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Executive Summary

The people of the Caribbean are closely bonded to the marine environment and depend
on the sea for food, transportation, and recreation. This dependence has led to the
evolution of towns and villages along the coastline of al the Caribbean States and
Soufriere in St. Luciais no exception. Rich in natural and cultural resources the area of
Soufriere and the Pitons is the most symbolic region of St. Lucia and was declared a
World Heritage Site in 2005 and continue to attract most of the visitors to the island.

Inherent issues with the settlement of people in small areas include degradation of natural
resources and waste management. The stress on the marine resources of Soufriere was
deemed critical and the Soufriere Marine Management Authority (SMMA) was formed to
address the problems experienced and promoted the conservation and co-management of
the existing natural resources. The Soufriere Regional Development Foundation (SRDF)
was formed to promote and enhance the natural and cultural assets for economic, cultural
and social development for the benefit of the community of Soufriere. All these
initiatives are geared towards sustainable development and use of the marine and
terrestrial resources of the area.

Sustainable development initiatives must involve the management of waste of which
solid and liquid wastes are chronic problems plaguing Soufriere from the early days of
settlement. Development of the solid waste management system in St. Lucia has assisted
with ameliorating some of the solid waste problems and although emphasis has been
placed in this area, there is much more to be desired. Liquid waste management in
Soufriere poses an extreme challenge and is influenced by a number of factors including:
point sources, non-point sources, hydrogeology, social, economic, political, legdl,
education and awareness.

In accessing the infrastructure for improved liquid waste management in Soufriere within
the legidlative framework existing within St. Lucia, the Caribbean Environmental Health
Institute (CEHI) opted to undertake key components such as: Literature review of the
national, regional and international laws governing liquid waste management, surveys of
point source of pollution, surveys of non-point sources of pollution, sampling and
laboratory analyses. Hence, this provided information required for the determination of
the level of compliance for liquid waste management in Soufriere within the legal,
administrative and regulatory framework for St. Lucia and alow for the formulation of
recommendations to achieve compliance. Training is an important component of liquid
waste management and can be used to improve the design, construction and operation of
the systems while at the same time reducing the need for enforcement in obtaining
compliance to the regulatory framework. Recommendations for reducing the possible
impact of liquid waste management on the marine environment also evolved from the
surveys, water sampling and laboratory analyses that were components of the Project.

The Water and Sewage Act No. 14 of 2005, Public Health (Sewage and Disposal of

Sewage and Liquid Industrial Waste Works) Regulations (No 22 1978) and Public Health
(Disposal of Offensive Matter) Regulations (1978) are the main legal instruments
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governing the sewage and liquid waste in St. Lucia. Additionaly, the Cartagena
Convention and its LBS Protocol is an important instrument for the protection of the
marine environment from sewage and liquid waste. The legal instruments although
containing shortcoming such as addressing the issue of ‘grey water’ which is of concern,
are difficult to enforce within the socio-economic and political environments. This is
compounded by the existence of less fortunate localities within the community such as
Barons Drive where there is a general feeling of marginalisation and discontent.

Various initiatives to protect the natural resources and enhance the community of
Soufriere were taken such as the SMMA and SRDF. With specific reference to the
marine environment, the conservation of the resources through mechanisms such as
conflict resolution, creation of reserves and user specified zones has to be complemented
by measures geared towards the prevention of pollution by liquid waste from land-based
sources. Such measures include: ‘Grey water’ management, ‘Black water’ management,
appropriate disposal of effluent from household sewage disposal systems, appropriate
disposal of sewage from the commercial, tourism and institutional sectors and enhancing
the socio-economic status of the less fortunate residents of Soufriere.

The following are recommended for attaining compliance for liquid waste treatment and
disposal within the legal, administrative and regulatory framework:

e Mandatory site visits by the Environment Health Department (EHD) of the
Ministry of Health prior to approva and before the completion of the sewage
treatment and disposal system for buildings and homes. At such visits technical
advice and directions should be provided by Environmental Health Officers
(EHOs) for the proper construction of the systems to ensure compliance;

e Conduct biannual inspections of individual sewage treatment systems to ensure
that measures required for the proper functioning of such systems are enfoirced;

e Develop a ckecklist for self-inspection and assessment for household and
commercia sewage treatment and disposal systems and implement a system for
self-ingpection and assessment by householders and managers of commercial
sewage treatment and disposal systems;

e Conduct house to house inspection throughout Soufriere concentrating on specific
less fortunate localities such as Barons Drive, to obtain data required for the
formulation of a plan to manage sewage and excreta;

e Identify all households without appropriate and approved excreta and sewage
disposal systems and assess the measures necessary to obtain compliance on an
individual basis;

e Formulate and implement a plan and strategy for attaining compliance within the

framework of the legal instruments covering sewage and excreta disposal at the
level of the household; The development and implementation of the strategy and
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plan should involved governmental and non-governmental resource management
organisations, development and social services agencies such as the SRDF, Town
Council, SMMA, Ministry of Social Services, Ministry of Agriculture, Ministries
of Works, Health, the Environment and Tourism among others.

Assess the possibility of relocating residents in the congested low—income
localities and provide where necessary assistance in obtaining better housing and
suitable sewage disposal systems for these residents;

Implement a programme to gain commitment and support from the political
directorate to enhance the standard of living and general residential environment
of the town of Soufriere with special emphasis on the less fortunate localities;

Ensure that the SLCGA, the largest manufacturing plants in Soufriere, in addition
to treating its sewage aso treat its ‘grey water’ to the tertiary level before
discharge into the environment;

Conduct a feasibility study for the installation of a sewage treatment and disposal
plant that will produce high quality effluent within the national standards and the
stipulations of the LBS Protocol for the community of Soufriere.

Obtaining compliance to regulations or any instrument governing liquid waste disposal
may not necessarily be obtained through enforcement. The element of voluntary
compliance obtained through education, awareness building and training is aways a
feasible and sustaining alternative that tends to foster buy-in. If the public is not aware of
what is required, not trained and educated in the technical aspects for obtaining
compliance and not convinced of the need to be compliant, then enforcing the regulations
will be extremely difficult.

With respect to training the following are recommended:

Provide training for the construction and building sectors in the design, erection
and functioning of the septic tanks, filtering systems, absorption pits and
alternatives for attaining appropriateness (A Directory of Environmentally Sound
Technologies for the Integrated Management of Solid, Liquid and Hazardous
Waste for SIDS in the Caribbean Region (UNEP/CEHI, 2004) provides much
needed information in this regard);

Develop amanual for the design, construction and operation of sewage treatment
and disposal systems that are appropriate for use in the Soufriere community;

Promote good liquid waste management practices among the businesses of
Soufriere to build awareness and generate a sense of responsibility for protecting
the environment from pollution as aresult of liquid waste;



e Provide training and awareness building to the management and operators of
hotels and ingtitutions in aternative waste treatment and disposal methods and
the choice of appropriate systems,

e Provide training to the technicians responsible for the operation and maintenance
of the sewage treatment plants in accordance with the Sewage Treatment
Operators Manual for the Caribbean Region (USAID/UNEP/CEHI, 1996);

e Provide training to the EHD in the design, construction, operation, maintenance
and management of on-site and communal sewage disposal systems;

e Provide training to the EHD in the design, construction, operation, maintenance
and management of package treatment plants.

Reducing the potential impact of liquid waste on the marine environment warrants
measures to be taken from two fronts;

e Reducing the quantity of liquid waste from point and non-point sources,

e Improving the quality of the waste reaching the marine environment from land-
based sources.

In the case of Soufriere the combination of both measures are necessary to improve and
sustain marine water quality to minimise the threat to the environment and public health.
A comprehensive system for sewage and liquid waste management in Soufriere should
consider a policy, plan and strategy for improvement that covers all sectors generating
such waste together with and the socio-economic and political aspects of the community.

The results of the survey indicated that residents without adequate sanitary facilities were
aware that their current methods of excreta disposal have the potential to impact
negatively on public health and the environment. Most householders and businesses with
septic tanks and soakaway systems were of the opinion that their systems were
appropriate and the potential negative impact of their liquid waste was negligible even
where large volumes of ‘grey water’ were discharged directly into the environment. At
the level of the institution where septic tanks were used to treat the ‘black water’ and
‘grey water’ entered the public drain or natural watercourse without tertiary treatment this
was deemed to be appropriate.

The residents and businesses surveyed felt that solid waste issues were the most critical in
Soufriere. The greater awareness of the solid waste malaise existing and the relatively
easier discernment of the problem compared to the more latent liquid waste pollution
problem can be attributed for should a perception. This therefore suggests that more
awareness raising and education building programmes for liquid waste management
targeting all sectors of the community is necessary. This can be incorporate in the policy,
plan and strategy for improving liquid waste management in Soufriere.



The following are recommended to reduce the potential impact of liquid waste on the
marine environment:

‘Grey Water’ Management. The threats from the significant quantities of grey water
entering the marine environment are great. Subjected to no form of treatment the ‘grey
water’, loaded with inorganic nutrients is deposited in open drains and natura
watercourses and ultimately reaches the sea. Some end of pipe sampling and analysis
results shows nitrates as high as 70 mg/l and phosphates 40 mg/I. The ambient standard
for the protection of coral reefs are 2.48 ug/l for phosphate and 9.8 ug/l for nitrate.

For household constructed with individual sewage treatment systems, it should be
mandatory that all wastewater be subjected to primary and secondary treatment in a
septic tank. Hence, the design and construction of septic tanks should take into
consideration the necessity for a grease traps, increased associated wastewater flow rates
and atanks of suitable dimensions and capacity.

‘Black Water’ Management. The measures necessary for attaining compliance to the
Public Health Regulations should be adhered to in the granting of approval for the
construction and operation of a septic tank. The design of al individual sewage disposal
system should be approved and the construction of all such systems should be
monitored to ensure adherence to the approved design. This will allow for the efficient
functioning of the system and obtaining the appropriate retention time necessary for the
treatment process to be effective. This will allow at least secondary treatment of the
sewage before final discharge to the environment.

Individual sewage disposal systems, consisting of mainly of septic tanks and soakaway
pits, were the most common in Soufriere. These may constitute a direct point source of
pollution when the system malfunction and overflows in cases of properties located
close to the shoreline or water courses. Even when such systems function efficiently
they may still pose a non-point source of pollution if the are located near to the shoreline
or water courses since there is percolation of the effluent into the soil which can get into
the watercourses and coastal waters. Overflowing system allows the pollutants to reach
the marine environment during direct washout or via natural water courses. In this case
the raw untreated or partially treated liquid waste is dumped into the sea.

Percolation into the soil by the effluent of the treatment systems allow for some measure
of natural treatment, attenuation, absorption by plants, adhesion to soil particles, dilution
and dispersion before entering the marine environment. In this case the less
concentrated pollutant may have lower impact or reduced degrading effect due to lower
potency. However, the continuous influx of this low concentration pollutant can have a
more delayed impact which may be realised in the longer term.

Ensuring the pollutants reaching the marine environment has minimal negative impact

and consequently of the highest quality, measures should be taken to obtain the
maximum treatment possible. Due consideration should therefore be given to:
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e Distance from and gradient to the nearest natural watercourse or the sea;
e Thehydrogeology of the area containing the treatment and disposal systems,

e The level of treatment that can be requested or stipulated within the socio-
economic and political climate;

e Ratfying and enforcing the requirement of the LBS Protocol to meet its
international obligations for the protection of the marine environment from land-
based sources of pollution;

e Declaration of the marine space of Soufriere up to the 200 meter bathymetric
contour as Class | waters under the LBS Protocol and enforcing discharge
standards for the effluent entering this receiving environment;

e Application of root zone treatment to attain tertiary level treated effluent
migrating within the substratum by the use of appropriate vegetation to aid in the
extraction of inorganic nutrients;

e Where soil is unsuitable to allow required percolation needed for the proper
functioning of the absorption pit or where the water table is high, tertiary
treatment of the effluent should be requested and enforced.

Appropriate disposal of sewage from the commercial, tourism and institutional Sectorsis
also needed for Soufriere. The commercial sector in Soufriere refersto businesses such as
stores, restaurants, bars, and shops; the tourism sector refers to visitor reception and
recreational facilities while the institutional sector refers to schools, places of worship
and medical facilities. The Public Health Regulations governing liquid waste require that
all such premises provide for sufficient, suitable and adequate sanitary facilities and
sewage treatment and disposal systems. These places are of particular interest to any plan
and strategy for the management of sewage and liquid waste since they concentrate
people in confined areas and hence generate relatively larger volumes of sewage. Some
of these sewage treatment systems have their biologically treated effluent entering natural
water courses and all of their ‘grey water’ entering either the public drain or a natural
watercourse.

With specific reference to the commercial, tourism and institutional sectors the following
are recommended:

e Conduct an assessment of the sewage treatment and disposal facilities;;

e Identify areas for improvement and retrofitting to enhance the level of treatment
required, including cost effective alternatives where necessary;
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Working with all these premises, develop a programme to enhance the quality of
the liquid waste through a ssimple tertiary treatment system such as a sand or
charcoa filter;

Develop an operations manual for the sewage treatment and disposal systems and
educate the operatorsin the use of the manual;

Develop inspection forms for specified periods as deemed necessary and have
them issued and checked by the EHD;

Ensure that al ‘grey water’ from these premises are subjected to treatment prior
to final disposal;

Develop and implement a programme for voluntary improvements in the sewage
treatment and disposal systems with emphasis placed on ensuring that the
Government operated institutions adhere to the same guidelines,

Heightened vigilance by the EHD and SDEU in monitoring the level of voluntary
enhancement in sewage treatment and disposal and determine the necessity for the
amendment of the Public Health Regulations to reflect what is required;

Ensuring that enterprises such as the Fishing Complex and abattoir which
generate large volumes of ‘grey water’ are fitted with simple means of tertiary
liquid waste treatment systems to generate a highly polished effluent before final
disposal.

Enhancing the socio-economic status of the less fortunate residents of Soufriere is a
critical element for the reduction of pollution from liquid waste. Integrating the human
element in the management and conservation of the coastal and marine resources was not
adequately considered in the Management Plan of the SMMA or the Management Plan
for the Pitons Management Area. This is a critical element to ensure that the financial
gains from the non-extractive use of natural resources trickle to the grass-roots residents
of the area either directly or through the multiplier effect. This will reduce the feeling of
marginalisation among the residents by the agencies and investors, who market, sell and
generate significant revenue from the natural resources that are of symbolic value to St.
Luciaand to which they have a birth right.

Improving the socio-economic status of the residents of Barons Drive so that they
can improve their standard of living at the household level and manage their
liquid waste on an individua basisin the long-term;

In the short-term, refurbish the communal sanitary facility existing within Barons

Drive and establish a management and operation system to prevent the abuse and
vandalisation of the premises,
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Integrate the human element into the development and management plans for
Soufriere and ensure that the improvements in the facilities provided for visitors
and enhancement in the infrastructure to facilitate the ever increasing tourist
arrivals are paralleled with the socio-economic advancement of the less fortunate
residents;

Promote alternate forms of livelihood to that of extraction of the natural resources
among the less fortunate residents of Soufriere so that they can benefit from the
royalties obtained from the marketing and promotion of Soufriere as a premier
visitors' attraction;

The custodians of natural resources of the area who are entrusted with the
management should allocate a small percentage of the revenue generated to be
pumped back into the community at the level of the household;

Interagency collaboration between the Governmental and Non-Governmental
Organisations and the residents themselves should be promoted for the
development of a policy, plan and strategy for the advancement of the less
fortunate residents of Soufriere.
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1.0 I ntroduction

An inextricable link exists between the people of the Caribbean and the marine
environment. The dependence on the sea for extractive and non-extractive resource uses
such as food, transportation, recreation, livelihood, performing cultural rites and even
final disposal iswell known. The unsustainable use, abuse and exploitation of this wealth
of marine resources is well documented and many efforts were made to retard, mitigate
and reverse the myriad negative impacts on and degradation of the region’s most
important resource. Additionaly, two of the Caribbean’s maor economic activities
(tourism and fisheries) are heavily dependent on the marine environment, which is
degrading at an alarming rate (UENP-CEP/RCU, 2005). In fact, the 1999 report of the
World Travel and Tourism Council highlights that tourism accounts for 20.6% of the
region’s gross domestic product ($5,722.0 million US), 15.8% of employment and 25.7%
of capital investment. The Council estimates that significant growth in the Caribbean’s
tourism and travel sectors will continue. Specifically, the GDP, employment and capital
investment are projected to grow by 5.5, 1.9, and 5.3 percent respectively up to 2010.

Despite the dependence and projected increase reliance on marine resources for growth
and development, further degradation is likely if unsustainable practices such as over-
fishing, unplanned coastal developments, poor land use practices and pollution from
inappropriate methods of waste disposal persist. This holds true for St. Lucia like the
many other states of the region and though in the infancy stage and limitations of various
kinds leave much to be desired, efforts are made through regional and national initiatives,
to protect and conserve the marine environment.

Once such initiative for the protection of the marine environment in Soufriere is the sub-
project for the Assessment of the Infrastructure for Liquid Waste Management in
Soufriere. This project originated out of the need to address the liquid waste treatment
and disposal issues in Soufriere which is critical for the maintenance of water quality and
environmental sustainability as awhole. This project is funded by United States National
Oceanographic and Atmospheric Administration (NOAA) and implemented by the
Organisation of Eastern Caribbean States Environment and Sustainable Development
Unit (OECS-ESDU) and the Soufriere Marine management Authority (SMMA).

1.1  Background

In St. Lucia, the town of Soufriere is the best example epitomising the link between the
coastal and marine resources. The affinity for and dependence on the sea was the impetus
for the first formal human settlement in this coastal village in 1746 (Figure 1.1.1).
Furthermore, the passage of time and the modernisation of society have concretised this
historical bond between the residents of the area and the marine environment.

Designated a World Heritage Site in 2005 by United Nations Environment Scientific and
Cultural Organisation (UNESCO) the Pitons and the environmental sustainability of the
town of Soufriere is critical to its success as a premier tourist destination and to sustain
the visitor arrival. Management measures giving due consideration to the built and



natural environments and the development goals nationally and locally is the most
important element for the long-term sustainability of Soufriere. The need to manage the
marine and coastal resources and the ensuing user conflict for extractive and non-
extractive uses was realised years ago and the Soufriere Marine Management Authority
(SMMA) was established in 1995 as a response to this concern.

The impacts of land-based sources of pollution on the marine environment and resources
therein are threatening the sustainability of the environment in Soufriere and the revenue
generated from the use of these resources. Improper solid waste management practices
including indiscriminate dumping in watercourses is evident in the sea and along the
coastline as a result of washout after heavy rains. Additionally, the management of liquid
waste poses a significant challenge in Soufriere due to socio-economic and geological
factors. All liquid waste disposed whether directly in the sea, in a watercourse or by
means of sub-surface absorption and percolation, ultimately influences the marine water
quality. It isthe potential for degradation of the vital coastal and marine resource that has
triggered the SMMA and OECS-ESDU to seek funding from NOAA to commission the
Wastewater Assessment Study for Soufriere.
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The liquid waste assessment assignment (proposal and TOR in Appendix 1) which
includes alegidative, policy and literature review had the following deliverables:

e Assessment report on liquid waste management in Soufriere;
Determination of the level of compliance for liquid waste disposal within the
Soufriere watershed;

e Recommendations for compliance within the legal, administrative and regulatory
framework;

e Recommendations for training in obtaining compliance;

e Recommendations to reduce the potential impact of liquid waste on the marine
environment.

e Recommendations for possible amendment of the SMMA’s monitoring activities
(e.g. monthly GPS coordinates of green algae Chaetomorpha aerea).

1.2  Sewage Management in St. Lucia

The management of sewage in St. Lucia has been an issue and an area of much debate
and concern for many years. The sewer system serving the town of Castries has been
responsible for the pollution of the Castries Harbour from raw sewage. In villages along
the coast, the influx of pollutants from natural watercourses or the direct discharge of
excreta and sewage into the sea pervaded human settlement in these areas. Resource
degradation due to inappropriate liquid waste management practices occurred and
continued at an accel erated rate as popul ation increased.

The commissioning of the Eastern Caribbean Dollars (XCD) 25 Million, Alliance
Franciase De Developpment (AFD) funded Rodney Bay Sewage Treatment Plant in 1994
serving the northern districts of St. Lucia amounting to 1/3 of the population was a step in
the right direction. The coastal and marine resources along the entire northwest coast of
St. Luciawas under threat from developments as aresult of expansion of residential areas
and the infrastructure to support the growing tourism industry. This plant currently
provided secondary level treatment to approximately 300,000 gallons of wastewater per
day. Thefinal discharge of the treated effluent is at the Trou Sallee River which traverses
marshlands before final exist to the sea on the eastern seaboard where the oceanographic
conditions and the assimilative capacity of the environment are adequate to minimise
environmental impacts.

Many factors including financial, cost benefits, political will, topography and affluence of
the communities are responsible for the absence of communal sewage treatment systems
in the various communities. Hence, individual traditional methods of sewage treatment
and disposal such as the pit privy and septic tank with soakaway pits continue to be the
most common. Besides the fact that they provide minimum primary and secondary
treatment, they continue to be a main source of direct or indirect pollution of the marine
environment as aresult of design and construction flaws.



1.3 Overview of the SMMA and M arine Resource usein Soufriere

In recent years, Soufriere has witnessed radical changes and infrastructural growth to
adapt to the influx of increased tourist arrival in this picturesgue west coast town. The
coast also plays a central part in the life and economy of Soufriere, developments are
located near the shore and the beaches are extensively used for recreation. Over the past
two decades, tourism has grown significantly, with two large resorts, four smaller hotels,
and a number of guesthouses and restaurants, many of them focusing on the diving and
the yachting sectors. Additionally, there are approximately 150 registered fishers, from
which two-thirds fish on a full-time basis using gears such as nets, lines and pots.
Maritime transportation remains important and an increasing number of day charter boats
and water taxis bring large volumes of visitors to the town.

According to SMMA (2006) in the late 1980s and early 1990s, the multiplicity of uses
and growing demand for scarce and fragile resources generated critical impacts and
conflicts.

The main environmental problems prior to the establishment of the SMMA can be
summarized as follows:
o Degradation of coastal water quality, with direct implications for human health
and for the protection of the reef ecosystem,
o Depletion of near-shore fisheries resources;
e Loss of the economic, scientific and recreational potential of coral reefs,
particularly in the context of diving tourism;
o Degradation of landscapes and general environment quality, notably on or near
beaches,
» Pollution generated by solid waste disposal in ravines or directly in the sea.

Problems of resource management in turn manifested themselves in growing conflicts
among users of the resource, particularly the following:

o Conflicts between commercial dive operators and fishermen over the use of, and
the perception of impact on, the coral reefs;

o Conflicts between yachts and fishermen because of anchoring in fishing areas;

o Conflicts between the local community and hoteliers over the access to beaches;

e Conflicts between fishermen and authorities at both the local and nationa levels
over the location of ajetty in afishing priority area;

e Conflicts between fishermen and hoteliers over the use of the beaches for
commercial fishing or recreational, tourism oriented activities.

It is against this background that a conflict resolution process was initiated to attempt to
address the many issues affecting users of marine and coastal resources in Soufriere.
These issues were considered severe, because they resulted in a rapid degradation of the
natural resource base, and because they affected resource users in several ways. Through
the work of a number of agencies such as the St. Lucia National Trust, Department of
Fisheries (DoF), Soufriere Regiona Development Foundation (SRDF), Ministry of
Agriculture (MOA), Ministry of Planning, Caribbean Natural Resources Institute



(CANARI) and St. Lucia Diving Association (Anbaglo) an agreement forming the
Soufriere Marine Management Authority (SMMA) was reasiised. The agreement
contained details of a proposed Zoning Agreement (and included maps showing the
extent of proposed marine reserves, fishing priority areas, multiple use areas, recreational
areas, and yacht mooring sites), legal provisions needed to manage individual activities
such as fishing, diving, yachting, marine transportation, demarcation requirements,
materials for user information, and training needs.

After a submission to the Ministers of Cabinet, the SMMA became a legal entity in 1995
and has been on a steady road of success as a world famous Marine Protected Area
exemplifying the importance of applying co-management to natural resources.

Today the success of the SMMA is not only seen in the published literature containing
the case study and the desire for other States to replicate the system of marine and coastal
resource management employed in Soufriere but in the hard statistics. The revenue
generated from the sale of dive permits (both daily and annual) doubled between 1998
and 2005 (Figure 1.3.1). Additionally, the revenue generated from snorkeling has
increased 10 fold between 2001 and 2005 (from XCD 6,000 to XCD 77,000
respectively). Figure 1.3.2 shows the number of yachts visiting for the years since the
establishment of the SMMA and revenue generated for the corresponding periods.
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Figure 1.3.2: Revenue Generated by SMMA through Yachts Visits

It is evident that the struggles and the dedication of those who laboured on the efforts to
have the SMMA established and functional were not futile. The fruits are discerned by
the statistics and the many elements that are not yet measured. The establishment of the
marine reserves and the behavioura ecology of the reef fish mean that the fishermen
began to realise that an increase in catch per unit effort in adjacent areas had increased.
The generation of income from alternative non-extractive livelihoods all in the name of
sustainable development is key to the conservation of natural resources.

The SMMA has contributed immensely to the conservation of the resources along the
original 12 miles coastal realm over which its mandate covers. Presently there are efforts
to add the coastal areas of Canaries (Canaries Marine Management Area, CAMMA) to
the area managed by the SMMA so that the successes of the Soufriere story can be
replicated there. The designation of the area as one of UNESCO’s World Heritage Sites
in 2005 and the soon to be implemented Piton Management Area (PMA) will al provide
impetus to continue the conservation efforts along the west coast and entire island of St.
Lucia. However, thiswill not be realised if the marine and coastal resources continue to
be stressed and degraded by land-based activities and poor watershed management.
Waste management particularly solid and sewage are important aspects to be given
priority especialy in small rural coastal villages. The thrust see by the Government of St.
Lucia (GoSL) towards the Cartagena Convention and Protocols in particular the Land-
Based Sources of Marine Pollution (LBS) is a step in the right direction exemplifying
commitment to protect the marine and coastal resources. Hence, the study on liquid waste
management in Soufriere commissioned by the SMMA, OECS-ESDU and NOAA is vital
to understanding measures necessary to ensure the long-term sustainability of the existing
resources.



