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EXECUTIVE SUMMARY

As molluscan bivalves filter and ingest particulate matter in the seawater around them, they concentrate bacteria, viruses and other potentially dangerous biological contaminants that can make consumers sick. Another risk to shellfish consumers is from blooms of toxic algae (termed harmful algal blooms or HABs) that are filtered from the water by the shellfish which then accumulate the potent biotoxins. Because of the dual threat to consumers from algal toxins and microbial and other contaminants, specific regulations and procedures have been developed internationally to ensure that shellfish are harvested, handled, processed and shipped under appropriate conditions to ensure consumer safety. HAB monitoring programs are typically embedded within comprehensive shellfish safety programs (often termed shellfish sanitation programs). 

International shellfish safety programs, in particular those of the European Union and the United States, specify detailed requirements.  In essence the production areas must be classified according to their sanitary quality, the harvest product must be shown not to contain biotoxins above regulatory levels, and handling, transport and processing must follow strict hygiene practices to ensure that the product is not contaminated post harvesting.  Adequate labeling and traceability systems must be in place and the program must be approved and audited by a Competent Authority.  Programs must have access to accredited laboratory support for microbiological, biotoxin, and phytoplankton analyses that use approved methodologies and are able to provide accurate and timely results to the managers of the program so that regulatory decisions can be made rapidly.

Both Namibia and Angola have begun to develop basic capacity for the implementation of shellfish sanitation programs.  This report provides a detailed description of the laboratory, staffing and infrastructural capacity of these two developing programs as well as the costs and infrastructure requirements for full program implementation. These initial efforts by both Namibia and Angola hold promise and with further support and investment by their respective governments or other donors, there is reason to believe they can successfully implement shellfish sanitation programs.

In Namibia there are several potential partners to the Ministry of Fisheries and Marine Resources MFMR who could participate in the implementation of this program, including the Ministry of Trade and Industry, the Ministry of Health and Social Services, the South African Bureau of Standards and others.  In Namibia, the Ministry of Trade and Industry will act as the Competent Authority.   The situation in Angola is that the Instituto Nacional Investigação Pesqueira INIP (formerly known as the Instituto de Investigaçao Marinha (IIM) in Luanda is presently the Competent Authority and has established operational laboratories for fisheries export needs. The Angolan Government is interested in developing a program which, at minimum, will satisfy their need to protect domestic shellfish consumers. With growing interest in aquaculture in Angola the shellfish safety program should be designed to adapt to future export needs as well. 

The majority of shellfish harvesting in Namibia is associated with the aquaculture industry.  One operation is also harvesting the clam Venerupis corrugata as part of a wild capture fishery near Walvis Bay.  In addition there is recreational harvest of shellfish in Namibia for personal consumption.  There are oyster and abalone aquaculture farms in the Swakopmund, Walvis Bay and Lüderitz areas.   There is significant interest from both oyster and abalone farmers to export product to Europe and several connections have been made to explore potential markets in Germany and Spain.  Estimates of production of the Namibian oyster industry in 2002 range between $N12 million (Namibia’s Aquaculture Strategic Plan, 2004) and $N14 million farm gate value (Britz, 2003).

There is commercial bivalve harvesting in Angola, and significant interest in pursuing bivalve aquaculture in the future.  Natural populations of shellfish are harvested by individuals and are sold domestically within the local communities.  This harvest is not currently controlled by the government.  The shellfish are sold by the shellfishermen to people of the community who prepare the flesh (removed from the shell and cooked) and sell it in the local street markets. Some shellfish are sold fresh. There are also some commercial distributors.  One sells 8400 kg/year of various shellfish species with a value of approximately US$20,000 per year.

This report provides detailed cost estimates and programmatic details for two implementation options for Namibia and Angola to consider if they are to establish shellfish safety programs to meet international standards, particularly those of the European Union (EU) and the United States.  One option is for each Government to use existing, in-house laboratory capacity and expand this with investment in laboratory equipment and infrastructural improvements to the facilities.   The alternative option of having components of the laboratory analyses “out-sourced” to external private laboratories like SABS and CSIR is also presented.

In Namibia, an initial investment of approximately $US 349 172 will allow for the required infrastructural improvements and equipment and supplies needed to retrofit existing government laboratories so that they have their own analytical capacity.   After this initial investment, annual ongoing costs for implementing the shellfish sanitation program at the present monitoring intensity are estimated at $US 119 878.   The major benefit of this approach is that the Government would hold control of the testing capacity and can ensure that the required water and shellfish samples are analyzed in a timely manner and the results made available as soon as possible.   Drawbacks to this approach are mainly the cost of purchasing the equipment and setting up the laboratory.  It is necessary to consider the long-term ability of the Government of Namibia to fund the operation of this program into the future.  The alternative option is to have the microbiology and biotoxin analyses conducted by the GCS (=SABS) laboratory in Walvis Bay, and CSIR biotoxin laboratory in South Africa.  This option will cost approximately $US 200 000 per year.  Even with the out-sourcing of these laboratory tests, MFMR will still need to invest approximately $US 90,000 for equipment and supplies for a phytoplankton laboratory.  The major benefits to this approach are that the MFMR can focus on processing the data and classifying the shellfish growing areas without having to expend effort on the analysis of samples.  If this approach is selected, there needs to be deliberate negotiations to stipulate the expectations of the Competent Authority, the MFMR and the industry.  These will include:

· Agreements on the turnaround time for microbiological analyses for water and shellfish samples.

· Agreements on the turnaround time for biotoxin analysis.

· A reporting scheme that allows the data to be transmitted by electronic means to MFMR as soon as it is available.

· Assurance that the methodologies for both microbiological contamination and marine biotoxins in water and shellfish are conducted using acceptable methodologies.

· Willingness to adhere to quality control and chain-of-custody procedures to ensure sample integrity throughout analysis.

· Willingness to participate in international laboratory inspection and proficiency testing programs.

· Clear and open communication about laboratory management and functions as they relate to the services being provided.

· Guaranteed fee schedule to be negotiated in the beginning of this relationship that will remain stable for at least the first three years of operations.  

In Angola, minimal investment of $US 105 693 is needed to allow for INIP to have their own laboratory capacity in Luanda for microbiology, biotoxin and phytoplankton sample analysis.  It can be expected that Angola would need to invest approximately $US 51 080 per year to maintain a small basic monitoring program in the Luanda region.  The benefit of this approach is that the Angolan government (INIP) will retain control of the testing capacity and can ensure that the required water and shellfish samples are analyzed in a timely manner and the results made available as soon as possible.  The biotoxin testing component is new to the Luanda laboratory facility so that to establish this capacity considerable effort and commitment will be required.  Since Angola has excellent existing laboratory facilities in Luanda, it is unlikely that they will need to out-source any of the microbiological analyses.  Depending on their progress with implementing the biotoxin testing laboratory, Angola may choose to out-source biotoxin analyses to the CSIR laboratory in South Africa.  This would incur very expensive transport costs and an estimated $US 39 664 per year to cover shipping and analysis of samples periodically collected from four key growing areas in Angola and analyzed for the three most probable toxin groups. The investment per year for the program would then be $US 71 364.  The benefit of this approach is that it would allow the Angolan program to focus its laboratory on the more familiar microbiological analyses and the classification of growing areas.
There are several factors that each country needs to consider in making these decisions.  It would be most convenient to have in-house capacity for all laboratory analyses to facilitate rapid transfer of results and ultimate control over all aspects of the monitoring program.  It is, however, very costly to obtain the equipment and difficult to keep it in good running order.  The coastal environment where some of these laboratories are based is extremely inhospitable to delicate instrumentation and therefore corrosion and maintenance will be an ongoing problem.

Another factor in determining each country’s ability to invest in these programs is the economic contribution made by the shellfish industry.  In Namibia, the present primary interest is in oysters. The industry in 2004 had 6 farms employing 85 full-time workers that sold 6 million oysters.  In early 2005, there were nine active farms and the value of the cultured shellfish industry is expanding.  A growing interest in abalone will also contribute to this total value.  In Angola, on the other hand, the majority of shellfish are artisinally harvested and only a modest portion is considered commercial in domestic markets.   These are, however, public health-related programs worthy of implementation and investment.

Both Namibia and Angola have unique access to funding through international aid programs and bi-lateral support from other countries.  Investments by these organizations in this type of capacity building in the two countries can have positive impacts in terms of local economic opportunity, public safety, and environmental quality, making them desirable targets for aid.   The Namibian and Angolan governments are urged to pursue funding through these avenues as soon as possible.

The success of shellfish safety programs in the region will depend on more than initial financial investment.  It will require sustained financial support to maintain the monitoring programs and provide funding for training of staff.  There are many opportunities for training staff for the activities included in a shellfish safety programs and Namibia and Angola should make this a priority as these programs are implemented.  Both the European Union and the United States offer courses in laboratory analytical techniques, laboratory certification, growing area classification, hydrographic analysis, phytoplankton taxonomy and others.   It may also be possible to provide funding for experts in this field to visit Namibia and Angola to provide on-sight training and support.

The overall theme of the BCLME projects that generated this information and analyses was not only the implementation of programs that will meet the needs of each of the countries in terms of export market standards, but also to harmonize the programs as the regulations are formed and the programs implemented in the Benguela region.  Therefore it is important that the principle players in the three countries of Angola, Namibia, and South Africa, meet frequently to monitor progress and be mindful of how to ensure harmonization of their respective regulations without losing their national autonomy.

Introduction

This is the last in a series of reports to implement a shellfish sanitation program in Angola and Namibia that would meet international standards, particularly those of the European Union (EU) and the United States.  This is undertaken through BCLME Project EV/HAB/02/02a “Development of an Operational Capacity for Monitoring of Harmful Algal Blooms in Countries Bordering the Northern part of the Benguela Current Large Marine Ecosystem: Phase 1 – Design. The first report in this series (Fernandez-Tejedor et al., 2004) described the current situation in Angola with respect to general phytoplankton species distributions, HAB species, and past HAB events. This report presents a feasibility study for cost-effective monitoring of marine biotoxins and microbiological quality in Angolan and Namibian shellfish. 

Related projects are also underway. Reports from those studies (BCLME Project EV/HAB/02/01 “Harmonization of Regulations for Microalgal Toxins for Application in Countries Bordering the Benguela Current Large Marine Ecosystem” and Project EV/HAB/04 Shellsan  “Development of a Shellfish Sanitation Program Model for Application in consort with the Microalgal Toxins Component”: Currie et al., 2004; Anderson et al., 2004) bear directly on the present effort. 
1  Background

1.1  Red Tides and Harmful algal blooms (HABs) 

Among the thousands of species of microscopic algae at the base of the marine food chain are a few dozen that produce toxins.  These species make their presence known in many ways, ranging from massive "red tides" that discolor the water, to dilute, inconspicuous concentrations of cells noticed only because of the harm caused by their highly potent toxins.  Impacts include mass mortalities of wild and farmed fish and shellfish, human illness and death, alterations of marine trophic structure, and death of marine mammals, seabirds, and other animals (Anderson et al. 2002). The term “red tide” is misleading, however, since toxic blooms may be greenish or brownish; non-toxic species can bloom and harmlessly discolor the water; and, conversely, adverse effects can occur when some algal cell concentrations are low and the water is clear. Given the confusion surrounding the meaning of "red tide", the scientific community now prefers the term "harmful algal bloom" or HAB. This new descriptor includes algae that cause problems because of their toxicity, as well as non-toxic algae that cause problems in other ways.  It also applies to macroalgae (seaweeds) which can cause major ecological impacts as well.

