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Abstract

If beaches and water are polluted by wastewater, bathers are at risk for thalassogenic diseases
such as diarrhea, skin infection, respiratory tract infection and hepatitis. The coastal water
around the Cape Peninsula in South Africa is affected by polluted rivers that flow into the
ocean, major shipping routes and wastewater outlets of human settlements. With high tide the
water from offshore is brought onto the beach area and towards the coastline.

Results: Sea water was collected from the eco-labeled Blue Flag beach, Clifton, Cape Town,
during peak season in February and March 2013 at high tide to culture E. coli. The tested
water quality was between 10* and 10°, indicating that Clifton Blue Flag beach is affected by
waste water. Foam and yellowish coloring of sand was associated with elevated E. coli counts.
Data of water analysis are only displayed at Blue Flag beaches with a delay of two to three
weeks.

Conclusions: Swimming on a Blue Flag beach does not exclude time limited waste water
pollution. Regular external and independent quality surveillance of Blue Flag beaches is
mandatory, besides more rapid measurement and timely display of water analysis. Especialy
infants and people with HIV and/or Tb infections are at risk for health hazards as they are
immune compromised. Swimmers should be aware of the risk they are taking when bathing
in polluted water and know the signs of waste water pollution. Due to the high burden of HIV
and Tb infection, further large scale studies are needed to evaluate the hedth effects for
bathers besides the economic impact of improved wastewater treatment in South Africa
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1. Introduction

Worldwide a huge proportion of people live in cities along the coastline. They are causing
daily wastewater discharge with little or no treatment into the marine coastal waters (Wade et
al., 2006). Sewage polluted water contains millions of infectious dosages of pathogenic
microorganism (Shuval, 2003) such as E. coli, Enterococcus, EHEC, Cryptosporidium,
Norwalk like virus and Leptospira (E. M. Cooke, 1974, Fleisher JM, Jones F, Kay D,
Stanwell-Smith R, Wyer M 1993, C. M. Ferguson, B.G. Coote, N. Ashbolt 1996, D.W. Griffin,
K.A. Donaldson, J. H. Paul 2003). A study, initiated by the WHO estimated the global burden
of thalassogenic diseases (Shuval, 2003): 120 million cases of gastrointestinal diseases, over
50 million severe respiratory and roughly four million cases of infectious diseases such as
Hepatitis A and E, resulting in 40.000 deaths and 40.000 cases of chronic liver diseases were
calculated. Above and beyond seafood and shellfish are hosted along the coastline. Often it is
eaten raw as Sushi or lightly steamed. The worldwide costs of wastewater pollution of the sea
is estimated to be about three million disability adjusted life years (Suhval H., 2003). An
additional risk is related to the transfer of antibiotic resistant bacteria in sewage water
(Kummerer, 2004; Martins da Costa, Vaz-Pires, & Bernardo, 2006), (Schwartz, Kohnen,
Jansen, & Obst, 2003).

South Africawith its over 6.000 km long and picturesque coastline attracts many bathers and
surfers worldwide. Regular water surveys and recommendation for bathers are in existance
for the European Union (EUA-Report 2013, Prieto 2001) and the United States (Lee SH,
Levy DA, Craun GF, Beach MJ, 2002; U.S. Environmental Protection Agency, 2004), but
only few data are publised regarding water quality and health hazards in South Africa (City of
Cape Town, 2012; Lusher, 1984). Swimmer and surfer swallow significant amounts of water.
Adult swimmers are prone to ingest 10-100 ml seawater, while children probably ingest
larger quantities of water. Especially young children, grown ups and people infected with
HIV and Tb (Thea DM, S Louis ME, Atido U, Kanjinga K 1993) are at risk to suffer health
hazards by ingesting sewage polluted water (Fleisher, M, Jones, F, Kay, D, Stanwell-Smith,
R, Wyer, M, Morano, 1993). South Africa is the country with the highest HIV burden
worldwide (UNAIDS, 2012). Although the HIV epidemic has stabilised over the last four
years due to the availibility of antiretroviral treatment, the number of people living with HIV
is 5,6 million (UNAIDS 2012) associated with a high amount of an immocompromised
population. They need to be informed about the risk and health hazards of thalssogenic
diseases such as diarrhea, skin infection, respiratory tract infection, and hepatitis (Griffin,
D.W., Donaldson, K.A . Paul, 2003), (Lee SH, Levy DA, Craun GF, Beach MJ, 2002).