1.4  Soufriere Regional Development Foundation

According to the Management Plan for the Piton Management Area (De Beauville-Scott,
George, 2003), this non-profit agency is responsible for fostering economic, cultural and
social development in a manner that is responsive to the needs and aspirations of the
Soufriere community, while preserving and enhancing the natural and cultural assets
upon which that development is based. The Foundation provided a coordinating
framework for programmes concerning the development of Soufriere and facilitates
cooperation between government, private sector, NGOs and community organisations.
The foundation is integraly involved in the formulation and implementation of
development plans for Soufriere and the establishment of public infrastructure. It seeks to
maximise community benefits by facilitating appropriate forms of tourism that are
culturally and environmentally sensitive. The agency aso engages in community
education and capacity building within community groups and organisations.



2.0 International and Regional Agreements and Frameworks

A major component of Wastewater Assessment Study for Soufriere is a thorough
literature review of the legidative and policy framework for liquid waste management.
Thisisinclusive of al pertinent Multi Lateral Environmental Agreements (MEAS) at the
regional and international levels and laws and policies at the national and local levels.

21 International Agreements

St. Lucia is party to a number of international agreements (soft laws) aimed at the
protection and conservation of the marine and coastal resources. Thisinclude inter alia:

Cartegena Convention and Protocols in particular the LBS Protocol;
United Nations Convention on Law of the Sea (UNCLOYS);

Convention for the Control of Marine Pollution from Ships (MARPOL);
Convention on Transboundary Movement of Hazardous Waste (BASAL);
The Convention on Biological Diversity;

Convention on Trade in Endemic Species;

International Convention on Whaling;

Convention Concerning Protection of World Cultural and Natural Heritage.

A succinct overview of the relevant MEASs are contained below.

2.1.1 The Cartagena Convention, 1983 (The Convention for the Protection and
Development of the Marine Environment of the Wider Caribbean Region)

This Convention discusses issues such as pollution from ships, dumping, land-based
sources of pollution, sea-bed activities, airborne pollution, specifically protected areas,
cooperation between nations in case of emergencies, and environmental impact
assessments.

The Convention is supplemented by three Protocols which addressed specific issues
relevant to the marine environment of the Wider Caribbean Region (WCR). These are:

e« ThelLBSProtocol;

e The SPAW Protocol;

e Protocol Concerning Co-operation in Combating Oil Spills in the Wider
Caribbean Region.

The LBS Protocol which is the ancillary instrument for attaining the aims of this
Convention that pertains to pollution from Land-Based Sources is very relevant to the
Soufriere area and rich marine and coastal resources existing there.



2.1.2 Protocol Concerning Pollution from Land-Based Sources and Activities

The LBS protocol was adopted on October 6, 1999 in Aruba and contains 29 articles
covering aspects such as General Obligations, Monitoring and Assessment Programmes,
Environmental Impact Assessment, Transbounday Pollution, Institutional Mechanism
and Ratification. The protocol also contains 4 Annexes which serves as appendages to
this tool for the management of LBS of pollution. The LBS Protocol forms the basis for
the trust towards the management of liquid waste in the watershed of Soufriere

A synopsis of some of the components of the protocol is provided below.
Annex 1 (A) Source Categories, Activitiesand Associated Pollutants of Concern
This Annex laid the definition for the purpose of subsequent Annexes:

1. “Point Sources’ means sources where the discharge and releases are
introduced into the environment from any discernible, confined and discrete
conveyance, including but not limited to pipes, channels, ditches, tunnels,
conduits or wells from which pollutants are or may be discharged.

2. “Non-Point Sources’ means sources, other than point sources, from which
substances enter the environment as a result of land run-off, precipitation,
atmospheric deposition, drainage, seepage or by hydrologic modification.

Annex 1 (B) Priority Source, Categories and Activities Affecting the Convention
Area

The contracting parties shall take into account the following priority source categories
and activities when formulating regional and as appropriate, sub-regiona plans,
programmes and measures for the prevention, reduction and control of pollution of the
convention area:

Domestic Sewage,

Agricultural Non-Point Sources;
Chemical Industries;

Extractive Industries and Mining;
Manufacture of Liquor and Soft Drinks;
Oil Refineries;

Pulp and Paper Factories;

Sugar Factories and Didtilleries;
Intensive Animal Rearing Operations.



Annex |1 Factors to be used in determining Effluent and Emission Source
Controlsand Management Factors

A. When developing regional and sub-regional source specific effluent and emission
l[imitations and management practices contracting parties shall evaluated and consider
the following:

1. Characteristics and composition of the waste

Type and form of the waste;

Physical state of the waste;

Quantity and discharge frequency;

Partial concentration of the constituents;
Interaction with the receiving environments.

2. Characteristics of the Activity and Source Category

o Performance of the existing technologies and management practices,
including indigenous technologies and management practices,

e Ageof thefacilities,

o Existing economic, social and cultural characteristics.

3. Alternative Production, Waste Treatment Technologies or Management Practices

Recycling, recovery and reuse opportunities,

L ess hazardous or non-hazardous raw material substitution;

Economic, social and cultural impacts of alternatives, activities or products,
Substitution of cleaner aternatives, activities or products,

Low-waste or totally clean technologies or processes;

Alternative disposal activities.

Annex |11 Domestic Wastewater

This Annex is particularly relevant to the Contracting Parties to the Cartagena
Convention in the WCR and by extension St. Lucia. The definition contained therein are
worthy of noting for the Soufriere Wastewater Assessment Project.

1. Domestic wastewater means al discharges from households, commercial facilities,
hotels, septage and any other entity whose discharge includes the following:

o Toailet flushing (black water);

o Discharges from showers, wash basins, kitchens and laundries (grey water);

e Discharges from small industries, provided their composition and quantity are
compatible with treatment in a domestic wastewater system.
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2. Class | waters means waters in the Convention Area that, due to inherent or unique
environmental characteristics or fragile biological or ecological characteristics or
human use, are particularly sensitive to the impacts of domestic wastewater. Class |
water include but are not limited to:

B.

Waters containing coral reefs, seagrass beds or mangroves;

Critical breeding, nursery or foraging areas for aguatic and terrestrial life;
Areas that provide habitat for species protected under the SPAW Protocol;
Protected areas listed in the SPAW Protocol;

Waters used for recreation.

Class || Waters means waters in the convention area, other than Class | waters, that
due to oceanographic, hydrologic, climatic or other factors are less sensitive to the
impacts of domestic wastewater and where human or living resources that are likely
to be adversely affected by the discharges or are not exposed to such discharges.

Dischar ge of Domestic Wastewater

Each Contracting Party shall:

C.

a

Provide for the regulation of wastewater discharging into, or adversely
affecting the Convention Area;

To the extent practicable, locate, design and construct domestic wastewater
treatment facilities and outfalls such that any adverse effects on, or discharges
into, Class | Waters, are minimised;

Encourage and promote the reuse of domestic wastewater to minimise the
quantity of effluent discharged;

Promote the use of cleaner technologies to reduce the discharges to a
minimum, or to avoid adverse effects;

Develop plans to implement the obligations of the Annex including obtaining
financial assistance.

Effluent Limitations

1. Dischargeinto Class || Waters

Each contracting party shall ensure that domestic wastewater that discharge into or
adversely affects Class |l waters is treated by a new or existing domestic wastewater
system whose effluent achieves the following effluent limitations based on a monthly
average:
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Parameter Effluent Limit
Total Suspended Solids 150 mg/L”
Biochemical Oxygen Demand (BODs) 150 mg/L

pH 5—10 pH units
Fats, Oil and Grease 50 mg/L
Floatables Not visible

* Does not include algae from treatment ponds

2. Dischargeinto Class | Waters

Each Contracting Party shall ensure that domestic wastewater that discharges into or
adversely affects, Class | waters is treated by a new or existing domestic wastewater
system whose effluent achieves the following effluent limitations based on a monthly

average:
Parameter Effluent Limit
Total Suspended Solids 39 mg/L*
Biochemical Oxygen Demand (BODs) 30 mg/L

pH 5—10 pH units
Fats, Oil and Grease 15 mg/L
Floatables Not visible

Faecal Coliforms

(Parties may meet effluent limitations
either for faecal coliform or for E. coli
(freshwater) and enterococci (saline water)

Faecal Coliform: 200 mpn/100 ml; or
a. E. coli:126 organisms/100 ml
b. enterococci: 35 organisms/100ml

* Does not include algae from treatment ponds

3. Discharges

a. Each contracting party shall take into account the impact that total nitrogen
and phosphorus and their compounds may have on the degradation of the
convention area and to the extent practicable, take appropriate measures to
control or reduce the amount of total nitrogen and phosphorus that is
discharged into or may adversely affect the Convention Area.

b. Each party shal ensure that residua chlorine from domestic wastewater
treatment systems is not discharged in concentrations or amounts that would
be toxic to marine organisms that reside in or migrate to the Convention Area.

E. Households Systems

Each Contracting Party, shall strive to, as expeditioudly,

economically and

technologically feasible, in areas without sewage collection, ensure that household
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systems are constructed, operated and maintained to avoid contamination of surface or
groundwater that are likely to adversely affect the convention area.

For household systems requiring septage pumpout, each Contracting Party shall strive to
ensure that the septage is treated through a domestic wastewater system or appropriate
land application.

This Annex is particularly relevant to Soufriere since the wastewater categorised as
domestic is the main threat to the marine and coastal resources therein. The profile ranges
from direct discharge of night soil into the coastal waters by less fortunate householders
in the town areas, pit latrines, septic tanks and package plants for major hotelsin the area.
The Soufriere and Etang Rivers and the other intermittent water courses that discharge
into the Soufriere Bay are also conveyers of domestic liquid waste to the marine
environment.

ANNEX IV Agricultural Non-Point Source of Pollution

This annex call for the Contracting Parties to develop programmes, policies, plans and
legal mechanisms for the mitigation of pollution from agricultural non-point sources.
These include in particular: nutrients (nitrogen and phosphorus), pesticides, sediments,
pathogens, solid waste etc.

Plans shall include inter alia the following elements:

1. An evauation and assessment of agricultural non-point sources of pollution that may
adversely affect the Convention area, which may include:

a. estimation of loading;

b. identification of associated environmental impacts and potential risk to human
health;

c. evauation of the existing administrative framework to manage agricultural
non-point source of pollution;

d. evauation of existing best management practices and their effectiveness;

e. establishment of monitoring programmes.

2. Education training and awareness programmes.

3. The development and promotion of economic and non-economic incentive
programmes to increase the use of best management practices to prevent, reduce and
control pollution from agricultural non-point sources.

An assessment and evaluation of legislative and policy measures, including a review
of the adequacy of plans, policies and legal mechanisms directed towards the
management of agricultural non-point sources and the development of a plan to
implement such modifications as may be necessary to achieve best management
practices.
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2.1.3 SPAW Protocol

The Protocol Concerning Specially Protected Areas and Wildlife (SPAW Protocol) has
been internationally recognized as the most comprehensive treaty of its kind. Adopted in
Kingston, Jamaica by the member governments of Caribbean Environment Programme
(CEP) on 18 January 1990, the SPAW Protocol preceded other international
environmental agreements in utilizing an ecosystem approach to conservation. The
Protocol acts as a vehicle to assist with regional implementation of the broader and more
demanding global Convention on Biologica Diversity (CBD). This Protcol is very
relevant to the Assessment of the Infrastructure for Improved Wastewater Management in
Soufriere, providing a basis and framework for the protection of the marine resources.

The objective of the Protocol is to protect rare and fragile ecosystems and habitats,
thereby protecting the endangered and threatened species residing therein. The UNEP-
CEP Caribbean Regional Co-ordinating Unit (RCU) pursues this objective by assisting
with the establishment and proper management of protected areas, by promoting
sustainable management (and use) of species to prevent their endangerment and by
providing assistance to the governments of the region in conserving their coastal
ecosystems.

The objectives of the SPAW Programme are:

e To significantly increase the number of and improve the management of national
protected areas and species in the region, including the development of biosphere
reserves, where appropriate.

e To develop a strong regional capability for the co-ordination of information
exchange, training and technical assistance in support of national biodiversity
conservation efforts.

e To develop specific regional, as well as national management plans devel oped for
endangered, threatened or vulnerable species such as sea turtles, the West Indian
manatee, black coral and migratory birds.

e To co-ordinate the development and implementation of the Regional Programme
for Specially Protected Areas and Wildlife in the Wider Caribbean, in keeping
with the mandate of the SPAW Protocol.

e To coordinate activities with the Secretariat of the Convention on Biological
Diversity, as well as other biodiversity-related treaties, such as the Convention of
International Trade in Endemic Species (CITES), Ramsar, Bonn and Western
Hemisphere Conventions.
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2.1.4 Protocol Concerning Co-operation in Combating Oil Spills in the Wider
Caribbean Region

This Protocol emanated from the eminent threat that oil transport and refining activities
may have on the coastal and marine resources of the Caribbean. This issue is rea along
the west coast of St. Lucia where a major oil refining operation and other oil storage
facilities are located.

The main reasons for the evolution of the Protocol were as a result of:

e Consciousness that oil exploration, production and refining activities, as well as
related marine transport, pose a threat of significant oil spills in the wider
Caribbean region;

e Awareness that the islands of the region are particularly vulnerable, owing to the
fragility of their ecosystems and the economic reliance of certain of them on the
continuous utilization of their coastal areas, to damage resulting from significant
oil pollution;

e Recognizing that, in the event of an oil spill or the threat thereof, prompt and
effective action should be taken initially at the national level, to organize and co-
ordinate prevention, mitigation and clean-up activities;

e Recognizing further the importance of sound preparation, co-operation and
mutual assistance in responding effectively to oil spills or the threat thereof;

o Determined to avert, through the adoption of measures to prevent and combat
pollution resulting from oil spills, damage to the marine environment, including
coastal areas, of the Wider Caribbean Region.

The protocol contains 11 Articles which coversinter alia:

Genera Provisions,

Information exchange;

Communication of information concerning and reporting gof iol spill incident;
Mutual assistance;

Operation measures,

Sub-regional agreement;

Institutional agreement.

215 MARPOL 73/78 - International Convention for the Prevention of Pollution
from Ships

MARPOL is comprised of six Annexes, of which St. Luciais a signatory to the first five.
Annex | regulates oil and oil tankers, Annex |l regulates noxious liquid substances;
Annex |1l regulates harmful substances in package form; Annex IV regulate sewage;
Annex V regulates garbage on ships; and Annex VI regulates air pollution from shipsin
the form of nitrogen oxide and sulfur oxide emissions. Each Annex includes several
marine locations classified as specia areas where heightened marine protection laws
apply, including the Antarctic, the Mediterranean Sea, the Baltic Sea, and others.
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Annexes I, Il, and IV al have revisions in effect from as recently as 2004. The
MARPOL agreement also outlines international enforcement measures.

Adherence to the MARPOL Convention does not only speak to international
responsibility, but also to sustainability as it ensures that marine resources that forms the
basis on which the residents of Soufriere survives are preserved and will continue in the
future to be attractive and allow for the continued derivation of a livelihood for all user
groups.

2.1.6 Montreal Protocol — Substancesthat Deplete the Ozone L ayer

This protocol addresses the production and consumption of calculated levels of
substances categorized as ozone depleting substances including Chlorofluorocarbons
(CFCs); Haogens, Halogenated CFCs, Carbon Tetrachloride; 1,1,1-Trichloroethane
(Methyl chloroform); Hydrochlorofluorocarbons; Hydrobromofluorocarbons, Methyl
bromide; Bromochloromethane and their isomers. Under the Protocol, the levels of sub-
groups of these substances either in their pure state or as constituents of other products
produced and consumed must be reduced annually. These controlled substances are
common constituents of automobile and truck air conditioning units, domestic and
commercia refrigeration and air conditioning /heat pump equipment e.g. (refrigerators,
freezers, dehumidifiers, water coolers, ice machines, air conditioning and heat pump
units), aerosol products (except medical aerosols), insulation boards, panels and pipe
covers, and Pre-polymers.

2.1.7 United Nations Convention on Law of the Sea (UNCL OS, 1982)

This convention entered into force in 1994 was the main environmental event since Rio
Conference (1990). UNCLOS is the only global agreement that provides comprehensive
coverage of al aspects of the various uses, abuses and resource management of the
world’'s oceans. It attempts to balance environmental protection and resource
management with free navigation. It provides a rationa global framework for the
exploitation and conservation of marine resources and the protection of the environment,
which can be seen as a system for sustainable development and as a model for the
evolution of international environmental law.

It istherefore certainly a Convention which will have great impact on all human activities
in the maritime sphere, both for the foreseeable future and in global terms. It was the first
major undertaking among states to protect the world’'s oceans in their entirety against all
potentially polluting maritime activities. This convention ensures that the protection of
the marine and coastal resources is now a matter of comprehensive legal obligation
affecting the marine environment as a whole. Moreover, the marine environment for this
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purpose includes rare and fragile ecosystems as well as the habitat of depleted, threatened
or endangered species and other forms of marine life (Sunkin et al, 1998).

2.1.8 Basal Convention (1989)

The Basel Convention on the Control of Transboundary Movements of Hazardous
Wastes and their Disposal was adopted in Basel (Switzerland) in March 1989 and entered
into force in May 1992. This convention is relevant to the protection of the marine
environment from hazardous waste and is therefore relevant to the Assessment of the
Infrastructure for Improved Wastewater Management in Soufriere.

Some of the aims of the Convention are:

e To reduce transboundary movements of hazardous wastes and other wastes,
subject to the Basel Convention, to a minimum consistent with their
environmentally sound management.

e To dispose of the hazardous wastes and other wastes generated, as close as
possible to their source of generation.

e To minimise generation of hazardous wastes in terms of quantity and
hazardousness.

e To ensure strict control over movements of hazardous wastes across borders.

e To assist developing countries and countries with economies in transition in the
environmentally sound management of the hazardous and other wastes that they
generate.

2.1.9 Convention on Biological Diversity (1992)

At the 1992 Earth Summit in Rio de Janeiro, world leaders agreed on a comprehensive
strategy for "sustainable development™ -- meeting our needs while ensuring that we leave
a healthy and viable world for future generations. One of the key agreements adopted at
Rio was the Convention on Biological Diversity. This pact anong the vast majority of the
world's governments sets out commitments for maintaining the world's ecological
underpinnings as we go about the business of economic development. The Convention
establishes three main goals: the conservation of biological diversity, the sustainable use
of its components, and the fair and equitable sharing of the benefits from the use of
genetic resources.

St. Lucia ratified the CDB in 1993 and this provided the basis for national programmes
and projects for biodiversity conservation. The Biodiversity Country Study Report (1998)
and the Biodiversity Strategy and Action Plan (2000) were conducted as part of the
administration of the convention at the national level.
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2.1.10 Convention Concerning Protection of the World Cultural and Natural
Heritage

The World Heritage Convention (WHC) was ratified by St. Lucia on October 14, 1991
and the St. Lucia World Heritage Committee was established in 1996 to administer this
Convention nationally. This Committee through the process of planning and consultation
is responsible for the designation of the Pitons and surrounding as a World Heritage Site.
This magnified the Pitons and Soufriere as symbolic of St. Lucia and the influx for
visitorsto the area as aresult of attraction to the natural resources increased.

2.2  Regional Agreements
2.2.1 St. Georges Declaration

In April 2000, The St. George's Declaration (SGD) of Principles for Environmental
Sustainability in the Organisation of Eastern Caribbean States (OECS) was formulated to
guide the environmental process for Member States. The participating islands persuaded
that the effective management of environmental resources at local, national and
international levels is an essential component of sustainable social and economic
development, including the creation of jobs, a stable society, a buoyant economy and the
sustaining of viable natural systems on which al life depends. Hence, the OECS Member
States adopted the SGD and the commitments contained herein, which proclaim the
principles of sustainable development by which human conduct affecting the
environment isto be guided and judged.

The 21 principles contained therein covers aspects such as fostering sustainable
improvement in the quality of life, biodiversity conservation and integrating socio-
economic and environmental considerations into national development plans and
programmes. In this regard, the the Assessment of the Infrastructure for Improved
Wastewater Management in Soufriere has to be guided by the principles of this sub-
regional agreement and declaration.

2.2.2 OECSModd Physical Planning Bill

In 1994 the OECS Model Physical Planning Bill was prepared to address the need for
development of appropriate planning and land use legidation, which will serve to offer
some measure of protection to the environment in Member States. This Act endeavours to
incorporate EIAs as an integral part of planning (MAFF, 1998) and is used to guide
Member States.

Since there is ever increasing population influx into the coastal zone and land-based
activities of SIDS impact the marine environment, this Model Bill is important to guide
the development practices of States and certainly Soufriere and St. Lucia are no
exception.
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3.0 National Policy and L egisative Framewor k

A number of national laws and policies are relevant to the Soufriere Liquid Waste
Assessment Project, however, these laws are scattered among the various agencies with
responsibility for environmental management in some way or the other.

3.1  Agricultural Small Tenancies Act (1983)

This Act outlines basic regulations for tenancies on small agricultural holdings. It can be
important for the promotion of Best Management Practices to reduce the impact of
agricultural non-point sources of pollution on the marine environment. Coasta
agriculture is practiced in the upland watershed of Soufriere and adjacent areas. The Act
includes a description of the responsibilities of the landlord and tenant, including
responsibilities for good husbandry. Other issues, such as land boundaries and tree-
felling, or plant growing (sections 30 and 31, respectively), are also covered. This is
particularly important for Soufriere with respect to the issue of sedimentation and
smouldering of reefs. Section 32 states that the Minister of Agriculture has the right to
make any regulations he/she sees fit to ensure that good husbandry policies are followed,
including the right to terminate contracts in cases where it has been determined that
policies are not being adhered to.

3.2  Beach Protection Act (1967)

This Act provides regulations for the protection, control, and preservation of St. Lucian
beaches and coastlines. This act prohibits the removal or possession of sand, stone,
gravel, and other materials from beaches, seashores, or the seafloor for any purpose
without a permit from the Director of Public Works. The Beach Protection Amendment
of 1984 increases the penalties for committing an offence and includes more detail to
some of the original legislation.

The beaches on the southwest coast of St. Lucia are very important for the protection of
the coastline since the area is low lying. The aesthetic and amenity value cannot be
overstated and the inherent potential for their use and development as a tourism product
is obvious.

3.3  Coastal Zone Management Project and Policy

In 2001, the Government of St. Lucia embarked on an initiative aimed at establishing
ingtitutional arrangements to facilitate the sustainable development and management of
the coastal resources. As part of the initiative, a Coastal Zone Management Project
(CZMP) was established under the Ministry of Agriculture Forestry and Fisheries
(MAFF) with the task of preparing coastal zone management related policy and
guidelines (Scott, 2004).

According to Scott (2004) someissuesin CZM in St. Luciainclude:
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Natural Resources

Biodiversity;

Water resources;
Forestry and landscape;
Air quality;

Sealevd rise

Productive Sectors

Industry;
Fishing;
Tourism;
Agriculture;
Aquaculture;
Mining;

Physical Development

e Built environment;
e Portsand marinas,
e Pollution control and waste management;

Management systems

Environmental standards
Protected areas;

Data collection and management;
Public awareness and education;
Environmental law;

Special area management planning

The CZMP evolved as a product of the Coastal Conservation Study (Atria, 1995) and
sought to develop a Coastal Zone Management Policy for St. Lucia. The objectives of the
island’s Coastal Zone Management policy are to maintain the integrity and productivity
of the coastal zone to social and economic development through the sustainable use of
resources and the equitable sharing of benefits; and harmonised use of the coastal zone
and provide aframework for the management and resolution of resource use conflicts.

The CZM policy is guided by a number of strategiesincluding:
e Equity;
e Stewardship;
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Collaboration and participation;
Multiple use;

Enforcement;
Capacity-building;
Coordination and integration;
Public awareness.

Soufriere constitutes an important part of the coastal ream of St. Lucia and integrated
management of the coastal resources contained therein is necessary. It is therefore, timely
and appropriate that the Soufriere Sewage Assessment Project is executed and will serve
to guide the LBS Protocol ratification process by GoSl. Although limited in scope and the
fact that the appropriate management of liquid waste in Soufriere is in the infancy stage,
issues related to pollution from sewage disposal can be discerned and efforts can be made
to address them.

34  Crown LandsOrdinance (1946)

This Ordinance provides for an appointment of a Commissioner of Lands who functions
as Protector of Crown Lands and has responsibility for serving notice to occupiers who
have encroached on said Lands. The Ordinance also allows the state to set rules and
regulations for the sale, occupation and alotment or Crown Lands. This will have
relevance to the transfer and development of Crown Lands on the coastline.

3.5 FisheriesAct (1984) and Fisheries Regulations (1994)

The Fisheries Act provides regulations on fishing activities within St. Lucian territory. It
defines what waters are permitted for fishing purposes, and what different vessels are
allowed to fish in which areas with arelevant permit. The Fisheries Minister may declare
any area of the fishery waters to be a fishing priority area; likewise, the Minister may
declare any marine area (including adjacent land) to be a marine reserve for the purposes
of protecting and preserve the nearby land and wildlife. Fishing, removing any animal or
natural matter, or harming the environment in any way in a protected reserve constitutes a
punishable offence. Other offences and penalties are described throughout the Act. The
Minister may also regulate sport fishing, scuba and snorkelling activities, turtle, lobster,
and conch protection, fishing safety standards, and other fishery-related matters. Sections
of particular interest include sections 8, 20, 21, 22, 24, 39. Part VIl of the Fisheries
Regulations also dictates a number of Fishery Conservation Measures for the
management of marine and coastal resources.

3.6 Forest, Soil, and Water Ordinance (1946)
This ordinance aims to regulate the national forestry and timber industry while providing

adequate protection for the forests. This legislation defines and allows for the creation of
protected forests and areas, which can be any non-Crown land that the Minister for
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Forest, Soil, and Water Conservation declares as such in order to protect against erosion,
forest depletion, water and timber depletion, as well as other problems. The boundaries of
protected forests and areas must be clearly defined, marked, and maintained. Once an
area has been designated as protected, no lands shall be granted, devised, or sold within
that area. Sections of interest include sections 6, 7, 18, 19, 20, 21, 22, 32, and 47
(amendment).