HAB phenomena take a variety of forms. With regard to human health, the major category of impact occurs when toxic phytoplankton are filtered from the water as food by shellfish which then accumulate the algal toxins to levels that can be lethal to humans or other consumers. These poisoning syndromes have been given the names paralytic, diarrhetic, neurotoxic, azaspiracid, and amnesic shellfish poisoning (PSP, DSP, NSP, AZP, and ASP). All have serious effects, and some can be fatal.  Except for ASP, all are caused by biotoxins synthesized by a class of marine algae called dinoflagellates. ASP is produced by diatoms that until recently were all thought to be free of toxins and generally harmless. A sixth human illness, ciguatera fish poisoning (CFP) is caused by biotoxins produced by dinoflagellates that grow on seaweeds and other surfaces in coral reef communities. Ciguatera toxins are transferred through the food chain from herbivorous reef fishes to larger carnivorous, commercially valuable finfish. In a similar manner, the viscera of other commercially important fish such as herring or sardines can contain PSP toxins, endangering human health following consumption of whole fish. Yet another human health impact from HABs occurs when a class of algal toxins called the brevetoxins becomes airborne in sea spray, causing respiratory irritation and asthma-like symptoms in beachgoers and coastal residents. The documented effects are acute in nature, but studies are underway to determine if there are also long-term consequences of toxin inhalation.

Another type of HAB impact occurs when marine fauna are killed by algal species that produce exogenous toxins associated with the cell surface, release toxins and other compounds into the water, or that kill without toxins by physically damaging gills, by creating low oxygen conditions as bloom biomass decays or by causing light attenuation as thus affecting submerged aquatic vegetation. Some algae (including but not restricted to those that produce chemically well-characterized toxins known to affect humans), can adversely affect growth and survival of larvae or adults of commercially important shellfish populations. For example, red tides of the dinoflagellate Heterocapsa circularisquama in Japan are not a public health concern and do not appear to affect finfish, but have caused mass mortalities of valuable cultured pearl oysters (Pinctada fucata) as well as edible bivalves including Pacific oysters (Crassostrea gigas), clams (Tapes philippinarum) and mussels (Mytilus galloprovincialis) (Matsuyama et al. 1996). Similarly, brown tides of the picoplanktonic alga Aureococcus anophagefferens (Pelagophycea) have caused mass mortalities (not linked to hypoxia) of mussels, and devastated bay scallop fisheries in the mid-Atlantic USA, but are not known to affect finfish or humans (Bricelj and Lonsdale 1997). Brown tide species have also been reported from South Africa (G. Pitcher, pers. comm.) 

Farmed fish mortalities from HABs have increased considerably in recent years, and are now a major concern to fish farmers and their insurance companies. The list of finfish, shellfish and wildlife affected by algal toxins is long and diverse (Anderson 1995) and accentuates the magnitude and complexity of HAB phenomena. In some ways, however, this list does not adequately document the scale of red tide effects, as adverse impacts can occur throughout coastal ecosystems in subtle ways that are difficult to detect. In virtually all trophic compartments of the marine food web, there can be impacts from toxic or harmful blooms.

Finally, economic impacts can also result from the so-called “halo effect”, or avoidance of safe, uncontaminated seafood because of mistaken public perceptions that the HAB event has affected all fish and shellfish and that toxins that kill these organisms are retained within their tissues. Management strategies must address this public overreaction and devise strategies (e.g. via public education) to reduce these impacts.

1.2 HAB problems in the BCLME region

HABs of the Benguela pose a threat over an extensive area spanning three countries. There is huge disparity in the amount of available information on HABs within the Benguela region, with little known of the role they play in the Northern Benguela. The history and extent of the HAB problem in the region are detailed in Currie et. al (2004), but are briefly summarized here.  

Earliest documentation of PSP poisoning with probable involvement of Alexandrium catenella comes from an incident in Cape Town in 1888, when illness and deaths amongst the local population occurred, together with apparent poisoning of baboons after eating white mussels (Pitcher 1998).   Cases of PSP poisoning have been recorded from the Cape area intermittently over the last decades. DSP was identified for the first time along the South African coast in 1991 (Pitcher et al 1993). The regular appearance of Dinophysis spp makes DSP a potential hazard in both the South African and Namibian waters. The presence of Gymnodinium and Pseudonitzschia species strongly suggests that NSP and ASP are potential problems in the Benguela as well (Pitcher 1998).

Mussel mortalities along the South African west coast have been linked to blooms of Alexandrium catenella and Gonyaulax grindleyi (= Protoceratium reticulatum, a producer of a toxin called yessotoxin), with cases of extreme poisoning of both white mussels Donax serra and black mussels Choromytilus meridionalis attributed to Alexandrium catenella blooms (Pitcher and Calder 1999). Mortalities of phytplanktivorous fish such as sardine are susceptible to PSP toxins with confirmed PSP poisoning incidents in St. Helena Bay.  Investigations may reveal microalgal ichthyotoxins to account for unexplained fish mortalities throughout the Benguela. Of special interest is the dinoflagellate Gymnodinium galatheanum (now called Karlodinium micrum and recently shown to produce a novel fish-killing toxin; Kemper et al., 2002). Members of the Prasinophytes and Rapidophytes are also of interest, as the ichthyotoxic raphidophyte Heterosigma akashiwo has been observed in the northern and southern Benguela, but has yet to be associated with harmful impacts (Pitcher and Calder 1999). Further up the food chain, seabirds and marine mammals that consume affected mussels, zooplankton and fish, are in danger of accumulating the toxins to lethal levels.

Ciguatera Fish Poisoning is unlikely to occur in Southern Benguela waters but warrants investigation in Angolan waters, especially near offshore islands with coral reef resources, Gambierdiscus toxicus has been found in Luanda coastal areas.

In Namibia the role of toxic HABs in the ecosystem is not clear. Despite potentially toxic species and cysts having been sampled in Namibian waters, there are no records of human illness or mortality which implicate microalgal biotoxins as the causative factor. Admittedly, the coastal community is small and harvesting of shellfish is minimal, so toxic incidents could  pass undetected. 

Cultured mussels from Lüderitz tested positive for PSP in the mid-1990s, apparently caused by Alexandrium catenella. Prior records are few, and limited to claims that fish mortalities were caused by algal blooms, e.g. mass fish mortalities in the region of Walvis Bay in the 1940’s were ascribed to a Gymnodinium species, and Heterocapsa triquetra, Gymnodinium galatheanum (=Karlodinium micrum), Peridinium trochoideum and Alexandrium tamarense  were found to occur commonly in the Walvis Bay region, as well as Prorocentrum micans and various species of the genera Gyrodinium, Peridinium and Dinophysis (Pitcher 1998). On the South African west coast, blooms of Ceratium furca, Ceratium lineatum, Prorocentrum micans and to a lesser extent Alexandrium catenella dominate (Pitcher and Calder 1999).

Blooms comprising vast quantities of algal cells contribute to secondary problems not related to the production of toxins. Along the Namibian coast, decay of such intense primary production results not only in water column hypoxia but also in anoxic diatomaceous ooze settled meters thick on the seabed. Intense microbial reduction occurs in these sediments, with subsequent regular release of methane carrying toxic hydrogen sulphide into the overlying water column. Combined effects of the sulphide and associated hypoxia result in mortalities of fish and invertebrates. In South Africa episodic anoxic events following decay of massive phytoplankton blooms have in recent years caused losses of thousands of tones of rock lobster, resulting in devastating losses to this valuable fishery (Matthews and Pitcher, 1996).
2.3
MICROBIAL CONTAMINANTS AND OTHER SANITARY ISSUES

As they feed on microscopic plants and animals in the water, molluscan bivalves filter and ingest any particulate matter that happens to be in the growing areas. In coastal areas subject to sewage or fecal contamination, shellfish will concentrate bacteria, viruses and other potentially dangerous biological contaminants. There are many examples where consumers have contracted hepatitis, cholera, Norwalk Virus and other microbial diseases from the consumption of shellfish harvested in polluted waters. There is also strong evidence that shellfish can concentrate pollutants such as heavy metals, PCBs and other toxins when they are subject to discharges from industrial areas. Since consumers expect their shellfish to be live and wholesome until they are cooked or ingested, specific regulations and procedures have been developed internationally to ensure that shellfish are harvested, handled, processed and shipped under appropriate conditions.

The assessment of shellfish product safety at the time of harvest is predicated on numerous assumptions and historical findings regarding the survivability of pathogens and indicator bacteria in the environment. Indicator bacteria are used to evaluate the potential risk from sewage and other animal wastes. The typical indicators for shellfish programs are fecal coliform and E. coli because they are typically present in sewage-contaminated waters and can be readily cultured and enumerated. Some viral and bacterial human pathogens are potentially transmitted by shellfish. Many of these have unknown survival rates in seawater and the rates of uptake and discharge by shellfish are unknown. The ratios of viral and bacterial pathogens to indicator organisms (e.g. fecal coliforms) are not quantified and vary considerably depending on local conditions.

A combination of systematic water quality monitoring, testing of shellfish and a shoreline survey of the vicinity of shellfish growing areas is used to determine the “sanitary” condition of an area. Most areas where harvest of shellfish is prohibited due to the risk of contamination by human and/or animal waste are exposed to either point source or non point sources of pollution. Direct discharge of sewage (treated or untreated) is considered a point source and an appropriately sized closure where shellfish harvest is prohibited must be established near the discharge outfall. Non-point sources of concern can include storm water runoff in urban areas, areas where there are failed or poorly installed septic systems, animal farms, concentrations of wild animals and other types of human activity that creates contaminants. Both point and non-point pollution problems can be exacerbated by heavy precipitation. Therefore, in addition to assessing the water quality, shellfish quality, and investigating potential pollution sources, shellfish programs must also consider meteorological and hydrographic factors that affect the contribution and movement of contaminants throughout the shellfish growing area.

Under the U.S. National Shellfish Sanitation Program (NSSP), water quality assessment is the key element of the shellfish sanitation program. Water quality is determined by an ongoing program of bacteriological monitoring using indicators of fecal pollution. Each shellfish growing area evaluation includes a pollution source survey of the shoreline and other areas adjacent to the shellfish growing waters. This inventory of potential shoreline pollution sources is designed to reveal whether the area is subject to direct contamination with small amounts of fresh sewage or industrial discharge which would not ordinarily be revealed by the water quality examination.

Under the EU program the regulations for production and placing on the market of live bivalve molluscs (EU Directive 91/492) rely on analysis of the shellfish flesh, not the ambient water. Flesh testing is conducted regularly from all active shellfish harvesting areas and the results of analysis for bacterial indicators are used to classify an area. Under proposed new regulations, the EU is incorporating a shoreline survey component to their shellfish sanitation programs (expected in 2006) in order to ensure appropriate classification of the shellfish growing area.

In the Benguela region, there have been few assessments of sanitary quality in the marine environment related to shellfish safety. Marine pollution is not a serious concern in Namibia since most of the coastline is devoid of habitation. The highest concentrations of marine pollution occur in Walvis Bay, Namibia's largest shipping port. This originates from effluents from vessels, fish factories and hazardous substances used in repair and maintenance of fishing vessels and other ships. It has not happened yet, but there is always the possibility of major pollution events from oil tankers which travel along the coast. In desert areas of the Benguela region such as Lüderitz, Walvis Bay, and Henties Bay, the effluent from the municipal waste water treatment facility is typically not discharged into the sea although some of the Swakopmund treated water is discharged at a beach outlet in the town. Although these types of situations along the coast still need to be evaluated to ensure that there are no inadvertent discharges from pump stations and collection systems, it is likely that the relative level of sewage contamination in these coastal areas is minimal. The lack of rainfall, agricultural husbandry or river runoff in these areas also suggests that the risks to water quality are minimal.

Other parts of the Benguela region may be subject to sewage pollution due to high populations in urban areas such as Luanda, Angola and Cape Town, South Africa. It is likely that untreated sewage is being discharged in many areas of the Angolan coast and there are many bays along the Angolan and South African coast where human inhabitants tend to cluster in cities and towns. These relatively protected areas are also the most likely place for shellfish cultivation and harvest. The situation regarding sewage collection, treatment and discharge in these areas must be investigated as part of the classification of the shellfish growing areas in these regions. There are studies underway in the three countries of the Benguela region, sponsored by BCLME, to evaluate coastal waters for pollution for which results are beginning to be evaluated (project BEHP/LBMP/03/01: “Baseline assessment of sources and management of land-based marine pollution in the BCLME region”, and project BEHP/LBMP/03/04: “The development of a common set of water and sediment quality guidelines for the coastal zone of the BCLME region”). 