36 beaches in South Africa have been awarded a Blue Flag status for excellent bathing
quality (City of Cape Town, 2013). The Blue Flag is a highly respected and internationally
recognized eco-label, although beach goers often do not know the underlying standards of a
Blue Flag beach (Mc Kenna J, Williams, A.T., 2011). The label is awarded to beaches on an
annua basis that meet criteria for water quality, environmental education, environmental
management, safety and services (Blue Flag, 2013). No industrial waste water or sewage
related discharges should affect the beach area (City of Cape Town, 2013). As water pollution
can also result from bathers, the beach must be kept clean, no dogs are alowed and small
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particles such as cigarette butts must be removed on aregular basis. Analysis of water quality
should be performed every two to four weeks. The Blue Flag Beaches in South Africa must
comply with the water quality standards for E. coli 100/100 ml and for Enterococci 50/100 ml
(City of Cape Town, 2012). European and US American standards for E. coli are set by
10%/100 ml and below (EU, 2009; U.S. Environmental Protection Agency, 2004). A large
amount of the South African population is immune compromised due to the high HIV/AIDS
and Th infection rate and is therefore more vulnerable to E. coli and Enterococcus infections.

South Africa leads its waste water into the ocean offshore which only one treatment, which
means that it has only been filtered. E. coli is not removed with this treatment and only the
waste particles are filtered out. On top, the wetlands and rivers in South Africa are heavily
polluted (City of Cape Town, 2012). The phosphate levels of the rivers on the Cape Peninsula
such as Sout River near Melkbosstrand, Wildevoelvlei, Kuils River (Mosselbank) and River
Salt catchment are generally in the extreme hypertrophic range (* unacceptable”) with respect
to phosphorus enrichment (Water Services City of Cape, 2012). The sources of nutrient
enrichment range from sewage overflows, treated effluents and urban catchment runoff.
The rivers flow into the sea with polluted waste water. The current status of South African
rivers needs improvement including the removal or avoidance of phosphorus enrichment
(DeGeorges, Goreau, & Reilly, 2010).

Sewage pipes are led into the ocean 1.7 km offshore of Camps Bay beach and the water flows
up the coastline of South Africa towards the Clifton beach. With high tide water from
offshore is brought onto the beach area and coastline. Schippmann et a have illustrated a 3D
ocean model that sewage treatment and wind conditions can cause fecal pollution up to 20
km downstream (Schippmann B, Schernewski G, 2013).

Escherichia coli or E-coli is a gram-negative bacterium and is typically rod-shaped. It is a
growing body which can survive for extended periods of time out of its host. It is therefore
suitable for tests and laboratory setting. E-coli is a germ which is found in the intestine of
humans and animals (Cooke, 1974) A typical red coloring of E-coli bacteria appears when it
is cultured. E. coli is recognised internationally as a marker for fecal water pollution (Wade et
al. 2006, Geldreich 1970).

We performed a survey to elucidate the water quality and management on a Blue Flag beach
in Cape Town. The results are discussed in the light of the high burden of HIV and
Tuberculosis (Tb) with an immune compromised population and the current used standards
for Blue Flag beaches in South Africa.

2. Research M ethods

A prospective case study was conducted. Clifton, 4th beach was specifically selected as it is
one of the most popular beaches on the Cape Peninsula and can be easily accessed. It is
located in the central area of Cape Town and is well known as a Blue Flag Beach. In
comparison to other beaches that only offer one month of Blue Flag status, the Blue Flag
season ran from 1 December 2012 to 31 March 2013. Clifton beach lies in proximity to the
main shipping route, several wastewater pipes are led offshore into the ocean and discharges
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from wastewater plantsin Sea Point and rivers flow into the sea.
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Water sample collection and analysis. Water was collected from Blue Flag beach, Clifton
from the 14 February to the 9 March 2013 at high tide using six tests to culture E. coli. This
was done more frequently as Blue Flag Standards, which require testing the water quality
every 2 - 4 weeks. Each time a photo documentation of the beach and water was performed..
Micro slides (Precision Microslides®) were held in the water mixture for severa seconds and
then put back into its casing. It is recommendable to take the water sample about 15-20 cm
beyond the surface. The test kit was bred with the casing at a temperature between 33°-35°
for at least 48 hours. It isatypical sign of E. coli when red marks appear.

3. Results

In 83% E. coli counts exceeded 10°. Values over 10* were associated with signs of wastewater
pollution, such as yellowish foam on the water (Picture 1) and yellowish colored sand (Table
1).