3.7  Housing and Urban Development Corporation Act (1971)

The Housing and Urban Development Corporation Act provides legisiation creating the
Urban Development Corporation. The Corporation may carry out and secure the laying
out and development of any designated area. This act also gives the Minister power to
develop any land viathe Corporation as an urban areaif he finds it in the nationa interest
to do so. Thisact also requires the Corporation to give al local authorities of the relevant
areas the necessary details pertaining to the development and construction plans. This act
also provides other powers and restrictions of the Corporation, including the power to
pave, improve, or modify any roads in deems necessary for an area involved in
development plans. This Act is relevant to the development of the coastal zone and is of
importance to CZM in St. Lucia. Sections of interest include sections 18, 26, 27, 30, and
32.

3.8 Local Authorities Ordinance (1968)

Section 15 of this Ordinance provides for the establishment of local town and village
authorities with the power to develop legislation for the management and control of
public cultural institutions and places of public recreation. Lands may be purchased,
leased, or acquired otherwise by the Local Authority for the purpose of public utility,
particularly as regards waterworks, markets, parks and places of recreation, streets and
roads. This has implications for the use of the natural resources within the coastal zone
and the public access to these resources.

3.9 MaritimeAreasAct (1984)

This Act empowers the Minister of Foreign Affairs with authority over marine scientific
research, and the protection and preservation of the marine environment and territorial
sea. This Act is relevant to the use and the exploitation of resources within the territorial
waters and the Exclusive Economic Zone (EEZ) and will affect the outcome of all
activities destined for the coastal zone.

3.10 National Conservation Authority Act (No. 16 of 1999)

This act establishes the Nationa Conservation Authority, whose functions include
conserving, protecting, and controlling the development, maintenance of, and access to
public areas and beaches. Part 111, Section 7 fully details the responsibilities of the
Authority. The NCA Act details licensing procedures, offences, and penalties related to
actions taken by the Authority and with the approval of the governing Minister. Part VI
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details the prohibitions on selling and littering at protected areas. This Act is of
importance to the coastal zone since there is a close link between residents and the use of
marine and coastal resources. Access to these resources, enhancement and maintenance
of use of these coastal resources are elements covered by this Act.

3.11 National Biodiversity Strategy and Action Plan for St. Lucia

St. Lucia was one of the first signatories to the Convention on Biological Diversity
(CBD) at the June 1992 “Earth Summit” in Rio de Janeiro. Thiswas ratified in July 1993.
Under the Convention, signatories agree to develop national action plans and strategies
for biological conservation and sustainable management of biological resources.

St. Lucia has gone forward with this step and has produced such a document with the
following objectives.

e Conservation of the country’s diversity of ecosystems, species and genetic
resources,

e Promotion of the sustainable use of these resources to support human life;

» Encouragement of the equitable distribution of the benefits derived from the use
of biodiversity;

o Facilitation of the participation of people and institutions in the management of
biodiversity.

Towards these broad objectives, a strategy and action plan has been developed with more
specific objectives:

e Provision of a mandate and a set of policy directions to management authorities,
developers and policy-makers,

e Provision of areference point for stakeholder, governmental, NGO, CBO groups
etc. towards the development of programmes and actions related to biodiversity;

e Assisting with the build-up of support for the implementation of projects related
to biodiversity.

3.12 Plant Protection Act (1988)

This Act regulates the importation, exportation, and removal of plants and plant material
in St. Lucia. The control of plant pestsis also described, together with some enforcement
measures to ensure compliance with the Act. The Act also establishes a Plant Protection
Board that is appointed by the Minister of Agriculture and states the responsibilities and
powers of the Board and the Minister in regard to plant protection. This legislation
complements some of the provisions of the National Biodiversity Strategy and Action
Plan, as it relates to plants. It is relevant to the protection of the natural flora and fauna
and the coastal vegetation especially in cases where negative impacts can occur due to the
importation of exotic species.
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3.13 Pesticidesand Toxic Chemicals Control Act (2001)

This Act aims to regulate the use of pesticides through the creation of the Pesticides and
Toxic Chemicals Control Board. The Board and Pesticide Control Inspectors are given
the authority to enforce the policies controlling the import, manufacture, use, distribution,
and disposal of pesticides. This Act also provides regulations for employers, employees,
and others using pesticides in order to protect the environment and human health and
safety.

Pesticides and their use, storage, transport and overall management are a particular cause
for concern. They are directly and indirectly referred to in other pieces of legislation
particularly the Employees (Occupational Health and Safety) Act of 1985. Land-Based
Sources of Marine Pollution Protocol also addresses agricultural non-point source of
marine pollution. They are of particular interest to the management of pollution of the
coastal zone since agricultural non-point source of pollution isamajor contributor to the
degradation of the marine environment.

3.14 Public Health Act (1975)

This Act outlines the rights and powers of the Minister of Health in order to promote the
public health and well-being of St. Lucians. According to Section 9, The Minister of
Health can make regul ations regarding:

e The prevention, treatment, limitation, and suppression of diseases,

e The prevention of overcrowding of premises,

e The maintenance of proper sanitary condition of premises and the prevention,
abatement, or removal of unsanitary conditions,

o Theinstitution of measures for ensuring the purity of the water supply;

e Sewers and sewage disposal works, as well as the collection, removal, and
sanitary disposal of rubbish, night soil, and other offensive matter;

e The licensing of the relevant business; insect, vermin, and rodent control and
elimination;

e The control of food and drugs sales, quality, and composition;

e Theinspection of hotels, boarding houses, and other places of accommodation;

e The inspection and sanitary conditions of beaches and swimming pools in the
interest of public health.

3.15 Public Health (Sewage and Disposal of Sewage and Liquid Industrial Waste
Works) Regulations, 1978)

This Act specifically aims to regulate and decrease pollution through liquid waste and
sewage in order to protect human health and safety. No sewer fluid or liquid industrial
waste may be discharged into any watercourse, river, stream, coastline or any other place
without the Public Health Board's permission. The Act provides specific regulations
defining the permissible waste disposal systems and mechanisms and controls the
construct of sewage systems. The department of Environmental Health also has
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responsibility for the construction and approval of individual household sewage treatment
and disposal systems. The Regulations stipulate that the operation and maintenance of
these systems should not be at a risk to Public Health and the environment. The
satisfactory maintenance of these systems is the requisite enforcement is the
responsibility of the Environmental Health Department.

3.16 St. LuciaNational Trust Act (1975)

This Act allows for the setting up of a statutory body whose role is to promote, conserve,
and manage areas specially designated as tourist attractions and heritage sites so as to
preserve their flora and fauna. The Trust may enact bye-laws for the regulation of
activities within these sites. Issues related to archaeology are managed through the St.
Lucia Archaeological and Historical Society. This Act ensures that areas of coastline of
high biodiversity value are protected and conserved.

3.17 Tourism Industry Development Act (1982)

This Act provides for the establishment of a St. Lucia Tourist Board which is empowered
with the authority to promote and develop tourism inclusive of coastal amenities. Since
coastal and marine resources are the main products and attractions marketed for visitors,
tourism development along the coastline is inevitable. A number of tourism projects are
destined for the coastal zone throughout St. Lucia and proposals for developments along
the seascape of Soufriere will emanate. It is therefore important that the tourism
initiatives consider the sustainability of development in that sector.

3.18 Waste Management Act (2004)

This Act repeals the Litter Act of 1983 and the St. Lucia Waste Management Act of
1996. This act states that for any development proposal, the Ministry for Physical
Development will consider issues relating to waste generation and management. All
proposed developments must also take steps to ensure that proper waste management is
provided throughout the pre-construction, construction, and operation phases of planned
facilities. Policies regulating the generation, storage, transportation, and disposal of solid
and liquid wastes are provided, along with the relevant penalties for offences against this
Act. Authorized offices and the St. Lucia Solid Waste Management Authority has the
power to impose new policies, restrict licenses, and take steps they deem necessary to
prohibit solid and liquid waste pollution.

Of importance is the stipulations included for waste management planning in St. Lucia. It
allows for and dictates the content and structure of the National Waste Management
Strategy, the procedure for approval, amendments and review. The requirement of an
Environmental Impact Assessment for the establishment of Waste Management Facilities
and the procedure for review are elements that reduce the likelihood of environmental
consequences occurring as a result of waste disposal. The schedules contained therein
complement the Act and allow for the management of elements which include inter alia:
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e Issues to be covered in any Environmental Plan submitted with Application for
Waste Management License;

e Siting, Design and Operating Criteria for Waste Management Facilities and
Haulage Systems,

3.19 Water and Sewerage Act (2004)

This Act describes the responsibilities and powers of the Crown and the Minister in
controlling and protecting water and gathering grounds (all areas of land where water is
collected for the purpose of waterworks). The Water and Sewerage Act provides
legidlation for investigating, controlling, conserving, and managing water resources for
domestic, industrial, commercial, and agricultural purposes. The Minister and the Crown
are also entrusted with protecting human and animal health and safety as relates to water
matters. No area of land within the limits of a gathering ground shall be granted, devised,
or otherwise disposed of except in keeping with such conditions set by the Minister. If
the Minister deems regulation of water use necessary for the public interest in any area,
the Minister may declare the area as a water control area. The Minister may also declare
any area a waste control area if he believes the regulation of waste discharge into or on
any land, sewer, or water is necessary to protect water resources. A permit isrequired for
a person to use water or discharge waste in a water control area or a waste control area,
respectively. To do so without a permit is a punishable offence. Sections of interest
include Divisions 2-5 of Part I, and Divisions 2-6 of Part I11.

This Act therefore impacts on the availability of sufficient quantity of water of potable
quality as per The World Heath Organisation (WHO) Drinking Water Quality
Guidelines. Water quality must meet these guidelines in order to satisfy requirements
under the Employee (Occupational Health and Safety) Act and Public Health Act. The
discharge of wastewater must also conform to al legisation designed to minimize the
negative impacts to the environment and human health and safety.

3.20 Wildlife Protection Act (1980)

This Act provides legidation for the protection and conservation of St. Lucian wildlife.
The Wildlife Protection Act creates the position of a Chief Wildlife Officer and defines
the idand’s wildlife as protected, partially protected, or unprotected. After the 1980
hurricane, all partially protected species were identified as fully protected. The only
species that can be legally hunted are mongoose, rats, mice, and fer-de-lance snakes.
Offences and penalties related to wildlife are also provided in this Act. These offences
extend to harm to marine life. Sections of interest include Sections 6, 7, 10, 14, 15, and
16.
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3.21 Physical Development and Planning Act (2001)

This Act makes provision for the development of land, the assessment of the
environmental impacts of development, the grant of permission to develop land and for
other powers to regulate the use of land, and for related matters. This Act therefore
provides the legal tool for the management of the developments in the coastal zone and
the protection of resources therein.
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4.0 Literature Review

A number of studies with respect to sewage management disposal and protection of the
marine environment of the Caribbean have been conducted by organisations such as
CEHI, UNEP, and PAHO. A review of these reports will provide valuable insights into
lessons learnt and factors to be considered in conducting the Assessment of the
Infrastructure for Improved Wastewater Management in Soufriere

4.1 Land-based Pollution Sources and Marine Environmental Quality in the
Caribbean (CEHI, 1991)

A wide range of activities on land contributes to the release of contaminants to the sea
either directly or carried by rivers and the atmosphere, while sea-borne activities make a
minor contribution (GESAMP, 1990). Marine environmental problems in the Caribbean
are compounded by the generally small size of individual States, the relative small
distance between them, and the proximity of al land-based activities to the coast. As a
consequence, garbage, sewage and other forms of excreta disposal, industrial effluent
discharges and run-off from agricultural areas directly affect the near shore marine
environment. Adverse environmental effects may accrue from these contaminant loadings
since the coastal and marine environment is their most biologically productive as well as
economically important zone.

Most of the regional land-based activities have the potential to contribute to marine
pollution. In addition, the possible additive and/or synergistic adverse environmental
effects of the region, coupled with the fragile ecosystems, could result in the development
of unique pollution conditions. Many reports have indicated that approximately 90 % of
sewage discharged into the Caribbean Sea is poorly treated (Reid, 1981), which is
alarming. However, the required level of concern can not be determined in the absence of
statements which qualify the temporal and spatial distribution of the discharges and the
local characteristics of the recelving environment — e.g. current patterns, mixing
efficiency, water depth, presence or absence of sensitive systems. The situation is
compounded by the paucity of coastal and marine baseline environmental data. Where
data do exist they are often derived from sporadic monitoring efforts and are of little
statistical value in describing the ambient environmental conditions which prevail.

Studies on bacterial contamination have indicated that most inner harbours and many
beaches in the region exceed water quality limits for human contact and recreations areas.
Existing studies on chemical pollution have been restricted largely to either levels of
petroleum or nutrients and there is evidence that 1and-based sources may be contribution
to this form of pollution. With respect to pesticides, several anayses for organochlorine
(OC) pesticides and polychlorobiphenyl (PCB) residue levels in water were made on
samples collected from seventeen coastal sites around St. Lucia between 1986 and 1989.
The specific residue monitored indicated that Lindane (5-40 ng I™%), dieldrin (4 ng I™%),
DDT and associated derivatives (4-20 ng I™*) were detected in several of the samples. All
other residues monitored were below the minimum quantitative limit of the analytical
procedure used.
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The technical paper concluded that land-based sources are important contributors to
marine pollution in the Caribbean. The extent of the pollution needs to be carefully
documented for use in the development of realistic control strategies. These strategies, in
addition to recognizing the need for economic growth and development, must take into
account the particular nature of the receiving environment.

4.2  Assessment of Operational Status of Wastewater Treatment Plants in the
Caribbean (CEHI, 1992)

The increase in populations and affluence among the Caribbean States has resulted in
increase wastewater to be treated to preserve public health and the unique environment.
Regional Governments have expressed their concern about these matters and requested
assistance in developing policies, establishing guidelines for collection, treatment and
disposal of effluents. A United nations Development programme (UNDP) study was
conducted by CEHI in conjunction with PAHO to Assess the Operationa Status of
Wastewater Treatment Plants in the Caribbean.

For the study a questionnaire was developed and submitted to relevant authorities in the
13 member CARICOM States. The survey instruments were designed to collect:

e Information on the Country;
e Treatment Plant Information;
e Environmental information;

Additionally, information was aso collected during country visits and representative
treatment plants were surveyed.

About 2/3 of the total population of 5,817,000 live in Jamaica and Trinidad and Tobago
as well as 2/3 of 303 plants are located in these countries. The survey collected data on
138 treatment facilities, 46 % of al. It is believed that the absence of large centralized
sewer systems has resulted in the proliferation of package sewage treatment plants.
Three groups of legislation dealing with wastewater management exist;

e L egidation defining Statutory Bodies responsible for wastewater management;

e Legidation relating to Public or Environmental Health;

e Environmental Legidation.
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In most of the idlands there are National Water and Sewerage Utilities responsible for
operation of public sewerage systems and the Environmental Health Departments
responsible for the enforcement of the regulations and policies.

Training in the operation and maintenance of sewerage systems is important and is
offered by regiona institutions such as University of Technology in Jamaica. In-house
training is also conducted or coordinated by credible regional institutions such as CEHI,
Caribbean Development Bank (CDB) and Caribbean Basin Water management
Programme (CBWMP). Staff is usually sent extra-regionaly to recognized universities
for specialised training.

The indicators selected to assess the operational status (Table 4.2.1) are the removal of
the Biochemical Oxygen Demand (BODs @ 20 °C) and Suspended Solids (SS). In order
to make an objective operational assessment and comparison between the different
treatment facilities in the region the criteriain the table bel ow were adopted.

Table4.2.1: Operational Indicatorsand Criteria

BODs and SS BODs and SS
Effluent (mg/l) Removal efficiency (%) Score
Primary > 50% SS; > 30% BOD 3
Treatment 2
Facilities < 50% SS; < 30% BOD 1
Secondary <30 >85%
Treatment >30and <50 > 60% and < 85 %
Facilities >50 <60 %
Facultative <40 >70%
Lagoons > 40 and <60 >50% and < 70 %
> 60 <50 %
Operational Status Score
Good 3
Moderate 2
Poor 1
Not Operational 0

Of the 138 plants investigated 25 % are operating good, 36 % are operating moderately
and 22 % are operating poor and 13 % are not operational (Table 4.2.2).

Table4.2.2: Operational Status of Treatment Plants per Country

% Good % Moderate % Poor % None
Caribbean 25 36 22 13
Antigua/Barbuda 12 35 24 24
Bahamas 39 17 22 22
Barbados 25 58 17
Belize 50
BVI 10 70 20
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Grenada 20 60 20
Guyana 50 50
Jamaica 39 32 21 4

Montserrat 100

St. Kitts/Nevis 75 25
St. Lucia 23 23 15 39

St. Vincent 100
Trinidad and Tobago 12 42 11 31

Of the plants surveyed there is a relationship between the operational responsibility and
operational status indicating that 59 % of the plants are privately owned and operated of
which the majority is by hotel and resort. The National Water and Sewage Utilities
(NWSUs) operate about 25 % of the wastewater treatment facilities and operate their
plants betters than the private and Government sector. Of all plants operated by the
NWSU only 22 % comply with the criteria.

Most operators have no formal training (72%), but do have knowledge of wastewater
treatment through on the job training, private studies and experience. A 7 % higher score
for good operating plants with certified operators was observed compared to the plants
with non-certified operators and a 6 % higher score for moderately operational plants.

The lack of test results on operational parameters is a severe constraint for proper
operational management and control as well as plant monitoring and inspection.
Laboratory testing facilities are generally limited to field test like residual chlorine.

The NWSUs monitor 24 % of the plants, the governmental departments monitor 23 %
and in 5 % of the cases samples were sent to private laboratories. Only in 13 cases (9 %)
were analyses performed onsite.

Environmental monitoring was conducted in 41 % of the cases where the effluent is
discharged into agueous environments. In nine cases the NWSU and the national
government cooperated in the sampling programme.

The reuse of effluent is applied only to alimited extent in the Caribbean and only where
freshwater resources are scarce.

Hospital wastewater management is of importance and requires specia emphasis from a
public health perspective. The plants survey during the study (10) showed that the
operations of 3 were good and disinfected the effluent. The effluents were discharged in
rivers, the sea and in one case into a deep well. One plant was non-functional and raw
wastewater was discharged into a street drain.

Interrelated reasons for the low status of operation of treatment plants include:

e Lack of adequate regulations and approval procedures;
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e |nappropriate selected technologies;

e Lack of inspection procedures and programmes,

e Lack of financial resources allocations,

e Lack of operational skills and process understanding;

e Lack of operation and maintenance manuals;

e Lack of operational support and service contracts;

e Lack of maintenance and absence of preventative maintenance;

e Lack or unavailability of spare parts,

Lack of process monitoring and inadequate |aboratory facilities.

There was aso a need to provide facilities and institute measures for the control of liquid
waste from large vessels and yachts as deemed necessary by MARPOL 73/78.

The study made a number of recommendations for the management of wastewater in the
Caribbean. These included:

e Legidation should be enacted and implemented to address all aspects of waste
water management with a clearly defined institutional and environmenta focus
and responsibilities.

e Licensing systems should be implemented to control the construction, operation
and maintenance of wastewater treatment plants, requiring a certificate of
approval for each plant.

o Effluent standards for wastewater treatment plants should be enacted and
enforced.

e Ambient water quality standards should be enacted and enforced for the
protection of the public health and the coastal environment as a means of
safeguard of the tourist and fishing industry.

e Legidation should be developed making Environmental Impact Assessment
mandatory for residential, tourism, commercial and industrial development.

e Wastewater management policies and strategies should be developed on national

levels for wastewater collection, treatment, disposal, reduction and reuse of
effluent and protection of human health and the environment.
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The national water and sewerage utilities should be strengthened to take over
operation of sewage treatment plants.

Financial resource mobilization and allocation needs strengthening especially
adeqguate connection fees and tariffs must be set and collected.

Further training is required for NWSU personnel in the design, construction,
operation and maintenance of sewer systems and sewage treatment plants.

Strengthening of the regulatory institutions for the management of wastewater.

Monitoring programmes should be developed for treatment plants, effluents and
receiving waters.

A training and certification programme should be developed with a
comprehensive curriculum in collaboration with a reputable regional institution.

The proliferation of package treatment plants should be controlled.
Adequate provisions have to be implemented for the final disposal of sludge.

Effluent re-use options should receive high priority in order to reduce the stress
on fresh water resources and to reduce environmental pollution.

Further environmental studies are required to develop a standard for the
maximum level of residual chlorine in the effluent.

Disposal of effluent in shallow coastal areas should be restricted or prohibited,
especially where human contact is possible.

Rehabilitation of the plants receiving wastewater from hospitals, ensuring proper
operation, sludge handling, adequate disinfection and effluent disposal should be
urgent activitiesin all countries.

Measures should be implemented to control the discharge of sewage from large
vessels and yachts.
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4.3  Suggested Effluent Guidelinesfor the Wider Caribbean Region (TUHH,
1998)

Finding appropriate recommendations for effluent criteria for the Caribbean poses two
immediate challenges:

e Proposing values that are as stringent as European or American ones would lead
to expensive wastewater treatment processes and systems;

e Caribbean ecosystems are extremely sensitive and demand very low effected
environments.

The coral reefs of the Caribbean play a vital role in providing economic, social, cultural
and inherent biological services. There are increasing concerns about the degradation of
coral reefs in our region especialy over the past 10 to 20 years. Although this has been
accompanied by a growth in coral reef monitoring and management, there are only few
studies that quantify trends in reef status, up to now this process are mostly described
gualitatively. The occasional natural disasters are compounding the difficulties of
evauating the disturbances in coral reef ecosystems. A study of three reefs on the
southwest coast of St. Lucia indicated that siltation as a result of landslide and erosion
due to Tropical Storm Debbie in 994, contributed to a coral reef mortality of 50 %. Coral
diseases are also negatively affecting important reef building species of coral such as
Acropora palmate.

The pristine conditions are threatened by pollutants from point or non-point sources,
which vary in toxicity and in their impact on marine and human life. These include:
suspended solids, pathogens, nutrients, oxygen demanding substances, organic
compounds of synthetic and natural origin and heavy metals.
Nutrient enrichment of the coastal waters especialy from nitrogen and phosphorus
compounds above threshold concentration can result in euthrophication with several
hazardous ecological effects, including:

e aga blooms;

e Change in aquatic community structure;

e Decrease hiological diversity;

e Fishkills;

e Oxygen depletion.
The Caribbean coral reefs appear to be much less resilient than those of the Great Barrier

Reef and contain lower diversity. No or hardly any recovery could be observed on
Caribbean reefs within the last 10 years.

34



4.3.1 Microbiological Water Quality Parameters

Marine pollution by biological agents such as bacteria pathogens, are threatening the
attractiveness of bathing areas and consequently the future of the tourist industry and
public health. Concerns associate with contamination of ambient waters from
microbiological agents and historical episodes of endemics has led a number of agencies
to take steps to establish mandatory criteria to protect public health. Total coliforms and
faecal coliforms were the most common indicators used.

Recent studies have shown that Enterococci species of Faecal streptococci are a better
indicator of faecal pollution because they show better correlation to human diseases and
they survive longer in the water (more resistant to environmental stress). Therefore, the
Environmental Protection Agency of the United States (EPA) suggested establishing
Enterococci as the primary indicator organism for primary contact recreation; they should
replace total and faecal coliforms as indicators.

In 1986 the EPA proposes risk level for contact with ambient waters to be 6
gastrointestinal illnesses per 1000 swimmers with proposed criteriain Table 4.3.1.1.

Table4.3.1.1: EPA Microbiological Risk Criteria

Freshwater: 33 Enterococci/100 ml
126 E. coli/100 ml

Marine Water: 35 Enterococci/100 ml

It seems that the values given by the USEPA are the most reliable and therefore the most
appropriate ones as they are the only ones with a scientific basis. Due to the fact that
temperatures in the Caribbean are predestined to let pathogens thrive, agreeing on
significantly higher values (e.g. the European criteria) might be problematic.

Nevertheless, no suggested concentration would be completely satisfactory for various
reasons, including:

¢ Influencing risk depends on the intensity of water use;

e Acceptable level of risk is a political or social judgment. There is no definable
risk—free level since there is a continuous relationship between degree of
pollution or exposure and acquiring illness;

e A single sample upper limit is different to justify statistically, geometric mean (or

median) and the standard deviation of log 10 bacterial counts are the ideal
descriptors of central tendency and variability;
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e Thereis no consensus on the best indicator. All microbial standards are based on
the analysis for indicators of faecal pollution but those pathogens responsible for
illness cannot be isolated at all, or with difficulty.

4.3.2 Chemical Parameters

To ensure the balance of a coastal ecosystem it is indispensable to define and to supervise
chemical control parameters that are adapted to natural conditions and therefore
guarantee the system sustainability. The effluent guidelines and standards available for
theregion are shownin Table 4.3.2.1.

Table 4.3.2.1: Available and Applied Effluent Guidelines and Standards in the
Caribbean Region

BODs TSS pH F-Coli T-Coli Res. Cl

mg/| mg/| #/100 ml #/100 ml mg/l
Bahamas®” <30 <30 6-9 +>85% removal of BOD and TSS
Barbados <25 <25
Cayman Islands <30 <30 (disposed by deep well injection)
Columbia® >30%r | >30%r | 6-9
Colombia® >80%r | >80%r | 6-9
Cuba <50 <50 6.5- <200 <2000

8.5

Guadeloupe® <40 <30
Honduras <30 <30 6-9 +>85% removal of BOD and TSS
Jamaica <20 <30 <200 <15
Panama >80%r >80%r
Puerto Rico <30 <30 6-9 +>85% removal of BOD and TSS
St. Lucia <25 <30
Trinidad’ <25 <30 6-9 <200
Trinidad® <125 <175 6-9 <400
Venezuela <40 <50 6-9 <200 <1000 <0.5

% EPA standards have been adopted in the Bahamas, Honduras and Puerto Rico
3 Existing treatment plant, in % removal from influent

* New treatment plant, in % removal from influent

® Guidelines-use water quality base approach

® Effluents from aerated lagoons

" For discharge into inshore seas and environmentally sensitive areas

® For discharge into environmentally non-sensitive areas

The Total Suspended Solids (TSS) values are low compared to the European
requirements for the Discharge of Municipal Effluents of 60 mg/l.
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Trinidad has divided their waters into sensitive and non-sensitive areas which provide an
opportunity to keep sewage treatment plants with lower removal efficiencies given the
definition of sensitive and non-sensitive areas may be problematic and the coastal
dynamics may convey discharges from one to the other.