Storm water runoff in urban areas is also a significant contributing factor to water quality, for example Cape Town has over 100 storm water outlets. South Africa does not allow the discharge of industrial waste or sewage sludge.  In Luanda open culverts drain untreated urban runoff directly into the sea. 

2 Current status of the shellfish industry in Namibia and Angola 

2.1 Namibia

The majority of shellfish harvesting in Namibia is associated with the aquaculture industry.  One operation is also harvesting the clam Venerupis corrugata as part of the wild capture fishery near Walvis Bay.  In addition there is recreational harvest of shellfish in Namibia for personal consumption.  Wild populations being harvested recreationally include: Perna perna, Mytilus galloprovincialis, and Donax serra. 

There are oyster and abalone aquaculture farms in the Swakopmund, Walvis Bay and Lüderitz areas.   These farms are currently selling product domestically in Namibia and to locations in South Africa and southeast Asia.  The abalone farms have only recently begun operations in Namibia, exporting presently to Asia.  There is significant interest from both oyster and abalone farmers to export product to Europe and several connections have been made to explore markets in Germany and Spain.  This budding Namibian aquaculture shellfish industry faces severe challenges in the immediate future since its major market (South Africa) is already demanding that all imported shellfish receive the same testing and quality assurance that is now being required of South African producers under their recently promulgated Molluscan Shellfish Monitoring and Control Program (2004).  

Oyster farming is the most established aquaculture activity in Namibia with six farms currently in operation at Walvis Bay, Swakopmund and Lüderitz. A further shore-based operation has been developed at Swakopmund and is nearing production. All managers reported that the market was currently good and that they had no problems selling oysters. Estimates of production of the Namibian oyster industry in 2002 range between $N12 million (Namibia’s Aquaculture Strategic Plan, 2004) and $N14 million farm gate value (Britz, 2003).

2.2 Angola

There is commercial bivalve harvesting in Angola, and significant interest in pursuing bivalve aquaculture in the future.  Natural populations of shellfish are harvested by individuals and are sold domestically within the local communities.  This harvest is not currently controlled by the government.  The production areas have been informally identified but not monitored for biotoxins or sanitary issues nor are they certified for harvest.  Regions known to have these shellfish populations include: Namibe, Lobito, Benguela, Luanda (Luanda Bay, Km 17, Praia de Santiago), Cabinda, Kuanza Sul, Soyo and Ambriz. 

A variety of shellfish species are harvested including Perna perna (common name Mejilón), Senilia senilis (Mabanga), Donax rugosus (Quiteta), Ameijoa (clams), Navalha, and oysters. The shellfish are sold by the shellfishermen to people of the community who prepare the flesh (removed from the shell and cooked) and sell it in the local street markets. Some shellfish are also sold fresh. There are also some commercial distributors.  One sells 8400 kg/year of various shellfish species with a value of approximately US$20,000 per year..

The Law on Biological Aquatic Resources (2004) recognizes the responsibilities of harvesters with respect to fish product quality. Aquaculture farmers must register with the Government and obtain licenses for aquaculture activities, specified as communal or commercial.  The Government is interested in monitoring for shellfish safety for domestic consumption but at present does not issue permits for harvesting, possessing or sale of shellfish.  Although mariculture of bivalve molluscs is seen as a future industry, it is not known at this time whether there are sufficient resources at the governmental level or justification at the industry level for Angola to implement a rigorous shellfish sanitation program equivalent to export requirements.

Urban areas of Angola are known to have sewage-related water quality problems.  Cases of cholera during 1991-1996 were due to consumption of shellfish growing in Luanda Bay where Vibrio parahaemolyticus was found (O. Torres, pers. comm.).  In some cases harvesters have independently relayed shellfish from contaminated areas to clean areas for uncontrolled cleansing prior to distribution for retail sale.  This activity is voluntary and not government regulated.  

3 Proposed structure for a shellfish  sanitation  program

This section provides a general summary of required program components for a shellfish sanitation program, in order to establish a context for the cost estimates that are presented in section 6 of this report.  Each of these components is described in more detail in the related BCLME project report: “A synthesis of requirements of various sectors of government and industry relating to microalgal toxins and other sanitary issues” (Anderson et al. 2004), the second report for Project EV/HAB/02/01 “Harmonization of Regulations for Microalgal Toxins for Application in Countries Bordering the Benguela Current Large Marine Ecosystem”.

3.1 Classification of growing waters

Classification of shellfish growing areas is a key feature of both the US and the EU programs for shellfish safety.  Briefly, classification decisions reflect actual and potential pollution sources as well as meteorological, hydrographic, and seasonal factors.  In addition, hydrodynamic factors are considered in conjunction with periodic monitoring of growing areas using microbiological and chemical assays of the waters and/or shellfish flesh.  This allows for validation of the classification and detects trends in water quality that might indicate a needed change in classification.  Steps towards classification should include:

· Identification of growing areas or management zones whose boundaries are delineated and mapped.  There is no established protocol for accomplishing this.  Factors to be considered include the following: biogeographic or bathymetric zones such as small bays or harbors; fresh water inputs; access points for sampling; clusters of similar aquaculture facilities or presence of shellfish populations; and physical or geographic markers.  As the program matures, it is likely that these growing areas will be redefined. 

· A shoreline survey designed to identify direct and indirect pollution sources.  This is currently specified by the US NSSP and in 2006 will be an EU requirement.

· A bacteriological survey based on the presence of indicator bacteria in either shellfish or water.  This determines the sanitary quality of shellfish growing water.  Sampling sites must be sited strategically near potential sources of contamination, easily accessible for sampling, and broadly representative of the growing area.  For compliance with the US NSSP for new growing areas, a minimum of 20 water samples must be analyzed, collected under various environmental conditions over the course of 12 months.  For compliance with the EU regulations, a minimum of 12 shellfish samples must be analyzed over a 3 month period.  The typical bacterial indicators are fecal coliform or E. coli. 

· A hydrographic analysis of the growing area. This can either be empirically derived or projected from physical and theoretical models.  This analysis is used to determine the potential movement of pollutants into and within the region and to determine the risk of contamination of nearby shellfish populations.

The results of these analyses determine the classification of the growing areas into categories.  For the US NSSP, these are  Approved,  Conditionally Approved, Restricted,  Conditionally Restricted and Prohibited.  Definitions of these criteria, and the details for these classifications are provided in Table 4-1. The EU uses three categories - termed A, B, and C.  These classifications are based on the level of indicator bacteria present in shellfish flesh.  Definitions of the classifications and the criteria under which they are defined are given in Table 4-2.

Table 4‑1 Classification of growing areas according to US regulations 

	CLASSIFICATION
	HARVEST CONDITIONS
	FECAL COLIFORM STANDARDS FOR WATER SAMPLES

	Approved
	Open for harvest directly to market
	Geometric Mean < 14 FC MPN/100ml 90th Percentile < 49 MPN for 3 tube Multiple tube fermentation test

	Conditionally Approved
	Open to harvest directly to market when the area meets approved standards but closed under predictable circumstances (e.g., rainfall or waste water treatment plant malfunction)
	Same as Approved standard as applied to sampling results while the area is in open status

	Restricted
	Open for harvest only if shellfish are further treated by depuration or relay
	Geometric Mean < 88 FC MPN/100ml 90th Percentile < 300 MPN for 3 tube Multiple tube fermentation test

	Conditionally Restricted
	Open for harvest if shellfish are further treated by depuration or relay but only when area meets restricted standards, but closed under predictable circumstances such as rainfall or waste water treatment plant malfunction
	Same as Restricted standard as applied to sampling results while the area is in open status

	Prohibited
	Closed to all harvest


	


Table 4‑2 Classification of growing areas according to EU regulations
	CLASSIFICATION
	HARVEST CONDITIONS
	FECAL COLIFORM STANDARDS

	“A”
	Shellfish can be taken for direct human consumption
	Shellfish flesh and intervalvular liquid contain less than 300 fecal coliforms/100g* or less than 230  Escherichia coli per 100g based on a 5-tube, 3 dilution MPN test.

	“B”
	Can be collected but only placed on the market for human consumption after treatment at a purification center or relayed over a period of 2 months
	If the mollusc shellfish flesh and intervalvular liquid contains less than 6000 fecal coliforms/100g or less than 4600 Escherichia coli per 100g based on a 5-tube, 3 dilution MPN test.  Shellfish treated in this fashion must meet the “A” Classification limits prior to being placed on the market for consumption

	“C”
	Shellfish can be collected but only placed on the market only after relaying or in a combination of relaying and purification as long as necessary so that the shellfish meet the bacterial limits for Classification “A”.


	Shellfish flesh and intervalvular liquid contains less than 60000 fecal coliforms/100g or less than 46000  Escherichia coli per 100g based on a 5-tube, 3 dilution MPN test.


 * only E coli after January 2006

3.2 monitoring of shellfish production areas

3.2.1 Sanitary Monitoring

Once an area is classified, routine monitoring is needed to ensure that no changes to the sanitary condition have taken place.  The US NSSP offers two strategies for monitoring the water quality of shellfish growing areas depending on their proximity to pollution sources or impact from meteorological events.  

· A random sampling scheme can be used in areas that have no nearby pollution sources (direct or indirect).  The sampling involves 6 samples collected randomly over the course of 12 months.  This should result in samples collected over a broad set of circumstances, thus taking seasonal and meteorological effects into account.

· Adverse condition sampling is used in areas for which a condition has been identified that is known to cause adverse impact on the water quality such as rainfall events, waste water treatment plant malfunctions, dredging, seasonal wildlife or agricultural operations.  These areas must be sampled a minimum of five times per year during adverse condition periods.  

The US NSSP program only requires shellfish flesh tests on an occasional basis to corroborate the classification determined by the above water quality monitoring schemes.  

Under the EU guidelines, sampling plans for shellfish flesh testing must be drawn up providing for checks to take place at regular intervals or on a case-by-case basis if it is found that the harvesting periods are irregular.   The geographic distribution of the sampling points and the sampling frequency must ensure that the results of the analysis are as representative as possible for the area under consideration.  For example, in Ireland the program requires that shellfish flesh samples be taken and analyzed from all production areas a minimum of once per month.

The bacterial analysis is conducted in an accredited laboratory using approved methods for the selected indicator bacteria.  Current procedures include the most probable number (MPN) technique or membrane filtration for water samples and MPN and the Donovan method for shellfish flesh.  Laboratories must be inspected or audited on a regular basis and are required to participate in proficiency testing schemes that are sponsored by federal or commission agencies.  Quality control systems must be in place for these laboratories that describe and monitor all laboratory operations.   Details about laboratory methods and quality control systems are discussed in report 2 of BCLME Project EV/HAB/02/01 “A synthesis of requirements of various sectors of government and industry relating to microalgal toxins and other sanitary issues” (Anderson et al., 2004).

3.2.2 Biotoxin Monitoring

3.2.2.1 Biotoxin analysis and screening

The unpredictable nature of toxic marine phytoplankton blooms requires that a control program include a contingency plan for an emergency response, background surveillance related to known historical distribution patterns, and subsequent routine monitoring of potentially high risk areas.  Biotoxin monitoring utilizes testing of shellfish flesh.   Results that exceed the regulatory limits for the biotoxin of concern require the immediate closure of the harvest or management area.  Sampling protocols vary depending on relative risk and historical distribution patterns.  For example, in the state of Maine in the US, only primary sampling stations are tested on a routine basis.  When toxicity is detected in these areas, additional stations (secondary or tertiary) are then sampled and analyzed to delineate the closures on as fine a scale as possible.  Other places may close entire regions due to the test results of a single station.  In Ireland (and other regions), sampling frequency is shellfish species-dependent and seasonally dependent.

