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Conclusions

As mentioned on numerous occasions in this report
there are challenges in attributing shoreline water
and offshore sediment quality impairment in the
Cape Town outfalls study area solely, or even
predominantly to effluent discharged through the
Green Point, Camps Bay and Hout Bay outfalls. This
is because there are many land- and sea-based
sources of contaminants other than effluent to the
marine environment off the Atlantic seaboard of
Cape Town. Also, the shoreline faecal indicator
bacteria monitoring is too infrequent to identify the
frequency of bacterial impairment of water quality
and potential It is,
however, illogical and indeed irresponsible to imply
that effluent discharged through the outfalls is not
impacting on the marine receiving environments or
posing a potential human health risk. Indeed, the
notion of no impact to a marine receiving
environment in the context of effluent discharge is
unfounded. This is a price that must be acknow-
ledged for the privilege of using the sea (and any
other aquatic ecosystem) as a receptacle for
wastewater. The critical question is whether
effluent discharge through the Green Point, Camps
Bay and Hout Bay outfalls is having a major adverse
impact on the ecosystem functioning of the marine
receiving environments and is posing a major risk to
the health of humans that use and/or extract and
consume resources from these environments.

sources of the bacteria.

It is not the prerogative or the responsibility of the
scientists that prepared this report to decide on
what constitute major ecological impacts and
human health risks in the context of effluent
discharge since this may differ from one person to
another. Nevertheless, based on the findings of the
surveys documented in this report these scientists
are of the opinion no immediate ecological disaster
is imminent as a result of effluent discharge
through the Cape Town outfalls. This does not
mean there are no ecological impacts and human
health risks associated with this practice, but rather
that no major ecological impacts could be detected
through the monitoring approach followed in this

study. This does not mean these scientists are not
concerned about the practice of discharging
but
under the status quo it provides a practical solution

wastewater into the marine environment,

to the management of waste-water generated in
parts of the City of Cape Town if properly managed.
The strategy of disposing wastewater into the
marine environment must also be considered in the
context of impacts to rivers and estuaries were the
wastewater to be treated at an inland wastewater
works.

Based on the physical and chemical characteristics
of effluent discharged through the Green Point,
Camps Bay and Hout Bay outfalls and an assumed
minimum initial dilution of 200 for each outfall, it
would appear most effluent constituents are likely
to be diluted in the marine receiving environments
to concentrations protective of direct plume effects
to marine fauna and flora shortly after discharge
(i.e. within a small distance of points of effluent
discharge). This does not, however, appear to be
the case for ammonia in some samples and total
suspended solids in a large proportion of samples.
These constituents require much greater dilution to
meet water quality targets than other effluent
constituents, and under calm conditions and high
concentrations in the effluents might not be
effectively diluted the receiving
environments such that water quality targets are

in marine
met at the margin of the zone of initial dilution. It is
the high total suspended solids concentration and
associated discolouration that makes the effluent
visible when it reaches the sea surface (and indeed
beneath the surface when the sea is clear).

The toxicity testing of seawater samples collected
at the sea surface in the greater vicinity of the
outfalls revealed a single incidence of very low
magnitude toxicity, even though some seawater
samples were collected in the effluent plume at the
sea surface. This supports the notion that most
contaminants in the effluents are likely to be
sufficiently diluted shortly after discharge to limit
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the incidence of acute toxicity.

There also appears to be no significant acute toxic
risk posed by chemical concentrations in sediment
in the Table Bay, Camps Bay and Hout Bay areas.
Thus, despite the over 115 year history of
discharging partially treated wastewater into the
marine environment off Cape Town there has been
no significant accumulation of effluent-derived
contaminants in the sediment with time. Although
sediment in parts of the Cape Town outfalls study
area is contaminated by metals, hydrocarbons and
polychlorinated biphenyls, apart from the latter it is
not possible to attribute these as having an effluent
source.

lobsters collected from the
along the Atlantic
seaboard of the Cape Peninsula were not found to
be accumulating effluent-derived contaminants in
their tissue, at least not to concentrations that
could be discriminated from concentrations

Mussels and rock

shoreline and nearshore

in
mussels and rock lobsters collected at ‘clean’ sites.
Sessile or slow moving marine organisms living at or
near the points of effluent discharge may, however,
be accumulating effluent-derived contaminants in
their tissue and this warrants investigation in the
future.

The measurement of faecal indicator bacteria in
surface seawater samples collected in the greater
vicinity of the outfalls provided clear evidence of
effluent reaching the sea surface in some surveys,
but there was no clear evidence the bacteria (and
thus presumably other effluent constituents) were
reaching the shoreline. There is indirect evidence
from faecal indicator bacteria counts in seawater
samples collected at many sites along the Cape
Town shoreline over an extended period that
effluent is possibly, even if infrequently, reaching
the shoreline. The uncertainty in this regard stems

from the fact that stormwater runoff may be a
significant source of faecal indicator bacteria to the
shoreline, as is the case in most cities. These
uncertainties make it difficult to estimate the risk
posed by effluent discharge to the health of
recreational users of nearshore and shoreline
waters and represents perhaps the most important
uncertainty that should be addressed through
further research and monitoring. Regardless of the
source of the bacteria their counts in shoreline
water samples at many sites were, at varying
frequencies depending on the site, high enough to
suggest a significant periodic risk to humans
recreationally using
waters.

nearshore and shoreline

The conclusion that effluent discharge through the
Green Point, Camps Bay and Hout Bay outfalls is
not having an immediate major ecological impact in
the Cape Town outfalls study area might be
surprising to the public considering recent debate
on the practice of discharging partially treated
wastewater to the marine environment off Cape
Town appears to have created the impression that
major ecological impacts and health risks should
intuitively be associated with this practice. As
discussed above, this does not mean there are no
impacts associated with this practice, but that the
assimilative capacity of the marine receiving
environments for the Green Point, Camps Bay and
Hout Bay outfalls has not, at this time, been
exceeded. It is nevertheless clear the world cannot
use the marine environment as a waste receptacle
in perpetuity and opportunities for improved and
economically and environmentally feasible waste-
water treatment, and the feasibility of using
alternate strategies for disposing of wastewater to
the marine environment should be investigated by
the City of Cape Town (and other municipalities).

225



Cape Town Outfalls Monitoring Programme — 2015/2016 Survey

Literature Cited

Literature Cited

Abdelzaher AM, Wright ME, Ortega C, Solo-Gabriele
HM, Miller G, EImir S, Newman X, Shih P, Bonilla
JA, Bonilla TD, Palmer CJ, Scott T, Lukasik J,
Harwood VJ, McQuaig S, Sinigalliano CD, Gidley
M, Plano LRW, Zhu XF, Wang JD and Flemming
LE (2010) Presence of pathogens and indicator
microbes at a non-point source subtropical

Applied and
Environmental Microbiology 76: 724-732.

Abreu R, Figueira C, Romao D, JBrandao J, Freitas
MC, Andrade C, Calado G, Ferreira C, Campos A
and Prada S (2016) Sediment characteristics and
microbiological contamination of beach sand - A
case-study in the archipelago of Madeira.
Science of the Total Environment 573: 627-638.

Alm EW, Burke J and Hagan E (2006) Persistence
and potential growth of the fecal indicator

recreational marine beach.

bacteria, Escherichia, in shoreline sand at Lake
Huron. Journal of Great Lakes Research 32: 401-
405.

Anchor (2016) Assessment framework for the
management of effluent from and based
sources discharged to the marine environment.
Prepared for Department of Environmental
Affairs, South Africa.

Andral B, Stanisiere JY, Sauzade D, Damier E,
Thebault H, Galgani F and Boissery P (2004)
Monitoring chemical contamination levels in the
Mediterranean based on the use of mussel
caging. Marine Pollution Bulletin 49: 704-712.

Andreae MO (1979) Arsenic speciation in seawater

waters: The influence of
biological-chemical
chemistry of a trace element. Limnolology and
Oceanography 24: 440-452.

ANZECC/ARMCANZ (2000) National Water Quality
Management Strategy: Paper No 4 - Australian
and New Zealand Guidelines for Fresh and
Marine Water Quality. Volume 1 — The
Guidelines (Chapters 1-7). Australian and New
Zealand Environment and Conservation Council

and interstitial
interactions on the

and Agriculture and Resource Management
Council of Australia and New Zealand, Canberra,
Australian Capital Territory.

APHA (American Public Health Association) (1995)
Standard Methods for the Examination of Water

and Wastewater.
USA.

Armbruster G, Gerow KG, Gutenmann WH, Littman
CB and Lisk DJ (1987) The effects of several
methods of fish preparation on residues of
polychlorinated biphenyls and  sensory
characteristics in striped bass. Journal of Food
Safety 8: 235-244,

Arpin-Pont L, Bueno MJM, Gomez E and Fenet H
(2016) Occurrence of PPCPs in the marine
environment: a review. Environmental Science
and Pollution Research 23: 4978-4991.

Arvai JL, Levings CD, Harrison PJ and Neill WE
(2002) Improvement of the sediment ecosystem

19th Edition, Washington,

following diversion of an intertidal sewage
outfall at the Fraser river estuary, Canada, with
emphasis on Corophium salmonis (amphipoda).
Marine Pollution Bulletin 44: 511-519.

Atkins GR (1965) Camps Bay outfall investigation.
Institute of Oceanography, University of Cape
Town. Contract Report (4 pp) (cited in Harris,
1978).

Atkins GR (1970) Green Point outfall investigation.
Final Report. Marine Effluent Research Unit,
University of Cape Town.

Barkai A, Davis CL and Tugwell S (1996) Prey
selection by the South African Cape rock lobster
Jasus ecological and physiological
approaches. Bulletin of Marine Science 58: 1-8.

Barkai A, Davis CL and Tugwell S (1996) Prey
selection by the South African Cape rock lobster
Jasus and physiological
approaches. Bulletin of Marine Science 58: 1-8.

Barnes M, Correll R and Stevens D, (CSIRO Australia,
2003). A simple spreadsheet for estimating low-
effect concentrations and associated confidence

lalandii:

lalandii: ecological

intervals with logistic dose response curves.
Presented at Society of Environmental
Toxicology and Chemistry (SETAC) Asia/Pacific-
Australasian Society for Ecotoxicology meeting:
Solutions to Pollution 2003, Christchurch, New
Zealand, 28 September-1 October 2003.

Bartlett PD (1980) The third pollution monitoring
survey of Hout Bay beach. Marine chemistry and
biology division, NRIO. CSIR Report T/SEA 8113.

Bartlett PD (1985) Table Bay Chemical Inputs - An




Cape Town Outfalls Monitoring Programme — 2015/2016 Survey

Literature Cited

overview and mass balance study. CSIR Report
T/SEA 8515.