4.3.3 Necessity of Nutrient Removal

The continuous substantial increase in riverine input is corresponding with increase rate
of primary productivity and subsequent coastal eutrophication. This is compounded by a
host of other impacts such as direct sewage discharges and overfishing. Enhanced
nutrient-incorporated wastewater stimulates phytoplankton growth but as the antagonist
is being removed by overfishing, the system is unable to compensate this imbalance to
heal itself. High nutrient influx can also have a direct toxic effect on marine ecological
systems due to their low tolerance levels. The desire to reduce the loads of nutrients
resulted in phosphate free detergents and the development of more efficient tertiary
sewage treatment plants.

4.3.4 Demand of Sensitive Coastal Ecosystems

Coral reef systems are known to be more susceptible to anthropogenic stresses and to
meet their most essential requirement (light availability) turbidity has to be extremely
low. Hence, it is necessary to ensure that nutrient levels do not stimulate proliferation of
the phytoplanktons and macroalgae. Oxygen depletion may aso result from the
degradation of organic matter.

435 Limiting Nutrientsin Marine Environments

Primary productivity is enhanced significantly by the addition of nitrogen and
phosphorus. Experiments have shown that varying concentrations of these elements and
silica can have a significant effect on primary productivity.

When effluent concentrations are to be defined dilution ratios have to be taken into
account. If the background and tolerance levels are available the dilution ratio (F) can be
determined from the discharge concentration data by the following formula;

F=C discharge ™ C tolerance IC tolerance — C background (Be” ) 1989)

Conventional high capacity ocean outfalls that are commonly used for the disposal of
sewage from coastal tourist areas, achieve a maximum initial dilution of 200 (Bell, 1989)
This means that they will be insufficient to meet the coral reef nutrient requirement even
if effluent phosphate and nitrate concentrations were as low as 2 mg/l and 1 mg/l
respectively.

Even those high dilution ratios of the order of 10° — 10° can be redlized theoretically

(Table 4.3.5.1) by a non-conventional diffuser of sufficient length (9 up to 100m) and
depth (10m). However, the energy consumption of such systems is enormous as
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additional pumping is needed at these diffusion lengths to distribute the discharge stream
uniformly along the diffuser (Bell, 1989).

Table 4.3.5.1: Required Dilution Ratios for 1°, 2° and 3° Treated Sewage for Waters of the
Great Barrier Reef, Australia (Bell, 1989)

C discharge C tolerance Cc background F
Concentration in Required Dilution
Sewage Ratios
Contaminant 1° 2° 3 TL (% Background 1° 2° 3
increase over Level
background)
BODs (mg/l) 300 20 10 0.78 (10%) 0.71 4300 270 130
NFR (mg/l) 300 30 10 3.3 (10%) 3.0 1000 90 20
Inorganic-N | 50000 | 20000 | 2000 15.4 (10%) 14 36000 | 14000 | 1400
(no/)
PO4-P (ug/l) | 10000 | 10000 | 1000 7.5 (10%) 6.8 14000 | 14000 | 14000
Chlorine 700 <700 | <700 50 0.0 13 <13 <13
(ng/)
Salinity (ppt) 1 1 1 30 35 6 6 6
Pesticides 1 <1 <1 10 0.0 0 0 0
(ng/)
Heavy Metals
(ng/)
Hg 3 <3 <3 0.1 0.0 30 <30 <30
Pb 70 <70 <70 10 <0.06 6 <6 <6
Zn 70 <70 <70 20 0.13 25 <25 <25
Cu 150 <150 | <150 1 0.22 190 <190 | <190
Ni 50 <50 <50 2 0.11 25 <25 <25

4.3.6 Recommendationsfor Nutrient Effluent Concentrations

At a UNEP-Expert-Meeting at CEHI (January, 1998) effluent guidelines were suggested
(Table 4.3.6.1) for the municipal discharge into coastal waters of the Wider Caribbean
Region. The parameters and values listed below were presented at the Fina Conference
for the development of the LBS protocol in June 1998.

Table 4.3.6.1: Suggested Effluent Guideinesfor Coastal Dischar ges

Parameter

Non-Sensitive Areas

Sensitive Areas

Faecal Coliforms

Shell fish areas: 43 mpn

all other: 200 mpn

pH 6-10 6-10
TSS 100 mg/l 30 mg/l
BODs 150 mg/I 50 mg/l
COD 300 mg/l 150 mg/l
Total Inorganic Nitrogen 10 mg/l
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Ammonia 5mgl/l

Total Phosphate 1 mg/l

Chlorine Residue 0.5 mg/l

Fats, Oilsand Greases 15 mg/l 2mg/l
Floatables Not visible Not visible

There are some suggested permissible limits for total nitrogen and total phosphorus for
seagrass and coral reef (Table 4.3.6.2). Above these limits, nuisance algal bloom occurs,
seagrass die off and coral diversity and abundance decreases.

Table 4.3.6.2: Suggested Threshold Limitsfor Inorganic Nutrients (Reese, 1993)

Threshold Limits (mg/l)

Nutrient Seagr ass Coral Reef
Total Nitrogen 0.35 0.015
Total Phosphorus 0.012 0.003

4.3.7 Conclusion

There is great concern about the vulnerability of coral reef ecosystems in the Caribbean,
due to both ecological and economical reasons. Coral reefs thrive in oligotrophic waters,
but as many Caribbean country’s population and economy increase substantially they are
endangered by enlarging amounts of produced waste waters - with harmful contents.

The Reefkeeper Organisation summarized the results of several reef studies conducted in
Barbados, Hawaii and Australia. They determined critical nutrient concentrations for total
phosphorus (0.003 mg/l) and total nitrogen (0.015 mg/l) and requested these values to be
considered as threshold limits for corals (Reese, 1993).

Even if these water quality levels were convenient to ensure a reef system’s
sustainability, effluent concentrations have to be determined from these values. Bell
(1989) stated a formula to calculate required dilution ratios for given effluent
concentrations, if background and tolerance levels are known. He concluded that
extremely high dilution ratios were needed to meet the ecosystems demands referring to
nutrients.

It becomes apparent that even nutrient-levels for discharge suggested at the UNEP/CEHI
meeting (10 mg/l and | mg/l for total inorganic nitrogen and total phosphorus,
respectively) are insufficient to protect the vulnerable coral reef ecosystems of the Wider
Caribbean Region if they are not effectively flushed. Simply giving maximal tolerable
effluent concentrations is inappropriate to serve the demands of coastal ecosystems.
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44  Appropriate Technology for Sewage Pollution Control in the Wider
Caribbean Region (UNEP-CEP, 1998)

Under the Cartagena Convention the governments of the Wider Caribbean Region
(WCR) are developing a Protocol on Marine Pollution from Land-based Sources and
Activities (the LBS Protocol.) The LBS Protocol will have source-specific annexes,
through which measures will be taken to address priority pollutants. A regional inventory
from the 1994 "Regional Overview of Land-based Sources of Pollution in the Wider
Caribbean Region,” CEP Technical Report No. 33 (UNEP, 1994) identifies domestic and
industrial sewage as the priority source of marine pollution in the Caribbean Region. The
governments in the region have decided that the first two annexes will address domestic
wastewater and agricultural non-point sources of pollution. This report is part of an effort
by the UNEP Caribbean Regional Co-ordinating Unit (CAR/RCU) to address or identify
the most appropriate wastewater treatment technologies and water quality standards for
the Wider Caribbean Region (WCR).

The goals for this document are as follows:

e To identify the most appropriate technologies for domestic and industrial sewage
pollution control in the WCR. Domestic sewage or wastewater is considered in
this report to be the liquid waste produced by households, schools, hotels, and
small commercial establishments commonly combined in town or city sanitary
drainage systems. Industrial sewage is considered to be liquid waste from
manufacturing plants for avariety of industrial products.

e To describe expected treatment limits for these technologies, which can help
government officials develop water quality guidelines.

o Todevelop areference list of relevant information that is not covered in the report
or is beyond its scope.

This document is not intended to stand alone as a design manual, textbook, or reference
book. It has been prepared for use by government agencies, government regulatory
officials and consultants in the WCR, to help them make preliminary decisions about
appropriate wastewater treatment technologies based on community size, location,
hydrogeol ogic conditions, and other factors. Key elementsinclude the following:

e "Decision trees' to be used in identifying appropriate pollution control
technologies. The result of the decision-tree process is identification of the
treatment or disposal technologies that merit further evaluation for the scenario
under review. The decision treeis ageneral guideline taking into account the most
important criteria. Other important issues, such as social acceptance, planning,
and management, are not included in the decision tree, athough they are
discussed separately in the report.

o Fact sheets summarising key features of each technology—The fact sheets include
design criteria, expected efficiency, references for more information, a list of
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facilities using the technology in the WCR, and, in some cases, diagrams showing
how the technology works.

o Expected treatment efficiencies for each control technology—The efficiencies are
shown to give an indication of effluent discharge standards that should be
achievable by the given technology when adequately designed and operated. This
document has not investigated receiving water quality requirements. It isintended
to support the process of standard setting by identifying the potential for sewage
pollution control by different technologies, but it was not prepared to recommend
specific water quality standards for the WCR.

e A review of papers, textbooks, and manuals that can be used to obtain more
detailed information—The organisation of the literature review parallels that of
the report, so that the reader can look up the references used in this report by
topic, aswell as by author.

The WCR is divided into six sub-regions for further reference, as described in the map
and list below (UNEP 1994).

I. Gulf of Mexico—Cuba, Mexico, and United States (Texas, Louisiana, Mississippi, Alabama, and
Florida)

Il. Western Caribbean—Belize, Costa Rica, Guatemala, Honduras, Mexico, Nicaragua, and Panama

[11. North-eastern and Central Caribbean—Bahamas, Cayman Islands, Cuba, Dominican Republic,
Haiti, Jamaica, Puerto Rico, and Turks and Caicos Islands

V. Eastern Caribbean—Anguilla, Antigua and Barbuda, Barbados, British Virgin Islands, Dominica,
Grenada, Guadaloupe, Martinique, Montserrat, St. Maarten, St. Lucia, St. Kitts and Nevis, St. Vincent and
the Grenadines, and the U.S. Virgin Islands

V. Southern Caribbean—Colombia, Netherlands Antilles, Trinidad and Tobago, and Venezuela

V1. Equatorial Atlantic North West—French Guyana, Guyana, and Surinam.

For wastes from communities where most homes and businesses have piped water,
typical pollutant composition of domestic sewageis asfollows (Table 4.4.1):

Table4.4.1: Typical Pollutant Composition for Domestic Sewage

Total Suspended Solids (TSS) 200-300 mg/L
5-day Biochemical Oxidation Demand (BOD) 200-250 mg/L
Chemical Oxidation Demand (COD) 350-450 mg/L
Total Nitrogen as N 25-60 mg/L
Total Phosphorus as P 5-10 mg/L

Oil and Grease 80-120 mg/L

In unsewered areas, septic tanks are common. Septic tanks accumulate solids known as
septage, which must be removed every few years to ensure effective operation of the
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system. Typical pollutant composition of septage taken to wastewater treatment facilities
isasfollows (Table 4.4.2):

Table 4.4.2: Typical Pollutant Composition of Septage

TSS 10,000-25,000 mg/L
5-day BOD 3,000-5,000 mg/L
coD 25,000-40,000 mg/L

Total Nitrogen as N 200-700 mg/L
Total Phosphorus as P 100-300 mg/L
Oil and Grease 2500-7500 mg/L

Industrial wastewater has a wide range of pollutant concentrations. Oil refinery
wastewater produces 70 percent of the entire BOD load in the Caribbean. These wastes
are high in BOD, dissolved salts, odour, phenol, and sulphur compounds. Food
processing industries, distilleries, and soft drink industries produce about 5 percent of the
BOD load in the Caribbean (Table 4.4.3). They are characterised by very high BOD
concentration, suspended solids, dissolved solids, variable pH, and a high level of organic
matter. Chemical industries produce about 1 percent of the entire BOD load in the WCR.
Even though they have low BOD strength, wastewater from chemical industries is
important because it is frequently toxic to aquatic organisms at very low concentrations.
This toxicity may actually mask assessment of BOD for these wastes by killing the BOD
test organisms. Pesticides and insecticides used for agriculture are the primary chemical
wastes in the Caribbean. These wastes are high in organic matter and are toxic to bacteria
and fish.

Table 4.4.3: Summary of Pollutant Loadingsin the Wider Caribbean Basin

SUMMARY OF POLLUTANT LOADINGSIN THE WIDER CARIBBEAN BASIN

TONNESPER YEAR

Parameter Subregion | | Subregion | Subregion Subregion Subregion TOTAL

I 11 v \Y
BOD
Domestic 115,656 16,785 71,079 4,790 260,171 506,482
Industrial 2,245,762 126,858 357,441 94,707 603,370 3,428,138
TSS
Domestic 116,327 16,427 90,214 4,617 228,744 456,329
Industrial 27,821,848 149,887 993,964 270,270 2,684,948 31,920,953
TN
Domestic 34,070 2,419 5,239 710 86,338 128,786
Industrial 17,234 40,526 43,265 37,306 211,107 349,435
TP
Domestic 19,141 1,467 5,503 531 33,475 60,117
Industrial 17,717 4,519 12,690 15,171 32,537 82,634
Oil & Grease
Domestic 41,370 2,001 6,089 504 18,975 68,939
Industrial 640,181 8,611 128,024 41,227 162,608 908,701
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In areas of higher population density, it is feasible to develop a local collection system
and use a single facility to treat the community’s wastes. Lagoons, stabilisation ponds,
and aerobic package plants are common treatment options for mid-size communities in
the WCR. Lagoons are often appropriate, but they require a large area to provide
adequate treatment. Package plants are used mostly for resort communities, hotels, and
other public buildings. Many package plants in the WCR are operating improperly
because of improper design and inadequate maintenance. In centralised, urban centres,
lagoons, package plants, and conventional activated sludge systems are used. Many of
these treatment facilities do not provide adequate treatment because of improper
maintenance, and lack of skilled operators.

A report by CEHI and PAHO described the following disposal practices for systems in
the WCR that collect and treat sewage (Bartone, 1984):

* 21 percent reuse effluent.

* 14 percent practice subsurface discharge.

* 28 percent use marine disposal, mainly on shoreline.

* 22 percent discharge to surface waters such as lagoons or streams.

* 14 percent practice on-site disposal.
Poor sewage treatment and disposal affects the health of the local population and the
environment. In St. Lucia, children have been affected by helminths. In Barbados,
extremely high coliform counts have been measured. In Colombia and the United States
bordering the Gulf of Mexico, sewage pollution has been identified as the cause of fish
kills, while in Cuba, impacts of sewage pollution have been measured as far as 1
kilometre from sewage effluent discharge points. According to PAHO, as of 1979, enteric
and diarrhoeal diseases were the most common cause of infant mortality in many Latin

America and Caribbean countries.

The direct discharge/loading of sewage into the marine environment in St. Lucia is
summarized in the Table 4.4.4 below.

Table4.4.4: Dischargeinto the Marine Environment for St. Lucia

% Sewer Treatment Level Impacts Monitoring
St. 13.2% of Usually untreated raw High bacterial Random sampling of
Lucia |population. |sewage discharged into levels in some | coastal waters conducted
Treatment ocean & inner harbours; coastal areas by the Ministry of Health in
facility in 54% STP are in poor co-operation with CEHI
Rodney Bay |condition or non-
operational
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Sources upon which water quality standards can be based include extensive studies on the
effects of pollution in receiving waters as well as existing standards from other countries
or states. Most countries in the WCR use microbiological water quality standards taken
from USEPA guidelines written prior to 1986. However, these standards often are too
stringent and expensive for a developing nation. Planners need to account for the
economic realities and development priorities of developing nations when setting water
quality standards.

Three general categories of microbiological water quality standards are based on intended
water uses. protection of indigenous organisms, primary contact recreation, and shellfish
harvesting. For developing countries, the pollutants of greatest concern are pathogens
because they pose an immediate health danger. The most stringent requirements are those
for shellfish harvesting, since some shellfish tend to concentrate contaminants. The
UNEP/World Health Organisation (WHO) standard for shellfish harvesting waters is a
maximum of 10 faecal coliforms per 100 mL for 80 percent of samples taken. Shellfish
contamination is associated with typhoid fever, cholera, viral hepatitis, and many other
gastro-enteric conditions.

45 MarinePollution in Barbados (EPD, 2004)

In Barbados the control and management of marine pollution is controlled by the
Environmental Protection Department (EPD), the Coasta Zone Management Unit
(CZMU), the National Conservation Authority (NCA), Ministry of Physica
Development and the Environment (MPD&E) and the Ministry of Health (MoH). The
main legal instruments for the control of Marine Pollution are;

e The Marine Pollution Control Act, 1998 - It is an Act to prevent, reduce and
control pollution of the marine environment of Barbados from whatever source;

e Coastal Zone Management Act, 1998 — Management Protection, Conservation
and Enhancement of marine and coastal resources.

The Government of Barbados is also in the process of evaluating the potential impacts of
signing the Protocol Concerning Pollution from Land-Based Sources and Activities. This
MEA has the same aim as the Marine Pollution Control Act i.e. to prevent the pollution
and protection of the marine environment.

To fulfill its mandate, the Environmental Protection Department (EPD) is required to
regulate any activity that would have a potential impact on the marine environment by;

e Maintaining a Register of Pollutants containing data on the quantity, condition
and concentrations of pollutants;

e Ensuring that parties responsible for the release of pollutants on a one-time or
periodic basis, carryout required documentation and monitoring in order to
comply with applicable standards;

e Developing and implementing programmes to prevent, reduce and control marine
pollution.
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The onus of monitoring and sampling of pollutants lie with the polluter and not with the
Department. However, the polluter is required to report and provide required information
on their pollutants to the Department.

For enforcement purposes the EPD conducts monitoring of sewage treatment plants
island-wide and effluent samples are tested to ensure that discharged water will not have
agreat negative impact on the environment.

The EPD in enforcing the regulation, is guided by the Marine Pollution Control
(Discharge) Regulations, 2005. The Regulations include:

Discharge Rules;

Dilution will not cure Non-Compliance;
Storm Sewer Requirements;

Reporting Requirements;

Discharger Self-Monitoring;

Extra Strength Agreement;

Compliance Agreement;

Sampling and Analytical Requirements,
Maintenance Access Points;

Spill Management;

Administration;

Offences

List of Prohibited Concentrations;
Domestic Waste End of Pipe Standards
Petroleum Hydrocarbons End of Pipe Standards for Class | Waters.

Of importance is the list of prohibited concentrations which was developed by adaptation
and adoption of existing and acceptable relevant standards, guidelines and research. The
list was compiled in October 2004 with assistance from University of the West Indies and
New Water Inc.

Environmental monitoring inclusive of fresh and marine water quality monitoring, forms
an inherent part of the project and programmes geared towards the execution of the Act.
Water quality monitoring provides valuable information on the characteristics of water
resources. When monitoring is conducted routinely in accordance with scientific
principles, it allows the identification of trends in water quality over time as well as
existing or emerging problems with water quality. The intended use of the water
determines the water quality parameters selected for analysis. Generally, these include:

Physical Parameters such as pH, turbidity and temperature;

Chemical Parameters such as nitrates and phosphates;

Microbiological Parameters such as faecal coliforms and faecal streptococcus,
Metals such as copper and lead;

Pesticides such as atrazine.
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Nearshore bathing water monitoring is done weekly and feacal coliforms and enterococci
are the main microbes analysed for. The USEPA standards for ambient/recreational
waters are adopted for bathing waters.

4.6 Initial Development of a Coastal Zone Management Framework for St. Lucia
(MPDEH/ATRIA, 1995)

The government of St. Lucia is aware of the need to protect and conserve the coastal
resources and commissioned a study for the Development of a Coastal Zone Management
Framework for St. Lucia.

The overal long-term goal of coasta zone management in St. Lucia is described as
integrating the interest of economic development and environmental protection to achieve
optimal allocation and use of the natural, physical and biological resources located within
the coasta zone without threatening or exceeding the long-term sustainability
(ecologically, economically and socially) or carrying capacity of the coastal resources
and ecosystem.

Seven specific goals were proposed which recognized that there was a need for the
Government to further develop its capability to manage the coastal zone if ecologically
sustainable development is to be attained. This called for the following:

e Adopt a pro-active approach to environmental and resource management and
protection

e Develop an appropriate institutional mechanism to overcome and correct policy
and intervention deficiencies and market failures

e Generate and manage current, accurate and accessible information on the coastal
zone

e Provide the opportunity and the means for all stakeholders to participate in the
development of the Coastal Zone Management Plan

e Define public policy and enact legislation to legitimise the Coastal Zone
Management Initiative

e Eliminate or mitigate the impacts of existing resource degradation

e Reduce conflict among and between users of coastal zone resources

Integrated coastal zone management is important to St. Lucia which is so heavily
dependant on the marine and coastal resources. This integration needs to coordinate
management to provide different and sometimes conflicting outputs for the following;

e The management of land resources for urban, industrial, mining, tourism and
conservation activities,

e The management of coastal waters for recreation, aguaculture, transport and
mining;

e The management of living marine resources,

e The management of the assimilative capacity of coastal land, waters and air to
achieve environmental quality objectives,
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e Theprovision of coastal defenses.

The management actions have to coordinate the operations of three different systems: the
economic system, the biophysical system and the socia system. At the same time
decisions should satisfy criteriafor sustainable development.

Achieving integrated coastal zone management in St. Luciawill involved the following:

e Coordinating the activities and networking between the various Government
Ministries and Departments with responsibility for CZM;

e The establishment of a coastal zone management unit with a mandate for the
management of coastal resources;

e Theformation of an intersectoral committee acting in an advisory capacity to the

CZMU;

Data collection and research;

Digital data sets for analyses that will guide decision making;

Giving due consideration to the human environment and social assessment;

Enhancing the environmental assessment process to guide development in the

coastal zone;

e Public awareness and education and participation in the decision making process
for the management of the coastal zone;

e Prevention and protection of shoreline hazards,

e Emergency response and disaster preparedness.

The CZM Project of 2001 — 2003 emanated from the recommendations of this study and
areas specified in this study were incorporated into the policies which will guide coastal
zone management in St. Lucia

4.7 Regional Overview of Land-Based Sources of Pollution in the Wider
Caribbean Region (UNEP-CEP, 1994)

During the past two decades awareness of the steadily growing pollution of the coasta
and marine areas of the Wider Caribbean Region (WCR) became increasingly apparent.
In response to this concern, nationa research institutions and international organizations
have undertaken technical actions as well as the preparation of legal instruments for the
prevention and control of marine and coastal pollution within the Wider Caribbean
Region.

A comprehensive joint IOC-UNESCO UNEP-CEP Programme for Marine Pollution
Assessment and Control (CEPPOL) in the WCR was developed. This CEPPOL
Programme, which was initiated in August 1990, had seven components relevant to the
assessment and control of the quality of the marine and coastal environment of the WCR.
Among the above-mentioned components, the control of domestic, industrial and
agricultural land-based sources of pollution (LBSP) became one of the most important
activities of the programme.
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As in other regions of the world, in the WCR the major sources of coastal and marine
pollution originating from land-based sources vary from country to country, depending
on the nature and intensity of the specific development activities. In the coastal areas
these activities affect the water quality of rivers discharging into the coastal zone.
Activities related to human settlements, agriculture and industry have been identified as
major contributors to the pollutant loads reaching coastal and marine waters in the WCR.

In order to mitigate and control the impact of pollution originating from land-based
sources on coastal marine resources, it is essential that the type and levels of pollutants be
identified. This process involves the determination of the sources, localization of the
discharges, volume of the wastes, concentration of potential pollutants, etc. However,
point sources account for only a fraction of the land-based sources of pollution affecting
the coastal and marine environment of the WCR. NOAA's National Coastal Pollutant
Discharge Inventory Programme (NCPDI) has identified the following sources:

i) Point sources (industries and sewage treatment plants);
ii) Urban non-point runoff (stormwater runoff and combined overflow discharges);
ii1) Non-urban non-point runoff (cropland, pastureland and forestland runoff);

iv) Upstream sources (pollutants carried into the coastal zone as part of river's
streamflow); and

v) Irrigation return flows (irrigation water return to alake, stream or canal).

Based on al the information available to date, the type of pollutants from land-based
sources which may constitute the greatest real or perceived threat to coastal and marine
ecosystems as well as the public health of coasta dwellers of the WCR, are the
following:

e Sewage - Sewage has been identified as one of the most significant pollutants
affecting the coastal environment of the WCR, particularly in developing
countries;

e Qil hydrocarbons - Most of the oil produced in the Wider Caribbean Region is
shipped within the region resulting in an intricate network of distribution routes.

e Sediments - A considerable amount of river-borne particulate materia is
introduced every year. It must also be kept in mind that the present suspended and
dissolved river loads are being enhanced by contributions from human activities
such as the erosion of the river basin watershed caused by deforestation,
urbanization, agricultural activities and by a variety of pollutants being discharged
into these waters. With reference to the impact of human activities on the
sediment loads carried by the rivers of the WCR, deforestation of the river basin
watersheds is probably the one which causes major concern.

e Nutrients - Among the priority pollutants entering the coastal and marine
environment of the WCR, there is increasing concern regarding nutrient
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enrichment, particularly nitrogen and phosphorous compounds, of coastal waters
from point and non-point sources. The continuous discharge of these nutrients in
enclosed coastal area is a maor cause of the eutrophication phenomena. The
ecological effects of this phenomenon include algal blooms, changes in aquatic
community structure, decreased biological diversity, fish kills and oxygen
depletion events.

Pesticides - The extensive use of pesticide (insecticide, herbicides, fungicides,
etc.) due to intensive agricultural activity within the WCR is well documented,
and its impact on land and coastal marine ecosystems is evident. Through runoff,
erosion and misapplication, significant quantities of pesticides are reaching the
coastal and marine environment where they may affect non-target species, and,
through the contamination of seafood, may become a public health problem.
Pesticide compounds, once applied, reach the coastal areas of the region viarivers
and by atmospheric transport. It has been estimated that about 90% of pesticides
which are applied do not reach the targeted species. Consequently, pesticide
contamination is a serious concern because of its high toxicity and tendency to
accumulate in the coastal and marine biota.