Again, laboratories involved in these analyses must be approved by the Competent Authority and accredited by a national accreditation body.   If a laboratory is approved but not yet accredited when an inspection (such as by the EU) takes place, it must be shown that progress is taking place towards accreditation.  The laboratory must utilize internationally accepted methods for biotoxin analysis. There are a host of analytical methods available that span a range from direct chemical analysis to biological assays of various types.  Only some of these methods have been approved or validated by international bodies such as the AOAC (Association of Official Analytical Chemists).  The use of other methods is often restricted by the lack of certified standards or reference materials or by the lack of validation against proven assays. For the EU, the approved options for biotoxin analysis are included in Directive 91/492, Commission Decision 2002/225, and Commission Decision 2002/226 (in Annex VI of Anderson et al., 2004: “A synthesis of requirements of various sectors of governments and industry relating to microalgal toxins and other sanitary issues” ( Report 2 of BCLME Project EV/HAB/02/01 “Harmonization of Regulations for Microalgal Toxins for Application in Countries Bordering the Benguela Current Large Marine Ecosystem”). For the US, analysis options are given in the Model Ordinance found in the US NSSP (in Annex III of the same report: Anderson et al., 2004: “A synthesis of requirements of various sectors of governments and industry relating to microalgal toxins and other sanitary issues”).

Given the large number of fisheries resources potentially affected by biotoxins as well as the diverse array of those toxins, it can be extremely expensive to monitor a country’s resources.  One potential strategy is to use a rapid, inexpensive method to screen shellfish samples, relying on the more expensive, fully certified methodologies for final testing of positive samples. One assay that is currently being tested in the US, Ireland, the UK, and several other countries is the Jellett Rapid test kit for PSP.  A similar Jellett kit is available for ASP, but is not yet in widespread use. While kits for the detection of some of the lipophillic toxins (familiarly known as the “DSP group”) are under development, none, at present, are commercially available.   Another screening procedure is a receptor binding assay (RBA) that measures biological activity using cells that are specifically responsive to the particular toxin being analyzed. It must be stressed that screening approaches need official approval as alternatives to the standard biological testing method.  Official approval of the Jellett Rapid test kit for PSP is expected within the first half of 2005.  Until official, screening tests cannot be used for regulatory decision making. Positive results require confirmation by the standard methods. In the US, as well as the EU, parallel analyses have been conducted for PSP using the Jellett Rapid PSP test and the approved PSP biological method.  Results have been submitted to the EU Commission for evaluation. Approval for use in routine monitoring programs is expected by June 2005. In the US screening for PSP using the Jellett Rapid PSP kit has been approved by the ISSC.  

Countries considering establishing biotoxin analytical capabilities should recognize that the pace of progress can be slow for approval of screening methods that rely on new technologies.  Alternative methods for PSP toxins are the first to receive official approval, with ASP methods lagging in time since fewer comparative data are presently available.  Thus far, no alternative rapid screening kit has been marketed that shows promise to reliably detect all lipophillic toxins that includes those responsible for DSP, AZP, YTX, PTX.  Accordingly, it will be some time before the standard biological test for these toxins can be supplemented by a rapid screening kit.
With respect to replacement of the standard biological assays at the regulatory level (i.e., not just for rapid screening), some countries (e.g., New Zealand and Ireland) are moving towards the use of the LC-MS (liquid chromatography – mass spectrometry) for measurement of all known algal biotoxins.  This technique, however, requires a very expensive instrument, highly skilled personnel and certified toxin standards that are not easily available.   Parallel analyses are presently being compiled by Ireland and New Zealand that will be used to argue for routine use of LC-MS for regulatory decisions.  Until this official approval is obtained, even the highly precise LC-MS method cannot be used to certify products for export to the US and the EU.   

In summary, countries such as Namibia and Angola seeking to set up analytical capabilities for biotoxins should consider the Jellett Rapid test for PSP (with access to the biological test for confirmation of positive tests), the biological method for lipophillic toxins, and HPLC for ASP toxins, at least for the immediate future.

3.2.2.2 Phytoplankton Monitoring

One important approach to monitoring involves direct observation and enumeration of HAB cells in plankton samples.  This can be used to guide either management decisions or monitoring activities.   For countries wishing to export shellfish to the EU, council directive 91/492 indicates that sampling plans must take into account possible variations in the presence of biotoxin-containing marine plankton in production and relaying areas.  Sampling of harmful algae should take place as close as possible to the resources to be protected.  In periods of higher risk of HABs, sampling should be intensified in time and space - that is, carried out at least weekly and at more stations than during normal monitoring.   In some countries, quantitative phytoplankton monitoring is used for management decisions.  For example, in Spain, counts of several Dinophysis species in excess of 200 cells per liter result in the initiation of shellfish flesh testing for DSP toxins.  Likewise, in New Zealand, phytoplankton counts are used to limit the number of shellfish flesh tests with the latter being increased when known HAB species are observed in the plankton.  In Ireland, high counts of certain HAB species are communicated to growers who may choose to institute voluntary closures (Anderson et al., 2001). 

Another approach for phytoplankton monitoring is qualitative whereby programs will use plankton nets and field microscopes to make observations of the plankton and advise the management authorities on the need for shellfish flesh testing for biotoxins.

For quantitative phytoplankton counts, a well-equipped plankton laboratory is needed with personnel trained in HAB and general phytoplankton species identification.  This is typically done using traditional light microscope techniques.  New molecular-based assay methods for identifying and enumerating HAB species are under development, but are not sufficiently advanced for routine use in phytoplankton monitoring programs in most countries. 

3.3 Reporting and regulatory decision-making

Laboratory results must be reported in a timely fashion to the regulatory authority and, when appropriate, to the shellfish industry.  Analytical results from each of these monitoring programs may indicate the need for the authority to change the classification of a shellfish area.  Of most critical importance are results indicating that the area should be closed to harvest due to a pollution event or the presence of biotoxin at unacceptable levels.  The authority must be able to obtain these results rapidly after the shellfish are sampled, and must also be able to institute the closure immediately, communicate the closure to the public and the industry, and initiate patrol and enforcement of the closure.  If shellfish had recently been harvested from the area, there may be a need to embargo or recall product for disposal. 

Individual bacterial analyses do not typically result in immediate closures, as these results are accumulated over time and analyzed periodically to ensure that the classification remains valid.

The internet, SMS, email, radio, television and fax communications are effective tools for providing access to, and disseminating results and updates of classification changes.

3.4 Harvesting and transport of live shellfish

Harvesting can only take place in approved areas and shellfish intended for commercial purposes may only be taken by licensed harvesters or growers.  All shellfish must be tagged according to the specifications outlined in the shellfish sanitation program.  The shellfish must remain tagged throughout the distribution chain.  During transportation, shellfish must be kept in refrigerated conditions to ensure wholesomeness.  Transportation time needs to be kept to a minimum since these animals are expected to be alive upon arrival.  Dispatch centers, or shellfish dealers are required to meet rigorous standards for handling of shellfish. Facilities must be periodically inspected to ensure that they meet sanitary specifications. 

3.5 relaying shellfish

Where pollution is an actual or potential risk to human health, shellfish can be relayed to areas with an approved classification so that they will cleanse through natural purification processes.  The relaying areas need to be located and marked so they can be easily identified.  In addition shellfish need to be adequately separated from any other shellfish to avoid cross contamination.  The relay period must be at least 14 consecutive days under suitable environmental conditions.  After the relay period shellfish must be tested to ensure that they meet appropriate standards.  

3.6 depuration

Depuration is allowed for shellfish from areas where shellfish are subject to pollution. This process does not apply to shellfish contaminated with biotoxins.   In the US, shellfish from areas classified as Restricted or Conditionally Restricted can be depurated; in the EU shellfish from Class “B” areas can be depurated.  Depuration is thus not permitted for shellfish taken from heavily polluted areas.  Depuration facilities must have a depuration process approved by the Competent Authority before shellfish are made available for human consumption.  These facilities are tightly regulated and inspected regularly with end-product testing required to ensure consumer safety.

3.7 wet storage

Wet storage is the holding of shellfish taken from approved areas while awaiting transportation to market.  Wet storage can be used to “condition” shellfish prior to sale. “Conditioning” means the storage of live bivalve mollusks coming from Class A or Approved production areas, purification centers, or any other installation containing clean seawater, or in natural sites, the removal of sand, mud or slime to preserve or improve organoleptic (spoilage) qualities and to ensure that shellfish are in a good state of vitality before wrapping or packaging. Land-based holding facilities may use tanks or raceways to wet store shellfish and the source of water may be directly from approved area waters.   In operations that re-circulate the process water, there must be approved water treatment systems with regular testing to ensure that the water meets approved area standards.

3.8 dispatch centres

Dispatch centers are any on-shore or off-shore establishment for the reception, conditioning, wet storage, washing, cleaning, grading, wrapping and packaging of live bivalve mollusks fit for human consumption.  These facilities are also subject to regular inspection and must be certified for operation annually.  Dispatch operators must have a HACCP program in place with appropriate sanitary operating procedures to ensure product safety. 

3.9 canning or cooking and freezing

Canning, cooking or freezing are other post-harvest options occasionally employed to eliminate pathogenic organisms or to extend product shelf life.  In the US and the EU all shellfish products must meet appropriate health standards for human consumption prior to being frozen or canned for shipping purposes.   The shellfish must be safe for consumption as described by the classification sections of the regulations and they must be alive and delivered to the processing facility under appropriate conditions.

3.10 Sampling equipment, staff and infrastrcture requirements

The agency responsible for implementing a shellfish sanitation program must have appropriate laboratory and office space, suitable equipment and sufficient staff to ensure that a reliable and systematic monitoring effort can be carried out on a long-term basis.  Determination of the appropriate level of staffing and facility space depends on the size of the monitoring program and the area to be monitored.   The laboratory either needs to be within a reasonable distance from the shellfish harvest areas, or systems that will ensure timely transportation of samples need to be devised.   For example, in Namibia, most of the aquaculture is taking place in Swakopmund, Walvis Bay, and Lüderitz.  Whereas the MFMR laboratory facility in Swakopmund is a reasonable headquarters for the shellfish program and is in close proximity to the farms in that region of the coast, Lüderitz is far enough away that an independent laboratory and sampling base may need to be considered.  

The following sections list the most significant needs for sampling equipment, staffing and infrastructure.  These sections provide general guidance and program managers should consider efficiencies of scale, local employment capacities, work styles and transportation and other logistics to adopt creative solutions to these general needs.

3.10.1 Phytoplankton Sampling

A useful guide to general phytoplankton sampling and analysis for HABs is found in Hallegraeff et al., (2003).  Other considerations include:

· Access to sampling vessel – Although some phytoplankton sampling can be accomplished near shore from fixed docks and piers, it is highly recommended that the sampling program have regular access to a reliable, work boat and trailer for sampling in and around aquaculture sites.  There is also a potential role for aquaculture company personnel to participate in this sampling and therefore the program may be able to rely on the companies’ vessel(s).

· Niskin bottles, segmented hoses, sample bottles, fixatives, plankton nets – Sufficient equipment must be available to serve multiple sampling sites.  Sample bottles can be provided to the aquaculture company in order for them to participate in the collection of phytoplankton samples.

· Sampling staff – Staffing levels for sampling efforts will depend upon the number of sites to be monitored and the frequency of monitoring.  This also depends on the laboratory capacity and schedule.  It is reasonable to expect a trained technician to be able to collect samples from prescribed locations and also to participate in a support role in the laboratory.  For example, one technician based at the Namibian MFMR facility in Swakopmund may be sufficient to coordinate and collect the phytoplankton, shellfish and water samples needed in the nearby area.  An additional technician would also be needed in the Lüderitz region. Note that with sufficient controls, the EU is receptive to having industry personnel collect plankton samples, reducing costs to the program.  In Ireland, for example, all phytoplankton samples are collected by industry.