Bartlett PD, Eagle GA, Fricke AH, Greenwood PI,
Hennig HFKO and Kenmuir RM (1981) Follow-up
pollution survey of Camps Bay Beach. CSIR
report T/SEA 8103.

Bartlett PD, Eagle GA, Fricke AH, Greenwood PJ,
Hennig HF-KO and Kenmuir RM (1981) Follow up
pollution survey of Camps Bay beach 1981.
Marine chemistry and biology division, NRIO.
CSIR Report T/SEA 8103.

Baumard P, Budzinski H, Michon Q, Garrigues P,
Burgeot T and Bellocq J (1998) Origin and
bioavailability of PAHs in the Mediterranean Sea
from mussel and sediment records. Estuarine
and Coastal Shelf Science 47: 77-90.

BCLME (Benguela Current Large Marine Ecosystem)
(2006) The development of a common set of
water and sediment quality guidelines for the
coastal zone of the BCLME. CSIR Report No
CSIR/NRE/ECO/ER/2006/ 0011/C.

Bergmann A, Fohrmann R and Weber FA (2011)
Zusammenstellung von Monitoringdaten zu
Umweltkonzentrationen
Texte Umweltbundesamt, http://www.umwelt
bundesamt.de/sites/default/files/medien/461/p
ublikationen/4188.pdf.

Beversdorf LJ, Bornstein-Forst SM and McLellan SL
(2007) The potential for beach sand to serve as a
reservoir for Escherichia coli and the physical
influences on cell die-off. Applied Environmental
Microbiology 102: 1372-1381.

Birch GF, Drage DS, Thompson K, Eaglesham G and
Mueller JF (2015) Emerging contaminants
(pharmaceuticals, personal care products, a
food additive and pesticides) in waters of
Sydney estuary,
Bulletin 97: 56-66.

BirdLife International (2016) Spheniscus demersus.
The IUCN Red List of Threatened Species 2016.
http://dx.doi.org/10.2305/IUCN.UK.2016-
3.RLTS.T22697810A93641269.en.

BirdLife  International. 2017.  Phalacrocorax
neglectus. The IUCN Red List of Threatened
Species. http://dx.doi.org/10.2305/IUCN.UK.
2017-1.RLTS.T22696766A112367141.en.

Bloom NS (1992) On the chemical form of mercury
in edible fish and marine invertebrate tissue.
Canadian Journal of Fisheries and Aquatic
Science 49:1010-1017.

von  Arzneimitteln.

Australia. Marine Pollution

Boehm AB, Ashbolt NJ, Colford JM, Dunbar LE,
Fleming LE, Gold MA, Hansel JA, Hunter PR,
Ichida AM, McGee CD, SollerJA and Weisberg SB
(2008) A sea change ahead for recreational
water quality criteria. Journal of Water and
Health 7: 9-20.

Botes WAM and Kapp JF (1995) Dilution studies on
three marine outfalls in South Africa. Water
Science and Technology 32: 297-304.

Bradshaw D, Dorrington RE and Laubscher R (2012)
Rapid mortality surveillance report 2011. South
African Medical Research Council.

Branch GM and Steffani CN (2004) Can we predict
the effects of alien species? A case-history of the
invasion of South Africa by Mpytilus gallo-
provincialis (Lamarck). Journal of Experimental
Marine Biology and Ecology 300: 189-215.

Bruland KW, Bertine K, Koide M, Goldberg ED
(1978) Cadmium in northeast Pacific waters.
Limnolology and Oceanography 23: 618-625.

Bryan GW (1968) Concentrations of zinc and copper
in the tissues of decapod crustaceans. Journal of
the Marine Biological Association 48: 303-321.

Bustamante RH and Branch GM (1996) The
dependence of intertidal consumers on kelp-
derived organic matter on the west coast of
South Africa. Journal of Experimental Marine
Biology and Ecology 196: 1-28.

Carter R (2006) Ben Schoeman Dock berth
deepening: Specialist study on sediment
toxicology and marine ecology. Lwandle

Technologies.

Carter R, Steffani N and Lane S (2003) Strategic
Environmental Assessment for the development
of the Port of Cape Town: Marine ecological
aspects. Prepared for CSIR on behalf of the
National Ports Authority. Specialist Consultant in
Applied Marine Science, St.
Somerset West, 7130.

Cassis D, Lekhi P, Pearce CM, Ebell N, Orians K and
Maldonado MT (2011) The
phytoplankton in the modulation of dissolved
and oyster cadmium concentrations in Deep
Bay, British Columbia, Canada. Science of the
Total Environment 409: 4415-4424.

Chambers PA, Allard M, Walker SL, Marsalek J,
Lawrence J, Servos M, Busnarda J, Munger KS,
Adare K, Jefferson C, Kent RA and Wong MP
(1997) Impacts of municipal
effluents on Canadian waters: a review. Water

8 Francolin

role of

wastewater

-227 -



Cape Town Outfalls Monitoring Programme — 2015/2016 Survey

Literature Cited

Quality Research Journal of Canada 32: 659-713.
Chapman PM (1989) Current approaches to

developing sediment quality criteria. Environ-

mental Toxicology and Chemistry 8: 589-599.

Chapman PM, Wang F, Janssen C, Goulet RR and
Kamunde CN (2003) Conducting ecological risk
assessments of inorganic metals and metalloids
- current status. Human and Ecological Risk
Assessment 9: 641-97.

Clark BM, Massie V, Laird M, Biccard A, Hutchings K,
Harmer R, Brown E, Duna 00, Makunga M and
Turpie J (2015) The State of Saldanha Bay and
Langebaan Lagoon 2015, Technical Report.
Report 1642/1 prepared by Anchor
Environmental Consultants for the Saldanha Bay
Water Quality Forum Trust.

COCT (City of Cape Town) (2002). City of Cape Town
State of Environment Report Year 4 (2001).

Colford JM Jr, Wade TJ, Schiff KC, Wright CC,
Griffith JF, Sandhu SK, Burns S, Hayes J, Sobsey
M, Lovelace G and Weisberg S (2007) Water
quality indicators and the risk of illness at non-
point source beaches in Mission Bay, California.
Epidemiology 18: 27-35.

Converse RR, Kinzelman JL and Sams EA (2012)
Dramatic improvements in beach water quality
following gull removal. Environmental Science
and Technology 46: 10206-10213.

Converse RR, Piehler MF and Noble RT (2011)
Contrasts in concentrations and loads

no.

of
conventional and alternative indicators of fecal
contamination in coastal stormwater. Water
Research 45: 5229-5240.

Crawford RJM (2006). Closure of areas to purse-
seine fishing around St Croix and Dyer Island
penguin colonies. Unpublished manuscript,
DEAT/MCM, Cape Town (not seen: cited in
Carter, 2003).

CSIR (1982) The behaviour of sewage from the
Green Point sewage outfall and its effect on
Table Bay - A preliminary report. CSIR Report
571.

CSIR (1985) Table Bay - A marine chemical study.
CSIR Report 565.

CSIR (1990) A feasibility study and conceptual
design for an ocean outfall pipeline at Green
Point. CSIR Report EMA-C 9063/1.

CSIR (1993) Hout Bay sea outfall for disposal of
sewage. Environmental studies baseline report.
CSIR Report EMAS-C 93079

CSIR (1994) Hout Bay sea outfall for disposal of
sewage: first impact assessment report,
November 1994. CSIR Report EMAS-C 95061.

CSIR (1997) Table Bay Sediment Study: Phase lll:
1997. CSIR Report ENV/S-C 97085.

CSIR (2003) Assessment of the biogeochemical
characteristics of sediments in Table Bay and
Hout Bay in April 2003. CSIR Report ENV-S-C
2003-086.

CSIR (2006) Assessment of the biogeochemical
characteristics of sediments in Table Bay and
Hout Bay in October 2005 and March 2006. CSIR
Report NRE/ECO/ER/2006/0100/C.

CSIR (2011) Sediment survey: Green Point, Camps
Bay and Hout Bay marine outfalls - 2011.
Unnumbered CSIR Report.

CSIR (2013) Sea disposal of sewage: Environmental
surveys in the Durban outfalls region. Report No
31: Surveys made in 2012. CSIR Report
CSIR/NRE/ECOS/IR/2013/0089/B.

CSIR (2014) eThekwini Mussel Watch Programme -
2013. CSIR Report CSIR/NRE/ECOS/IR/2014/
0078/B.

CSIR (2015) Sediment quality in aquatic systems in
the Cape Town area of South Africa. CSIR Report
CSIR/NRE/ECOS/IR/2015/0046/A

CSIR (2016a) Chevron Outfall, Milnerton. Sixth
follow-up chemical and biological monitoring
survey of the coastal environment: December
2015. CSIR Report CSIR/NRE/ ECOS/ER/2016/
0029/B Stellenbosch.

CSIR (2016b) Sea disposal of sewage: Environ-
mental surveys in the Durban outfalls region.
Report No 34: Surveys made in 2015. CSIR
Report CSIR/NRE/ECOS/IR/2016/0107/A.

CSIR (2016c) eThekwini Mussel Watch Programme:
Survey made in 2015. CSIR Report CSIR/NRE/
ECOS/ER/2016/0072/A.

Cullaj A, Lazo P and Duka S (2006) Heavy metals
and metallothionein levels in mussel samples of
Albanian seacoast. MAP Technical Reports
Series No. 166, UNEP/MAP, Athens 01/2006;
Series No. 166.

Daskalakis K and O'Connor T (1995) Normalization
and elemental sediment contamination in the
coastal United States. Environmental Science
and Technology 29: 470-477.

De Gieter M, Leemakers M, Van Ryssen R, Noyen J,
Goeyens L and Baeyens W (2002) Total and
Toxic Arsenic Levels in North Sea Fish. Archives

-228 -



Cape Town Outfalls Monitoring Programme — 2015/2016 Survey

Literature Cited

of Environmental Contamination and Toxicology
43:406-417.

De Groot AJ, Salomons W and Allersma E (1976)
Processes affecting heavy metals in estuarine
sediments. In: Estuarine Chemistry, Burton JD
and Liss PS (Eds). Academic Press, New York.

DEA (Department of Environmnetal Affairs) (2012)
South African Woater Quality Guidelines for
Costal Marine Waters. Volume 2: Guidelines for
recreational use.

DEHP (Department of Environment and Heritage
Protection) (2016) Technical guideline: Waste-
water release to Queensland waters. Online at:
https://www.ehp.qld.gov.au/assets/documents/
regulation/pr-gl-wastewater-to-waters.pdf.