Litter and marine debris - The appropriate management of solid wastes from land-
based sources in the WCR is a problem of great concern as it affects the
ecological and aesthetic quality of the coastal and marine environment. This
problem has arisen because of the increasing amount of solid wastes being
generated within the region, coupled with deficient collection systems and
inadequate disposal practices. Faulty disposal practices such as using rivers and
streams and mangrove swamps as dumpsites are evident in many countries of the
region. On the other hand, although well managed landfills should not constitute a
source of solid wastes reaching the coastal and marine environment, the fact is
that poorly managed landfills exist in many coastal areas of the WCR. These
sources plus runoff induced by high precipitation may turn landfills into important
sources of floating solid wastes en route to the sea. At present, there is no
published information concerning the amount of solid wastes being generated in
the WCR or the way these wastes are handled prior to final disposal.

Toxic wastes needs to be emphasized - These priority pollutants are organic and
inorganic compounds either synthesized or chemically transformed natural
substances that are capable of producing adverse effects on the structure and
function of land and coastal ecosystems when improperly utilized, discharged or
accidentally released into the environment. The contamination of the coastal
environment in the WCR by the above-described toxic compounds is a matter of
great concern. Taking into account that they are very persistent in the aquatic
environment, these compounds bio-accumulate in marine organisms and are
highly toxic to humans via the consumption of seafood.
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4.8 A Directory of Environmentally Sound Technologies for the Integrated
Management of Solid, Liquid and Hazardous Waste for SIDS in the
Caribbean Region (UNEP/CEHI, 2004)

Waste management is a major area of concern in Caribbean SIDS and this was
highlighted at all major regional conferences and environmental agreements. The
Environmentally Sound Technologies (EST) Directory consists of a compilation of
appropriate technologies for the management of waste which are especially applicable to
the Caribbean Region. Additionally, the Directory promotes a sound practice which is
technically and politically feasible, cost effective, sustainable, environmentally
beneficial and socially solution to a waste management problem.

Importantly also, is the availability of alternatives and the criteria for the evaluation of
their suitability.

Despite the fact that most of the technologies present would be suitable for all SIDS, the
following factors may be used in assessing the background conditions present for
individual situations:

Level of development;

Natural conditions;

Conditions due to human activities,
Socia and political considerations.

481 Solid and Hazardous Waste

Solid waste management is critical and in Caribbean SIDS indiscriminate and improper
disposal practices are responsible for the degradation of the marine environment and poor
water quality. Inappropriate solid waste management practices in coastal areas are
discernible with debris strewn along the coastline after washout from major drains and
rivers. Additionally, leachate from improperly constructed solid waste disposal facilities
could have a negative effect on the groundwater and ultimately reach the marine
environment.

Hazardous wastes are defined as waste materials that cause on immediate or cumulative
hazardous potential to humans and or the environment. These wastes could be toxic,
poisonous, corrosive, flammable, infectious or explosive. Hazardous wastes therefore
need specia handling, treatment and disposal because of this hazardous potential.

4.8.2 Wastewater

Many of the wastewater technologies used in the Caribbean have failed due to inter alia:
e |nappropriate technology;

e |nsufficient operation and maintenance practices,
e Lack of funding;
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e Lack of skilled personnel.

Wastewater management for Soufriere will need to consider the appropriate technologies
for domestic, commercial, agricultural and industrial sectors.

49 Sewage Treatment Operators Manual for the Caribbean Region
(USAID/UNEP/CEHI, 1996)

Sewage is one of the main sources of pollution to the marine environment and in the
WCR only 10 % of the sewage generated is treated properly. The training manual in
operation and maintenance of sewage treatment plants has therefore been identified as
oneway to strengthen management of the sewerage sector in the region.

The objectives of the manual are:

e Togiveanoverview of wastewater characteristics and treatment technologies;
e To provide guidelines on operational requirements and monitoring programmes
for:
+« Activated sludge process;
% Rotating biological contact;
+« Stabilisation pond.
e Provide trouble shooting methods for common problems.

The manual classify wastewater as.

e Storm water;
e Domestic water;
e Industria water.

Selecting the treatment technol ogies to be employed involved:

Evaluation of the hazards to communities;
Aesthetic acceptable;

Prevention of nuisance such as odors;
Protection of the ecology of the area;
Standards and/or guidelines for the effluent;
Plant location and location of the wastewater;
Treatment process.

The treatment process may constitute:

e Pretreatment;
+»» Rack and screen;
s Girt chambers,
+« Shredding.
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e Primary treatment;
Secondary treatment;
e Tertiary treatment.

410 Needs Assessment Guidance to Develop National Plans for Domestic
Wastewater Pollution Reduction (UNEP, 2003)

To assist countries of the WCR to fulfill the requirements of the LBS Protocol, the
UNEP-CEP/RCU has developed the Wastewater Needs Assessment Guidance. The goal
in developing this Needs Assessment Guidance is that it will serve as a tool for regional
governments, as they proceed to fulfill the domestic wastewater requirements of Annex
[11 of the LBS Protocol. It provided guidance in the development of programmes, plans
and measures to evaluate sewage management needs and lists of options to resolve
wastewater discharge impacts. Governments will be provided with an overview of the
how to begin planning to implement the general and specific requirements of Annex Il1.

A sewage needs assessment is a comprehensive profile of the program planning needs to
manage sewage, the preparation of which does not necessarily imply a commitment to
fulfill all or any of the needs identified. However, it does serve as an initial step and good
faith expression towards fulfilling the requirements of Annex Il1 and serves as a baseline
of information from which to launch the planning process.

The purposes of the Needs Assessment Guidance are:

e Establishing arecommended framework for national assessment and planning;

e |dentifying typical issues and information needs relevant to Annex I11;

e Providing tools such a checklist, schematics, illustrations and other aids in
planning;

e Introducing elements of follow-up planning phases to assist in understanding the
importance of early-phase information needs;

e Providing case studies illustrating the application of the planning tools or
environmental, social or economic considerations.

Domestic wastewater management is a key element for the protection of marine and
coastal resources and can have a number of benefits:

Public Health Protection;

Food Security;

Biodiversity and Conservation;
Recreational Value;

Economic Devel opment.

National programmes are required for the management of domestic wastewater and
conformation to the obligations under the LBS protocol. The following should be
considered:
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e Making water supply and sanitation integral parts of poverty alleviation
programmes;

e Incorporating water supply and sanitation as integral parts of human settlement
programs;

e Improving service delivery, operation, maintenance, service reliability and water
quality;

e Identifying adequate financial resources coupled with effective cost recovery
policies;

e Decentralisation and developing responsibilities to the lowest appropriate level of
management;

e Integrating water supply and sanitation within a holistic approach to the
development, management and use of water resources;

e Including and integrating stakeholder, from the local level to the regional and
national levels, to build partnerships for management of domestic wastewater;

e Harmonising national plans with other existing plans, such as coastal zone
management plans and development plans and evaluating them along with other
national priorities,

e Long-term operation and maintenance, receiving water monitoring and
management assessment of selected options.

4.11 Root Zone Wastewater Treatment in St. Lucia (CEHI, 1995)

Thereis an increasing amount of wastewater to be dealt with by hotels, whose expansions
have not always included infrastructure development. This problem is compounded by
the high concentration of nitrates and phosphates contained in grey water originating
from laundry, kitchen, showers and showers. This necessitated actions geared towards
experimenting with low cost but effective tertiary wastewater treatment methods such as
anatural reed bed. The purpose for designing a pilot project in St. Lucia was to examine
the effects such a reed bed treatment system on wastewater discharge from the Moorings
Marigot Bay Resort, located at Marigot Bay. The wastewater was intended to be a
combination of sewage and highly polluted domestic type effluent containing high
amounts of phosphorus from laundry detergents, as well as grey water from showers and
face basins.

The Resort contained a number of buildings, ranging from small two—unit cottages to a
large main building housing a restaurant and offices and also a large yacht operations
building with public sanitary facilities for yachtsmen and other users. The wastewater
from the compound was treated by septic tanks and a package plant was also severely
undersized for its intended use, resulting in poorly treated effluent being discharged into
the Bay.

The tertiary treatment plant designed for the project included a system for solids removal
from the sewage, sudge separation (Imhoff tanks), followed by a series of filter beds
covered with reeds as final treatment. It was intended to modify the sewer system to flow
to the Imhoff tanks and sampling for various parameters would have been conducted by
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CEHI, at various steps in the treatment process and at various times. It was intended to
collect samples at the following points:

Prior to sludge separation (before Imhoff tanks);
Immediately after sludge separation;

After each reed filter bed;

In the receiving environment (Marigot Bay).

Had this project been realized it would have provided a model for the low cost treatment
of liquid waste in St. Lucia providing high quality effluent. Specific advantages of this
type of treatment system included:

Minimum smell of obnoxious odors;

High BODs, nutrients, pathogens, removal;

Minimum energy demand,

No technical equipment;

Low maintenance cost;

Low dependence on existing solid conditions,
Complete treatment plant for ‘grey’ and ‘black’ water.

Such a project demonstrate how low cost technology can be used to improve the quality
of wastewater entering the environment in the vicinity of tourism oriented facilities.

4.12 Impactsof Wastewater on Caribbean Health & Tourism (CEHI, 1998)

Threats to drinking water supplies from inadequate sewage disposal are known
universally and the Caribbean and OECS sub-region are no exception. Few cities of the
OECS treat municipal sewage before discharging into the sea and where it is treated, it is
often inadequate to prevent biological contamination. Additionally, untreated or poorly
treated sewage is discharged into rivers, freshwater courses and into the sea via short
outlets from hotel operations which line the coastlines. The public health concerns
associated with this malpractice are skin, ear, nose and throat (ENT), enteric infections
due to contact with the waters during recreational use or extraction of fish for
consumption.

The impacts of the wastewater on the marine and coastal environments of our region are
of grave concern to the tourism industry which depends so heavily on this resource. In
fact, it is the tourism industry which concentrates large volumes of visitors and resident
in the coastal zone generating waste that pollutes the very resource on which it depends.
This necessitates appropriate management of liquid waste to maintain the environmental
integrity of the product marketed. However, the redlity of the situation differs distinctly
from the ideal in that the most common scenario is typified by tourist resorts maintaining
their own collection and treatment facilities.

These plants do not comply with the criteriafor good operation due to:
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e Application of technologies that require high levels of skilled human resources
and energy input in operation and maintenance;

e Inadequate operating skills and limited understanding of treatment processes and

insufficient process monitoring;

Insufficient time operation to operation and maintenance;

Insufficient operational support through operation and maintenance contracts,

Insufficient funds alocation;

Inadequate disposal facilities for excess sludge.

Beach sampling in the OECS have produces varying results, alarming in some cases
while encouraging in others. Specific beaches in St. Kitts, Antigua and St. Lucia have
been found to be contaminated and unsafe for bathing, constituting a substantial public
health risk. Significant improvements in the quality of the beaches after the
implementation of the sewage projects have been noted. This is seen in the Grand Anse
Sewerage Project in Grenada and the Rodney Bay Sewerage Project in St. Lucia. Levels
of pollution have been reduced to such an extent that beaches, which a few years ago
were considered unsafe for bathing, are now found to have negligible levels of
bacteriological contamination.

there is no doubt that wastewater present a serious risk to human and the environment
and the realization have resulted in major investment in sewerage works in a number of
OECS countries. Partnership is critical if efforts to address the problems caused by
wastewater are to be successful. Investments are needed by both Government and the
private sector, including manufacturing plants and hotels. The investments include not
only in infrastructure (e.g. treatment plant operators) but also in human resources, both at
the operational level and the regulatory level (e.g. Environmental Health Inspectorate).
Additionally, it is necessary to establish and/or implement effluent standards for
wastewater discharges and strengthen the instructional and regulatory mechanism to
allow for improved enforcement and compliance monitoring.
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4.13 Papersand Proceedings from Regional Conferences

4.13.1 Near-Zero Discharge Systems. Low Cost, Advance Technology for
Caribbean Water and Wastewater (Bullock, 1994).

This paper presents a concept for on-site systems including "underwater reversing sand
filters® for sink and washing drainage followed by aeration and reverse osmosis. The
intended use of this system is to treat household grey water for return to potable use. A
separate, smaller system would be used for toilet water to prepare it for soil absorption or
discharge into receiving water.

4.13.2 Coral Reefs, Sewage and Water Quality Standards (Goreau, 1994).

This paper presents summary data on the damage done to coral reefs by eutrophication of
the coastal zone, soil erosion, high temperatures, sport divers, and overfishing. The
author reports from a perspective of 35 years of study of the ecology of coral reefs in
Jamaica. The author finds that eutrophication (excess nutrient fertilisation) of coastal
waters has caused a dramatic withdrawal of coral reefs. Reefs which formally had more
than 95 percent live coral are now more than 95 percent covered by algae. The author
reports that rising nitrate and phosphate concentrations in the coastal waters have had a
direct effect in this conversion to aless desirable ecology.

4.13.3 Impacts of Wastewater on Caribbean Coastal and Marine Areas (Archer,
1994).

This paper presents an overview of sewage pollution problems faced by the Caribbean
region including algae deposition on sea-grass beds, coral reef damage, and reduction in
fisheries. The potential for amelioration of these problems by nutrient removal from
sewage effluent and installation of long marine outfallsis discussed.

4.13.4 Sand filtration Treatment of Domestic Wastewater aViable Option in
Complex Areas (Monroe 1994).

This paper presents a discussion of potential solutions to the pressing problem of nitrate
contamination of ground water supplies by septic tank effluent. A series of aternatives
are considered including:

* Evapotranspiration beds
* Intermittent sand filters
* Aerobic systems

* Total retention, and

* Overland flow system
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4.13.5 Developing Alternative Approaches to Urban Wastewater Disposal in Latin
America and the Caribbean (Bartone 1984)

These two papers provide good overviews to wastewater disposal in the Caribbean. The
authors mention such possible waste treatment technologies in the WCR as submarine
outfalls with minimal pre-treatment, treated effluent reuse for irrigation and other
"unconventiona” technologies for urban slum sanitation. They also mention current
problems in setting water quality standards. Too often, the regulatory agencies in Latin
America and the Caribbean attempt to define a set of standard based on water usage or
classification. This approach has not worked well because of itsinflexibility, its failure to
correlate water quality with discharges, and its disregard of economic issues.

4.13.6 Report on a Rapid Assessment of Liquid Effluentsfrom Land Based Sources
in Trinidad and Tobago (IMA, 1992)

This report contains a detailed survey of pollutant loads and sources in Trinidad and
Tobago’s coastal waters. The report identifies oil refineries, livestock farms, food and
chemical processing industries, and domestic sewage as the main BOD sources in coastal
waters.

4.13.7 History and Application of Microbiological Water Quality Standardsin the
Marine Environment (UNEP 1994)

This report provides a historical perspective of the development of water quality
standards in the United States and the effect of this development on water quality
standards in other countries. Water quality guidelines for the United States and a few
Central American countries are listed. The author points out that most WCR countries
with national water quality standards adopted them from U.S. standards, with minimal
consideration given to the economic situation and priorities of the adopting country. The
author feels that planners must "conduct a thorough review of the prevailing local water
quality guidelines/standards (if any exist) to ensure that local economic development
priorities are reasonably accounted for." Also, "the decision to design the system for
other than minimum water quality standards should be supported by demonstrated need,
or a state local/national policy decision.” The author also introduces the controversy of
whether swimming in water that is moderately contaminated with coliforms is a public
health issue or one of aesthetics. Studies correlating sickness upon contact with water to
quality of the water (in terms of coliform count) are reviewed.

4.13.9 Review on the Present State of Marine Pollution by Sewage and Present
Monitoring and Control Practicesin the Wider Caribbean” (CEPPOL 1991)

This report is an excellent review on existing wastewater treatment practices used in
different countries in the region. The overwhelming trend is that most of the Caribbean is
not served by wastewater collection systems with centralised treatment. For example, in
the Eastern Caribbean and the Bahamas, approximately 40 percent of the population is
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using pit privies, 40 percent is using septic tanks, 11 percent use connected disposal
systems with centralised treatment, and 9 percent have no waste disposal facilities at all.
In the WCR, many of the existing collection systems and treatment facilities are in poor
state of disrepair. This review includes current monitoring programs for different

countries.

58



5.0 SewageProfile Survey of Soufriere

Assessing the infrastructure for Liquid Waste Management in Soufriere involved a
situation analysis which constituted a profile of the current sewage disposal methods. The
data and information required to determine these were acquired by the means of survey
forms developed for that purpose. A household questionnaire (Appendix 2) was used to
conduct a ‘Quota Survey among the residents of Soufriere. This involved interviewing
one in every 10 houses starting from one end of the streets and alternating between the
sides of theroads. A total of 28 households were surveyed.

An Organisational survey form (Appendix 3) was developed to capture data and
information from businesses of various kinds. The relatively large hotels, institutions and
industry type operations and the relatively smaller businesses such as restaurants
operating in the Soufriere watershed totaling 10 were surveyed.

The extent of the survey and degree of coverage was determined and constrained by
resources available.

51 Resultsfrom Household Survey
Findings from the household survey are presented below.

Most householders lived in excess of 26 years in Soufriere (Figure 5.1.1) and had a
monthly income of less than XCD 3000 (Figure5.1.2)

Tenure in Soufriere

Over 26 yrs
21-25yrs 7:|
11-20yrs ]

6-10yrs 7:|

1-5yrs
<iyr [

Time Period

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

Households (%)

Figureb5.1.1: Tenureof HouseholdersLiving in Soufriere
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M onthly Income for Families Surveyed (XCD)

3000-5000
<3000

Figure5.1.2: Monthly Income for Surveyed Residentsin Soufriere

The residents had access to the public water supply, which is provided 24 hours per day
with approximately 70% having connection to same.

Access to sanitary facilities are summarized and presented in the Table 5.1.1 below.

Table5.1.1: Accessto Sanitary Facilitiesand Disposal of Liquid Waste

Facilitiesfor Excreta and Bathing
Excreta Disposal Bathing Facilities
Water Closet Pit Privy Pail/Bucket Indoor Outdoor Communal River
53.57% 25.00% 21.43% 60.71% 10.71% 21.43% 7.14%
Facilitiesfor Kitchen and Laundry
Kitchen Facilities Laundry Facilities
Indoor Outdoor Stand pipe Machine | Wash Tub | Communal River
61.86% 28.57% 3.57% 28.57% 82.14% 14.29% 10.71%
Effluent Disposal
Black Water Disposal Grey Water Disposal
Soakaway Pit Privy Sea/River Drain Soakaway | Watercourse Land
53.57% 25.00% 21.43% 46.43% 0% 46.43% 7.14%

The ages for the septic tank sewage treatment systems utilized by the households are
shown in Figure 5.1.3. For these systems, 90% of the households believe that their

system of sewage treatment and disposal is adequate and that at the household level 68%
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(Figure 5.1.4) believes that nothing can be done to improve their sewage treatment and
disposal systems. Some respondents think that finance, topography and space availability
are the main factors limiting improvement in sewage disposal.

Age of Septic Tank Sewage Treatment
Systems
>20
<20
7] _
5 <15 [
>_ _
<10 |
<5 ‘ ‘ |
0.0 10.0 20.0 30.0 40.0 50.0
Households (%0)

Figure5.1.3: Agesfor Septic Tank Sewage Systems

Can the Sewage Treatment and Disposal
Systems be Improved at the Household L evel?

Don't know,
18% Yes, 14%

No, 68%

Figure5.1.4: Can Sewage Treatment and Disposal Systems be Improved at the Household
Level?
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For residents utilizing the pail/bucket system of excreta disposal 100% are of the opinion
that improvement in the method of excreta disposal is possible. This is basically in the
form of provision of Communa Sanitary Toilet Facilities in addition to the existing
laundry. The availability of space was the most common limiting factor responsible for
the procurement of individual excreta disposal systems such as the Pit Privy.

Despite the provision of arefuse collection system which is accessible to all the residents,
indiscriminate garbage disposal was identified as the main environmental problems in
Soufriere. Additionally, the use of the river for excreta disposal and the sea for the
deposition of ‘night soil’ were indicated to be significant sources of pollution. Better
solid waste management practices with emphasis on education and public awareness and
the provision of Public Sanitary Facilities were suggestions to ameliorate the situation.

An effort was made to gauge the opinion of the residents with respect to the threat to
public health and the environment from the pollution of the streams and the coastal
waters. Figure 5.1.5 shows that most of the residents (50 - 65%) think that no such
threats exist.

Sedimentation during torrential rains, poor agricultural practices by the use of fertilizers
and pesticides and inadequate solid waste disposal practices were identified as some of
the factors contributing to the threats.

Threats to Public Health and the Environment from
Ambient Water Quality

W Threat to the Environment
Don't know

@ Threat to Public Health
" —
‘s ___|
|

0% 10% 20% 30% 40% 50% 60% 70%

Responses

Percentage

Figure5.1.5: Threat to Public Health and the Environment from Ambient Water Quality
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With regard to public health and the environment could anything be done to improve the
sewage treatment and disposal systems in the community of Soufriere, the responses are
shown in Figure 5.1.6.

Can Anything be Done to I mprove Sewage Treatment
and Disposal at the Community Level?

Don't Know, 89

No. 40% Yes, 52%
0, 40%

Figure5.1.6: Can the Sewage Treatment and Disposal Systems be Improved at the
Community Level?

Approximately 52% of respondents believe that measures can be employed to improve
sewage treatment and disposal in Soufriere. Such actions include:

o Greater efforts to improve sanitation by the Governmental and Non-Governmentl
Organisations;

e Investments aimed at increasing the number of private excreta disposal systems;

e Increasing the number of strategically placed and accessible communal systems;

e Installing of a centralized sewage disposal system to serve Soufriere;

e Increase frequency of septic tank servicing.

Some of the limiting factors to the appropriate treatment and disposal of liquid waste in
Soufriere were identified as:

e Limited budgetary allocation from Government;
e Lack of financial resources;

e Land tenure and allocation of space for excreta disposal systems,
e Inadequaciesin the Environmental Health Department.

Benefits to be derived from improving sewage treatment and disposal in the community
of Soufriere are:

e Cleaner, healthier environment and community;
e Reduce pollution of rivers and the sega;
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e Improve coastal aesthetics;
e Reduce malfunctioning septic tanks within the community;
e Increase access to acceptable means of excreta disposal by residents.

It was felt that the residents themselves, WA SCO and GoSL should incur the cost
associate with improved sewage management in Soufriere.

5.2  Survey Resultsfor Institutional, Tourism and Commercial Sectors

The institutional, tourism and commercia sectors in Soufriere are characterized by the
presence of schools, Soufriere hospital, hotels (including smaller guest houses),
restaurants, visitor centers, and businesses. The St. Lucia Coconut Growers Association
(SLCGA) factory which manufactures cooking oils is the main manufacturing plant
located in the area.

All of the sectors surveyed had access to the public water supply and indoor facilities.
Although the most common method of sewage disposal is septic tank with soakaway pit,
very few had some measure of treatment of grey water before final disposal (Figure
5.2.1). Most respondents felt that their sewage disposal system was appropriate (80%)
and over 90% indicated that it was in good working condition.

Disposal of Grey Water by Organisations in
Soufriere

Treatment
Plant, 10%

Septic Tank,
10%

Soakaway,
10%

Drain, 70%

Figure5.2.1: Method of Grey Water Disposal by Organisationsin Soufriere
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The efficiency of the systems used for the treatment and disposal of sewage is dependent
on the initial design, operation, maintenance, substratum and age. These elements are
particularly crucial to obtaining at least secondary treatment of the sewage since most of
the facilities are within 50 meters to the coastline or to a down-gradient natural
watercourse. The age ranges for the facilities surveyed are shown in Figure 5.2.2.

Age of Sewage Treatment and Disposal
Systems Serving the Commercial and
Institutional Sectors
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Figure5.2.2: Age Rangesfor Institutional and Commercial Sewage Treatment and Disposal
Facilities

From the perspective of the resource person interviewed within the institutions and the
commercial sector the following were indicated to be significant environmental problems
affecting Soufriere:

e Indiscriminate disposal of solid waste particularly in watercourses,

e Sedimentation of the reef system after heavy rains due to poor watershed
management practices,

e Poor excreta management practices especially among the less fortunate areas of
the community.

The need for a Sewage Management Plan was expressed and the implementation of such
will impact positively on the marine environment, reduce pollution and contribute to the
sustainability of the resources. The private sector, residents;, WASCO and the
Government were identified as the main bodies that should incur the cost associated with

improved sewage treatment.
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6.0 Water Quality Sampling and Analyses

In an effort to evaluate the effect of sewage generated in Soufriere on the marine
environment, water sampling was conducted at various points (Figure 6.1) along the
coastline, and some freshwater bodies. Additionaly, in some cases samples were
collected from agencies that were surveyed to gauge the load of pollutants entering the
environment.