· Transport and shipping containers, and associated shipping costs – In some cases, programs requiring samples from relatively remote areas must arrange for, and cover the cost of, a reliable transportation system to get samples to the laboratory for timely analysis.  This may be through overnight courier by automobile, but more likely will involve a courier service utilizing aircraft.

· Vehicle and mileage costs – The program needs unconstrained access to a reliable vehicle for traveling to sample sites.  Mileage and upkeep costs for use of the vehicle need to be considered in the program budget.

· Sample storage (space, bottles, organizational system) – All field samples need to be maintained in a clean, controlled environment immediately upon collection.  In general, a clean cooler with ice is sufficient to ensure that samples remain viable until they can be analyzed at the laboratory.  Phytoplankton samples being “fixed” for microscopic analysis may not require cool temperatures, but holding them under controlled and stable temperature conditions until analysis is recommended.  As with any field sampling program, an organizational system utilizing a standardized nomenclature for labeling samples and tracking the chain-of-custody and other relevant environmental data should be employed.

3.10.2 Shellfish Sampling

· Vehicle and mileage costs (same as phytoplankton sampling) - The program needs unconstrained access to a reliable vehicle for traveling to sample sites.  Mileage and upkeep costs for use of the vehicle need to be considered in the program budget.

· Sampling staff (same as phytoplankton sampling) - Staffing levels for sampling efforts will depend upon the number of sites to be monitored and the frequency of monitoring.  This also depends on the laboratory capacity and schedule.  It is reasonable to expect a trained technician to be able to collect samples from prescribed locations and also to participate in a support role in the laboratory.  For example, one technician based at the Namibian facility in Swakopmund may be sufficient to coordinate and collect the phytoplankton, shellfish and water samples needed in the nearby area.  An additional technician would also be needed in the Lüderitz region. Note that with sufficient controls, the EU is now reasonably receptive to having industry personnel collect shellfish samples, reducing costs to the program.  For example, in Ireland, growers collect three out of every four shellfish samples for biotoxin analysis in a given month, with the fourth being collected by an official inspector.

· Outerwear, footwear and sampling gear – In most cases with aquaculture facilities, the collection of samples is straightforward and require little specialized equipment.  Depending on species being sampled, technicians may need wet suits, rubber booties and a harvesting implement if wild shellfish are being collected. 

· Sampling containers - Regardless of the source of the shellfish, the samples must be kept in a sealed container and labeling and chain-of-custody protocols followed to ensure sample integrity until analyzed in the laboratory.

· Refrigeration for transport and storage – Shellstock (whole animal) samples must be kept in a cooler on ice until they are analyzed.  This is particularly important for microbiological analysis to maintain the bacterial flora as constant as possible.  Shellfish samples for bacterial analysis should be delivered to the laboratory immediately and analyzed within 24 hours (6 hours is preferable).  The laboratory should have a refrigerator dedicated to the holding of samples that are awaiting analysis and the laboratory should have access to a reliable source of ice or ice packs.

3.10.3 Water quality Sampling

· Sampling vessel (same as phytoplankton) - Although some water quality sampling can be accomplished near shore from fixed docks and piers, it is highly recommended that the sampling program have regular access to a reliable, work boat and trailer for sampling in and around aquaculture sites.  There is also a potential role for the aquaculture company personnel to participate in this sampling and therefore the program may be able to rely on company vessel(s).

· Sampling staff (same as phytoplankton and shellfish, except that sampling by industry staff is not accepted) - Staffing levels for sampling efforts will depend upon the number of sites to be monitored and the frequency of monitoring.  This also depends on the laboratory capacity and schedule.  It is reasonable to expect a trained technician to be able to collect samples from prescribed locations and also to participate in a support role in the laboratory.  For example, one technician based at the Namibian facility in Swakopmund may be sufficient to coordinate and collect the phytoplankton, shellfish and water samples needed in the nearby area.  An additional technician would also be needed in the Lüderitz region. 

· Outerwear, footwear and sampling gear (same as shellfish sampling) - In most cases near aquaculture facilities, the collection of water samples is straightforward and requires little specialized equipment.  Depending on species being sampled, technicians may need a wet suit and rubber booties to access shoreline areas for collecting water samples.  Sampling gear needs depend on the type of sampling containers to be used. 

· Sterile sample containers (prepared by laboratory) – Some programs use re-useable, cleaned and sterilized sampling bottles to collect water samples for microbiological analysis.  This requires careful cleaning, sterilizing and quality control procedures to minimize the chance of cross-contaminating samples.  It is the laboratories' responsibility to provide these bottles to the sampling technician.

· Whirl-pak type bags (optional) – Because of the labor involved with the preparation of sampling bottles, many program utilize disposable sterile sampling bags (e.g. Whirl-pak).  These are disposable, easy to use and can be readily labeled with indelible makers.  They also take up less space for storage prior to use and can be tested for sterility as part of the laboratories’ quality assurance plan.

· Refrigeration for transport and storage (same as shellfish) – Water quality samples must be kept in a cooler on ice until they are analyzed.  This is particularly important for microbiological analysis to maintain the bacterial flora as constant as possible.  Water samples for bacterial analysis should be delivered to the laboratory immediately and analyzed within 24 hours (6 hours is preferable).  The laboratory should have a refrigerator dedicated to the holding of samples that are awaiting analysis and the laboratory should have access to a reliable source of ice or ice packs.

· Niskin bottle devices – Some laboratories that utilize sampling bottles will employ a Niskin-type sampling bottle for collecting samples below the water surface.  It is important to ensure that the sampled water is representative of the water being ingested by the shellfish and not contaminated with surface particles.  In using sampling bags, a set of long-handled tongs with alligator clips is used to collect sub-surface water samples.

3.10.4 Environmental data

· Niskin bottle device for dissolved oxygen (DO) – Although dissolved oxygen may not be a critical component of a typical shellfish sanitation monitoring program, there may be interest in assessing the DO level in the shellfish growing areas for husbandry purposes.  A Niskin device is essential to gather sub-surface water samples and to minimize the introduction of oxygen from the ambient air prior to analysis.

· DO reagents – Dissolved oxygen can be determined in the field with the appropriate reagents.   Samples can also be “fixed” in the field for later analysis in the laboratory.  

· Field thermometer – Most water quality monitoring programs will track water temperature and salinity as part of the database for bacterial contamination.  This information may be helpful in tracking sources of contamination and in understanding the hydrodynamics of an area where run-off, rainfall, and other fresh water influence might have some impact.  Field thermometers should be durable and should be calibrated periodically.

· Wind and meteorological observations – An estimation of wind and meteorological conditions is worth noting on the field sheets for water quality monitoring.  Again, this information may be useful in understanding bacterial analyses and the transport of bacterial contaminants with localized hydrodynamics in the shellfish growing area and potential impacts from precipitation.  

3.11 Analytical methods and equipment needs

Lists of most of the equipment needs to perform the laboratory analyses required for a shellfish sanitation program are included in Annex I of this report.  Laboratories need to be set up to handle microbiological, biotoxin and chemistry analyses involving water, phytoplankton and shellfish samples.  Methods used for all analyses should be those approved by the receiving country and associated quality control procedures should be in place.  These lists are not intended to be all inclusive, but provide for basic equipment needs.  Specific equipment and the choice of tools may depend on the technician’s preference. 

3.11.1 Phytoplankton

The collection of phytoplankton samples and transportation to the laboratory for microscopic evaluation requires a significant portion of a technician’s time, specialized sampling gear and an inverted microscope. 

3.11.2 Biotoxin

The analysis of shellfish samples for biotoxins can utilize several different methods, depending on the toxin being analyzed.  A discussion of the different approved methods, as well as some of those that are under development is given in section 4.2.2.1.  Here the emphasis is on the equipment and supply needs if a laboratory undertakes these methods.  For PSP toxins, to date the only accepted method for the analysis of PSP for regulatory decision-making has been  the AOAC biological method. Other alternative methods have recently become available including a convenient Rapid test kit made by the Jellet company in Canada.  This kit is currently designed to provide a presence/absence indication of PSP. Although the PSP kit is easy to use, the shellfish sample must still be prepared as for the AOAC biological test. Each test kit costs approximately US$N25. This test is expected to be accepted for regulatory decision-making in 2005 and therefore is used for the cost analysis (table 6.4). The Receptor Binding Assay (RBA) is an evolving method which can detect PSP toxins and domoic acid - the toxin associated with ASP. Since this method utilizes radioactive isotopes, there are some concerns about its safety, though the actual amount of radioactivity is extremely low and poses no health hazard with normal laboratory safety protocols.  The International Atomic Energy Agency (IAEI) is sponsoring training in this method with the countries in the Benguela region, and is providing the necessary equipment to these countries as well – a significant investment in analytical infrastructure for the region. This method cannot yet be used for regulatory purposes but as low levels of toxins in a sample can be analysed, it is an extremely useful research tool and can be useful for early warning of toxic events.

Whilst various kits are under development for DSP and ASP analysis, the biological assay and HPLC methods are presently the standard regulatory tests. 

High Pressure Liquid Chromatography (HPLC) is an effective and approved tool for the detection and quantification of domoic acid (ASP toxin).  This method requires expensive instrumentation and a well-trained technician.

3.11.3 Microbiology

A microbiological laboratory is a very specialized facility because of the need for absolute cleanliness and reliable climate control to ensure that the manipulation and culturing of bacteria is conducted safely and without risk of contamination.  The acceptable technique for the analysis of shellfish tissue and seawater samples for fecal coliform bacteria utilizes multiple tubes in multiple dilution series.  The method requires preparation of media using ultra-pure laboratory water, and clean glassware. 

3.11.4 Chemistry

The shellfish sanitation program will also require the capacity to conduct chemical analysis for heavy metal and other types of contamination in the shellfish or in the growing area.  It is probably most efficient to contract this type of work out to specialized laboratories, and since this type of analysis does not need to be repeated frequently, the cost for establishing a chemistry laboratory may not be warranted.  

3.12 infrastructure

Infrastructural needs include staffing, laboratory space and data management capacity.  Some of these needs are embedded within the sections listed above but are worth specifying here in some detail.  There are other elements of infrastructure which must also be considered including transportation costs, shipment for samples to laboratories and telecommunications and general public communication (e.g., posting of closures in the press).

3.12.1 Staffing

The following functional roles might be shared by a few individuals depending on the laboratory location, work load and level of experience, and training for the individuals involved.

· Samplers for collection of phytoplankton, shellfish and water samples

· Laboratory technicians for microbiology laboratory

· Microbiologist

· Laboratory technician for biotoxin laboratory

· HPLC analyst

· Phytoplankton taxonomist

· Secretarial support

3.12.2 Laboratory location(s), space requirements

There should be at least one dedicated biotoxin and microbiology laboratory in each country (national reference laboratory).  Depending on the size of the country, proximity of growing areas to the laboratory, and transportation options, there may be a need for one or more satellite laboratories to assist with the analysis.  It should be noted that samples for microbiological analysis must be tested within 24 hours of collection.  Laboratories need to be organized to allow for sample delivery areas, media kitchen, sample preparation, biotoxin testing facility, clean room for microbiology work, and administrative and data analysis support areas.  Laboratory space must be clean and well lighted with climate control or air conditioning to ensure that laboratory equipment functions properly.