Depledge MH and Bjerregard P (1989) Haemolymph
protein composition and copper levels in
decapod crustaceans. Helgololander Meere-
suntersuchungen 43: 207-223.

D, Meli MA and Roselli C (2010) A
biomonitoring study: 210Po and heavy metals in
marine organisms from the Adriatic Sea (Italy).
Journal of Radioanalytical and Nuclear
Chemistry 285: 373-382.

Desmarais TR, Solo-Gabriele HM and Palmer CJ
(2002) Influence of soil on fecal indicator
organisms in a tidally influenced subtropical
environment. Applied Environmental Micro-
biology 68: 1165-1172.

Desmarais TR, Solo-Gabriele HM and Palmer CJ
(2002)
organisms in a tidally influenced subtropical
environment. Applied and Environmental
Microbiology 68: 1165-1172.

Devescovi M and Lucu C (1995) Seasonal changes of
the copper level in shore crabs Carcinus
mediterraneus. Marine Ecology Progress Series
120: 169-174.

Diaz RJ and Rosenberg R (1995) Marine benthic
hypoxia: a review of its ecological effects and
the behavioral responses of benthic macro-
fauna. Oceanography and Marine Biology 33:
245-303.

Diaz-Castaneda V and Harris LH (2004) Biodiversity
and structure of the polychaete fauna from soft
bottoms of Bahia Todos Santos, Baja California,
Mexico. Deep Sea Research Part Il: Tropical
Studies in Oceanography 51: 827-847.

DMER (Don Mackay Environmental Research) and
AEL (Angus Environmental Limited) (1996)

Desideri

Influence of soil on fecal indicator

Pathways analysis using fugacity modelling of
phenol for the second Priority Substances List.
Report prepared for the Chemicals Evaluation
Division, Commercial Chemicals Evaluation
Branch, Environment Canada, Hull, Quebec, by
DMER, Peterborough, Ontario, and AEL, Don
Mills, Ontario.

DOH (Department of Health, Medical Research
Council) (2007) South Africa Demographic and
Health Survey 2003. Pretoria: Department of
Health.

Donohue JM and Abernathy CO (1999) Exposure to
inorganic arsenic from fish and shellfish. In:
Chappell WR, Abernathy CO and Calderon RL
(Eds), Arsenic Exposure and Health Effects.
Elsevier Science, Amsterdam.

Dufor AP (1977) Escherichia coli: the fecal coliform.
In: Bacterial  Indicators/Health Hazards
Associated With Water, Hoadley AW and Dutka
BJ (Eds). ASTM, Philadelphia.

DWAF (Department of Water Affairs and Forestry)
(1995) South African Water Quality Guidelines
for Coastal Marine Waters. Volume 1: Natural
Environment. Pretoria, South Africa.

DWAF (Department of Water Affairs and Forestry)
(2004) Operational policy for the disposal of
land-derived water containing waste to the
marine environment of South Africa: Guidance
on Implementation. Water Quality Management
Series, Sub-Series No. MS 13.3. Pretoria, South
Africa.

Eagle GA, Bartlett PD and Hennig HF-KO (1980) The
second pollution monitoring survey of Hout Bay
beach. Marine chemistry and biology division,
NRIO. CSIR Report SEA 8008.

Eagle GA, Fricke AH, Gledhill WI, Greenwood PI,
Oren Ml and Mazure H (1977) Camps Bay Beach:
a pollution survey. South African Journal of
Science 73: 342-345.

Elmir S, Shibata T, Solo Gabriele H, Sinigalliano C,
Gidley M, Miller G, Plano L, Kish J, Withum K and
Fleming L (2009) Quantitative evaluation of
enterococci and bacteroidales released by adults
and toddlers in marine water. Water Research
43:4610-4616.

Elmir SM, Wright ME, Abdelzaher A, Solo-Gabriele
HM, Fleming LE, Miller G, Rybolowik M, Shih
MP, Pillai SP, Cooper JA and Quaye EA (2007)
Quantitative evaluation of bacteria released by
bathers in a marine water. Water Research 41.:

-229 -



Cape Town Outfalls Monitoring Programme — 2015/2016 Survey

Literature Cited

3-10.

Ersoy B, Yanar Y, Kli¢likglilmez A and Celik M (2006)
Effects of four cooking methods on the heavy
metal concentrations of sea bass fillets
(Dicentrarchus labrax Linneo, 1785). Food
Chemistry 99: 748-751.

Ettajani H, Amiard-Triquet C, Jeantet AY, Amiard JC
and Ballan-Dufrancais C (1996) Fate and effects
of soluble or sediment-bound arsenic in oysters
(Crassostrea  gigas  Thun.). Archives of
Environmental Contamination and Toxicology
31: 38-46.

Fabris G, Turoczy NJ and Stagnitti F (2006) Trace
metal concentrations in edible snapper, flat-
head, lobster, and abalone from coastal waters
of Victoria, Australia. Ecotoxicology
Environmental Safety 63: 286-292.

Falconer CR, Sheperd RJ, Pirie JM, Topping G (1983)
Arsenic levels in fish and shellfish from the
North Sea. Journal of Experimental Marine
Biology and Ecology 71: 193-203.

Fenchel TM and Riedl RJ (1970) The sulfide system:
a new biotic community underneath the
oxidized layer of marine sand bottoms. Marine
Biology 7: 255-268.

Fewtrell L and Kay D (2015) Recreational water and
infection: A review of recent findings. Current
Environmental Health Reports 2: 85-94.

Fick J, Lindberg R, Kay L and Brorstrom-Lundén E
(2011) Results from the Swedish National
Screening Programme 2010 - Subreport 3.
Pharmaceuticals. IVL B2014.

Field LJ, MacDonald DD, Norton SB, Ingersoll CG,
Severn CG, Smorong D and Lindskoog R (2002)
Predicting amphipod toxicity from sediment
chemistry using logistic regression models.
Environmental Toxicology and Chemistry 21:
1993-2005.

Flanjak J (1982) Inorganic and organic arsenic in
some commercial
Journal of the Science of Food and Agriculture
33:579-583.

Forstner U (1989) Contaminated sediments. In:
Bhattacharji S, Friedman GM, Neugebauer HJ,
Seilacher A (Eds), Lecture notes in earth sciences.
Springer Verlag, Berlin.

Forstner U and Wittmann GTW (1979) Metal
Pollution in the Aquatic Environment. Springer-
Verlag, New York.

Forsyth D, Casey V, Dabeka RW and McKenzie A

and

East Australian crustacea.

(2004) Methylmercury levels in predatory fish
species marketed in Canada. Food Additives and
Contaminants 21: 849-856.

Francesconi KA and Edmonds JS (1997) Arsenic and
marine organisms. Inorganic
Chemistry 44: 147-189.

Fries JS, Characklis GW and Noble RT (2008)
Sediment-water exchange of Vibrio sp. and fecal
indicator bacteria: Implications for persistence
and transport in the Neuse River Estuary, North
Carolina, USA. Water Research 42: 941-50.

Fujioka RS, Hashimoto H, Siwak EB and Young R
(1981) Effect of sunlight on survival of indicator
bacteria in seawater. Applied Environmental
Microbiology 41: 690-696.

Goessler W, Maher W, Irgolic KJ, Kuehnelt D,
Schlagenhaufen C and Kaise T (1997) Arsenic
compounds in a marine food chain. Fresenius
Journal of Analytical Chemistry 359:434-437.

Grant SB, Sanders BF, Boehm AB, Redman JA, Kim
JH, Morse RD, Chu AK, Gouldin M, McGee CD,
Gardiner NA, Jones BH, Svejkocsky |, Leipzig GV
and Brown A (2001) Generation of enterococci
bacteria in a coastal saltwater marsh and its
impact water  quality.
Environmental Science and Technology 35: 2407-
2416.

Gray JS, Wu R S-S, Or YY (2002) Effects of hypoxia
and organic enrichment on the coastal marine

Advances in

on surf zone

environment. Marine Ecology Progress Series
238:249-279.

Gray LA (1997) Metal contamination of sediments
associated with deepwater sewage
outfalls, Sydney, Australia. Marine Pollution
Bulletin 33: 182-189.

Green NW and Knutzen J (2003) Organohalogens
and metals in marine fish and mussels and some

ocean

relationships to biological variables at reference
localities in Norway. Marine Pollution Bulletin
46: 362-374.

Greene R and Crecelius E (2006) Total and inorganic
arsenic in Mid-Atlantic marine fish and shellfish
and implications for fish advisories. Integrated
Environmental Assessment and Management 2:
344-354,

Haile RW, Witte JS, Gold M, Cressey R, McGee C,
Millikan RC, Glasser A, Harawa N, Ervin C,
Harmon P, Harper J, Dermand J, Alamillo J,
Barretr K, Nides M and Wang G (1999) The
health effects of swimming in ocean water

-230-



Cape Town Outfalls Monitoring Programme — 2015/2016 Survey

Literature Cited

contaminated by storm drain runoff. Epidemio-
logy 10: 355-363.

Halliday E, McLellan SL, Amaral-Zettler LA, Sogin ML
and Gast RJ (2014) Comparison of bacterial
communities in sands and water at beaches with
bacterial water quality violations. PLoS ONE
2014,9,d0i:10.1371/journal.pone.0090815.

Hammerschmidt CR and Fitzgerald WF (2006)
Methylmercury in freshwater fish linked to
atmospheric mercury deposition. Environmental
Science and Technology 40: 7764-7770.

Hanes NB and Fragala R (1967) Effect of seawater
concentration on survival of indicator bacteria.
Journal - Water Pollution Control Federation 39:
97-104.

Hanson P, Evans D, Colby D and Zdanowics V (1993)
Assessment of elemental contamination in
estuarine and coastal environments based on
geochemical modeling
sediments. Marine Environmental Research 36:
237-266.

Hargrave BT, Holmer M and Newcombe CP (2008)
Towards a classification of organic enrichment in
marine sediments based on biogeochemical
indicators. Marine Pollution Bulletin 56: 810-
824.

Harris TFW (1978) Review of coastal currents in
southern African waters. South African National
Scientific Programmes Report 30.

Hartz A, Cuvelier M, Nowosielski K, Bonilla TD,
Green M and Esiobu N (2008) Survival Potential
of Escherichia coli and Enterococci in Subtropical
Beach Sand: Implications for Water Quality
Managers. Journal of Environmental Quality 37:
898-905.

Hatje V, Payne TE, Hill DM, McOirist G, Birch GF and
Szymczak R (2003) Kinetics of trace element
uptake and release by particles in estuarine
waters: effects of pH, salinity, and particle
loading. Environment International 29: 619-629.