Section of Soufriere Water shed

x sample point locations
rivers
[ ] watershed boundaries

Anse Chastnet
Trou Biable

Soufriere River

Barons 2

Malgretoute

Jalousie

w E

1 0 1 2 3 4 5 Kilometers

Figure 6.1: Map Showing Sample Pointsat Soufriere

The sample points were chosen based on the potential for influx of pollutants from land-
based activities and sources. These include areas where wastewater will be discharged
from Anse chastnet Hotel, Barons Drive residents and Jalousie Hotel. The receiving
water in close proximity to the points of discharge of freshwater sources such as the
Soufriere River and Malgretoute were also chosen.
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6.1 Water Quality Analysis Results

The points of sampling and the results of the analyses conducted are presented in Tables
6.1 (a) - 6.1(c) below:

Table 6.1 (a): Water Quality Analyses Results- Ambient Marine Water Samples

Ambient Marine Water Samples
Sample Point pH Sal | Tem | Tur DO | Enterococci
(ppt) | CC) | (NTU) | (mg/l) | (cfu/100 ml)
Marine Samples
Anse Chastenet 756 | 346 | 265 | 0.36 6.52 <10
Trou Biable 755 | 352 | 267 | 0.77 6.34 <10
Humming Bird 645 | 351 | 26.7 | 0.76 6.32 140
Off SoufriereRiver | 6.44 | 351 | 26.8 6.14 210
Barons Drive 1 6.49 353 | 26.8 | 1.06 6.45 >800
Barons Drive 2 6.48 35.2 | 269 | 0.46 6.39 250
Malgretoute 763 | 353 | 269 | 043 6.65 6
Jalousie 649 | 353 | 268 | 0.74 6.30 <10
Standard* [ 7.087[3038] <31 | 15 | 657 | 35
Standard based on Ambient Standards for Barbados

Sal — Salinity (Parts Per Thousand)

Tur —Turbidity(Nephelometric Turbidity Units)
Cond — Conductivity (Milisemens)

DO - Dissolved Oxygen (Miligrams Per Litre)

Table 6.1 (b): Water Quality Analyses Results - Ambient Freshwater Samples

Ambient Freshwater Samples
Parameter Mouth of Soufriere River | Drain BaronsDrive | Standards*
Temperature 27.0
pH 6.62
Salinity (ppt) 0.2
TSS (mg/l) 8 414 Class 1-30
Class 2-150
DO (mg/l) 7.95
BODs5 (mg/l) -
Nitrate (mg/l) 34 0 Class 1-5
Class 2-45
Phosphate (mg/l) 0.33 5.7 Class 1-1
Class 2-10
Faecal Coliforms (cfu/100 ml) >2,000 >20,000 200
* Standards based on ‘End of Pipe' Standards for Barbados
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Table 6.1 (c): Water Quality Analyses Results - Grey Water Point Source Sampling from Agencies

6.2

and Soufriere River

Grey Water Point Source Sampling from Agencies and Soufriere River
Sample pH | TSS | BODs | NOs | PO, FC
mg/l | mg/l | mg/l | mg/l | (cfu/200 ml)
SLCGA 742 | 20 50 51 | 0.19 >20,000
Ladera Resort 771 | 333 | 460 | 723 | 43.20 >20,000
Sulphur Springs 722 | 23 | BDL | 57 | 870 >20,000
Soufriere Comprehensive | 7.81 | 8 BDL | 1.8 | 0.17 <1
Soufriere River 718| 10 | BDL | 44 | 025 >20,000
Standard 69 | 30 25 5* 1* 200***
45+* | 10**
* Standards based on ‘End of Pipe' Standards for Barbados
* Class 1 Waters
** Class 2 Waters
*** Standard for Jamaica and Trinidad

Interpretation of Water Quality Results

Due to the relative absence of standards and guidelines specific for St. Lucia the results
obtained are compared with known regional standards and guidelines that are applicable
to the basis of this study. These include:

1. The Barbados Marine Pollution Control Act (1998) and Draft Marine Pollution

Control (Discharge) Regulations (2005). Under this Act the University of the
West Indies and New Water Inc. were given a consultancy assignment by the
Coastal Zone Management Unit to develop Prohibited Concentrations for
pollutants and Ambient Water Quality Standards. This action was in accordance
with National Programme of Action to prevent the pollution of the marine
environment as per the Cartagena Convention and LBS Protocol. These standards
are particularly important to Soufriere since consideration is given to both human
health on contact with the water and concentrations required for the protection of
coral reefs.

Guidelines developed by PAHO (2001) for monitoring recreational water quality
in St. Lucia. These guidelines use levels of bacteria (faecal coliforms and
enterococci) as indicators of suitability of water for recreational use
(CZMPIMOH, 2003).

USEPA Action Plan for Beaches and Recreational Waters (1998) indicated
measures aimed at improving the Science that Supports Recreational Water
Monitoring Programme. This document looks at raid indicators of faecal
pollution, analytical methods for detecting presence of intestinal pathogens,
distinguishing between human and animal faecal contamination and indicators
specific to tropical climates.
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4. Suggested Sewage Effluent Guidelines for the Wider Caribbean Region (CEHI,
1998) provide effluent guidelines for the discharge of municipal wastewater into
coastal waters. These guidelines provide the best compromise between stringent
measures which are difficult or impossible to meet given the local socio-economic
and political environments and the susceptibility of humans and natural resources.
This became the basis for the stipulations as per the LBS Protocol.

5. The LBS Protocol is particularly important to the assignment since St. Lucia is
party to the Cartagena Convention and is in the process of making preparations to
sign and enforce the Protocol. The Guidelines stipulated by the Protocol
distinguishing between Class | and Class Il receiving Marine Waters were
summarized earlier.

Based on these standards and guidelines comparisons are made with the results obtained

for the in situ sampling. Observations made are summarized in Tables 6.2 (a) - 6.2 (c)
below:

Table 6.2 (a): Interpretation of Water Quality Results - Ambient Marine Water Samples

Ambient Marine Water Samples
Parameter Observations
pH o Vauesarewithin Guidelines set for Class | Waters as per the LBS Protocol

Salinity e Valuesare within the Standards and Guidelines

Temperature | o Valuesare below the threshold implicated in Coral Bleaching

Turbidity e Samples arebelow threshold level

DO o Vauesarewithin acceptable levels

Enterococci | ¢ Samplestaken from Humming Bird, Off Soufriere River and Off Barons Drive
exceed acceptable levels

Table 6.2 (b): Interpretation of Water Quality Results - Ambient Freshwater Samples

Ambient Freshwater Samples
Parameter Observations
Temperature o Vauesarewithin Guidelines set for Class | Waters as per the LBS
Protocol
TSS e Sampletaken for Barons Drive area exceeds limits for Class | and
Class |l Waters
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Nitrate e Concentration at the Mouth of Soufriere River exceeds limit for

Class| Waters
Phosphate e Concentration in Drain at Barons Drive exceed limit for Class|
Water
DO o Vauesarewithin acceptable level
Faecal Coliforms e Samples significantly exceeds the known guidelines and standards

Table 6.2 (¢): Interpretation of Water Quality Results - Grey Water Point Source Sampling from
Agencies and Soufriere River

Grey Water Point Source Sampling

Parameter Observations
pH e Valuesarewithin guideline
TSS e Sample taken form Ladera Resort exceeds guideline value
BODs e Vauesfor SLCGA and Ladera Resort exceed threshold for Class | Water
Nitrate e Concentration at the Mouth of Soufriere River exceeds limit for Class | Waters

Phosphate ¢ LaderaResort and the Sulphur Springs samples exceed limit for Class | water

Faecal e Samples significantly exceeds the known guidelines and standards except in
Coliforms the case of the sample taken from the Soufriere Comprehensive School

6.3  Discussion of Water Quality Monitoring Exercise

The Water Quality Monitoring conducted as part of the Soufriere Sewage Assessment
Project was used to provide a background of environmental quality and generate hard
data that mirrors observations of existing liquid waste disposal observations. The
following should be noted:

e Sampling points were chosen in the receiving waters close to the entry of
intermittent or permanent freshwater sources, and land-based point sources of
liquid waste effluent;

e Sampling was conducted during the month of February which signifies the dryer
period of the year and minimum influence of land-based pollution influx;
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e Test for Nitrates and Phosphates were not conducted for the marine samples since
historical data indicated that such will be below ‘Detection Level’ for the
laboratory techniques to be used;

e Based on accepted microbial ecological factors, Faecal Coliforms were the
preferred microbiological indicator for freshwater samples and Enterococci were
used as the indicator for marine samples;

e Biochemica Oxygen Demand was not conducted for marine samples due to
equipment malfunction;

e Some physio-chemical parameters were not measured for the freshwater source at
Barons Drive due to the poor appearance of the water;

e Freshwater bodies such as the Soufriere River and Barons Drive Stream were
treated as point sources of pollution to the marine environment and provided
dilution for the raw liquid waste plumes from individual sources,

e Septic tanks with soakaway pits formed the basis for treatment and disposal of
‘black water’ for the households, businesses and institutions eliminating the
possibility of obtaining a sample of the effluent.

Because of the rich ecological base, existing marine habitats, food production capacity,
recreational use and tourism generating potential the marine waters of Soufriere up to the
200 Meter contour seaward should be deemed Class | waters. This is based on the LBS
Protocol stipulation and a geological delimitation scheme used in Barbados where
consideration is given to the existing bank reef straddling the entire west coast of the
island. This rationale allowed for the consideration of al the waters within the sampling
exercise to be deemed Class | and comparison of the results were made principaly with
standards and guidelines set for such receiving environments.
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7.0 The Barons Drive Situation

In shadows of St. Lucia s world famous Pitons geologica feature bordered by the steep
hills on the east side and the turquoise Caribbean Sea on the west side is the socialy and
economically less fortunate locality of Barons Drive (Figure 7.1). Typified by poor
quality housing, unsanitary residential environment (Figure 7.2), the management of
sewage and excreta within this area warrants special mention.

Figure 7.2: Unsanitary Conditions at Barons Drive
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As part of the survey for the project, avisit made to the areareveaed the following:

e Most of the residents fell in the low income bracket and lived in the area for

considerable periods (>26 years) or al their life;

e A high population of children and in some cases overcrowded households were

evident;

e A communal laundry and the public stand pipe was provided by the Soufriere
Regional Development Foundation (SRDF) but the communal toilet facility is

non-functional and dilapidated,;

e Lack of basic individual sanitary facilities is propagating the pail/bucket system

for excreta disposal;

e The'night soil’ is deposited in the sea directly opposite households which are also

the receiving waters for the influx of pollutants from the drains;

e Poor drainage have resulted in stagnated grey water creating anoxic conditions

and stench;

e The coastal receiving waters in the immediate vicinity is used for recreational

purposes especially by children (Figure 7.3);

e The residents are of the opinion that the method of excreta disposal is of public
health and environmental concerns but indicated that space and financial
constraints are limiting factors at the household level to ameliorate the situation;

e At the community level the residents indicated that the SRDF and Town Council
can assist with the refurbishment and management of the communal toilets which

will improve the situation;

o Generaly, residents expressed a feeling of disenfranchisement, marginalisation

and existence in a state of economic stagnation all their life.
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Figure 7.3: Recreational Use of Marine Areain BaronsDrive
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8.0

Framework for Compliancefor Liquid Waste Disposal in Soufriere

The basis for determination of the level of compliance is premised on three legal
instruments which are:

Water and Sewage Act (2005);

Public Hedth (Sewage and Disposal of Sewage and Liquid Industrial Waste

Works) Regulations (1978);
Public Health (Disposal of Offensive Matter) Regulations 1978.

The Water and Sewage Act (No. 14 of 2005) established the Water Resources
Management Agency in St. Lucia for the purpose of managing water resources and also
addresses the issue of Waste Control. Division 5, Section 24 stipulates Waste Control
Areas and Permits. This Section states:

24 (1) Where on the advice of the Agency, the Minister is satisfied that the
regulating of the discharging of wastes or classes of wastes or classes of
wastes into or on —

(a) any land;

(b) any sewer or drain;
(c) any bore; or

(d) any water;

Is necessary to protect the water resources from pollution or reduction in
water quality, the Minister shall by order published in the Gazette declare
the area to be a waste control area.

(2) In exercising his or her authority under sub-section (1), the Minister
shall have regard to the factors listed in section 23 (2) (such as the
ecology, hydrology and hydrology of the ared), and to the necessity of
protecting the health of the public and the requirements of established and
intended uses of water resources, including protection of the fauna and
flora of watercourses and he or she shall also have regard to the
desirability of protecting and enhancing the environment.

(3) An order pursuant to sub-section (1) shall specify the boundaries of the
waste control area and the waste or classes of waste required to be
regulated.

(25) (1) A person shall not use water in a water control area or discharge
waste or a class of waste in a control area, except in accordance with a
permit for the purpose granted to that person by the Minister under this
Division.
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(3) A person who contravenes sub-section (1) commits an offence and
upon summary conviction is liable to fine of not less than three thousand
dollars or to imprisonment for a term of not less than six months or to
both and to a further fine of not less than fifty dollars for each day during
which the offence continues.

The Public Health (Sewage and Disposal of Sewage and Liquid Industrial Waste Works)
Regulations is administered by the Public Health Board and is responsible for the
enforcement of these regulations due to the absence of a specialy appointed sewage
authority. Specified areas are:

e Discharge of effluent, permission and application for discharge and the prevention
of nuisances, offensive or deleterious situations;

e Sewage and Industrial Effluent Discharge into Coastal Waters;

e Applications,

e Requirements for sewage systems for individua lots in particular the septic tank
and soakaway systems;

e Operation and maintenance of sewage system including the septic tank and the
responsibility of the Public Health Inspectors.

The application for the construction of an individual sewage treatment and disposal
systems, which is the septic tank and soakaway system, is to the Public Health Board
through the Development Control Authority simultaneously with the application for the
construction of a property. The application is reviewed and stipulation such as the
distance from a watercourse, geology and technical design are evaluated. On granting of
approval the Public Health Inspectorate perform field visit to assess the suitability of the
location for the construction of the system before recommending approval.

Notwithstanding the odd cases of circumvention of the legal and administrative regime,
the more affluent members and businesses of the community of Soufriere more or less
adhere to the requirements for sewage treastment and disposal. This is basicaly in the
form of septic tank and soakaway systems which is approved by the Public Health Board.
However, the onus for the operation and maintenance of these systems rest with the
householders and businesses and this is not always given priority. Additionally, the lack
of resources and manpower by the Health Department do not allow for periodic
scheduled surveys of these systems and enforcement of the Regulations.

The Public Health (Disposal of Offensive Matter) Regulations 1978, covers among other
aspects:

Restrictions of deposit of filth night soil;

Hours for the carriage and deposition of the filth night soil;
Restriction on the discharge of effluent into seafrom public sewerage;
Restrictions discharge of effluent from private sewerage system.
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The site of deposition of night soil and sewage effluent from a private or public source
must be approved by the Public Health Board and must be marked by signpost. In fact,
according to the Regulations, any place of human habitation must contain suitable
sanitary convenience which includes:

A water closet;
Pit latrine;

Earth closet;
Chemical closet;
Pail latrine.

The sewage from a water closet may be disposed into a public or private sewerage
system, a suck well or cess pit, a septic tank or into the sea with the prior approval of the
Medical Officer of Health. Furthermore, the discharge from any sewerage disposal
system into the sea must be approved by the Public Health Board.

St Lucia has ratified the Cartagena Convention and is in the process of making
preparations to sign and enforce the LBS Protocol. This means that effluent to be
discharged after the entry into force of the Protocol will have to comply with the
limitations for the Class | or Class Il Waters (Section 2.3 above).
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9.0

9.1

Recommendationsfor Liquid Waste Management in Soufriere

Recommendationsfor Obtaining Compliance

The following are recommended for attaining compliance for liquid waste treatment and
disposal within the legal, administrative and regul atory framework:

Mandatory site visits by the Environment Heath Department (EHD) of the
Ministry of Health prior to approval and before the completion of the sewage
treatment and disposal system for buildings and homes. At such visits technical
advice and directions should be provided by Environmental Health Officers (
EHOs for the proper construction of the systems to ensure compliance;

Conduct biannual inspections of individual sewage treatment systems to ensure
that measures required for the proper functioning of such systems are enfoirced;

Develop a ckecklist for self-inspection and assessment for household and
commercial sewage treatment and disposal systems and implement a system for
self-ingpection and assessment by householders and managers of commercial
sewage treatment and disposal systems;

Conduct house to house inspection throughout Soufriere concentrating on specific
less fortunate localities such as Barons Drive, to obtain data required for the
formulation of a plan to manage sewage and excreta;

Identify all households without appropriate and approved excreta and sewage
disposal systems and assess the measures necessary to obtain compliance on an
individual basis;

Formulate and implement a plan and strategy for attaining compliance within the
framework of the legal instruments covering sewage and excreta disposal at the
level of the household; The development and implementation of the strategy and
plan should involved governmental and non-governmental resource management
organisations, development and social services agencies such as the SRDF, Town
Council, SMMA, Ministry of Social Services, Ministry of Agriculture, Ministries
of Works, Health, the Environment and Tourism among others.

Assess the possibility of relocating residents in the congested low—income
localities and provide where necessary assistance in obtaining better housing and
suitable sewage disposal systems for these residents,

Implement a programme to gain commitment and support from the political

directorate to enhance the standard of living and general residential environment
of the town of Soufriere with special emphasis on the less fortunate localities;
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9.2

Ensure that the SLCGA, the largest manufacturing plants in Soufriere, in addition
to treating its sewage aso treat its ‘grey water’ to the tertiary level before
discharge into the environment;

Conduct a feasibility study for the installation of a sewage treatment and disposal

plant that will produce high quality effluent within the national standards and the
stipulations of the LBS Protocol for the community of Soufriere.

Recommendationsfor Training in Obtaining Compliance

Obtaining compliance to regulations or any instrument governing liquid waste disposal
may not necessarily be obtained through enforcement. The element of voluntary
compliance obtained through education, awareness building and training is aways a
feasible and sustaining alternative that tends to foster buy-in. If the public is not aware of
what is required, not trained and educated in the technical aspects for obtaining
compliance and not convinced of the need to be compliant, then enforcing the regulations
will be extremely difficult.

With respect to training the following are recommended:

Provide training for the construction and building sectors in the design, erection
and functioning of the septic tanks, filtering systems, absorption pits and
alternatives for attaining appropriateness (A Directory of Environmentally Sound
Technologies for the Integrated Management of Solid, Liquid and Hazardous
Waste for SIDS in the Caribbean Region (UNEP/CEHI, 2004) provides much
needed information in this regard);

Develop amanual for the design, construction and operation of sewage treatment
and disposal systems that are appropriate for use in the Soufriere community;

Promote good liquid waste management practices among the businesses of
Soufriere to build awareness and generate a sense of responsibility for protecting
the environment from pollution as aresult of liquid waste;

Provide training and awareness building to the management and operators of
hotels and ingtitutions in aternative waste treatment and disposal methods and
the choice of appropriate systems,

Provide training to the technicians responsible for the operation and maintenance
of the sewage treatment plants in accordance with the Sewage Treatment
Operators Manual for the Caribbean Region (USAID/UNEP/CEHI, 1996);

Provide training to the EHD in the design, construction, operation, maintenance
and management of on-site and communal sewage disposal systems;

79



e Provide training to the EHD in the design, construction, operation, maintenance
and management of package treatment plants.

9.3 Recommendationsfor Reducing I mpacts of Liquid Waste

Reducing the potential impact of liquid waste on the marine environment warrants
measures to be taken from two fronts;

¢ Reducing the quantity of liquid waste from point and non-point sources,

e Improving the quality of the waste reaching the marine environment from land-
based sources.

In the case of Soufriere the combination of both measures are necessary to improve and
sustain marine water quality to minimise the threat to the environment and public health.
A comprehensive system for sewage and liquid waste management in Soufriere should
consider a policy, plan and strategy for improvement that covers all sectors generating
such waste together with and the socio-economic and political aspects of the community.

The results of the survey indicated that residents without adequate sanitary facilities were
aware that their current methods of excreta disposal have the potential to impact
negatively on public health and the environment. Most householders and businesses with
septic tanks and soakaway systems were of the opinion that their systems were
appropriate and the potential negative impact of their liquid waste was negligible even
where large volumes of ‘grey water’ were discharged directly into the environment. At
the level of the institution where septic tanks were used to treat the ‘black water’ and
‘grey water’ entered the public drain or natural watercourse without tertiary treatment this
was deemed to be appropriate.

The residents and businesses surveyed felt that solid waste issues were the most critical in
Soufriere. The greater awareness of the solid waste malaise existing and the relatively
easier discernment of the problem compared to the more latent liquid waste pollution
problem can be attributed for should a perception. This therefore suggests that more
awareness raising and education building programmes for liquid waste management
targeting all sectors of the community is necessary. This can be incorporate in the policy,
plan and strategy for improving liquid waste management in Soufriere.

The following are recommended to reduce the potential impact of liquid waste on the
marine environment:

9.3.1 ‘Grey Water’ Management
The threats from the significant quantities of grey water entering the marine
environment are great. Subjected to no form of treatment the ‘grey water’, loaded with

inorganic nutrients is deposited in open drains and natural watercourses and ultimately
reaches the sea. Some end of pipe sampling and analysis results shows nitrates as high
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as 70 mg/l and phosphates 40 mg/l. The ambient standard for the protection of coral
reefs are 2.48 ug/l for phosphate and 9.8 ug/l for nitrate.

For household constructed with individual sewage treatment systems, it should be
mandatory that all wastewater be subjected to primary and secondary treatment in a
septic tank. Hence, the design and construction of septic tanks should take into
consideration the necessity for a grease traps, increased associated wastewater flow rates
and atanks of suitable dimensions and capacity.

9.3.2 ‘Black Water’ Management

The measures necessary for attaining compliance to the Public Health Regulations
should be adhered to in the granting of approval for the construction and operation of a
septic tank. The design of al individual sewage disposal system should be approved and
the construction of all such systems should be monitored to ensure adherence to the
approved design. This will alow for the efficient functioning of the system and
obtaining the appropriate retention time necessary for the treatment process to be
effective. This will allow at least secondary treatment of the sewage before final
discharge to the environment.

9.3.4 Appropriate Disposal of Effluent from Household Sewage Disposal Systems

Individual sewage disposal systems, consisting of mainly of septic tanks and soakaway
pits, were the most common in Soufriere. These may constitute a direct point source of
pollution when the system malfunction and overflows in cases of properties located
close to the shoreline or water courses. Even when such systems function efficiently
they may still pose a non-point source of pollution if the are located near to the shoreline
or water courses since there is percolation of the effluent into the soil which can get into
the watercourses and coastal waters. Overflowing system allows the pollutants to reach
the marine environment during direct washout or via natural water courses. In this case
the raw untreated or partially treated liquid waste is dumped into the sea.

Percolation into the soil by the effluent of the treatment systems allow for some measure
of natural treatment, attenuation, absorption by plants, adhesion to soil particles, dilution
and dispersion before entering the marine environment. In this case the less
concentrated pollutant may have lower impact or reduced degrading effect due to lower
potency. However, the continuous influx of this low concentration pollutant can have a
more delayed impact which may be realised in the longer term.

Ensuring the pollutants reaching the marine environment has minimal negative impact
and consequently of the highest quality, measures should be taken to obtain the
maximum treatment possible. Due consideration should therefore be given to:

e Distance from and gradient to the nearest natural watercourse or the sea;

e The hydrogeology of the area containing the treatment and disposal systems,
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e The level of treatment that can be requested or stipulated within the socio-
economic and political climate;

e Ratifying and enforcing the requirement of the LBS Protocol to meet its
international obligations for the protection of the marine environment from land-
based sources of pollution;

o Declaration of the marine space of Soufriere up to the 200 meter bathymetric
contour as Class | waters under the LBS Protocol and enforcing discharge
standards for the effluent entering this receiving environment;

e Application of root zone treatment to attain tertiary level treated effluent
migrating within the substratum by the use of appropriate vegetation to aid in the
extraction of inorganic nutrients;

e Where soil is unsuitable to allow required percolation needed for the proper
functioning of the absorption pit or where the water table is high, tertiary
treatment of the effluent should be requested and enforced.

9.34 Appropriate Disposal of Sewage from the Commercial, Tourism and
Institutional Sectors

Appropriate disposal of sewage from the commercial, tourism and institutional Sectorsis
also needed for Soufriere. The commercial sector in Soufriere refers to businesses such as
stores, restaurants, bars, and shops; the tourism sector refers to visitor reception and
recreational facilities while the institutional sector refers to schools, places of worship
and medical facilities. The Public Health Regulations governing liquid waste require that
all such premises provide for sufficient, suitable and adequate sanitary facilities and
sewage treatment and disposal systems. These places are of particular interest to any plan
and strategy for the management of sewage and liquid waste since they concentrate
people in confined areas and hence generate relatively larger volumes of sewage. Some
of these sewage treatment systems have their biologically treated effluent entering natural
water courses and all of their ‘grey water’ entering either the public drain or a natural
watercourse.

With specific reference to the commercial, tourism and institutional sectors the following
are recommended:

e Conduct an assessment of the sewage treatment and disposal facilities;;

e Identify areas for improvement and retrofitting to enhance the level of treatment
required, including cost effective alternatives where necessary;
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Working with all these premises, develop a programme to enhance the quality of
the liquid waste through a ssimple tertiary treatment system such as a sand or
charcoa filter;

Develop an operations manual for the sewage treatment and disposal systems and
educate the operatorsin the use of the manual;

Develop inspection forms for specified periods as deemed necessary and have
them issued and checked by the EHD;

Ensure that al ‘grey water’ from these premises are subjected to treatment prior
to final disposal;

Develop and implement a programme for voluntary improvements in the sewage
treatment and disposal systems with emphasis placed on ensuring that the
Government operated institutions adhere to the same guidelines,

Heightened vigilance by the EHD and SDEU in monitoring the level of voluntary
enhancement in sewage treatment and disposal and determine the necessity for the
amendment of the Public Health Regulations to reflect what is required,;

Ensuring that enterprises such as the Fishing Complex (Figure 9.3.4.1) and
abattoir which generate large volumes of ‘grey water’ are fitted with simple
means of tertiary liquid waste treatment systems to generate a highly polished
effluent before final disposal.