3.12.3 Data management

Data management and office support is critical to keeping the sampling program organized and for the analysis and interpretation of the data.  These data include the results from each of the laboratory components and therefore this function must be carried out in close proximity to the laboratories.  The data management system will also be responsible for maintaining growing area classification files, shoreline and sanitary survey files for each growing area and records for closure that might take place as a result of a pollution or toxin event.  This office must also serve a role in coordinating and communicating closure information to the field biologists and enforcement personnel who will post areas and enforce closures.  Some of the equipment needs include:

· Computer equipment (software and hardware)

· Global Positioning System (GPS) units for mapping sample locations

· Geographic Information System (GIS) software

· Specialist for building and maintaining the database and web communications

· Large format printer (color)

3.13 Interagency cooperation

A joint, multi-agency working group is needed to coordinate the sampling, analysis, inspection and reporting for the shellfish sanitation program.  There should be no additional costs for this coordination.  It is common to describe individual agency roles through a memorandum of understanding (MOU) signed by authorities from each agency.  In both the case of the United States and the EU, there will need to be a lead agency, often referred to as the Competent Authority.  The Competent Authority is chiefly responsible for ensuring that all components of the program are operating appropriately and that the work is being conducted in a coordinated fashion for the protection of public health while enabling effective industry practices to proceed in a timely way.  The Competent Authority is the principal contact with the receiving nations and will be the subject of evaluations, certifications, and investigations.

In most cases, the complexity of the shellfish sanitation program requires multiple agencies or ministries to participate in all or part of the program implementation.  The delegation of roles within the shellfish program often follow similar patterns with other complex governmental programs and there are potential efficiencies in utilizing a collaborative construct of multiple agencies to eliminate redundancy of purpose, effort, and allow for efficient use of resources.  Section 7 of this report provides an example chart (Table 7-1) of how the various roles or responsibilities might be delegated in Namibia.

3.14 Industry participation

There is precedence throughout the world for some involvement of industry in the collection of samples.  With appropriate training and oversight, farmers and other industry members can be equipped and engaged to collect and deliver phytoplankton and shellfish samples to the laboratory for analysis.  

4 Existing agency capacity

4.1 Namibia

4.1.1 Infrastructure and staffing

A new Directorate of Aquaculture was established in beginning of 2004. Presently the Mariculture division comprises:

· one Chief Fisheries Biologist

· one Fisheries Biologist (qualified microbiologist)

· three Fisheries Technicians

· one Fisheries Technical Assistant

There are plans to add one more technician to this staff in support of the shellfish sanitation program.  The MFMR phytoplankton laboratory located in Swakopmund (the National Marine Information and Research Center – NatMIRC) is shared with the Biological Oceanography Phytoplankton section. The Ministry has committed to allocating laboratory space to the shellfish sanitation program at the Swakopmund facility.  The Ministry also has a research and monitoring station in Lüderitz that might be able to contribute to the implementation of this program for the Lüderitz and Oranjemund regions either by providing samples to the central laboratory or by providing some basic analyses.

4.1.2 Phytoplankton identification and enumeration

No phytoplankton laboratories dedicated to the Aquaculture Directorate or the shellfish sanitation program exist in Namibia at this time. The NatMIRC laboratory in Swakopmund has laboratory space dedicated to phytoplankton identification work. This could be used in conjunction with a shellfish sanitation program administered by MFMR, with the following equipment:  

· Plankton nets

· Sampling bottles

· Miscellaneous chemicals 

· Settling chambers

· Microscopes

· Inverted Microscope equipped with epifluorescence function

· Digital Camera

· Computer

A pilot study of phytoplankton monitoring on a bi-monthly basis was initiated in 2004 to monitor the central coast of Namibia. Some staff have obtained training in harmful phytoplankton identification.  This training was provided through the IAEA in collaboration with the IOC.   Phytoplankton is identified to species level and enumerated. Photographs are recorded to assist in identification. Data are filed according to sampling locations, date, sample, and sampler, and records are maintained in Excel worksheets on a computer.

Currently groups such as the University of Witwatersrand in Johannesburg and the IOC in Denmark and Germany provide support with identification of species and culturing of harmful algae samples. The IOC has generously donated nets and identification books to facilitate identification. Future collaboration will hopefully lead to an IOC identification manual on harmful algae in Namibia.   

4.1.3 Biotoxin analysis

No toxin analyses of farmed shellfish is currently carried out by the MFMR or in Namibia, Equipment is presently being installed for environmental monitoring of PSP using the RBA method, through an IAEA-sponsored project.  The Veterinary Department (Ministry of Agriculture, Water, and Rural Development) laboratory in Windhoek has biological assay facilities and expertise.   They may be able to provide services or training as needed by MFMR.  Mouse bioassays for marine biotoxins are currently only available at the CSIR laboratories in South Africa, which presently service all regional analytical needs.

4.1.4 Microbiological analysis

Seawater samples are currently taken for microbiological analysis at different locations along the central coast of Namibia. SABS has a regional laboratory in Walvis Bay (GCS) that is capable of conducting microbiological analysis of water and shellfish samples. This laboratory can provide several microbiological tests including fecal coliform, total coliform, E.coli for both water and shellfish flesh analysis.  The Ministry can also send these samples to other national and regional laboratories.   The GCS laboratory in Walvis Bay is certified by the Competent Authority (Ministry of Trade and Industry) for fishery product export to the EU.

4.1.5 Environmental data

Environmental monitoring along the coast comprises satellite-derived sea surface temperature and wind data (not real-time).

4.1.6 BCLME Pilot Study

A pilot study, funded by this BCLME project, was conducted along the central coast of Namibia. All active mariculture farms as well as several other important areas were sampled. These included: Walvis Bay Mariculture, Beira Mariculture, Walvis Bay Salt Refiners (Saltpans), Namaqua and Richwater Oyster Farm (Swakopmund saltpans).  In addition, the following areas were sampled: Dolphin Beach, Langstrand, Mile 4 and Mile 17.  Samples were collected twice per month at these locations.  The study had two components: 

1. initiation of a sanitation program which can be used to classify shellfish growing areas in the central part of Namibia, and 

2. assessment of potentially toxigenic phytoplankton observed on the mariculture farms and if possible, testing for any biotoxins. 

4.1.6.1 Microbiology tests 

The water and shellfish samples taken for microbiology testing were collected by aquaculture personnel from the MFMR and delivered to the GCS (=SABS) laboratory in Walvis Bay where they were analyzed.  During the first two months (March and April) water was analyzed for E. coli (see Table 5-1). All tests were negative for E. coli.  During May water was tested for total coliforms, and these tests were also negative. 

Testing was then done for total coliform on the flesh of oysters. Some of the farms tested positive but bacterial levels were below EU criteria.  Beginning in August, the oysters were tested for fecal coliform. All the tests were negative on the farms.   

Table 5‑1 Microbiology tests at different sites on the central coast of Namibia in 2004

	Month
	Medium
	Test  

(MPN)
	Swakop.

Salt Pans


	Walvis Bay Mariculture
	WB

Salt

Pans
	Beira

Aqua.
	Nam.

Aqua.
	Units

	March
	Water
	E. coli
	0
	0
	0
	0
	0
	E.coli/100ml

	April
	Water
	E. coli
	0
	0
	0
	0
	0
	E.coli/100ml

	May
	Water
	T. coliform
	0
	0
	0
	0
	0
	T. coliform

100ml

	June
	Flesh

oysters
	T. coliform
	0
	0
	190
	0
	90
	T. coliform/g

	July
	Flesh

oysters
	T. coliform
	15
	0
	0
	5
	90
	T. coliform/g

	Aug
	Flesh

oysters
	F. coliform
	0
	0
	0
	0
	0
	F. coliform/g

	Sept
	Flesh

oysters
	F.  coliform
	0
	0
	0
	0
	0
	F. coliform/g

	Oct
	Flesh

oysters
	F.  coliform
	0
	0
	0
	0
	0
	F. coliform/g

	Nov
	Flesh

oysters
	F.  coliform
	0
	0
	0
	0
	0
	F. coliform/g

	Dec
	Flesh

oysters
	F.  coliform
	0
	0
	0
	0
	0
	F. coliform/g


4.1.6.2 Phytoplankton samples

Phytoplankton samples, were taken at the same locations as the microbiology samples in this study. Various species were observed during analysis of samples but for the purpose of this study, only the potentially toxic species were enumerated.

The genus Pseudo-nitzschia was observed on several sampling occasions during the monitoring of the phytoplankton.  This is a potentially toxic diatom species (Figure 5-1).  Pseudo-nitzschia species were observed on the farms, but not at levels of concern.  It is noted that cell counts in excess of 500,000 cells/L have been of concern in some countries 

(Anderson et al. 2001).  Costs of bIotoxin tests were not included in this study, although farmers analyze for domoic acid at their own cost.
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Figure 5‑1 Cell counts of Pseudo-nitzschia species observed during 2004 on  mariculture farms and other sampling points along the central coast of Namibia.
Dinophysis spp. were present at almost all the sampling points (Figure 5-2). Some species in this genus are known to be associated with DSP toxins, but others can be common without producing toxic effects. As with the Pseudo-nitzschia species, costs of toxin tests were not covered by the study.  
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Figure 5‑2  Dinophysis species found at different mariculture farms along the central Namibian coast in Namibia.

4.2 Angola

4.2.1 Infrastructure and staffing

Angola has one laboratory complex (INIP) conducting shellfish-related work based in Luanda, Angola.  For phytoplankton analysis, one supervisor, two scientists and one technician are involved. 

The head of the microbiology laboratory has been supervising operations since 1996 and predominantly conducts microbiological testing for fish export. Total coliform, faecal coliform and Salmonella (ISO 6579:2002) are analyzed for fish export. The laboratory was inspected by the EU in 2003 and consequently the country received approval to export fish to the EU under directive 91/493.  Key personnel include a supervisor, three scientists, and two technicians. 
The laboratory complex also has the capacity for conducting chemical analyses using HPLC, gas chromatography and atomic absorption intended for heavy metals and other contaminants. It may be possible to use this equipment for domoic acid (ASP) analysis depending on the type of equipment and its current usage.  This facility has a supervisor and several scientists and technicians.

In addition to the Luanda laboratory complex, there are five additional laboratory facilities in other provinces of Angola that support fisheries monitoring and research activities.  These are located in Namibe, Tombua, Lobito, Cabinda (under construction), and Benguela.  These laboratories are not involved in any shellfish safety-related work at this time but could contribute to the implementation of this program either by providing samples to the central laboratory or by providing some basic microbiological analysis that is already implemented for fish export.

4.2.2 Phytoplankton identification and enumeration

Phytoplankton sampling is conducted using Nansen and Niskin bottles. The sample station locations are registered using a GPS. Two scientists and one technician are trained and are performing phytoplankton counts for research purposes in Luanda. There are two inverted microscopes available at the IIM (one in Luanda and one in Namibe).  The samples are currently not analyzed in a timely manner because the lack of settling chambers and the current focus on research, not monitoring. The current project (July 2003-February 2005) has the objective of documenting phytoplankton biodiversity and population dynamics along the Luanda coast. Seven stations are sampled, at 5, 10, 15 and 20 m depths, and all phytoplankton species observed are counted. In the event of HAB-related fish or marine resource mortalities, sampling is intensified.

4.2.3 Biotoxin analysis

There is evidence of toxin-producing organisms in Angolan waters based on analyses conducted at a Spanish laboratory (Rangel, 2000).  Toxins detected included: 

· GTX1, GTX2 and GTX 3 in Perna
· GTX1 and GTX 2 in Senilia senilis
· GTX1 and GTX3 in Donax rugosus
· GTX1 in clams 

All were detected by HPLC (Franco and Fernandez-Vila 1993) but at very low concentrations.

Following the recent IAEA-sponsored training course in Charleston, South Carolina in the US (August 2004), PSP toxin analysis using the RBA will start in 2005.  The use of the RBA method will not begin until after the approval of proposed legislation allowing for the use of radioactive products in Angola. The IAEA has provided equipment for RBA analysis to Angola for analyzing shellfish for PSP. Possibly the technique will later be used also to analyze ASP.

With respect to biotoxins, there is no present capability in Angola for either biological assays or HPLC (domoic acid).  As mentioned above, HPLC facilities exist but are presently used for other analyses.