Heaney CD, Exum NG, Dufour AP, Brenner KP,
Haugland RA, Chern E, Schwab KJ, Love DC,
Serre ML, Noble R and Wade TJ (2014) Water
quality, weather and environmental factors
associated with fecal indicator organism density
in beach sand at two recreational
beaches Science of the Total Environment 497-
498: 440-447.

Heaney CD, Sams E, Dufour AP, Brenner KP,
Haugland RA, Chern E, Wing S, Marshall S, Love

and statistical of

marine

DC, Serre M, Noble R and Wade TJ (2012) Fecal
indicators in sand, sand contact, and risk of
enteric illness among beachgoers. Epidemiology
23:95-106.

Heaney CD, Sams E, Wing S, Marshall S, Brenner K,
Dufour AP and Wade TJ (2009) Contact with
beach sand among beachgoers and risk of
illness. American Journal of Epidemiology 170:
164-172.

Hervé-Fernandeza P, Houlbréque F, Boisson F,
Mulsow S, Teyssié J-L, Oberhaénsli F, Azemard S
and Jeffree R (2010) Cadmium bioaccumulation
and retention kinetics in the Chilean blue mussel
Mytilus chilensis: Seawater and food exposure
pathways. Aquatic Toxicology 99: 448-456.

Honeyman BD and Santschi PH (1988) Metals in
aquatic systems. Environmental Science and
Technology 22: 862-871.

Horii Y, Reiner JL, Loganathan BG, Senthilkumar K,
Sajwan KS, Kannan K (2007) Occurrence and fate
of polycyclic musks in wastewater treatment
plants in Kentucky and Georgia, USA.
Chemosphere 68: 2011-2020.

Horowitz AJ (1991) A primer on sediment-trace

element chemistry. Lewis Publishers Inc,
Michigan.
Huh CA, Finney BP and Stull JK (1992)

Anthropogenic inputs of several heavy metals to
nearshore basins off Los Angeles. Progress in
Oceanography 30:335-51.

Hyland J, Balthis L, Karakassis |, Magni P, Petrov A,
Shine J, Vestergaard O and Warwick R (2005)
Organic carbon content of sediments as an
indicator of stress in the marine benthos.
Marine Ecology Progress Series 295: 91-103.

IRIS (INTEGRATED RISK INFORMATION SYSTEM)
http://www.epa.gov/iris/.

Isobe T, Takada H, Kanai M, Tsutsumi S, Isobe KO,
Boonyatumanond R and Zakaria MP (2007)
Distribution of Polycyclic Aromatic Hydro-
carbons (PAHs) and phenolic endocrine
disrupting chemicals in south and southeast
Asian mussels. Environmental Monitoring and
Assessment 135: 423-440.

Jackson L, Conrad J and Carstens M (2011) Estuary
management plan for the Diep estuary.
Unpublished report prepared for the CAPE
Estuaries Programme, January 2011. Coastal and
Environmental Consulting, Cape Town.

Jiang S, Noble R, Chu W and He J (2007) Seasonal

-231-



Cape Town Outfalls Monitoring Programme — 2015/2016 Survey

Literature Cited

detection of human viruses and coliphage in
Newport Bay, California. Applied Environmental
Microbiology 73: 6468-6474.

Jovi¢ M and Stankovi¢ S (2014) Human exposure to
trace metals and possible public health risks via
consumption of mussels Mytilus galloprov-
incialis from the Adriatic coastal area. Food and
Chemical Toxicology 70: 241-251.

Kannan K, Smith RG Jr, Lee RF, Windom HL,
Heitmuller PT, Macauley JM and Summers JK
(1988) Distribution of total mercury and methyl
mercury in water, sediment, and fish from South
Florida estuaries. Archives of Environmental
Contamination and Toxicology 34: 109-118.

Kavun VY, Shulkin VM and Khristoforova NK (2002)
Metal accumulation in mussels of the Kuril
Islands, NW Pacific Ocean. Marine Environ-
mental Research 53:219-226.

Kay J, Crowther CM, Stapleton MD, Wyer L, Fewtrell
A, Edwards CA, Francis AT, McDonald J, Watkins
J, Wilkinson (2008) Faecal indicator organism
concentrations in sewage and treated effluents.
Water Research 42: 442-454.

Kelly S (2010) Effects of stormwater on aquatic
ecology in the Auckland region. Prepared by
Coast and Catchment for Auckland Regional
Council. Auckland Regional Council Document
Type 2010/021.

Kersten M and Smedes F (2002) Normalization
procedures for sediment contaminants in spatial
and temporal trend monitoring. Journal of
Environmental Monitoring 4: 109-115.

Kimbrough KL, Johnson WE, Lauenstein GG,
Christensen JD and Apeti DA (2008) An
Assessment of Two Decades of Contaminant
Monitoring in the Nation’s Coastal Zone. Silver
Spring, MD. NOAA Technical Memorandum NOS
NCCOS 74.

Kosma Cl, Lambropoulou DA and Albanis TA (2014)
Investigation of PPCPs in wastewater treatment
plants in Greece:
environmental risk assessment. Science of the
Total Environment 466-467: 421-438.

Kostich MS, Batt AL and Lazorchak JM (2014)
Concentrations of prioritized pharmaceuticals in

Occurrence, removal and

effluents from 50 large wastewater treatment
plants in the US and implications for risk
estimation. Environmental Pollution 184: 354-
359.
Kruzynski G

(2004) Cadmium in oysters and

scallops: the BC experience. Toxicology Letters
148: 159-169.

Lares ML and Orians KJ (1997) Natural Cd and Pb
variations in Mytilus californianus during the
upwelling season. Science of the Total
Environment 197: 177-195.

Lee C, Marion JW and Lee J (2013) Development
and application of a quantitative PCR assay
targeting Catellicoccus marimammalium for
assessing gull-associated fecal contamination at
Lake Erie beaches. Science of the Total
Environment 454: 1-8.

Lee RJ and Morgan OC (2003) Environmental
factors influencing the microbiological contam-
ination of commercially harvested shellfish.
Water Science and Technology 47: 65-70.

Lee S, Moon H-B, Song G-J, Ra K, Lee W-C and
Kannan K (2014b) A nationwide survey and
emission estimates of cyclic and linear siloxanes
through sludge from wastewater treatment
plants in Korea. Science of the Total Environment
497-498: 106-112.

Lee S, Song GJ, Kannan K and Moon H-B (2014a)
Occurrence of PBDEs and other alternative
brominated flame retardants in sludge from
wastewater treatment plants in Korea. Science
of the Total Environment 470-471: 1422-1429.

Li W, Wei C, Zhang C, Van Hulle M, Cornelis R and
Zhang X (2003) A survey of arsenic species in
Chinese seafood. Food Chemistry and Toxicology
41:1103-1110.

Liu JH and Kueh CSW (2005) Biomonitoring of heavy
metals and trace organics using the intertidal
mussel Perna viridis in Hong Kong coastal
waters. Marine Pollution Bulletin 51: 857-875.

Long E, MacDonald D, Smith S and Calder F (1995)
Incidence of adverse biological effects within
ranges of chemical concentrations in marine and
estuarine sediments. Environmental Manage-
ment 19: 81-97.

Long ER and MacDonald DD (1998) Recommended
uses of empirically derived, sediment quality
guidelines for marine and estuarine ecosystems.
Journal of Human and Ecological Risk
Assessment 4: 1019-1039.

Long ER, Dutch M, Partridge V, Weakland S and
Welch K (2012) Revision of sediment quality
triad indicators in Puget Sound (Washington,
USA): I. A sediment chemistry index and targets
for mixtures of toxicants. Integrated

-232-



Cape Town Outfalls Monitoring Programme — 2015/2016 Survey

Literature Cited

Environmental Assessment and Management 9:
31-49.

Long ER, MacDonald DD, Severn CG and Hong CB
(2000) Classifying the probabilities of acute
toxicity in marine sediments with empirically-
derived sediment quality guidelines. Environ-
mental Toxicology and Chemistry 19: 2598-2601.

Loos R, Carvalho R, Antonio DC and Comero S
(2013) EU-wide monitoring survey on emerging
polar organic contaminants in wastewater
treatment plant effluent. Water Research 47:
6475-6487.

Loring DH (1991) Normalization of heavy-metal
data from estuarine and coastal sediments. ICES
Journal of Marine Science 48: 101-115.

Loring DH and Rantala RTT (1992) Manual for the
geochemical analyses of marine sediments and
suspended particulate matter.
Review 32: 235-283.

Ludwig DF and lannuzzi TJ (2005) Incremental
ecological exposure risks from contaminated
sediments
Integrated  Environmental
Management 1: 374-90.

MacHutchon (2012) The geological evolution and
sedimentary dynamics of Hout Bay, South Africa.
MSc Thesis, University of Cape Town, South
Africa.

Martindale. The Complete Drug Reference.
Pharmaceutical Press, UK, 2007, 35th Edition.
http://www.medicinescomplete.com/mc/martin
dale/current/contents.htm.

Mason RP (1988) Hydrocarbons in mussels around
the Cape Peninsula. South African Journal of
Marine Science 7: 139-151.

Massoud MS, Al-Abdali F, Al-Ghadban AN and Al-
Sarawi M (1996) Bottom sediments of the
Arabian Gulf - Il. TPH and TOC contents as
indicators of oil pollution and implications for
the effect and fate of the Kuwait oil slick.
Environmental Pollution 93: 271-284.

Mayfield S, Atkinson LJ, Branch GM and Cockcroft
AC (2000) Diet of the West Coast rock lobster
Jasus lalandii: influence of lobster size, sex,
capture depth, latitude and moult stage. South
African Journal of Marine Science 22: 57-69.

Mayfield S, Atkinson LJ, Branch GM and Cockcroft
AC (2000) Diet of the West Coast rock lobster
Jasus lalandii: influence of lobster size, sex,
capture depth, latitude and moult stage. South

Earth-Science

in an urban estuarine sediment.

Assessment and

African Journal of Marine Science 22: 57-69.

McEneff G, Barron L, Kelleher B, Paull B and Quinn
B (2014) A vyearlong study of the spatial
occurrence  and relative  distribution of
pharmaceutical residues in sewage effluent,
receiving marine waters and marine bivalves.
Science of the Total Environment 476-477: 317-
326.

Mead A, Carlton JT, Griffiths CL and Rius M (2011)
Introduced and cryptogenic
estuarine species in South Africa. Journal of
Natural History 45: 2463-2524.

Metcalfe CD, Miao X-S, Koenig BG and Struger J
(2003) Distribution of acidic and neutral drugs in

surface waters near sewage treatment plants in

marine and

the lower Great Lakes, Canada. Environmental
Toxicology and Chemistry 22: 2881-2889.