-~ > = e =

Figure 9.3.4.1: Soufriere Fishing Complex
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9.3.5 Enhancing the Socio-Economic Status of the Less Fortunate Residents of
Soufriere

Enhancing the socio-economic status of the less fortunate residents of Soufriere is a
critical element for the reduction of pollution from liquid waste. Integrating the human
element in the management and conservation of the coastal and marine resources was not
adequately considered in the Management Plan of the SMMA or the Management Plan
for the Pitons Management Area. This is a critical element to ensure that the financial
gains from the non-extractive use of natural resources trickle to the grass-roots residents
of the area either directly or through the multiplier effect. This will reduce the feeling of
marginalisation among the residents by the agencies and investors, who market, sell and
generate significant revenue from the natural resources that are of symbolic value to St.
Luciaand to which they have a birth right.

e Improving the socio-economic status of the residents of Barons Drive so that they
can improve their standard of living at the household level and manage their
liquid waste on an individual basisin the long-term;

e In the short-term, refurbish the communal sanitary facility existing within Barons
Drive and establish a management and operation system to prevent the abuse and
vandalisation of the premises;

e Integrate the human element into the development and management plans for
Soufriere and ensure that the improvements in the facilities provided for visitors
and enhancement in the infrastructure to facilitate the ever increasing tourist
arrivals are paralleled with the socio-economic advancement of the less fortunate
residents,

e Promote alternate forms of livelihood to that of extraction of the natural resources
among the less fortunate residents of Soufriere so that they can benefit from the
royalties obtained from the marketing and promotion of Soufriere as a premier
visitors' attraction;

e The custodians of natural resources of the area who are entrusted with the
management should allocate a small percentage of the revenue generated to be
pumped back into the community at the level of the household;

e Interagency collaboration between the Governmental and Non-Governmental
Organisations and the residents themselves should be promoted for the
development of a policy, plan and strategy for the advancement of the less
fortunate residents of Soufriere.
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94  Recommendation for Chaetomor pha aerea M onitoring

Chaetomorpha aerea, (Figure 9.4..1) a green algae thrive in the intertidal zone of the
coastline and grow and flourish in nutrient rich waters. They uptake the inorganic
fertilizing nitrogen and phosphorus contained in pollutants of which land-based activities
are the major source. Hence, they provide an indication of nutrient laden waters and
monitoring their abundance and proliferation in the coastal habitats can give an indication
of pollution from nutrients.

http://mwww.horta.uac.pt/Species/Algae/Chaetomorpha_aerea/Chaetomorpha_aerea.htm
Figure 9.4.1: Green Algae Chaetomorpha aerea

The influx of ‘grey water’, effluent from sewage treatment and disposal systems and
direct discharge of excreta are all nutrient rich and hence the proliferation of C. aereaisa
suitable indicator of pollutant loading.
The method of monitoring of the green algae is as follows:
1. Establishing the sitesto be monitored
The procedure for the establishment of the monitoring sites involves:

e Review of the map detailing the area managed by the SMMA (Figure 9.4.2) and
determination of the sites of potential pollution from land-based to sea-based
activities. This will involve a determination of the areas to the immediate north
and south of the point sources of pollution such as the outfall of the Hilton

Jalousie sewage treatment plant, the mouth of the Soufriere River, the mouth of
the mgor stream at Barons Drives. It should be noted that for the purpose of this
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study rivers and major drains are classed as point sources of pollution to the
marine environment.

1 kilometers

v

SMMA Zoning Legend

. Marine Resarve
. Fishing Priority Area
. Yachting Area

Multipurpose Area

Figure9.4.2: Area Managed by SMMA
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Determination of point of influx of pollutants outside the geographic demarcation
of the SMMA that may influence the marine habitats existing within the SMMA
and designating additional monitoring sites. This may extend to Canneries in the
North and Choiseul in the South.

2. Procurement of Monitoring Equipment

The equipment required for the monitoring includes:

10 meters tape measure;

50 x 50 cm quadrats (metal or PVC);
GPS receiver;

Water resistant paper or ruled dates;
Clip boards;

Pencils.

3. Establishing Permanent Transects at each Monitoring Site

Line transects for the monitoring should be of a graduated tape measure (metric) with a
minimum length of 10 meters or a line marked at 1 meter intervals. A minimum of 5
permanent 10 meters transects should be established at each monitoring site:

One transect should be established at the intertidal directly in line with the point
source of the pollution and two to the north and two to the south;

All transects must be parallel to the shoreline and within the splash zone;

Marking the start point of each transect running parallel along the shoreline by a
GPS waypoaint.

Marking the end point of each 10 meter transect line running parallel along the
beach by another waypoint;

Noting the start and end waypoints for each transect and renaming them in the
GPS by site;

Allowing a minimum distance of 2 meter between each end of one transect and
the start of another;

The waypoint should be coded indicating the location and specifying whether

start or end of atransect, for example transect 1 of a monitoring site on the north
of the Jalousie sewage treatment plant outfall can be named JLN1S;
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A record of metadata (Appendix 4) should be kept containing monitoring sites,
codes used to mark the start and end of the transects, the coordinates for all the
waypoints and the interpretation of the codes,

4. Data Collection along Transect using Quadr at

The 50 x 50 cm Quadrats should be used to collect the percentage coverage of the
C.aereawithin the quadrat:

Ensure that the transect lineis fully stretched;

Estimate percentage cover of the algae within the quadrats placed at 5 points
along the transect line;

Quadrat 1 should be placed on the transect line so that the 1 meter mark is in the
middle of the quadrat;

Subsequent quadrats should be placed sequentially and directly over at the 3, 5, 7
and 9 meters mark so that each of these marks fall in the middle of the quadrat
(Figure 12.3);

Record percentage algal cover for each quadrat on a data entry form (Appendix
5);

Enter the data in accordance to the form on an excel spreadsheet on returning to
Office.

__________________ Landward
et Transect Line
50 x 50 cm Quadrat
Start T 2 3 % S End
N <
Seaward

Figure 9.4..3: Position of Transect Line and Quadrat at Monitoring Site
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5. Monitoring Schedule

Monitoring should be conducted monthly so that the influence of seasonality can be
captured. This is important because the influx of pollutants from the land can vary with
the seasonal freshwater run-off, visitor penetration ratio and occupancy level from the
major hotels. Additionally, this will allow for the influence of variation in the
assimilative capacity of the receiving waters due to changes in physical oceanographic
factors which can then be accounted for.

The monthly monitoring should be done within a specified week of the month. If the first
week of the month is the preferred time for the activity, subsequent repeats should also
fall within the first week of succeeding months. Similarly the second week can be used
for the collection of field data.

6. Analysis of Data

The data collected should be used to:

e Graphically plot the proliferation or reduce abundance of the C. aerea algae for
sites and over time periods;

e Conduct time series regression analysis for determination of the temporal increase
or decrease abundance of the algae (Appendix 6);

e Conduct statistical significance testing such as analysis of variance for differences
between site and over time (Appendix 7).
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APPENDIX 1
Proposal and TOR

Sewage Needs Assessment for Soufriere
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Proposal to Soufriere Marine Management Authority (SMMA)

TITLE OF SUB-PROJECT:

PROPOSER AND IMPLEMENTING

ORGANIZATION:

COLLABORATING AGENCIES:

PROJECTED SUB-PROJECT COST

PURPOSE:

DURATION:

PROPOSED DATE OF ACTIVITY:

SUBMISSION DATE:

Assessment of the
Infrastructure for
I mproved Wastewater

Management in Soufriere

Caribbean Environmental
Health Institute
(CEHI)

SMMA, OECS-ESDU,
SRDF

US$ 5,500.00

Determine the level of
compliance for the disposal
of wastewater in Soufriere
and formulate
recommendations based on
legidative, administrative
and policy framework for
the meeting and keeping of
compliance

One (1) Month

February 2006

January 6, 2006
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PROBLEM STATEMENT:

Raw and improperly treated liquid waste from hotels, households and commercial
establishments are polluting the marine environment in Soufriere. Thisis evident by the
recent proliferation of algal growth along the coastline and on the coral reef systems.

JUSTIFICATION:

The two main hotels along the Soufriere coastline have been discharging poor quality
effluent into the marine environment. Other restaurants, accommodation and commercial
establishments and households have septic systems that need improvement. The situation
is compounded by the discharge of gray water in open drains that convey the nutrient-rich
effluent directly into the sea. Hence, there is a need to conduct a compliance study for
liquid waste disposal in Soufriere focusing on the level of conformity to national
legislative and regulatory framework and other existing guidelines.

SUB-PROJECT OVERVIEW:

The compliance study for wastewater in Soufriere will involve an assessment of point
and non-point sources of pollution. The assessment will focus on liquid waste effluent
from sewage treatment plants (STPs), washout points and other land-based sources. A
survey will be conducted on a representative sample of non-point sources of pollution
within the Soufriere watershed. Sampling and analyses will be conducted to guide the
guantitative and qualitative aspects of the assessment. The legidlative framework will be
reviewed and recommendations will be made for meeting and keeping compliance so as
to protect the marine environment of Soufriere.

SUB-PROJECT ACTIVITIESAND COSTING

Activities Unit Cost Cost
(USD) (USD)
Literature review and develop survey forms 2 person days @ 600
300
Assessment of point sources of pollution 2 person days @ 600
300
Survey of non-point sources 2 person days @ 600
300
Sampling and analyses at point sources 1,000
Sampling and analyses of marine water 1,000
Collation and presentation of results 2 person days @ 600
300
Review of legidative framework 4 person days @ 1,200
300
Compilation of report 3 person days @ 900
300
Travel to Soufriere 500
Total 7,000
Discount of 21.43 % 1,500
Sub-project Cost 5, 500
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DELIVERABLES
The wastewater assessment study for Soufriere will have the following outcomes:

e Assessment report on liquid waste management in Soufriere;

e Determination of the level of compliance for liquid waste disposal within the
Soufriere watershed,

e Recommendations for compliance within the legal, administrative and regul atory
framework;

e Recommendations for training in obtaining compliance;

e Recommendations to reduce the potential impact of liquid waste on the marine
environment.

e Recommendations for possible amendment of the SMMA’s monitoring activities
(e.g. monthly GPS coordinates of green algae Chaetomor pha aerea).

SUB-PROJECT COMPATIBILITY
As a component of the Soufriere Watershed Management Project funded by NOAA and
implemented by OECS-ESDU, this sub-project can possibly fall under:

e Components 7 - Creation and application of the mechanism for the involvement
of communities in the adoption of environmentally practical and sound resource-
use practices and

e Component 4- Establishment and implementation of environmentally sound
watershed practices (e.g. river bank stabilization systems, liquid waste
management etc)

TIME SCHEDULE

Activities February 2006
Literature review and develop survey forms Week1
Review of legidative framework Week 3
Assessment of point sources of pollution Week 2
Survey of non-point sources Week 2
Sampling and analyses at point sources Week 2
Sampling and analyses of marine water Week 2
Collation and presentation of results Week 3
Compilation and submission of report Week 4

PAYMENT SCHEDULE
Payment for the execution of the Soufriere sewage assessment assignment will be
disbursed asfollows:

50 % of total sub-project sum before February 1% 2006 =USD 2,750
50 % on completion of sub-project (Final Report Submission) =USD 2,750
TOTAL = USD 5,500
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Please indicate acceptance of this agreement by signing and returning a copy to CEHI.

Vincent Sweeney Ka Wulf
Executive Director Manager
CEHI SMMA
Date Date
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APPENDIX 2

Household Survey Form
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[ en
COM

Knowledge, Attitude, Practice and Behaviour Study

On Sewage Treatment and Needs in Soufriere

Household Questionnaire

Introduction to the Session:

The Caribbean Environmental Health Institute (CEHI) is assisting the Soufriere Marine
Management Authority (SMMA) in conducting an Assessment of the Infrastructure for
Improved Wastewater Management in Soufriere. We therefore ask for your assistance in

completing the following form.

All information provided would be treated with the highest level of confidentiality and no
individual responses would be included in the Assessment Report

The areas to be covered by the survey are:

e Information about the household's living standards, employment, income,
consumption and social and economic prospects.

e Information on sewage treatment and needs at the household level and
prospective on sewage treatment and needs for community.

¢ Information about the community’s development and infrastructure including
environmental concerns and considerations.

The interviewers should inform the respondents that there will be a mix of standard
guestions, which are known as closed questions, and open questions, which provide the
respondents with opportunities to explain, elaborate and add more information.

Interviewed by: Date:

Place/Location:

Respondent’'s Gender: M = Male F = Female

Section A: Household description: Living Standards, Employment, Income,
Expenditures and Prospects

Q1. Approximate Distance for the Coastline (Meters) ............

| Q2. | How Long have you lived in this community?
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Less than a year 1 -5 years 5—10 years

10 — 20 years 20 - 25 years Over 25 years
Q3. | Number of persons in this household?
Q4. | Type of dwelling
Separate House Semi-detached Apartment Building
detached
Improvised housing unit | | Other, please specify
Q5. | Main use of dwelling
| Residential | | Residential/Commercial/Industrial
Q6. | Ownership of dwellin
Owned Leased/Rented Government Rented
Rent Free Company Squatting
Owned/rented
Other, please specify
Q7. | What is your family estimated monthly income? (Please Tick one)
Less than EC EC $3,001 - $5,000 EC $5,001 - $10,000
$3,000
EC $10,001 - Over EC $15,000
$15,000

Section B: Sewage Treatment and Needs

Q8. | What is the main source of drinking water for your household? (Please
Tick one)
Inside tap/pipe Outside private tap Public Standpipe
Well/spring Rainwater/tank River/Stream
Other, please specify
Q9. | Access to Public Water Supply (please tick one
24 hours/day | | Once per day Once per week
More than once per week but less than 4 Infrequently
times per week
No Access | | Other, please specify
Q1 | What type of toilet facilities do you have at home? (Please Tick one)
0. Water Closet Pit Latrine | | Open Defecation
Pail System Communal

Other please specify

What type of bathing facilities does your family use? (Please Tick one)
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Q1 | What type of bathing facilities does your family use? (Please Tick one)
1. In-door private Out-door private Public Standpipe
shower shower
Communal shower River/Stream
Other, please specify
Q1 | What type of Laundry facilities does your family use? (Please Tick one)
2 Washing machine Washing Tub Public Standpipe
Communal River/Stream Commercial
Other, please specify
Q1 | What type of Kitchen cleaning facilities does your family use? (Please
3 Tick one)
In-door dish Out-door dish washing Public Standpipe
washing
River/Stream
Other, please specify
Q1 | How do you dispose of your garbage? (Please Tick one)
4 Collect by garbage Place in Skip Burn/bury
truck
Dump in empty lot Dump in gully/river/Stream
Other, please specify:
Q1 |How do you dispose of your Grey water? (Grey water includes discharge
5 from kitchen sink, shower, laundry and other washing facilities.)
Drain Soakaway | | Septic Tank
Natural Watercourse Sewage Treatment Plant
Other, please specify:
Q1 | What system do you have in place for Sewage/Excreta Treatment?
6 (Sewage refers to waste from toilet)
Septic Tank and Soakaway Septic Tank and Tile Field
Septic Tank and Watercourse Pit Latrine
Nightsoil/Bucket Sewage Treatment Plant
Other/None, please comment:
Q1 | For the Treatment System you identified in Q16 above:
7 What is the age of the System?

| <5yrs | | <1oyrs | |<15yrs | |<20yrs | [>20yrs
What is the frequency for servicing/emptying the
system? years
Comments:
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Q1 | Has the Treatment System ever Yes No Don’t Know
8 overflowed/flooded?
If yes, what would you say were the reasons:
What IS the frequency of
overflowing/flooding? years
Q1 | Approximate Distance of Sewage System from Watercourse or
9 Drain:........ Meters
Q2 | Approximate Distance of Sewage System from Sea................Meters
0
Q2 | Do you think that your Sewage Disposal System is Appropriate?
1 Yes No
Please explain:
Q2 |In your opinion, what is the condition of your sewage
2 treatment/disposal system?
| Good | | Moderate | | Poor
Comments:
Q2 | From a public health and environmental point, is there anything that
3 could be done to improve YOUR sewage treatment/disposal system?
Yes No Don’t Know
Please explain, indicating what can be done:
Q2 | What would you say are the factors limiting improvements to YOUR
4 treatment/disposal system?

Please explain, indicating what can be done:
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Section C: Community Development, Infrastructure, Prospects

Q What do you think are the three main environmental problems facing
5. your community?

1

2

3
Q2 | In your opinion, what do you think should be done to address these
6. three main environmental problems facing your community?

1

2

3
Q2 |Do you think that the quality of the water in the
7. rivers/streams/surrounding beaches can pose a threat to public

health? (Tick one)

Y =yes; N =No; DK = Do not Know

If yes, Why and How?
Q2 |Do you think that the quality of the water in the
8. rivers/streams/surrounding beaches can pose a threat to marine life
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and resources( Tick One)

Y =yes; N =No; DK = Do not Know

If yes, Why and How?

Q2 | From a public health and environmental point, is there anything that
9 could be done to improve sewage treatment/disposal in the
COMMUNITY? Yes No Don’t Know
Please explain, indicating what can be done:
Q3 | What would you say are the factors limiting improvements to
0 treatment/disposal in the COMMUNITY?
Please explain:
Q3 | What would you say are the benefits for improving sewage treatment
1 and disposal in the COMMUNITY?
Please explain:
Q3 | Who should pay for improving sewage treatment and disposal in the
2 Soufriere community? (Tick all that apply)

Residents Private Sector in V/F | [ wAsco

Government Donor Agencies

Other, please specify:
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Thank you very much, you have been most helpful
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APPENDIX 3

Organisation Survey Form
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[ en
COM

Knowledge, Attitude, Practice and Behaviour Study

On Sewage Treatment and Needs in Soufriere

Organisation/Businesses Questionnaire

Introduction to the Session:
The Caribbean Environmental Health Institute (CEHI) is assisting the Soufriere Marine
Management Authority (SMMA) in conducting an Assessment of the Infrastructure for
Improved Wastewater Management in Soufriere. We therefore ask for your assistance in
completing the following form.

All information provided would be treated with the highest level of confidentiality and no
individual responses would be included in the Assessment Report

The areas to be covered by the survey are:

¢ Information about organization.

e Information on sewage treatment and needs at the organizational level and
prospective on sewage treatment and needs for community.

e Information about the community’s development and infrastructure including
environmental concerns and considerations

The interviewers should inform the respondents that there will be a mix of standard
guestions, which are known as closed questions, and open questions, which provide the
respondents with opportunities to explain, elaborate and add more information.

Interviewed by: Date:

Place/Location:

Section A: General Organization Information

1. Name of Organization:

2. Acronym of
Organization:

3. Contact Information (Head Office):
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Mailing

Address:

Telephone: Telefax:
Email Address: Website:

4. Contact Person within Organization

Contact
Person:
Designation:

5. Ownership Type:

Government State Private Individual
Enterprise Enterprise
Multinational | | Cooperative | | NGO | |

6. Year of [[[T]] Establishment: 7. Year | [ [ ||

of Operation:

7. Type of Business/Organization/Institution

School Church Health Facility
Retailer Manufacturer Transportation
Restaurant Hotel Financial/Services
Medical/Doctor Touristic Business Shop/Mall

Other, please specify:

8. Please describe the organization activities
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9. Average number of employees/ Students
10. | Average number of customers/client/guests per month
11. | What are the overall prospects for future development/expansion of
your organization in the next five years? (Please Tick one)
| Poor | | Good | | Very Good
Why
12. | Environmental Responsibility
General Environmental Issues Yes | N | D/ | Comments/Remarks

1. Was an EIA/EIS conducted for the
plant?

2. Has there been an Environmental Audit
done on the facility? (If yes, when last?)

3.

Is there an EMS in place?

4. Is there and Environmental Policy in
place?

5.

Is there a Waste Management
Plan/Policy in place?

6.

Is there a Hazardous Waste
Management Plan/Policy in place?

7. Is there a Workers’ Health and Safety
Plan/policy in place?

Notes: D/K = Do not know

Section B: Sewage Treatment and Needs

13. | What is the main source of drinking for your organisation? (Please
Tick one)
Inside tap/pipe Outside private tap Public Standpipe
Well/spring Rainwater/tank River/Stream
Other, please specify
14. | Access to Public Water Supply (please tick one

24 hours/day | | Once per day Once per week

More than once per week but less than 4 Infrequently
times per week
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No Access Other, please specify

15. | What type of toilet facilities do you have? (Please Tick one)
Water Closet Pit Latrine | | Open Defecation
Pail System Communal
Other please specify
16. | What type of bathing facilities is available? (Please Tick one)
In-door private Out-door private Public Standpipe
shower shower
Communal shower River/Stream | N/A
Other, please specify
17. | What type of Laundry facilities does your organization use? (Please
Tick one)
Washing machine Washing Tub Public Standpipe
Communal River/Stream Commercial
Other, please specify N/A
18. | What type of Kitchen cleaning facilities does your organization use?
(Please Tick one)
In-door dish Out-door dish washing Public Standpipe
washing
River/Stream | N/A
Other, please specify
19. | How do you dispose of your garbage? (Please Tick one)
Collect by garbage Place in Skip Burn/bury
truck
Dump in empty lot Dump in gully/river/Stream
Other, please specify:
20. |How do you dispose of your Grey water? (Grey water includes discharge
from kitchen sink, shower, laundry and other washing facilities.)
Drain Soakaway | | Septic Tank
Natural Watercourse Sewage Treatment Plant
Other, please specify:
21. | What system do you have in place for Sewage/Excreta Treatment?

(Sewage refers to waste from toilet)

Septic Tank and Soakaway Septic Tank and Tile Field
Septic Tank and Watercourse Pit Latrine
Nightsoil/Bucket Sewage Treatment Plant

Other/None, please comment:
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22. | For the Treatment System you identified in Q21 above:
What is the age of the System?
| <5yrs | | <10yrs | |<15yrs | [<20yrs | [>20yrs
What is the frequency for servicing/emptying the
system? years
Comments:
23. | Has the Treatment System every Yes No Don’t Know
overflowed/flooded?
If yes, what would you say were the reasons:
What is the frequency of
overflowing/flooding? years
24. | Approximate Distance of Sewage System from Watercourse or
Drain:........ Meters
25. | Approximate Distance of Sewage System from Sea................Meters
26. | Do you think that your Sewage Disposal System is Appropriate?
Yes | No | Don’t Know
Please explain:
27. | In your opinion, what is the condition of your sewage
treatment/disposal system?
| Good | Moderate | | Poor | | Don’t Know
Comments:
28. | From a public health and environmental point, is there anything that

could be done to improve YOUR sewage treatment/disposal system?
Yes No Don’t Know

Please explain, indicating what can be done:
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29.

What would you say are the factors limiting improvements to YOUR
treatment/disposal system?

Please explain, indicating what can be done:

Section C: Community Development, Infrastructure, Prospects

30. | What do you think are the three main environmental problems facing
your community?
1
2
3
31. | In your opinion, what do you think should be done to address these
three main environmental problems facing your community?
1
2
3
32. |Do you think that the quality of the water in the

rivers/streams/surrounding beaches can pose a threat to public
health? (Tick one)

Y =yes; N =No; DK =Do not Know

If yes, Why and How?
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33. |Do you think that the quality of the water in the
rivers/streams/surrounding beaches can pose a threat to marine life?
(Tick one)

Y =yes; N =No; DK = Do not Know
If yes, Why and How?

34. | From a public health and environmental point, is there anything that
could be done to improve sewage treatment/disposal in the
COMMUNITY? Yes No Don’t Know
Please explain, indicating what can be done:

35. | What would you say are the factors limiting improvements to
treatment/disposal in the COMMUNITY?

Please explain:
36. | What would you say are the benefits for improving sewage treatment

and disposal in the COMMUNITY?

Please explain:
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37. | Do you feel that there is a need for developing a Plan for improving
sewage treatment and disposal in Soufriere Community? Yes
No Don’t Know
38. | If yes, what do you think are the three main benefits of such a Plan
1
2
3
39. | Who should be involved in developing such a Plan?
40. | Who should pay for improving sewage treatment and disposal in the
Soufriere community? (Tick all that apply)
Residents Private Sector in V/F | | WAScO
Government Donor Agencies
Other, please specify:

Thank you very much, you have been most helpful

113




Appendix 4

Metadata Form for Algal Monitoring
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Appendix 4: Metadata Form - Monitoring Site and Transect Location

Waypoint Site Northing Easting Transect and Waypoint
Code Location Details
JLN1S Jalousie 0501275 15279997 | Start of transect 1
located to north of outfall
SRS1E Soufriere 0501493 1531484 End of Transect 1 south
River of river
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Appendix 5

Monitoring Data Entry Form
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Appendix 5: Algal Cover Data Entry Form

Waypoint Code % Cover
Start End Transect # | Quadrat # | C. aerea | Other Algae Date
JLN1S | JLN1E 1 1 25 10 23/3/06
1 2 10 5 23/3/06
1 3 15 50 23/3/06
1 4 30 25 23/3/06
1 5 5 20 23/3/06
JLN2S | JLN2E 2 1
2 2
2 3
2 4
2 5
SRN1 | SRN1E 1 1
S
1 2
1 3
1 4
1 5
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Appendix 6

Noteson Time Series Regression Analysis
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Previous chaplers have discussed varions methods of statistical snalysis that el
with 2 single variable, Technigues that consider relationships betsoen bwo varizbles
are deseribed in thas and the following two chapters, Chapter 26 preiesos the enxpassior
of such teehniques 1o analyze situations where more than two varizbies may be relzied
to cach oiher.

177 REGRESSION WS, CORAELATION

The relationship between two variables may be one of functionn dependence of
one on the other, That is, the magnitude of one of the varinbles (the dependenr nariebie)
is assumed to be determined by—ie, is o function of —the magnitode of ke second
variable (the independent variebie), whereas the reverse is not troe. For cxample, i3
the relationship between blood pressure and age in humans, bload pressure may be
considered the dependent variable and age the independent variable: we may reason-
a.b|}: assume that n'|l|mg|1 the |1:a.Hr'|i1u|:|i: af a pl‘::l'Sl.‘ll!‘s bdoed pressare TI'lig.l'lL he Iﬂ
function of age, age s not determined by blead pressure. This not 1o say that age 15
the anly bio]ugic.ul determinant of blood preessure, but we do consider it 1o e one
determining factor.

Such a dependent celationship is teemed a regression; the term simple regression
pefers o the fact thal only two variables are being considered, In the case of simple
regression, the adjective fiseor is used 1o reler 1o the relationship between the two
variables being o straight line, Duls amenable to simple regression analysis will consist
of a dependent vardable that 3 o random elfect factor and an independant variabla
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that is either a fived-efféct or 4 random—ffect factor. (Sce the snd of Scction 11,1 1o
review these comcepds.}

I is very convenient To giaph simple regression dats, usimg the ardinate { ¥ axis)
for the depecdent vanable (conventimally tzrmed ¥ ) and the abscissa (X axis) for the
independznt variable (X7 Thus, as shown in Fig. 171, the daia of Example [7.]
appear 35 3 scatter of pobogs, each podnt represeniing @ paic of X and ¥ valoes. Ong
pair of ¥ gnd ¥ data may be dencied as (X, ¥\, another as (X5, 15 ancther as
(X,. ¥a), eta {The line in this figere will be esplained shortly.)