4.2.4 Microbiological Analysis

There is no routine water quality monitoring in Angolan coastal waters but there is laboratory capacity for microbiological analysis of seawater and there have been some limited studies on Angolan coastal waters over the past few years.  The laboratory in Luanda has the capability of analyzing environmental samples.  The laboratory currently performs analyses for total coliform, fecal coliform, and Salmonella for fish export.  E.coli and other bacteria can also be enumerated at this laboratory.  Seawater from Luanda Bay was analyzed for total coliform and fecal coliform on a weekly basis in 2003, during the months of July and August (O. Torres, pers. comm.).  Luanda discharges untreated sewage into the Atlantic Ocean. The sewage discharge pipe for Luanda was rebuilt in 2002, and lengthened to extend the discharge further from shore. Through the project for the study of pollution in Luanda Bay, in August 2004, 14 sites along Luanda Bay at 5 different depths were sampled and water was analyzed for total coliform, E coli and various chemical pollutants. The results of this project are expected in report from BCLME project BEHP/LBMP/03/01: “Baseline assessment of sources and management of land-based marine pollution in the BCLME region”. The INIP staff and laboratories are involved in this and other BCLME-related projects working with Angola on these types of pollution problems. 

4.2.5 Environmental data

Environmental monitoring in Angolan coastal waters is carried out four times annually on cruises related to fish assessment, and opportunistically during other cruises. CTD measurements are taken.  Temperature, oxygen, salinity, and pH using Seabird 19 plus and 25 plus are measured during phytoplankton sampling.

5 cost estimates for program needs 

This section provides information and cost estimates for two possible scenarios for providing shellfish sanitation program components in Namibia and Angola. In the first scenario, the Namibian and Angolan Governments will fund the establishment of governmental laboratory capacity while in the second scenario, the laboratory analyses would be out-sourced i.e. performed by GCS (=SABS), CSIR, or other contract laboratories.  Cost estimates for establishing and maintaining the microbiology and biotoxin laboratories by the Governments are based upon the listing of laboratory needs in Annex I.  These estimates are provided as start-up figures using the current Namibian aquaculture farms in Swakopmund, Walvis Bay, and Lüderitz as an example.  Estimates are also provided of the costs for ongoing maintenance of these laboratory functions.  Estimates in this report are provided in US dollars based upon the valuation in February, 2005 ($N 6 = $US 1).  The estimates within these sections also include associated office costs.

As indicated by the estimates in this section and Annex I, the initial set-up of shellfish sanitation laboratories will require a significant investment. Estimates are given of needs to implement laboratories in support of a shellfish program that can be approved based upon the requirements of the EU and the US, bearing in mind that aquaculture producers of the region are seeking certification of their shellfish for export.  Upon analysis of the relatively high cost of out-sourcing of the laboratory analysis (below), the establishment of governmental laboratory capacity may be a cost effective option in the long run and will allow the Regulatory Authority to manage all aspects of sample collection, analysis and data management.   However a factor to be considered in this decision is the corrosive environment along these coasts, thus increasing maintenance of laboratory equipment.

5.1 Implementation option for Namibian government in-house monitoring and analysis

5.1.1 Establishing microbiological, biotoxin, and phytoplankton laboratories

Table 6-1 provides estimates for the establishment of laboratory capacity for Namibia.  These estimates were developed based on best available information for the initial investment for equipment, infra-structure, and supplies for starting up laboratories which would potentially meet the standards of the EU and NSSP, as well as estimates of maintaining the monitoring programs in subsequent years.   The details underlying these totals are supplied in Annex I. 

Table 6‑1 Estimate of costs for establishing government laboratory capacity for shellfish sanitation monitoring in Namibia

	Type of analysis
	Start-up costs US$

	
	Large equipment
	Supplies
	Infrastructure
	Maintenance and calibration
	TOTAL

	Microbiology
	23 426
	17 056
	9 004
	2 679
	52 165

	Biotoxin
	* 154 067
	8 696
	11 604
	23 800
	*198 167

	Phytoplankton
	72 271
	8 860
	-
	8 750
	89 881

	Data integration
	4 167
	4 167
	-
	625
	8 959

	Total
	253 931
	38 779
	20 608
	35 854
	349 172


*An optional large equipment item for biotoxin analysis is HPLC. Investment in HPLC methodology would represent a major start-up cost of US$ 130 000 and substantially increase the biotoxin start-up costs. Whilst HPLC biotoxin analysis is feasible operationally and desirable, it is a major optional decision for the Government as such equipment would require heavy initial financial input. However as the HPLC methodology is used as the regulatory test for domoic acid (ASP toxin) it is considered valid and therefore included in the cost analyses in this report.

The following sections provide the basis for estimates of annual costs for microbiological and chemical classification of growing areas, as well as microbiological, chemical, biotoxin, and phytoplankton monitoring on a sustained basis. 

5.1.2 Cost estimate for microbiological classification and monitoring

This section provides an example of cost estimates for the classification and monitoring of shellfish growing areas presently used by farmers, using an approach likely to satisfy both US and EU criteria.  A growing area may include one or more management areas, and each shellfish growing operation can be considered a management area.  In this example, the growing areas include 9 farms (Walvis Bay, Swakopmund, and Lüderitz).

5.1.2.1 Classification phase – year one

The monitoring actions and cost elements for initial growing area microbiological classification are given in Table 6-2.  Assessment of the sanitary condition of a growing area includes an intensive investigation over the course of a year to evaluate the risk of fecal contamination. This is done by intensive water sampling and a shoreline survey to look for actual or potential fecal pollution sources.  The classification also involves analysis of shellfish flesh for fecal contamination on a monthly basis.  Classification will require 20 water samples per farm to be analyzed for fecal coliform bacteria during the first year.  In addition, one sample per month of shellfish flesh must be analyzed from each farm for E. coli each year.  

For the initial growing area classification, a shoreline survey is needed. This can take several days of a technician’s time and requires a vehicle and a great deal of walking and making observations and interviewing home owners.  In the local Swakopmund region, this work would be part of existing staff time and the costs will be negligible.  Areas that are far from Swakopmund will involve travel of a trained technician to those areas (Lüderitz) for which there will be cost for travel and per diem.  

Table 6‑2 Monitoring actions and cost elements for microbiological growing area classification (year one) in Namibia 

	Monitoring Actions
	Cost Elements ($ US)

	Year 1 – No. of micro samples = 180 water
	180 samples

	Year 1 – No. of micro samples = 108 flesh
	108 samples

	1 full-time technician
	$10 000

	Administrative oversight (microbiologist and supervisor)
	$3 700

	Consumable supplies (media components, disposables, glassware, reagents, control cultures, etc.)
	$8 820

	Collection of samples by MFMR personnel
	$2 440

	Total Year One classification costs
	$24 960


5.1.2.2 Maintenance monitoring phase

The monitoring actions and cost elements for sustained or maintenance microbiological monitoring are given in Table 6-3.  Maintenance of the classification of the growing area after it has been properly classified involves a less intensive sampling regime each year with a repeat/review of the shoreline survey every three years. A minimum of 6 water samples per farm must be analyzed for fecal coliform bacteria during the first year.  In addition, one sample per month of shellfish flesh from each farm must be analyzed for E. coli each year.  

Table 6‑3 Monitoring actions and cost elements for sustained or maintenance microbiological monitoring in Namibia 

	Monitoring Actions
	Cost Elements ($ US)

	Year 2 – No. of micro samples = 54 water
	54 samples

	Year 2 – No. of micro samples = 108 flesh
	108 samples

	1 full-time technician
	$10 000

	Administrative oversight (microbiologist and supervisor)
	$3 700

	Consumable supplies (media components, disposables, glassware, reagents, control cultures, etc.)
	$8 820

	Collection of samples by MFMR personnel
	$2 440

	Total Year Two classification costs
	$22 464


5.1.3 Cost estimates for sustained biotoxin and phytoplankton monitoring

The monitoring actions and cost elements for sustained biotoxin monitoring are given in Table 6-4, and for phytoplankton sampling, in Table 6-5.  Ongoing monitoring for marine biotoxin involves periodic collection of phytoplankton samples from the growing areas and at least one biotoxin analysis of shellfish flesh for the target toxins per week. 

Table 6‑4  Monitoring actions and cost elements for sustained biotoxin monitoring in Namibia

	Monitoring Actions
	Cost Elements ($ US)

	No. of biotoxin samples = 468
	468 samples

	1.5 full-time technicians
	$15 000

	Administrative oversight (biologist and supervisor)
	$3 700

	Consumable supplies (assay supplies, toxin standards, glassware and reagents, etc.)
	$51 480

	Collection of samples by MFMR personnel
	$3 970

	Total sustained biotoxin monitoring costs
	$74 150


Table 6‑5 Monitoring actions and cost elements for sustained phytoplankton monitoring in Namibia

	Monitoring Actions
	Cost Elements ($ US)

	No. of phytoplankton samples = 936
	936 samples

	1 full-time technician
	$10 000

	Administrative oversight (biologist and supervisor)
	$3 700

	Consumable supplies (reagents, glassware, pipettes, etc.)
	$9 564

	Collection of samples by MFMR personnel
	N/A

	Total sustained phytoplankton monitoring costs
	$23 264


5.1.4 Cost estimate for chemical contaminants

It is not reasonable to set up a chemical analysis laboratory; however each growing area will need to be assessed for risk from chemical contamination.  In Namibia, there is very little risk from most industrial contaminants. Therefore an annual composite shellfish sample from each of the bays where shellfish are being harvested, analyzed for a suite of heavy metals, should be sufficient.  Composite samples of market-sized shellfish from Swakopmund, Walvis Bay and Lüderitz should be analyzed once per year for lead, mercury, cadmium and copper.  The estimated cost for each set of analyses by an outside laboratory is $US 50, so an annual cost of $US 450 would cover the required analyses each year.

5.1.5 General cost considerations

5.1.5.1 Facility construction / organization

The MFMR laboratory facility in Swakopmund, Namibia will potentially play an important role in the implementation of this program. In this report this facility is used as the example of the utilization of present Government laboratory facilities for analyses.  Dedicated space for the microbiology and biotoxin laboratories would need to be assigned and retrofit for these functions.  As indicated in Table 6-1, infrastructural improvements estimated at $US 20 608 would be needed at the Swakopmund laboratory. MFMR has a field station in Lüderitz where staff may be able to use existing facilities to assist with sampling and phytoplankton enumeration.  

New laboratory construction, or even the retrofitting of existing facilities is very expensive.  Therefore it is important that each government consider the utilization of existing laboratories.   In Namibia there are laboratories serving food and agriculture programs in Windhoek and Walvis Bay which might be employed to support the molluscan shellfish safety program.   

5.1.5.2 Personnel

MFMR will need to invest in at least one, and probably two, more laboratory technicians in order to meet the needs of the program.  It is important that the laboratories be sufficiently staffed based upon the throughput of samples and the types of analysis that will be required.  Namibia has made significant investments in personnel recently in support of the aquaculture program at MFMR and is apparently willing to hire more personnel as needed.  Namibia also has MFMR staff at the field station in Lüderitz that may be able to assist with the sampling needs in that region.  There are significant staff training needs for this program and ample opportunities in Europe or the United States to attend courses in laboratory methods, laboratory evaluation, phytoplankton taxonomy, growing area classification and HACCP principles.  It is recommended that the implementation phase of this program give priority to providing these opportunities for key staff members.

The related health or agriculture agencies in Namibian and Angola are already conducting inspections of retail and wholesale food establishments as well as food processing centers.  With appropriate training and coordination it may be feasible for these programs to include regular visits to the shellfish processing facilities in the region to conduct inspections.  At this time it is unknown if there will be additional needs for inspection personnel.

5.1.5.3 Transportation and shipping

MFMR in Namibia has vehicles available to field staff for sample collection and other field work.  In some cases, it may be necessary to retain a courier service (by air or road) to deliver samples from the farms (or coast) to the analytical laboratories.  For example, in Namibia, if the laboratory analysis is conducted in Walvis Bay or Windhoek, there will costs for this transportation service and a contractual relationship will need to be established with the courier that specifies certain expectations.   These expectations include timely delivery of the samples under refrigerated conditions to the laboratory.  Although much of the routine monitoring can be scheduled in advance, there occasionally may be unplanned samplings due to unique events that will require the courier to be able to respond rapidly. 