Metian M, Charbonnier L, Oberhaénsli F,
Bustamante P, Jeffree R, Amiard J-C and Warnau
M (2009) Assessment of metal, metalloid, and
radionuclide bioaccessibility from mussels to
human consumers, using centrifugation and
simulated digestion methods coupled with
radiotracer techniques. Ecotoxicology
Environmental Safety 72: 1499-1502.

Molvaer J, Knutzen J, Magnusson J, Rygg B, Skei J
and Segrensen J (1997) Classification of
environmental quality in fjords and coastal

and

waters. A guide. Norwegian Pollution Control
Authority. TA no. TA-1467/1997.

Monirith I, Ueno D, Takahashi S, Nakata H,
Sudaryanto A, Subramanian A, Karuppiah S,
Ismail A, Muchtar M, Zheng J, Richardson BJ,
Prudente M, Hue ND, Tana TS, Tkalin AV and
Tanabe S (2003) Asia-Pacific mussel watch:
monitoring contamination of persistent organo-
chlorine compounds in coastal waters of Asian
countries. Marine Pollution Bulletin 46: 281-300.

Moon H-B, Yoon S-P, Jung R-H and Choi M (2008)
Wastewater treatment plants (WWTPs) as a
source of sediment contamination by toxic
organic pollutants and fecal sterols in a semi-
enclosed bay in Korea. Chemosphere 73: 880-
889.

Morrissey JM and Abernathy CO (1999) Exposure to
inorganic arsenic from fish and shellfish. In:
Chappell WR, Abernathy CO and Calderon RL
(eds), Arsenic Exposure and Health Effects.
Elsevier Science Ltd, Amsterdam.

MoT (Ministry of Transport, 2003) The effects of

-233-



Cape Town Outfalls Monitoring Programme — 2015/2016 Survey

Literature Cited

road transport on freshwater and marine
ecosystems. Report No. 84914/Transport-
Effects.doc.

Moya J, Garrahan KG, Poston TM and Durrell S
(1998) Effects of cooking on levels of PCBs in
fillets of winter flounder. Bulletin of Environ-
mental Contamination and Toxicology 60: 845-
851.

Mubiana VK, Qadah D, Meys J and Blust R (2005)
Temporal and spatial trends in heavy metal
concentrations in the marine mussel Mytilus
edulis from the Western Scheldt estuary (The
Netherlands). Hydrobiologia 540: 169-180.

Mwanuzi F and De Smedt F (1999) Heavy metal
distribution model under estuarine mixing.
Hydrological Processes 13: 789-804.

Nakada N, Nyunoya H, Nakamura M, Hara A, Iguchi
T and Takada H (2004)
estrogenic compounds in wastewater effluent.
Environmental Toxicology and Chemistry 23:
2807-2815.

Neff JM (1997) Ecotoxicology of arsenic in the
marine environment - Review. Environmental
Toxicology and Chemistry 16: 917-927.

Noble RT and Fuhrman JA (2001) Enteroviruses
detected by reverse transcriptase polymerase
chain reaction from the coastal waters of Santa
Monica Bay,
bacterial indicator levels. Hydrobiologia 460:
175-184.

Noble RT, Lee IM and Schiff KC (2004) Inactivation
of indicator micro-organisms from various
sources of faecal contamination in seawater and
freshwater. Journal of Applied Microbiology 96:
464-472.

Nodler K, Voutsa D and Licha T (2014) Polar organic
micropollutants in the coastal environment of
different marine systems.
Bulletin 85: 50-59.

Olsen CR, Cutshall IL (1982)
Pollutant-particle associations and dynamics in
coastal marine ecosystems: a review. Marine
Chemistry 11: 501-533.

Pearson TH and Rosenberg R (1978) Macrobenthic
succession in relation to organic enrichment and
pollution of the
Oceanography and Marine Biology: Annual
Review 16: 229-311.

Pelletier MC, Campbell D, Ho KT, Burgess RM,
Audette C and Detenbeck N (2011) Can

Identification of

California: low correlation to

Marine Pollution

NH and Larsen

marine  environment.

sediment total organic carbon (TOC) and grain
size be used to diagnose organic enrichment in
estuaries?  Environmental  Toxicology
Chemistry 30: 538-547.

Peshut PJ, Morrison RJ and Brooks BA (2008)
Arsenic speciation in marine fish and shellfish
from American Samoa. Chemosphere 71: 484-
492,

Pettigrove V, Hoffmann A (2005) Effects of long-
chain  hydrocarbon-polluted sediment on
freshwater macroinvertebrates. Environmental
Toxicology and Chemistry 24: 2500-25088.

Phillips MC, Solo-Gabriele HM, Piggot AM, Klaus JS
and Zhang Y (2011) Relationships between sand
and water quality at recreational beaches.
Water Research 45: 6763-6769.

Power EA and Chapman PM (1995) Assessing
sediment  quality. Toxicity
Assessment, GA Burton Jr (Ed). Lewis Publishers,
Ann Arbor, Michigan.

PRDW (2016) Koeberg Nuclear Power Station:
Coastal processes information
support of Coastal Waters Discharge Permit
Application: Dispersion modelling of thermal,
chemical, sediment and radionuclide discharges.
Report 2015-RP-CE-001-R3.docx.

Prochazka K (2001) Marine biological monitoring of
the Robben Island Marine Sewage Outfall:
Baseline Report. Report to Ove Arup Consulting
Engineers. (Cited in WSP (2014) Robben Island
sewage package plant, Department of Public
Works: Draft Basic Assessment Report. REF:
14/12/16/3/3/3/83).

Prochazka K (2003) Marine biological monitoring of
the Robben Island Marine Sewage Outfall: Final
Report. Report to Ove Arup Consulting
Engineers. (Cited in WSP (2014) Robben Island
sewage package plant, Department of Public
Works: Draft Basic Assessment Report. REF:
14/12/16/3/3/3/83).

Priiss A (1998) Review of epidemiological studies on
health effects from exposure to recreational
water. International Journal of Epidemiology 27:
1-9.

Quick AJR and Roberts MJ (1993) Table Bay:
Synthesis  of information
management recommendations. City Planners
Dept, Cape Town City Council, Cape Town, South
Africa.

Ramsak A, Scancar J

and

In:  Sediment

technical in

available and

and Horvat M (2012)

-234-



Cape Town Outfalls Monitoring Programme — 2015/2016 Survey

Literature Cited

Evaluation of metallothioneins in blue mussels
(Mytilus galloprovincialis) as a biomarker of
mercury exposure the
Slovenian waters (Gulf of Trieste): a long-term
field study. Acta Adriatica 53: 71-86.

Read GB (1989) Benthos associated with two New
Zealand coastal outfalls. New Zealand Journal of
Marine and Freshwater Research 23: 295-309.

Rees AB, Turner A and Comber S (2014) Metal
contamination of sediment by paint peeling

boats, with particular
reference to lead. Science of the Total
Environment 494-495: 313-319

Revitt DM, Lundy L, Coulon F and Fairley M (2014)
The sources, impact and management of car
park runoff pollution: A review. Journal of
Environmental Management 146: 552-567.

Roberts PJW (2010) The case for marine outfalls.
Water 21. Magazine of the International Water
Association.

Robinson TB, CL Griffiths, CD McQuaid and M Rius
(2005) Marine alien species of south Africa -
Status and impacts. African Journal of Marine
Science 27: 297-306.

Roesijadi G and Robinson WE (1994) Metal
regulation in aquatic animals: mechanisms of
uptake, accumulation, and release. In: Malins
DC, Ostrander G, Eds. Molecular mechanisms in
aquatic  toxicology.
Publishers.

Roesijadi G, Young JS, Drum AS and Gurtisen JM
(1984) Behavior of trace metals in Mytilus edulis
during a reciprocal transplant field experiment.
Marine Ecology Progress Series 18: 155-70.

Sabino R, Rodrigues R, Costa I, Carneiro C, Cunha
M, Duarte A, Faria N, Ferreira FC, Gargaté MJ,
Julio C, Martins ML, Nevers MB, Oleastro M,
Solo-Gabriele H, Verissimo C, Viegas C,Whitman
RL and Branddo J (2014) Routine screening of

microorganisms beach
implications to public health. Science of the
Total Environment 472: 1062-1069.

Salama AA, Mohammed MAM, Duval B, Potter TL
and Levin RE (1998) Polychlorinated biphenyl
concentrations in raw and cooked North Atlantic
bluefish (Pomatomus saltatrix) fillets. Journal of
Agricultural and Food Chemistry 46: 1359-1362.

Schiff K, Bay S Stransky C (2002)
Characterization of stormwater toxicants from

and cadmium in

from abandoned

Boca Raton: Lewis

harmful in sands:

and

an urban watershed to freshwater and marine

organisms. Urban Water 4: 215-227.

Schiff K, Brown J, Diehl D and Greenstein D (2007)
Extent and magnitude of copper contamination
in marinas of the San Diego region, California,
USA. Marine Pollution Bulletin 54: 322-328.

Schiff KC and Weisberg SW (1999) lIron as a
reference element for determining trace metal
enrichment in Southern California coastal shelf
sediments. Marine Environmental Research 48:
161-176.

Schnoor JL (2014) Re-emergence of emerging
contaminants.  Environmental Science and
Technology 48: 11019-11020.

Schoof RA and Yager JW (2007) Variation of total
and speciated arsenic in commonly consumed
fish and seafood. Human and Ecological Risk
Assessment: An International Journal 13: 946-
965.

Schoof RA, Eickhoff J, Yost LJ, Cragin DW, Meacher
DM and Menzel DB (1999a). Dietary exposure to
inorganic arsenic. In: Chappell WR, Abernathy
CO and Calderon RL (Eds), Arsenic Exposure and
Health Effects. Elsevier, Amsterdam.

Schoof RA, Yost LJ, Eickhoff J, Crecekius EJ, Cragin
DW, Meacher DM and Menzel DB (1999b). A
market basket survey of inorganic arsenic in
food. Food Chemistry and Toxicology 37: 839-
846.

Senn DB, Chesney EJ, Blum JD, Bank MS, Maag EA
and Shine JP (2010) Stable isotope (N, C, Hg)
study of methylmercury sources and trophic
transfer in the Northern Gulf of Mexico.
Environmental Science and Technology 44: 1630-
1637.

SEPA (Scottish Environmental Protection Agency)
(2013) Supporting Guidance (WAT-SG-11):
Modelling coastal and transitional discharges.
Online at: https://www.sepa.org.uk/media/
152879/wat_sg_11.pdf.