Picture 1. Foam and sand coloring on Clifton, Blue Flag Beach

At the time when the tests were taken, various issues of the Blue Flag statute were not
considered: dogs were on the beach despite prohibition signs; data of water analysis were not
displayed on the Blue Flag board or the board was not present.

Table 1. Days and times of water collection and results

Date Time water | Description of sea water and beach Amount
collection E. coli
(High tide)

Thursday 6:30 p.m. Foam on the water in the distance of 800-1000 m offshore, | 10°

14/02/2013 no Blue Flag board on beach, Blue Flag hoisted

Wednesday | 1:00 p.m. Heavy foam on water, Blue Flag board present, but without | 10°-10°

20/02/2013 data, Blue Flag hoisted

Tuesday 4:30 p.m. Foam on water, sewage station on the beach under repair, | 10*

26/02/2013 board without data, Blue Flag hoisted

Saturday 6:30 p.m. Foam on water, no results on board, Blue Flag hoisted 10*

02/03/2013

Wednesday 11:30 am. Foam on water, no results on board, Blue Flag hoisted 10°
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Saturday 1:30 p.m. Water looks fine, no foam, Blue Flag hoisted, results on the | 107
09/03/2013 board are finaly filled in for the last months
4. Discussion

Although Clifton Blue Flag beach is awarded a Blue Flag Beach, there are times when the
coastal water of the bathing area is affected by wastewater. This emerges often after storms
and heavy rains as overflows are washed into the sea (Van Donsel, Geldreich, & Clarke,
1967).

During our study only one time the E. coli content was 10°. Various countries suggest the
closing of beaches and taking of actions when the E.coli content exceeds 235/100 ml (U.S.
Environmental Protection Agency, 2004). There is an ongoing debate to recommend lower
limits for E. coli for recreational bathing areas (Lévesque & Gauvin, 2007) as each individual
reacts differently and an infection curve increases in relation to the amount of E. coli (Teunis,
Takumi, & Shinagawa, 2004; Wiedenmann et al., 2006). Bathers exposed to higher
concentration of total coliform bacteria showed an significant increase in the risk of aquiring
symptoms than non-bathers (Lévesgue & Gauvin, 2007; Prieto, 2001).

Table 2 displays how much wastewater is lead into the Southern African Indian Ocean
(Annua Report 2012).

Table 2. Estimated volume of municipal wastewater discharge into the Southern Indian Ocean

Country Estimated volume of
municipal wastewater
(m*/day)
Comoros 168,000
Kenya 145,500
Mauritius 173,500
Mozambique 29,149
Seychelles 10,372
South Africa 255,000
Tanzania 37,912

Prieto et a (Prieto, 2001) underlined that the risk of health problems associated with bathing
is related to the microbiological quality of the water. The researchers have pointed out that
different susceptibility of the citizens of each country must be taken into account when
analyzing the risk of coastal water pollution. Due to the high burden of HIV/AIDS and Tb
special precautions should be taken in South Africa. Rapid changes in water quality occur due
to current changes on the currents and wind directions (Schippmann B, Schernewski G, 2013).
Hence the monitoring of the beaches and especially of Blue Flag beaches should be
mandatory. Water analysis should be done more frequently than only every two to four weeks,
especially in areas where are sewage pipes are led close-by into the ocean.
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5. Conclusions
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Even a beach is awarded a Blue Flag beach, adults, children and especialy immune
compromised people are at risk for athalassogenic disease when they bath in sewage polluted
water. There are several managerial points of the Blue Flag beach in Clifton that need to be
taken care of: Dogs are present on the beach despite well visible prohibition signs. Most of
the time when our survey took place no water quality data were displayed, athough the Blue
Flag was hoisted. When data are displayed, they are delayed in time. The US Environmental
Protection Agency (2004) recommends a 24 hour method to use for water testing at
recreational bathing sites to minimize the time between sample collection and swimmer
exposure. Alternatively a rapid measurement that can easily be performed on site might be
recommendable. Otherwise, it is more reliable to look out for obvious signs of waste water
pollution.

Up to now the burden of thalassogenic diseases in South Africais not examined - neither for
Blue Flag beaches nor for other beaches. Large scale public health studies with the
undertaking of beachgoers and bathers hedth surveys are needed to estimate the
thallosogenic burden of diseases in South Africa and the economic impact of improved
wastewater treatment.
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