Woayd Ldmaln, ¥ wm o
e

i i 5 Figare 1T.]  Sparrow wing
2 7 ] [ [] ] el r " lengih 25 a lumclion of age. Tha
e K. PRy darzx are from Eumﬂ: IT.1.
Exmple ¥71
Spaavirs aaet brmgpihes oy warows times aier hatching. The data are pletted m g 1200
Ape tdursi Wing ingaf dcm)

f 3] L

3.0 1.4

ARy 1.3

i 2

&0 14

D A

S0 1.2
oy 1.2

ne 19

20 4.1

140 47

150 41

M 51

o b

n— 13

'1n mmay kiwds of beologsenaf data, however, the releonshin betersen two variables
o it o of depesdence. In soch cases, the magniusde of one of the variables chanpes
== e mmagyenade of the second vanacble changrs, but it 5 ool reasosakle to zensider
thare to b o independent and a depemdent vanable, In such situations, correfarion,
tather than repression. smibyses are called foc, and both vaatles e theoretieally
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to e Tandom-offects faclars, An cxample of datd subabie for commelation asalyws
would be measuremests of bema arm and leg lempgths. 1t maght be fewnd 1hal =
individual with long arme will in geoersl posscss bong begs, 50 2 eelatioaship may be
degcritable; but there is no justifieation in stating that the kngih of one Kmd i
mathematically dependent upon the lempth of tbe wiber, Corredation yechuiques
imrolvime two variables #ill be discussed in Chaptrr 19, ifl evee thac two vafiabhs s
belng considered, then the appropriztc procsduns e frood m Ohepte 0,

17.2 THE SIIPLE LINEAR REGRESSION FOUATION

The simplzst ﬁm:lil:ma.; relatipnship of ome varibic to awother iz o oy lation 15
the yimple finear regression,
¥o= a4 BA 7Ry

Here, @ and § are pepuiation paromelers Cand, theretore, comstanizh, amd Hs Cxpros-
wieom will be recognized as the genesal equation for 2 sitaight line.”

Conslder the dats in Fxample 171, where wing engih 15 (e Jependet variahle
and age is the indeprsdent variable, Frem a scalter plat of thase data (Fia. M1
it appears (hat out samzle of seasuremenLs Erem 13 birds reprosents & populs oo of
datn in which wing fength is lmearly relatad w0 age. T, we would Bee e ke om the
values of o and § that would uniquely describe Lhe funcliomal Telatncdd (P existing
in the population.

1Fall 1he data I & scables diagram such ae Fig. 170 ccrerTod I n $raight e,
ji would oz 89 unusual situation . Gonerelly., 28 5 showm m Hiis Epsare, thare is coasder-
ghle vanebility of deta areund any wirgight Ting wr migkt drae taroug il Wit
we ek Lo d=fhe is what it eommenly termed the” b Ling: thopmgh the daca. The
coltecion for “hest 51" that Ls generally cirployed wilnes ik pororp? of domt Aeares-
Figure 7.2 is an enlarged porticn of Fig. 17.1. Each valae of ¥ will lavl 2 CIXTE-
sponding valuz of ¥ 1¥ing en the line that we mighi drew Lhinough 1he sealter of darn
paims, This valuz of 71z tepeesenied ax T to disnguish froan the ¥ wehue actaally
ahserved in owr sampled Thus, as Fig 1T.2 illusiraies, an obmeryed dald poiEs =
demated a5 (X, 1), amd 2 point on the regressios line = (X, ¥

e eritetion of |east sq,nammnsidmihcﬂﬁnﬂmim of each poim {rom
the line {Le., the devigtion describable as ¥, - f) and defmes e best Bt line 35

that whish_results | toe semallest yalue For the sam of the squarss of these doviatiens

for o] valugs of T, and ¥, That is. T o (F, ~ P mtebea minimum,t whett &
is the number of date pomis compising the sample. The sum of squarey wf 1hese
denjations i callod the reslanal anr af Swa gl £0T, senetiThes, the errar sum of sgpuesres)
and will be dismmssed later in this chaptet,

*2 and § have teoome sandand gmbels Jar fhese papulation pArmeters, 404 25 gueh ghould
ok b confuned it the siandand w3 of the taome Cireeck Lolbers 2 deaose the probabilities afa Typs
Land a Type 11 sfor, seepeciively (aof Sectien 5.3

4Btatnticins teisr to Fae ¥ F hat”

$Angther way b e this is oy hel 198 carralation brlwezn ' and ' 18 1o be mes-
mLon.,
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Wing Lesgrh, ¥ mom

L S

S_SF
1ok
2.5
L
2.0 L]
L
|
I
.'JE' ] pig P edli i a oy il Figu_ml‘.".: Aneplnrgcdportiun
= " z E ] ] of Fig. 17.], showing the
Age, X, in gops partitioning of ¥ deviations.

The only way to determine the population parameters ¢ and f with complete
conficence and @ccuracy would be to possess all the data for the entire population,
Sice this is neasly alwavs impossible, we have to estimate these parameters from a
sample of = d2ta, where v is the number of pairs of X" and ¥ valuss. The calculations
reguiTed U0 @Erive 27 such estimates, as well as 1o execute the testing of a variety of
important kypatheses, involve the computation of sums of squared deviations from
the mean, just 2s bzs been encountered before. Recall that the sum of squares of X,
values &5 defimed 22 3 (X, — X)°, which is more easily oblained on a calculator as
2 &F —{E ¥ = It will be coavenient to define x, = X, — X, so that this sum of
squares czo be abbrewiated as ¥ x2, or, more simply, as 3 x?,

We shall alzo be required to caleulate quantity referred to as the sum of the
craeiprosduets of devintions ffom the mean:

2xy =3 (X, — XY, - ), (17.2)

wiere v denotes a deviation of a ¥ value from the mean of all ¥s just as x denoles
a deviation of an X value from the mean of all X's, The sum of the crossproducts,
=nalogously to the sum of squares, has a simple-to-use machine formula:

Txy=xxy, - LXET L];:E T, (17.3)
and it is recommended that the latter formula be employed.

The Regression Ceefficiant, The parameter § is termed the regression
cuefferemt, ar the shape of the best fit regression line. The best estimale of B is

r _ X1
'ﬁ‘hwle__ E ";—J'yf ‘—.?'\I_

e E}J' o T-YEI b (EEX:P

(17.4)

i1
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Although ke deneminator in this calculaion is abways posit, the Tumeraler My
be sither positive, oegative, or 2ero, end il value of & theorencally can ange froo
—2a lo 4o, including rero (see Fig. 173

CLE

Figmre 173 The sicpe af & [inear regreasion line may o fa) posiihas, B heges
tive, Of 1) aero.

Example 17.% demonstirates the caleulation of 5 for the data of Exampls 1T.1.
Mote 1al 1he unita of & uce the units of ¥ divided by ihe wnits of . The regressasn
cocfficitnt eaprasses what changs in ¥ is assoosted, on the averags, with o uan changs
in ¥. 1z the present example, & = 027} cmfday indicates that therg iz 2 meas wing
growth of 0270 em each day. Dielermination of the precision uf b wlll be consxered
in Section §T.4.

Exsmple 17.2
The simgzae liness Togresion equatinn cakudated by the pebed of e syuenes lor she date

of Exgmmpe 1T

r=13 ZOF o oddd
Z X =1304 F - 541% {
K =1 b T Y |
E X2 - | 56200 z:y-imu_ﬁ.?.ﬂ..rﬂ |
E 5 = Las200 — SLELOE = STABL - A0
= 1SELIG — | 3R = M.
= MG10a

0.4

b- ?ff'm S

w= T — 8K = 3415 0m - 0.3 comfclayW 100 day)
= 31415 — LT ew
=0 Eom

S0, the smple lingat regressian equanon i F — 0715 + 2270X,

The ¥ Intercept. Aa ipdnite number of lines posscss ahy stated lope, all
of thess paraliel (ze¢ Fig. 17.4). However, a line can be defined nniquely By stating, in
addition 1o g, any vac point on the Bne—i e, any pair of coondinares, (X, ¥ The
peint conventionally chesen it the point on 1b¢ line wheee & = 0. The valus of Fin
the pepulasion 2t chis point 15 the patameter &, which is called the ¥ inrercepi.

It ctn, be shown mathematicelly that the point (X, ) always lics on the best fit
regressive Line, Thus, substituting & and ¥ in Equation (17.1}, we Lind that:

F—e | BE (5
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Section 17.4 discusses the estmation of the arror and confidencs intervals
associated with predicting ¥, valmes,

Assumptions of Regrasalon Analysis, Certain basic assumpiioms must
be met in order to test validly hypotheses about regressions or to sst confidencs
intervals for repression parameters. First, se most assume that for any vales of X
there ceosti in the pﬂpnh'l.i'on a narmta! disinbution of ¥ valpes and thai we= mmph:ﬂ
this distrbution at randem. Second, the vanances of these population distribotions
of ¥ values must all be equal bo one ancther, (Indeed, (he residual mean square, to
be dewribed shortly, estimates this common variance, just ac the error varianes
estimares the commoen variaoce assumed in the analysis of vadgnce in previows
chapters.] Third, the oo in ¥ are ssumed 1o be additive (diseussed in Chapter 143,
Fourth, the valwes of ¥ are to be independent. Fifth, our megsorements of 1 tust be
obzined without arcor. This last reguitzment, of course, is often impoasible: s what
we ore doding in practics is asuming that the errors in the ¥ data are negiigible, or at
least wrinll eompared wilh the Meanirementt errors in the dependent varizhle. Hegros-
sion stafistics are known 10 be robust with respact 0 ac leas some of thess underiying
asaamptanns (& | Iesoues and Memusiz, 19730 a0 vindations of them arz oot of conesrn
unkem they are seeere. Thes? assuriptions will ke discossed forther in Scotion 17.10.
Som= ponpemmetve: regression hypothesis besting o discpeed by Damel (1973
Chagder 10) 2md others.

175 TESTING THF SIBNIFICANCE OF 4 REGRESSION

The slope, b, of the regression line computed from the sample dats expresses gqua o)
tdrerly 1 sttphl-koe dapmodence of ¥ on X in the sapiple. Bot what s ceally degizecd
ix sl on bt the functicnzl relatoaship (i any) in the popul=tion from whish
the seegde cpoee Indleed, the findmg of a dependence of ¥ oo X m the spmple {12,
& 7 U} dows o0t resegsarily mean that thecs is a depgndence 0 the population (1.€.,
£ =0 Corsider Fig. {7.6, 2 scarter plot representing & populatipn of data peiots
wply o dependence of ¥ on X the Gest it regression line would be paralls] to the X
axis (Le, the gope, 5, would be saro). Howewver, it ie possible, Dy random sampling,
Tor gluixio 2 sample of five data poicts haviog the values ciceled in the Sgure. By

Figua 17.6 A hypothelsal
populstion af data palzis, having
= neproanon coefhicient, g, of
i g, The oirgled poimis ane &
» poseibie sample of e,
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Appendix 7

Notes on Analysis of Variance
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Multisample Hypotheses:
The Analysis of Variance

Wit et teetis o & wernaisde aee obtomed (oo each of two samples, hypothsses
suxh as ibose dencribed bz Clapies % are approprice. Howewer, biologiess oftza
ool possuromer. of @ variabbe Gedn three of more sampdes, o siletion calling
For mzhisempte eealboes, whimiieduaed o this chuprer.

oz g 10 wies (0 Atk pt 1he tesling of multsemple hypotheses by appiys
g vio-sromle w905 Lo 8l pocusitle pairs of samples, 10 this manner, for example, one
qussht proceed (o desidhe nell nypothesis Byt g — 4, — #) Dy teanng all the (ellowing
wall hypotoeees: Ha: g, - ga. g, — . 8d FyT g = g, Bul swch a pracedure
of ooplecing @ aeries of ™e0-iample teals G0 ATack a mulfisample Bypothesis is
vouali. The 2 |culades peer uatistic, ¢, and the crifical values we fnd in the ¢ tahle, ate
desipnad £ fesr whedher pwo sample stalistios, X, and ¥y, aze fikely to have come
frovtt the: Sl pop Fation For from two popalations wilh dentical means). D eomploy-
ing 1kis test, ¢ could madomly draw tae sample means from the same papulation
end srengly conchade tha they are cslimates of (we diferent populations’ meass;
baat we dnvoes 0t the probulility of ehis exror will be go greater than . Howaver,
emngider 7 Wires ran down saor phes were Laken from 3 single populaiion. A pravicuely
ik, sboee possihle ¢ vt oan e perioomed, and the probabitity of wrongly con-
cladies dem two of e megons owtireage different parameters i ponsidgrably greater
Vi n P Foer o o 65 a2n 23 17 wod Choee mea s aTe tesied, pwo ab & tme, by the twa-
samropries ¢ D, frere g2 [, dhamme of stotgly concluding & diference bervenn the
LSE o wnlrenns mieaers. U-ing dfhe onlosl valess (or cat g — 577 for (wo-al-a-time
compprrcas of 10 memns there B & 837, chanee of committing @ Type [ erret; i
there 350 M memes being o tewed | the peobability of = Type [ error is 925, As the
bt of mears CTeRers, i Sppreacke. certatny that e ¢ 1250 will conduds the o
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ealreme sample means 1o estimate diffoent valees of 4, cven though they may have
come from the same population {see Table I'L1). Two mmple ey, it et be enphs-
dized, cunnet be wilized validly 10 ven muhiemple bypocheses. The appaopriate
procedures are introducsd in the [ollowing sertions.

TAELE 11.1 PAOBABILTY OF COMWTTENG A TYTE i FRAGR BY 115G
MULTIFLE ¢ TESTE TO SEER DIFFRWENCES BEMSEE™ ALL FRARY OF & FEANS

Level of Skesifesmcs Lo i s T3

Nember o =
mreawr (K] 020 N o] nos 13-4 am Ll ]
T

1 Ui | LN L] [ n) mEn il ]}

3 oAl .28 LAY 0¥ DE¥ [ ¥

4 0.y L] 0.2] o oS T

i 07 147 023 ark 2R BAR

10 056 QIRCE] LX) 037 oI¥ ke

L 140 0.8 LU 4.7 [ T

o 1.04p 1] 1.0 Eom oo 1808

Koo The partcular wihies were Sotived from = tebie Ty Posmon (547 by ame e
squal population vorisnces and Ipreg sNTIRTeE,

fl.7 SINGLE FACTOR ANALYSIS GF VARIANCE

To test the nell hypothzsis Ny opp 2= po = . = g, wheoe b o e aoomleer of
cxperimental groups, or samples, we necd o hocmsr Bomolonr with the bepec of sealy-
si1 of varianece, often abbreviatzd ANOVA (or ANOV or AOA) Azabysic of varisoce
is 8 large anca of statistical methods, ownop s o aad mecy of i< carly Sewed-
opment to B A, Fisher;* in fact, the F stxintc was samed in his bowor by G W,
Snedeeort (%34 15] There are many amifouwsons of analyse of vadaoce condiers-
tions, the most eommon of which will be dissosssd in this and subsequert chaziers.
More compler applications and greater dheoretica! coveraps are 1o he foond in
Cochian and Cox {1957y, Cox (1538), Scheflé {195%), Guenther (1964), and others,
Al this point, it @y appear sorange that & procedure wsed for izsting the equaliy of
means shouid be sumed enatysis of variante, bul ihe reason for this weminolopy toon
will becotne apparen’.

Ll os asaume thut we wish Lo 125t whether four diffierent feeds result in differend
ody weights in pigs. Since weare 1o west for the effsct of only one foctar (namehy feed
type) on the variable in question (namely body weight), the apiroptiats analyss s
termied & single facior Cor “single ctitetion™ or “sihgle elassifeatian™ or “one-wey™
arlysit of vatianoe. Furthermane, snch type of Fred o5 paid 10 be a jevel of 1he lactor.
The design of this expzriment should have =ach experimental animal being assipn=d
a1 rapdom o receive ome of the four feeds, with approximztely eqgos] oumbezs of pigs
receiving each fesd. (Ailtbouulh equal sampls sizes are not reguired Tor e single

“8ir Ronald Alpmer Fisher 18900 1562), Britsh statkiician.
e W, Snacdeoor (ME31-14%74), Ammeripan siptistician,
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factor ANGVA, such & siluation is satistically desirable.} Becau s the g aseamigned
1o the foed groups st random, the single Bactor AMOWA is said 10 repretsnt & com-
pivtely ramdomined expertrentol devigm.

Examplz 11.1 thows the weights of 19 plgs sublected 1o this leed experiment, and
the null hypothesis to be tested would be Me: 4y — i = By = i Fach datum in
the cuperiment may be uniguely representad by the double sobseript notation, where
X, denotes datym [ in experental groap . For example, X, denotes the third wig
weight in feed group 2; that i, ¥, = M0 kg Similarly, X, = ¥ S kg X, — 879
Xg, ste, We chall let the mean of group i be denoied by X and the grand mzin of
all ohservatons will be designated by & Furthermonz, n, will represent the size of
cample f, a0d & = T4, mwill be the to1al number of dals in the experimeant.

Ezmapie 11.1
A single o wJ::i:d'mhnl:z[MnH 1]
Wineteen pigs err aoapxd at rendom ameng four experimental groups. Eseh group ic o
 dlifferens diet. The det am pig body weighls, in kibograms, after beimg missd o thaee disis
W wsh B sk wiseihes pig o ity are- the sasme For all Jour diets.
Hy: m: =pFp= g = ma
[ H Ih-u_wd” o0 the Four dols anc nes all equal,
& - BOE
e 1 Fowad } Fend T Feed #
- i
aE - s $1.9 !
0 [+ [N ] M1
(51 3] 10d.2 831
b £ i wES aT
HT A w3
N .
- 5 -5 4 k] ."f'=l_:‘;'_.ll'r-—“‘
=y kX 395, a0 s
Py
i - 15, .0 10035 86 24
i
XN ii X
—-'f'—'.‘—w--li]?!.m 2012450 QB0 TIBANER ri F = 1155 550 |
E;Iu=lﬂ.? sl DF - N—1=|F=1=IF
x goump DF =k=1=4—-1=1
E T L) = 119931 W0 gwar DF =N —%=18=4= 13
iE ¥ L¥
Friag 4
- TR nsaroe
ol v of wpueecs = ¥R 5 — €~ 1LPWELI00 — |13a2N201 = 41FHE
]
Ty ¥
Craps e of S — I#— o= 119830540 = 115677202 o 4275 TR
F]
ovex mn of apoer = et 55— groaps 55 - 4330690 — 41945 58 = 123350
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Exnmple 11.7
A singhe foctor analveis of uaree for 3 canchoos cfioces ovded 0., Sodet LU cxperoestal
desiggm

A l2baratory emEleys & cerlals techn igues for dlerneiimgg e plidyilere, cowteot of bary. The
guestion arises: “Da phosphorus deloret oo il wishh it wchpicien porfinamog e
analysis?™ To ansexe ihis queslion, sach of G randomi schecond Mt wes goen
fiwr samples from the same babth of hay, Thee oo of de 20 p ik i A
{im e phosphonislg af hayd are thown,

Hy:  Datmimations of phosphocus conden e nen Eifer amooy wxbomuess.

. Detcrminakioms of phespheous conttol @0 Olffer o oroy tecbsiciaes.
& — 0.0f [
Teehripare

L 3 3 &

i k ) kY i

3 w 3T 24

L] o] 5 am

fLk] 37 ™ )
34 F 3§ ¥ 1
v up Susms 17 182 (53 ] 178 :
.:T.. % Xep=TH0 |
ETah- M I'I

W=

_ e

¢ =gk = 2m0np0

tuthl 85 — 25234 — 1520500 = 25.00

o fie, lechniciana) 55 — W | EP (T AT orovie

= 1521400 - PRI — 00
grror 55 = 1000 — 200 o BIAD H

Hoarce cf rarialicd 5z [ 3 g ]
Trtal 2500 9 |
Frouups fechaicians) LY 3 300
Error F(iX ] % 2%
1
F i~ 240

Fl-nu.u.hu =324
' Do K rejest M.
0,90 < 2028

Underlylng Assumptions. Recall from Sectiem 2.4 that to west Moo
— &, by the two-zample ¢ 1es1, we had 1o assume that o = of and ther the tae
samples eame from novmal populations. Similatly, ¢f = af = o — should be
fruc in arder bo apply the analysls of varizace to By g, = gy = @t = S acd gach
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calculating b for this sample of five we would estinute (bt § was positive, cvea thongh
it s, in fact, 2ero.

Mo, it is not likely 10 obiamn fove sach pomis po of dbis popedation, bet we
should desire to defermine just bor Bhely o o dberdlone, we can 3= up the wol
hypothesis, Hy: @ — 0, and the glieramic hypothoss, if.: §F 2 O T we conclode rhas
lier® 1x 4 remsgnable probabality (e, 2 probabibty gresier vhee the deesen bkevd of
sigmificance—aay, 550 that the caiey lated & ooubd hawe come fiom amplisg 2 popels-
tron witha B = 0, the N, js not rejected. 1 the probabedity of olog'sieg the cidoniaied
ooy small (e, 5% o bess], then ) is rejected, ol 5, 35 s 1o be ioe.

Analysis of ‘Uar[ﬁ-m-tTnting. The precedrmg &, mar be tosted by an
analysis of variance procedure. First, the gverell varizhiliny of 1he depemdest wariahls
is calculated by computing 1he sum oF sguares of Jdevigiens of ¥, velses from ¥,
a quantity termead the rowad suet of sruares:

tial 5§ = F{Y, - F)F = Nyt w T 17 —E%f- 117.109

Then. cne determings the amaunt of variabilily among The ¥, veioes that wrvslts from
there teing a linear tegression ; this is 1ormed 1he lnear repeerstan T of efaee:

SR D3P AP L3 21
regmﬁbn55=2[]:r"f]'=i£%={ == E;:F }: A1}
1T e

singe b = 5 xS =2, this can also be calculued ax
T2ErERRion 55 = B} xy. 0

The value of the regression 55 will be aqual o that of the fotad S5 only if cach datn
poimt falls exactly on the regression line. 8 very wnlikely srmation. The scatior of dafa
points around the regression line has miready besh altoded i, wnd the nesidual, o
error, sum of squeres haz been defined. Knowday the total end the Hnear rogression
summa of squares, we mey, by difference, oboain

residusl 55 — T (¥, — 7' — i0ial S5 - regressioa S5. TFRE

Table 171 prasents the anflysis of variance summary for tedmg the Typothess 47,
A = Dagxinst f,: f « 0, Exemple 17.3 performs such an anatyss for the date from
Examples 17.0 and 17.2. The degrees of Trecdom associated with the total vamability
of ¥, values aren — 1. The degrees of Ereedom assoomted with the vanabifity amoog
F's dus lo regretucn 15 always T in a simple Boeac regregsion.” The residus] degress
ef freedom: are celculable 25 residoal DF = total DF — represtden DF — e — 2,
Qoes the regression and residus] mean squares are caloalaied (M5 — 58/DF, 25 wnall,
K, may he tested by delermining

*[n ;m:ru]. ihe regress oo I s the mizmber of paramelern bebng eqtimaral minus 1. Siccc
s e ec esliondli g WO parameters 8 And B the reggeeston DF = 2 — 1 = 1,
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ANOVA Using Means and Veriances The shove discvssion ATSUTNEE
1hat #ll the data from the cxpeniment to beanafyzedare in havd. 1 may occur, however,
that !l we hovs gre the means for ench proup a0d some o easare of varmbility baged
ca the variances of cach group. That is, we may have T, end sither 83, 5%, 5, or dr,
for each group, rather tham afl the individual valoes of ¥, If she sample siges, n,
ate il known, then the single factor analysis of variance may will be performed,
in the fallawing menner.

First, detcrmine the sample varmnce for each group; recall tha

£ — (5)F = nirg ]t L1
Then, caleulate
croc 8§ = $155, = $'ta, — 1? (11 20
mmad
s
1 . IE K JI
mpﬁﬁ:?n;f;—f":ﬁ' - (1121}

Enowing the gronps 55 and aror 55, the ANOYA cant procsed in the usual Taskion,

Fwa Typos of ANOYA. Tn Example 110 the bislogisn designing the
ExRperEnent was miarctied i wheiher all of these particular Four focds have the sgme
eifect on g woipht That i, these faur leads were not rand omly welected from a feed
aiabeg it wene specEically chasen. When the levels of a factor are specifically of gsen,
ot is said o erwe designed a foad effects model, of & Mode' J, ANGVA, IR such 2
caer, the nall byporhesss Hy- o, — gy = 1y = . = g s appropriate,

Hoewever, Catt anc irstreces w here the levels of a2 factor 1o be 1esied o jindecd
chowes at tandomn For cxample, we might have been inizrested in the =Tt of pea
etapiin Lacation of the pogy, rether Lhan the effect of their [zed. h s passiBle that ooz
e night be with centain specific Iocaigns, in which case we would be employing
& f=dd wflaces modd AWOWA. Bul we might, instead, be interested in testing e
watexmient that 70 geseral there is a difference in pig weights in animal: from diffecent
focsoms. Thoe ic, ssstead oF being concernsd with only the particular locations wed
n the shudy, e s might Ye w0 generelize, constdering The locstions in cur study
o be 2 raodewn sampde Srom all possdble locations. In this readens effects moded, or
Mo L ANOVA* ¥ the caktulations are ideniical to (hose for the fnnd elfects
model, bux the nutl dnpethesis is betier stated as fy: There s pe diflecence in pig
weighn ame ng geagraphic locations (or H,: Thert is ao vacability in weights among
locatiors)  Exassewten of Equation |1[E shows, that what the analysis asks is
wlaechoor the variih;lity among ks tioms #s greater than Lhe variability within locas lons,
Exmmpie 11 * demcordzales Tae ANOVA for 8 random efects model. Althoogh the
Uiy weill $met Thal Mo B emadyses ave far more com menly encocateced hanare
Mided b oftmtions, whes deslig weth: woowe Than one expecimenial lacior (a5 in Chap-
bexs §8 gl | ) rhe cecipoiion botwoes tee vwo modsls becomess essential,

Al reeed w0 % 3 ~CoOmpomEmE: off wmimr moded.” The terons “Maodel 17 and < Maode| 117
err wrmalvsin of vormpncy oy mbrodes by Exessasy | 1447
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