Sérgio FP, Wilson JF and Roberto GJ (2004)
Evaluation of organic load measurement
techniques in a sewage and waste stabilisation
pond. Journal of the Brazilian Chemical Society
15:131-135.

Sericano JL, Wade TL, Jackson TJ, Brooks JM, Tripp
BW, Farrington JW, Mee LD, Readmann JW,
Villeneuve J-P and Goldberg ED (1995) Trace
organic contamination
overview of the US national status and trends

the Watch

in the Americas: an

and International Mussel

-235-



Cape Town Outfalls Monitoring Programme — 2015/2016 Survey

Literature Cited

Programmes. Marine Pollution Bulletin 31: 214—
225.

Servos MR, Bennie DT, Burnison BK, Jurkovic A,
Mclnnis R, Neheli T, Schnell A, Seto P, Smyth SA
and Ternes TA (2005) Distribution of estrogens,
17B-estradiol and estrone in Canadian municipal
wastewater treatment plants. Science of the
Total Environment 336: 155-170.

Shibata T, Solo-Gabriele H, Fleming L and Elmir S
(2004) Monitoring marine recreational water
quality using multiple microbial indicators in an
urban tropical environment. Water Research 38:
3119-3131.

Shisana O, Labadarios D, Rehle T, Simbayi L, Zuma
K, Dhansay A, Reddy P, Parker W, Hoosain E,
Naidoo P, Hongoro C, Mchiza Z, Steyn NP,
Dwane N, Makoae M, Maluleke T, Ramlagan S,
Zungu N, Evans MG, Jacobs L, Faber M and
SANHANES-1 Team (2013) South African
National Health and Nutrition Examination
Survey (SANHANES-1). Cape Town: HSRC Press.

Shiu W-Y, Ma K-C, Varhanickova D and Mackay D
(1994) Chlorophenols and alkylphenols: a review
and correlation of environmentally relevant
properties and fate in an evaluative enviro-
nment. Chemosphere 29: 1155-1224.

Sieracki M (1980) The effects of short exposures of
natural sunlight on the decay rates of enteric
bacteria and coliphage in a simulated sewage
outfall microcosm. M. Sc. Thesis. Department of
Biological Sciences, University of Rhode Island.
Providence, Rhode Island.

Singh SP, Azua A, Chaudhary A, Khan S, Willett KL
and Gardinali PR (2010)
distribution of steroids, hormones and selected

South
environments. Ecotoxicology 19: 338-350.

Spada L, Annicchiarico C, Cardellicchio N,
Giandomenico S and Di Leo A (2013) Heavy

monitoring Mytilus

galloprovincialis  from coast

Occurrence and

pharmaceuticals in Florida coastal

in the mussel

the Apulian
(Southern Italy). Mediterranean Marine Science
14: 99-108.

Sparks C, Odendaal J and Snyman R (2014) An
analysis of historical Mussel Watch Programme

metals

data from the west coast of the Cape Peninsula,
Cape Town. Marine Pollution Bulletin 87 (2014)
374-380.

Steering Committee (1985) Green Point marine
outfall. Steering Committee for the Monitoring

of the Effect of the Green Point sewage outfall
on the marine environment. Municipality of

Cape Town.
Stevens JL, Northcott GL, Stern GA, Tomy GT and
Jones KC (2003) PAHs, PCBs, PCNs,

organochlorine pesticides, synthetic musks and
polychlorinated n-alkanes in UK sewage sludge:
survey results and implications. Environmental
Science and Technology 37: 462-467.

Steyn NP, Nel JH and Casey A (2003) Secondary
data analyses of dietary surveys undertaken in
South Africa to determine wusual food
consumption of the population. Public Health
Nutrition 6: 631-644.

Storelli MM, Storelli A, Giacominelli-Stuffler R and
Marcotrigiano GO (2005) Mercury speciation in
the muscle of two commercially important fish,
hake (Merluccius merluccius) and striped mullet
(Mullus barbatus) from the Mediterranean sea:
estimated weekly intake. Food Chemistry 89:
295-300.

Strady E, Blanc G, Baudrimont M, Schaefer J, Robert
S, Lafon V and Strady E (2011) Roles of regional
hydrodynamic and trophic contamination in
cadmium bioaccumulation by Pacific oysters in
Marennes-Oleron Bay (France). Chemosphere
84: 80-90.

Tanaka H and Onduka T (2010) Background levels of
PAHs in the coastal waters of Japan based on
residual concentrations of bivalves. Journal of
Environmental Chemistry 20: 137-48.

Tehrani GZ, Sulaiman AH, Hashim R, Savari A, Sany
BT, Jafarzadeh MT, Jazani RK and Tehrani Z
(2012) Total Petroleum Hydrocarbon Contam-
ination in sediment and wastewater from the
Imam KKhomeini and Razi Petrochemical
Companies - Iran. World Academy of Science,
Engineering and Technology 6: 145-148.

Thomas CA and Bendell-Young LI (1999) The
significance of diagenesis versus riverine input in
contributions to the sediment geochemical
matrix of iron and manganese in an intertidal
region. Estuarine Coastal and Shelf Science
48: 635-647.

Toms G and Botes WAM (1986) Dye studies of
initial dilution and the applicability of the
stagnant water design. Water Science and
Technology 18: 189-197

Trotter WJ, Corneliussen PE, Laski RR and Vannelli
1) (1989) Levels of polychlorinated biphenyls and

-236-



Cape Town Outfalls Monitoring Programme — 2015/2016 Survey

Literature Cited

organochlorine pesticides in bluefish before and
after cooking. Journal of Association of Official
Analytical Chemists 72: 501-503.

US PA (United States Environmental Protection
Agency) (2012) water quality
criteria. Washington D.C., U.S. Environmental
Protection Agency.

USEPA (United States Environmental Protection
Agency) (1993) Guidance for
Quantitative Risk Assessment of Polycyclic

Hydrocarbons. EPA/600/R-93/089.
Environmental Criteria and Assessment Office,
Office of Health and Environmental Assessment,
Cincinnati, OH.

USEPA (United States Environmental Protection
Agency) (1994) Amended Section 301(h)
Technical Support Document. Washington (DC):
Oceans and Coastal Protection Division, Office of
Wetlands, Oceans, and Watersheds, EPA. Report
EPA/842/B-94-007.

USEPA (United States Environmental Protection
Agency) (2000a) Guidance for assessing
chemical contaminant data for use in fish
advisories. Volume 1: Fish sampling and analysis.
Washington, DC. Report EPA 823-B-00-007.

USEPA (United States Environmental Protection
Agency) (2000b) Guidance for assessing
chemical contaminant data for use in fish
advisories. Volume 2: Risk assessment and fish
consumption limits. Washington, DC. Report EPA
823-B-00-007.

USEPA (United States Environmental Protection
Agency) (2011) Exposure Factors Handbook:
2011 Edition. U.S. Environmental Protection
Agency, Washington, DC, EPA/600/R-09/052F.

USEPA (United States Environmental Protection
Agency) (2014) Estimated Fish Consumption
Rates for the U.S. Population and Selected
Subpopulations (NHANES 2003-2010). Office of
Water, Washington, DC. Report EPA-820-R-14-
002.

Van Ballegooyen RC, Diedericks G, Weitz N,
Bergman S and Smith G (2006) Ben Schoeman
Dock Berth Deepening Project: Dredging and
Disposal of Dredge Spoil Modelling Specialist
Study. CSIR Report CSIR/NRE/ECO/ER/2006/
0228/C.

Van leperen MP (1971) The hydrology of Table Bay.
Institute of Oceanography, University of Cape
Town. (not seen).

Recreational

Provisional

Aromatic

Vidal-Dorsch DE, Bay SM, Maruya K, Snyder SA,
Trenholm RA and Vanderford BJ (2012)
Contaminants of emerging concern in municipal
wastewater effluents and marine receiving
water. Environmental Toxicology and Chemistry
31: 2674-2682.

Visciano P, Perugini M, Manera M, Abete MC,
Tarasco R, Salese C and Amorena M (2013) Total
arsenic in raw and boiled portions of Norway
Lobster (Nephrops norvegicus) from the Central
Adriatic Sea. Journal of Agricultural Food
Chemistry 61: 12445-12449.

Vogel LJ, O'Carroll DM, Edge TA and Robinson C
(2016) Release of Escherichia coli from foreshore
sand and pore water during intensified wave
conditions at a recreational beach. Environ-
mental Science and Technology 50: 5676-5684.

von Sperling M (2007) Wastewater characteristics,

treatment and disposal. In:  Biological
Wastewater Treatment. Volume 1. IWA
Publishing.

Wade TJ, Pai N, Eisenberg JN and Colford JM Jr
(2003) Do U.S. Environmental Protection Agency
water quality guidelines for recreational waters
prevent gastrointestinal illness? A systematic
review and meta-analysis. Environmental Health
Perspectives 8: 1102-1109.

Wade TJ, Sams E, Brenner KP, Haugland R, Chern E,
Beach M, Wymer L, Rankin CC, Love D, Li Q,
Noble R and Dufour AP (2010) Rapidly measured
indicators of recreational water quality and
swimming associated illness at marine beaches:
a prospective cohort study. Environmental
Health 9: 66.

Wangersky PJ (1986) Biological control of trace
metal residence time and speciation: A review
and synthesis. Marine Chemistry 18: 269-297.

Wei S, Lau RKF, Fung CN, Zheng GJ, Lam JCW,
Connell DW, Fang Z, Richardson BJ and Lam PKS
(2006) Trace organic contamination in biota
collected from the Pearl River Estuary, China: A
preliminary risk assessment. Marine Pollution
Bulletin 52: 1682-1694.

Wetherington JD, Stanley BH, Adams KO and
Schwer RF (2005) An evaluation of logistic
regression models for predicting amphipod
toxicity from sediment chemistry. Environmental
Toxicology and Chemistry 24: 2691-2700.

Whitman RL, Harwood VJ, Edge TA, Nevers MB,
Byappanahalli M, Vijayavel K, Brandao J,

-237 -



Cape Town Outfalls Monitoring Programme — 2015/2016 Survey

Literature Cited

Sadowsky J, Alm EW, Crowe A, Ferguson D, Ge Z,
Halliday E, Kinzelman J, Kleinheinz G, Przybyla-
Kelly K, Staley C, Staley Z and Solo-Gabriele HM
(2014) Microbes in beach sands: integrating
environment, ecology and public health. Review
of Environmental Science and Biotechnology 13:
329-368.

Whitman RL, Przybyla-Kelly K, Shively DA, Nevers
MB, Byappanahalli MN (2009) Hand-mouth
transfer and potential for exposure to E. coli and
F+ coliphage in beach sand, Chicago, lllinois.
Journal of Water Health 7: 623-9.

