EU WQ criterialimits(Table4),

a summery of which is shown in Table 10. The pathogenic

indicators, E. coli and enterococcus, are labelled as EC and EN

respectively. Thecategorised 95" percentileval uesarerepresented

asfollows:

¢ No entry when less than the guide value

e A “G" entry when higher than the guide but lower then the
obligatory values

« An“F" entry when higher than the obligatory value.

Thenumber preceding the“F” entry indicatesthe magnitude of the
calculated 95" percentile values as a multiple of the obligatory
limit. For example “4F" for E. coli means that the 95" percentile
was approximately 4 times higher than the limit (i.e. 2000 CFU/
100 me).

TABLE 10
Categorisation summary of E. coli and enterococcus
95" percentile values
Season Annual |Summer| Autumn| Winter| Spring
Indicator EC EN|EC EN|EC EN|EC EN|EC EN
Vetches - F|- F|- G|- -1|- 2F
Addington - G|- G|- -|F G|- F
South - G|- G|- G|- G|- G
Wedge - G|- -|- -|G G|- G
North - - |- F|- -1- -1- -
BayofPlenty | - G|G F|- G| - ~-|- -
Battery 5F 3F [10F 4F |10F 6F | F F [2F 6F
CountryClub | F F|F 4F|F F|G 2F| G G
Laguna 2F 2F| F 10F| F 2F|2F 2F|3F G
Umgeni South |11F 8F | F 19F|16F 6F | 6F 6F | 3F 4F
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Discussion and conclusions
TABLE 11
EU bathing water quality assessment (1999 to 2002) A summary of the bathing water quality assessments given by the
different guidelinesispresentedin Table12. An“F” entry indicates
Beach Annual | Summer | Autumn | Winter | Spring the failure of the specific guideline criteria, while “-* indicates
acceptable pathogenic pollution levels. The SA guidelines are
Vetches Poor | Poor | Good |Excellent| Poor presented as “Criteria 1/Criteria 2*from Table 5 and Table 6
As‘gl‘j'tir?gt"” gggg gggg E’gg{)'g”t Zgg& gzg; respectively. The US EPA results are taken from Table 9, where
e | G |l ol G | Goo | (812 = sttt o o S
North Excellent| Poor |Excellent|Excellent| Excellent . : . B N .
Bay of Plenty Good Poor Good |Excallent| Excellent Table11 an_d ff.iI|U.I’e isdefined asa qur EU WQ rating.
Battery Poor Poor Poor Poor Poor The main findings may be summarised as follows:
Country Club Poor Poor Poor Poor Good e All beaches from (and including) Battery Beach northwards
Laguna Poor Poor Poor Poor Poor have water quality unacceptable for bathing according to al
Umgeni S Poor Poor Poor Poor Poor three guidelines.
* Onanannua or seasonal basis, all beaches south of
Battery have acceptable water quality according to
TABLE 12 SA guidelines, with no failures of either criteria
Summary of WQ guideline assessments * Onanannua basis, Vetches Beach was found to fail
the EU guideline only.
WQ Guideline] Annual | Summer| Autumn| Winter | Spring + On aseasonal basis, the situation is more complex.
Both EU and EPA guidelines are exceeded at North
< <« < < < Beach and Bay of Plenty during summer. Vetches
m m m m & and Addington Beachesal sofailed bothinternational
SC2 $832 S92 S8 2l §83 guidelines during spring. South Beach fails EPA
guidelines (but not EU) during spring and autumn,
Vetches -- - Fl - - Fl - - -+ - -|--F F while Wedge Beach fails during spring.
Addington /- - |- - - - -1+ - F - F F
South - - |-+ F -|--F -|-- - ~-|-- - ~-| Therefore, while on the basis of annual statistics the
Wedge -/- - - -] - -- - -|-I- F water quality of all except the beaches from Battery
North /- - -| -+ F F|- - -|-- - -|-- - -| Beach northwards are acceptable, the seasonal water
BayofPlenty | -/- - -| -~ F F|-- - -| -~ - ~-|-- - -| qualityfor8of the10 beachesiscurrently poor accord-
Battery FI- F FIF/F F F|FIF F F F- F F| F/- F F ingto international guidelines. The SA marine water
CountryClub | FI- F F|F- F F|F- - F -- F F| -/- - -| qudityguidelinesareinconsistent withthetwo interna-
Laguna FI- F F|F- F F|F- F F F- - F| -/- - F tiona guidelinesbecauseof theabsenceof enterococcus
Umgeni S. FIFF FIFFFF F|FFFF F FFF F|F- F F criteriain the SA limits, which plays a particularly
significant rolewhere pollution loadingsarelow. Based

Table 10 illustrates the clear distinction in water quality be-
tween the heavily polluted beaches (Battery to Umgeni South) and
thelesspolluted beaches (V etchesto Bay of Plenty). Itisimportant
to notethat for the less polluted beaches, enterococcusistypically
the defining water quality indicator. In most cases the E. coli 95"
percentilevaluesarelower thantheguideval ue (250 CFU/100 m¢)
while enterococcus typically either exceeds the guide (100 CFU/
100 me) or obligatory (200 CFU/100 mg) limits. Country Club
Beach, although exceeding both obligatory indicator limits, is
noticeably less polluted than the adjacent beaches (Battery and
LagunaBeach).

An overall classification of the beaches according to EU
guidelinesis given in Table 11. North beach is the only beach to
achieve an overall “Excellent” rating based on annual statistics,
while only the beaches from Addington to Bay of Plenty have
acceptable pathogeni c pollution level saccording to EU guidelines.
Using seasonal statistics the assessment varies substantially, with
Vetches (spring & summer), Addington (winter & spring), North
(summer) and Bay of Plenty Beach (summer) having “poor”
bathing water quality ratings. The beachesfrom Battery to Umgeni
South have“poor” bathing water quality ratings both annually and
seasonally, with the exception of Country Club during spring.

It is noteworthy that during summer, which isthe most active
bathing period, four of the seven designated bathing beaches have
a“poor” water quality ratings according to the EU guideline.
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ontheseresultsitisrecommended that SA marinewater
quality guidelines be updated to include enterococcus criteria. As
aready noted, epidemiological studies have shown enterococcus
to be a more reliable indicator of pathogenic pollution in marine
waters (Fattal et al., 1983; Priiss, 1998).

A detailed investigation into specific causes of the pathogenic
pollution at Durban’ s beaches was beyond the scope of this study.
We speculate that informal settlements and/or trading activitiesin
the stormwater drain catchments could be important factors. Bat-
tery Beach has a particularly serious water quality problem. Spe-
cific causes for this problem have been identified by EMWS
(Siobhan Jackson, 2002) including |eakages from sewerage sys-
tems into the stormwater system. The problem at Battery Beach
appears to have a knock-on effect at adjacent beaches (e.g. North
and Bay of Plenty). Mardon (2003) used amodel to simulate the
water quality of the beaches and estimated that an 80% reduction
inthe median pollution levels of Argyle SWD isrequired in order
toimprovethebathingwater quality of Battery Beachto acceptable
levels. Adjacent beaches(e.g. North and Bay of Plenty) would also
benefit from this reduced pollution.

Thepoor bathing water quality at Umgeni South and Lagunais
due to the pollution of the Umgeni River. The size of the river
catchment and more diffuse nature of the pollution sources will
make this problem more difficult to address and will require an
integrated catchment management strategy.
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