Wildish DJ and Pohle GW (2005) Benthic
macrofaunal changes resulting from finfish
mariculture. In: Hargrave BT (Ed), Environmental
Effects of Marine Finfish Aquaculture. Springer,
Berlin.

Windom H, Schropp S, Calder F, Ryan J, Smith R,
Burney L, Lewis F and Rawlinson C (1989)
Natural trace metal concentrations in estuarine
and coastal marine sediments of the south-
eastern United States. Environmental Science
and Technology 23: 314-320.

Woodborne MW (1983) Bathymetry, solid geology
and Quaternary sedimentology of Table Bay.
Joint GSO/UCT Marine Geoscience Technical
Report 14, Geology Department, University of
Cape Town.

Yamahara KM, Layton BA, Santoro AE and Boehm
AB (2007) Beach sands along the California coast
are diffuse sources of fecal bacteria to coastal
waters. Environmental Science and Technology
41:4515-4521.

Yamahara KM, Walters SP and Boehm AB (2009)
Growth of enterococci in unaltered, unseeded
beach sands subjected to tidal wetting. Applied
Environmental Microbiology 75: 1517-24.

Zabik ME, Booren A, Zabik MJ, Welch R and
Humphery H (1996) Pesticide residues, PCBs and
PAHs in baked, charbroiled, salt boiled and
smoked Great Lakes lake trout. Food Chemistry
55:231-239.

Zhang Q, He X and Yan T (2015) Differential decay
of wastewater bacteria and change of microbial
communities in beach sand and seawater micro-
cosms. Environmental Science and Technology
49: 8531-8540.

Zhangiang F (2006) Comparative studies on uptake
pathway of cadmium by Perna viridis. Journal of
Ocean University of China 5: 49-54.

Zhu X, Wang ID, Solo-Gabriele HM and Fleming LE
(2011) A water quality modelling study of non-
point sources at recreational marine beaches.
Water Research 45: 2985-2995.

-238-



Cape Town Outfalls Monitoring Programme — 2015/2016 Survey

Glossary

Glossary of Terms and Acronyms

Abiotic factors

The physical, chemical and other non-living components of the environment that
an organism lives in. These factors include all aspects of climate, geology, and
atmosphere that affect ecological systems.

Acceptable risk

The maximum level of individual lifetime carcinogenic level risk considered
‘acceptable’ by risk managers.

Acute toxicity test

A method used to determine the concentration of a substance that produces a
toxic effect on a specified percentage of test organisms in a short period of time.

Acute toxicity

The discernible adverse effects induced in an organism within a short period of
time of exposure to a chemical. For aquatic animals, this usually refers to
continuous exposure to the chemical in water for a period of up to four days.

Adsorption/Adsorb

Bonding of chemicals onto the surfaces of suspended particles by way of physical,
chemical and biological processes.

Aliquot

A sub-sample of the original sample.

Ammonia (NH;)

A chemical combination of nitrogen and hydrogen that occurs extensively in
nature. It is a water-soluble gas that behaves as a weak base. It can exert toxic
effects on aquatic life.

Ammonium (NH,")

The protonated form and conjugate acid of ammonia. It predominates under low-
pH conditions.

Anthropogenic

Made and/or introduced into the environment by humans, especially pertaining to
contaminants/pollutants.

Aquatic ecosystem

All the living and non-living material interacting within an aquatic system (e.g.
pond, lake, river, ocean).

Assimilative capacity

The amount of contaminant load that can be discharged to a specific water body
without exceeding water quality standards or criteria. Assimilative capacity is used
to define the ability of a water body to naturally absorb and use a discharged
substance without impairing water quality or harming aquatic life.

Bacteria Bacteria are single-celled, small organisms that reproduce generally by fission.
Some are pathogenic (cause disease), but most are free-living, with most being
saprophytic (feed on dead or decaying organic matter).

Bathymetry Bathymetry is the water depth relative to sea level. From bathymetry data, an

understanding of the seafloor topography can be gained.

Benthic invertebrate
community

The assemblage of various species of sediment-dwelling organisms that are found
within an aquatic ecosystem.

Benthic

Pertaining to the environment inhabited by organisms living on or in the ocean
bottom.

Bioaccumulation

General term describing a process by which certain chemicals are taken up by a
plant or animal either directly from exposure to a contaminated medium (soil,
sediment, water) or by eating food containing the chemical. Compounds of a
certain type can accumulate in living things when they are taken up and stored
faster than they are broken down (metabolised) or excreted. Certain compounds
are easily broken down and do not bioaccumulate.

Bioavailable

A substance in a chemical and physical form that allows it to affect organisms or
be accumulated by them.

Biomagnification

Sequence of processes in an ecosystem by which higher concentrations are

1 . . . .
This glossary of terms and acronyms was compiled from numerous sources, which are available from the CSIR on request.
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attained in organisms at higher trophic levels (at higher levels in the food web); at
its simplest, a process leading to a higher concentration of a substance in an
organism than in its food.

Biota The living organisms within a habitat or region.
Biotic Relating to life or living things.
Bivalve Mollusc with a shell in two parts, hinged together (e.g. mussel).

Byssus threads

The fine fibres or bundle of silky threads secreted by a gland found in the foot of
some bivalves by which they attach themselves permanently to rocks or other
solid objects.

Cancer slope factor
(CSF)

A value assigned to a cancer causing chemical that is used to estimate its ability to
cause cancer in humans.

Carcinogen

Any substance that causes cancer.

Chronic toxicity

The response of an organism to long-term exposure to a chemical substance.
Among others, the responses that are often measured in chronic toxicity tests
include lethality, decreased growth, and impaired reproduction.

Chronic

Multiple exposures occurring over an extended period of time, or a significant
fraction of the organism’s life-time; effects from chronic exposure, or long-term
effects from high short-term exposures.

Coliform bacteria

A group of bacteria primarily found in human and animal intestines and wastes.
These bacteria are widely used as indicator organisms to show the presence of
such wastes in water and the possible presence of pathogenic (disease-producing)
bacteria. Escherichia coli (E. coli) is one of the faecal coliform bacteria widely used
for this purpose.

Colony forming unit
(cfu)

A unit (measurement) of density used to estimate bacteria concentrations in
ocean water. The number of bacterial cells that grow to form entire colonies,
which can then be quantified visually.

Community

Any group of organisms belonging to a number of different species that co-occur
in the same habitat or area.

Concentration

The quantifiable amount of a substance in water, food or sediment.

Contaminants

Biological or chemical substances or entities, not normally present in a system,
capable of producing an adverse effect in a biological system, seriously injuring
structure or function.

Control site A geographic location that is far enough from a known pollution source (e.g.
ocean outfall) to be considered representative of an undisturbed environment.
Information collected within control sites is used as a reference and compared to
impacted sites.

Crustacea A group (Phylum) of marine invertebrates characterised by jointed legs and an
exoskeleton (e.g. crabs, shrimps, and crayfish).

CSIR Council for Scientific and Industrial Research

Cumulative effects

Effects on the environment resulting from actions that are individually minor but
that add up to a greater total effect as they take place over a period of time.

Day grab

A mechanical device designed to collect bottom sediment samples. The device
consists of a pair of hinged jaws and a release mechanism that allows the opened
jaws to close and entrap a 0.25 m? sediment sample once they touch bottom.

Dissolved oxygen (DO)

The oxygen that is freely available in water. Certain amounts are necessary for life
processes of aquatic animals. The oxygen is supplied by the photosynthesis of
plants and by aeration. Oxygen is consumed by animals, plants, and bacteria that
decompose dead organic matter and some chemicals.
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Dose

The amount of a substance to which a person is exposed over some time period.
Dose is a measurement of exposure. Dose is often expressed as milligram
(amount) per kilogram (a measure of body weight) per day (a measure of time)
when people eat or drink contaminated water, food, or soil. In general, the
greater the dose, the greater the likelihood of an effect.

Dose-response

The relationship between the amount or magnitude of exposure (dose) and the
biological response or toxic injury produced by the chemical.

Echinodermata

A group (phylum) of marine invertebrates characterized by the presence of spines,
a radially symmetrical body, and tube feet (e.g. sea stars, sea urchins, and sea
cucumbers ).

Ecosystem

An interrelating complex of plant and animal communities and their associated
non-living environment.

Effective Concentration
(EC)

A point estimate (statistically derived) of the toxicant concentration that would
cause a quantal (‘all or nothing’) effect, such as death or lack of fertilisation, in a
given time, for example, 96 hr ECsp.

Effluent The discharge to a body of water from a defined or point source, generally
consisting of a mixture of waste and water from industrial or municipal facilities.

Endpoint A measured response of a receptor to a stressor. An endpoint can be measured in
a toxicity test or in a field survey.

Enterococci Any Streptococcus bacteria that inhabit the intestines of warm-blooded animals.

In the intestines, enterococci are normal and do not cause disease. They can be
pathogenic if they enter tissues, the bloodstream, or the urinary tract.

Eutrophication

A condition in an aquatic ecosystem where high nutrient concentrations stimulate
blooms of algae (e.g. phytoplankton). Algal decomposition may lower dissolved
oxygen concentrations. Although eutrophication is a natural process in the aging
of lakes and some estuaries, it can be accelerated by both point and non-point
sources of nutrients.

Exposure assessment

An identification and evaluation of the human population exposed to a toxic agent
that describes its composition and size and the type, magnitude, frequency, route,
and duration of exposure.

Exposure pathway

The physical course a chemical or pollutant takes from its source to the organism
exposed.

Exposure scenario

A combination of facts, assumptions, and inferences that define a discrete
situation where potential exposures may occur. These may include the source, the
exposed population, the time frame of exposure, microenvironment(s) and
activities. Scenarios are often created to aid exposure assessors in estimating
exposure.

Exposure

Contact made between a chemical, physical, or biological agent and the outer
boundary of an organism. Exposure is quantified as the amount of an agent
available at the exchange boundaries of the organism (e.g. skin, lungs, gut).

Far-field effects

Effects of an activity that are observed far away from that activity.

Grab sampler

A device that is used to collect surficial sediments through a scooping mechanism.

Guideline A numerical concentration limit or narrative statement recommended to support
and maintain a designated water use.

Habitat A place where the physical and biological elements of ecosystems provide an
environment and elements of the food, cover and space resources needed for
plant and animal survival.

Heavy metal An imprecise term with no sound terminological or scientific basis, used loosely to
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refer to metals that are toxic.

Hypoxia The condition of low dissolved oxygen in aquatic systems (typically with a
concentration <2 mg.I™* but >0.5 mg.I™).

Impact site A geographic location that has been altered by the effects of a pollution source,
such as a wastewater outfall.

Impact A change in the chemical, physical or biological quality or condition of a
waterbody caused by external sources.

Impairment A detrimental effect on the biological integrity of a water body caused by an
impact.

Indicator Characteristics for the environment, both abiotic and biotic, that can provide

guantitative information on environmental conditions.

Infauna/infaunal
animals

Those animals that live within the sediments of the sea floor.

Ingestion

The act of swallowing something through eating, drinking, or mouthing objects. A
hazardous substance can enter the body this way.

Ingestion rate

The amount of an environmental medium that could be ingested typically on a
daily basis.

Inorganic

Any compound lacking carbon.

Intraspecific variability

Differences between individuals of a single species.

Invertebrate

An animal without a backbone (e.g. a starfish, crab, or worm).

Lethal Concentration
(LC)

Toxicant concentration producing death of test organism. For example, a 96 hr
LCso would be the test concentration killing 50% of exposed organisms after 96 hrs
of exposure.

Macrofauna

Epifaunal or infaunal benthic invertebrates that are visible with the naked eye.
These animals inhabit soft-bottom marine habitats and are retained on a 1 mm
mesh screen.

Meal consumption
limits

Recommended restrictions on the frequency of fish meals based on chemical
concentrations found in fish tissue. Meal consumption limits are set to keep
amounts of chemicals eaten in fish at or below levels believed to cause no adverse
health effects.

Meiofauna

Small interstitial (i.e. occurring between sediment particles) animals that pass
through a 1 mm mesh sieve but are retained by a 0.045 mm mesh.

Method detection limit

The minimum concentration of a substance that can be measured and reported
with 99% confidence that the concentration is greater than zero.

Minimum Acceptable

The dilution needed to render an effluent non-toxic, or at least no different to the

Toxicant Dilution controls.
(MATD)
Mollusca A taxonomic group (phylum) of invertebrates characterized as having a muscular

foot, visceral mass, and a shell. Examples include snails, clams, and octopuses.

Multivariate analysis

Statistical methods (e.g. ordination or discriminant analysis) for analysing physical
and biological community data using multiple variables.

Near-field Effects of an activity that are observed adjacent or close to that activity.

Nitrate A compound containing nitrogen that can exist in the atmosphere or as a
dissolved gas in water. Nitrates in water can cause adverse effects on humans and
animals and act as a nutrient for plants.

Nitrite An intermediate in the bacterial transformation of ammonia or ammonium to
nitrate.

Nitrogen A key nutrient for aquatic and terrestrial plants and occurring in various forms.
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Non-carcinogen

A chemical or substance that causes non-cancer health effects

Normalise

Perform a data calculation in order to express results in terms of a reference
parameter or characteristic.

Nutrients

Essential chemicals (e.g. nitrogen and phosphorus) needed by plants for growth.
Excessive amounts of nutrients can lead to degradation of water quality by
promoting excessive growth, accumulation, and subsequent decay of plants,
especially algae (phytoplankton).

Outfall

Discrete location where quantities of water and/or waste are discharged into
lakes, streams, or oceans, generally through a pipe.

Parameter

One of a set of properties whose values determine the characteristics of a
waterbody. Examples include dissolved oxygen, temperature, and salinity.

Pathogen

An agent such as a virus, bacterium or fungus that can cause diseases in humans.
Pathogens can be present in municipal, industrial, and non-point-source
discharges.

Phosphorus

An important nutrient utilized by aquatic and terrestrial plants.

Physicochemical

Measurement of both physical properties (e.g. temperature, salinity) and chemical
determinants (e.g. metals and nutrients) to characterise the state of an
environment.

Phytoplankton

Free-floating, single-celled, microscopic plants that live in water (also called
unicellular algae). Can make the water appear cloudy or coloured.

Pollution

The terms ‘pollution’ and ‘contamination’ are often confused. The term ‘pollution’
is clearly defined in several of the international conventions, but in everyday
language the term is used in another sense. The Paris Convention, for instance,
defines pollution as the introduction by man, directly or indirectly, of substances
or energy into the marine environment (including estuaries) resulting in such
deleterious effects as hazards to human health, harm to living resources and to
marine ecosystems, damage to amenities or interference with other legitimate
uses of the sea. On the other hand, ‘contamination’ is caused by substances not
normally present in the marine environment (or present in higher concentration
than normal) that do not apparently cause ill effects.

Polychaeta

A taxonomic group (Class) of, mainly marine, invertebrates characterised by
having wormlike features, segments, and bristles or hairs. They are very variable
in form and lifestyle and are good environmental indicators.

Polychlorinated
Biphenyls (PCBs)

A group of closely related and manufactured chemicals made up of carbon,
hydrogen, and chlorine. Due to their non-flammability, chemical stability, high
boiling point and electrical insulating properties they have wide industrial and
commercial applications. PCBs can persist for a long time in the environment and
they can bioaccumulate and biomagnify in aquatic food webs and are suspected of|
causing cancer in humans. They are an example of an organic contaminant.

Polycyclic aromatic

Substances that occur through incomplete burning of organic substances such as

hydrocarbons wood, and are also manufactured and used in medicines or to make dyes, plastics
and pesticides.
Population An aggregate of interbreeding individuals of a biological species within a specified

location.

Primary treatment

The first stage of wastewater treatment involving removal of debris and solids by
screening and settling.

Receiving environment

A river, stream, lake or other body of surface water into which wastewater or
treated effluent is discharged.
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Reference dose (RfD)

An estimate (with uncertainty spanning perhaps and order of magnitude) of a
daily exposure to the human population (including sensitive subgroups) that is
likely to be without an appreciable risk of deleterious effects during a lifetime.

Reference toxicant

A chemical used to access the constancy of response of a given species of test
organisms to that chemical. It is assumed that any change in sensitivity to the
reference substance will indicate the existence of some similar change in degree
of sensitivity to other chemicals/effluents whose toxicity is to be determined.

Replicate

Taking more than one sample or performing more than one analysis.

Risk

The chance of something happening that will have a (generally adverse) impact on
plants, animals, ecosystems or humans. It is measured in terms of likelihood.

Route of exposure

The way people come into contact with a hazardous substance. Three routes of
exposure are breathing (inhalation), eating or drinking (ingestion), or contact with
the skin (dermal contact).

Salinity

A measurement of the amount of salt in water. Frequently reported as parts per
thousand (i.e. grams of salt per 1 000 g of water) and abbreviated as ppt, but
technically has no measurement units.

Sediment

Mud, sand, silt, clay, shell debris, and other particles that settle on the bottom of
rivers, lakes, estuaries, and oceans.

Sensitivity

The condition whereby adverse health effects that occur from exposure to a
chemical contaminant are determined by quantitative differences; a chemical can
produce the same effect in infants, children, or adults, but the magnitude of effect
differs.

Shell hash

Sediment composed of shell fragments.

Site

A sampling location within a study area or site, where physical, chemical, or
biological sampling and/or testing occurs.

Sorting

The range of grain sizes that comprise marine sediments. Also refers to the
process by which sediments of similar size are naturally segregated during
transport and deposition according to the velocity and transporting medium. Well
sorted sediments are of similar size (such as desert sand) while poorly sorted
sediments have a wide range of grain sizes (as in a glacial till).

Species

A category of biological classification ranking immediately below the genus,
comprising related organisms potentially capable of interbreeding. A species is
identified by a two part name; the name of the genus followed by a Latin or
Latinised un-capitalised noun agreeing grammatically with the genus name.

Stockholm Convention

An international convention established to address global concerns about
persistent organic pollutants. It aims to reduce/eliminate production, use, and/or
release of key persistent organic pollutants under the support of the United
Nations Environment Programme (UNEP).

Susceptibility

The condition whereby adverse health effects from exposure to a chemical
contaminant are due to qualitative differences; such as, unique processes of
growth and development in the exposed organism, particularly in young, not fully
matured individuals, changes due to aging, state of health, nutritional status, or
genetic predisposition to harm.

Taxon (taxa)

Any group of organisms considered to be sufficiently distinct from other such
groups to be treated as a separate unit (e.g. species, genera, families).

Thermocline

The zone in a thermally stratified body of water that separates warmer surface
water from colder deep water. At a thermocline, temperature decreases rapidly
over a short depth.

Total Suspended Solids

Insoluble solids that either float on the surface of or are in suspension in water or
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(TSS) wastewater. TSS is a measure of the amount of particulate matter in an aqueous
sample. May also be referred to as suspended solids (SS).

Toxic Poisonous, carcinogenic, or otherwise directly harmful to life.

Toxicant A chemical capable of producing an adverse response (effect) in a biological
system, seriously injuring structure or function or producing death (e.g. pesticides
and metals).

Toxicity A measure of the impact on a chosen biological process or condition.

Trace metal A metal found in low concentration, in mass fractions of ppm (ug) or less, in some

specified source (e.g. sediment, tissue).

Trophic level

A portion of the food web at which groups of animals have similar feeding
strategies.

Turbidity

A measure of the clarity of water.

Uncertainty

Uncertainty occurs because of a lack of knowledge. It is not the same as
variability. For example, a risk assessor may be very certain that different people
drink different amounts of water but may be uncertain about how much
variability there is in water intakes within the population. Uncertainty can often
be reduced by collecting more and better data, whereas variability is an inherent
property of the population being evaluated. Variability can be better characterized
with more data but it cannot be reduced or eliminated. Efforts to clearly
distinguish between variability and uncertainty are important for both risk
assessment and risk characterization.

Upwelling The process by which deep, cold, nutrient-laden water is brought to the surface,
usually by wind divergence of equatorial currents or coastal winds that push water
away from the coast.

Wastewater Spent or used water of a community or industry, including runoff water and

combined sewer overflow.

Water column

The area of water contained between the surface and the bottom of a waterbody.

Water quality guideline

A value, not to be exceeded, set for a specific water quality constituent in a
defined water body portion or a water body, to ensure with a given measure of
reliability, its agreed fitness for use. This is an achievable value determined by
considering the water quality requirements of recognised water users as well as
relevant physical, technological, economic and socio-political issues.

Weight of evidence
approach

Use of multiple lines of evidence to evaluate an issue or risk; evidence can be
scientific in nature or inclusive of other disciplines (e.g. socio-economic, political
and legal).

Whole effluent toxicity

The total toxic effect of an effluent measured directly with a toxicity test.

Zone of Initial Dilution
(2ID)

An area in the immediate vicinity of a marine outfall discharge where there is
rapid mixing of the effluent with sea water as a result of jetting and buoyant rise.
An allocated impact area, or mixing zone, in a water body where numeric water
quality criteria can be exceeded as long as acutely toxic conditions are prevented.
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