Another related issue that has been experienced is the difficulty of getting samples of product to laboratories across borders when the quality of the sample is not yet known.  An intergovernmental agreement should be established to allow for this kind of sample transport.

5.1.6 Total cost estimate for Namibian in-house monitoring and analysis 

The total cost of Namibian in-house monitoring activities for a shellfish sanitation program for its present needs is $US119 878, of which nearly half is for biotoxin monitoring ($US 74 150; Table 6-6).  Microbiological ($US 22 464) and phytoplankton monitoring ($US 23 264) are approximately equal portions of the remainder. 

Table 6‑6 Total annual cost estimates for Namibian in-house monitoring activities for a shellfish sanitation program 

	Type of Laboratory Analysis
	Annual Monitoring Costs ($US)

	
	

	Microbiology
	$US 22 464

	Biotoxin
	$US 74 150

	Phytoplankton
	$US 23 264

	Total
	$US 119 878


5.2 Implementation option using in-house monitoring and out-sourcing analysis in namibia
It is important for the countries in the region to consider their current capacity in determining where to invest in order to implement a program.  In Namibia there is interest in utilizing the GCS (SABS) laboratory in Walvis Bay to provide a significant portion of the required laboratory analysis for both microbiology and future biotoxin analysis.  If the GCS Laboratory in Walvis Bay is able to: 

· commit to the prescribed methods; 

· attain accreditation; 

· ensure the ability to meet the demands of the program; 

· conduct the analysis quickly; and 

· report the results to MFMR; 

then it may not be necessary for MFMR to establish these laboratory capacities in Swakopmund.  Under this scenario, the MFMR staff would focus on sample collection, phytoplankton monitoring, shoreline survey, sanitary survey, data analysis and growing area classification.   The costs for these activities  are  given in tables 6-2, 6-3, 6-4 and 6-5.  This scenario also requires the Ministry of Health to participate in the inspection program for dispatch and processing facilities and the Ministry of Trade to provide product certification for export.  This construct could easily serve the present needs of the Namibian shellfish growing areas. 

In the series of tables below (Tables 6- 7 through 6-10), estimates are provided for out-sourcing the sample analysis for the various program components and phases of implementation (first year and subsequent years).  In order for the costs of Option one (in-house monitoring and analysis) to be comparable to Option two (in-house sample-collection with out-sourcing analysis), the cost of collection of samples by MFRM personnel is provided in under each table and a summary of the total costs for out-sourcing is included in Tables 6-11 and 6-12.

Table 6‑7 Cost elements for in-house sample collection and out-sourced analysis of samples for microbiological growing area classification (year one) in Namibia 
	Sample type / analysis type
	Samples/year
	Cost per analysis*
	Cost per farm
	No. farms sampled
	Total Cost per year

	Water –

Fecal Coliform
	20
	$US 10
	$US 200
	9
	$US 1800

	Flesh – E.coli
	12
	$US 10***
	$US 120
	9
	$US 1080

	Subtotal for analysis
	
	$US 2880

	Sample collection costs (from Table 6-2)
	
	$US 2440

	Total cost for sampling and analysis
	
	$US 5320


* based on 2004 costs from CSIR / SABS 






** staff collect and deliver these samples to the Walvis Bay GCS (=SABS) Laboratory

*** this is an estimate, as E.coli is not currently being enumerated

Table 6‑8 Cost elements for in-house sample collection and out-sourced analysis of samples for sustained or maintenance microbiological monitoring in Namibia 
	Sample type / analysis type
	Samples/year
	Cost per analysis*
	Cost per farm
	No. of farms
	Total cost

	Water – 

Fecal Coliform
	6 minimum
	$US 10
	$US 60
	9
	$US 540

	Flesh – 

E.coli or Salmonella
	12
	$US 10***
	$US 120
	9
	$US 1080

	Subtotal for analysis
	
	$US 1 620

	Sample collection costs (from Table 6-3)
	
	$US 2 440

	Total cost for sampling and analysis 
	
	$US 4 060 


* based on 2004 costs from CSIR / SABS 






** staff collect and deliver these samples to the Walvis Bay GCS  Laboratory
*** this is an estimate, as E.coli is not currently being enumerated

Table 6‑9  Monitoring actions and cost elements for sustained in-house biotoxin monitoring in Namibia

	1 sample per week


	Assay running costs
	Cost per week per farm
	Estimated cost per year for 9 farms

	
	PSP
	DSP
	ASP *
	
	

	
	$US 25
	$US 40
	$US 45
	$US 105
	$US 51 480

	1.5 Technician costs/year
	
	$US15 000

	Administrative oversight (biologist and supervisor)
	
	$US 3 700

	Subtotal for analysis
	
	$US 70180

	Collection of samples by MFMR personnel
	
	$US 3 970

	Total cost for sampling and analysis
	
	$US 74 150


* assuming access to HPLC 

Table 6‑10 Cost elements for in-house sample collection and out-sourced analysis of samples for sustained biotoxin monitoring in Namibia
	1 sample per week
	Assay costs
	
	
	

	
	PSP *
	DSP*
	ASP*
	Shipping / transport per sample
	Total cost per week per farm
	Estimated cost per year for 9 farms

	1
	$US 75
	$US 88
	$US 155
	$US 42
	$US 360
	$US 168 480

	Subtotal for analysis
	
	$US 168 480

	Sample collection costs (from Table 

6-4)
	
	$US 3 970

	Total cost for sampling and analysis
	
	$US 172 450


* based on 2004 costs from CSIR, Cape Town

Table 6‑11 Summary of classification phase costs for in-house sample collection and out-sourced analysis of microbiology and biotoxin samples in Namibia

	Sample collection and phytoplankton analysis
	Sample collection and sanitary analysis (flesh + water)
	Sample collection and biotoxin analysis  
	Total

	US$ 23 264
	$US 5 320
	$US 172 450
	$US 201 034


Table 6‑12 Summary of sustained or maintenance monitoring costs for in-house sample collection and out-sourced analysis of microbiology and biotoxin samples in Namibia 

	Sample collection and phytoplankton analysis
	Sample collection and analysis

Sanitary (flesh + water)
	Sample collection and analysis

Biotoxin
	Total

	US$ 23 264
	$US 4 060
	$US 172 450
	$US 199 774


At the present complement of 9 farms in Namibia, the annual total cost for sampling and out-sourced analysis in Namibia for marine biotoxins is $US 172 450. These estimates do not account for inflation, which is likely to be approximately 10% per year.  For comparison, the required investment by the Namibian Government annually for the monitoring and all laboratory analysis using their own in-house laboratory is $US 119 878 per year (Table 6-6).  This assumes that laboratories will be retrofit and equipped anew to serve the interests of aquaculture so that all needs of a shellfish safety program are provided and meet the prescribed analytical requirements of both the EU and the NSSP.  An initial investment of US$ 349 172, of which $US 253 931 accounts for large equipment items (including HPLC for biotoxins and an inverted microscope for phytoplankton identification) is needed to set up such laboratories (Table 6-1). If laboratories for all three disciplines (microbiology, biotoxin and phytoplankton) are set up in a single complex, initial and running costs will be reduced, as much of the equipment can be shared. A sharing of laboratory facilities, both within the line Ministry (e.g. MFMR, Environmental Section) and with other Government ministries e.g. the National Veterinary Laboratories or the Department of Water Affairs Laboratories, of the Ministry of Agriculture, Water and Rural Development, where similar analyses are carried out, would reduce initial and running costs.  The cost assessments apply irrespective of which existing Government laboratory facilities in Namibia would be adapted.

In the interests of the country, the cost analyses are secondary to the priority requirements of an efficient shellfish safety program, namely that the turnaround time for testing of shellfish product is rapid and realistic in serving its purpose of ensuring shellfish are safe to eat. As emphasized in previous reports, live shellfish pose a special case with regard to safety testing: unless the analyses are available before the live shellfish are consumed, testing serves no purpose. For this reason analytical facilities must be accessible so that the harvested product can be tested immediately and the results transmitted to the official controlling body as quickly as possible.  The present situation whereby some analyses take up to three weeks before results are available is unsatisfactory and unacceptable, both for local consumption and for international certification.  

The in-house cost analyses included above are based on many assumptions of individual cost components and because they are based on independent operation of microbiology, biotoxin and phytoplankton laboratories (i.e., no shared instruments or facilities) they are maximal costs.  Nevertheless, the annual operating budget is lower than that expected if all microbiological and biotoxin analyses are out-sourced to an organization such as SABS. In a similar analysis by the Irish Marine Institute a roughly similar ratio of the cost of out-sourcing to in house analysis was obtained (T. McMahon, pers. comm.).  

Regardless of the scenario used for implementing the molluscan shellfish safety program, there will need to be significant investment in the various ministries that will participate in terms of staff, infrastructure and equipment.  The costs will be in both the start-up of the program and the long-term maintenance of the program.  It is common for a majority of the costs for these programs to come from government sources, however it is reasonable to expect that the industry will contribute either by funding specific laboratory tests, or in the form of a levy on landed product to create a dedicated revenue stream for program implementation and maintenance.  

5.3 Implementation option for angolan government in-house monitoring and analysis

5.3.1 Establishing microbiological, biotoxin, and phytoplankton laboratories

Table 6-13 provides estimates for the establishment of laboratory capacity for Angola.  Since it appears that Angola has excellent laboratory space already set up for microbiological analysis, and they have much of the required equipment for biotoxin work, this table focuses on operational needs to cater for 4 shellfish growing areas for microbiological, biotoxin and phytoplankton analyses. These estimates were developed based on best available information for the initial investment in equipment, Infra-structure, and supplies for starting up such a capacity as well as estimates of maintaining the monitoring programs in subsequent years.  The details underlying these totals are supplied in Annex I.

Table 6‑13 Estimate of costs for establishing government laboratory capacity for shellfish sanitation monitoring of four shellfish growing sites in Angola

	Type of Laboratory

Analysis
	Start Up Costs ($US)

Supplies

	Microbiology
	$US 19 475

	Biotoxin
	$US 76 670

	Phytoplankton
	$US 9 548

	Total
	$US 105 693


5.3.2 Cost estimate for microbiological classification and monitoring

This section provides an example of cost estimates for the classification and monitoring of four primary shellfish growing areas in the vicinity of Luanda, Angola. This is the most practicable approach for Angola at this time and is unlikely to satisfy either US or EU criteria.  It is understood that Angola may choose to implement these classification programs in an incremental fashion since export markets are not an industry priority in Angola.  A growing area may include one or more management areas, and each shellfish growing operation can be considered a management area.  

5.3.2.1 Classification phase – year one

Assessment of the sanitary condition of a growing area includes an intensive investigation over the course of a year to evaluate the risk of fecal contamination by intensive water sampling and a shoreline survey to look for actual or potential fecal pollution sources.   The classification also involves analysis of shellfish flesh for fecal contamination on a monthly basis.  Classification for 4 areas will require 20 water samples per growing area to be analyzed for fecal coliform bacteria during the first year (Table 6-14).  In addition, one sample per month of shellfish flesh for each growing area must be analyzed for E. coli each year.  

Table 6‑14 Monitoring actions and cost elements for microbiological growing area classification (year one) in Angola

	Monitoring Actions
	Cost Elements ($ US)

	Year 1 – No. of micro samples = 80 water
	80 samples

	Year 1 – No. of micro samples = 24 flesh
	24 samples

	1 full-time technician
	$10 000

	Administrative oversight (microbiologist and supervisor)
	$3 700

	Consumable supplies (media components, disposables, glassware, reagents, control cultures, etc.)
	$4 410

	Collection of samples by IIM personnel
	$1 220

	Total Year One classification costs
	$19 330


A shoreline survey is needed as part of the growing area classification.  This can take several days of a technician’s time and requires a vehicle and a great deal of walking and making observations and interviewing home owners.  In the local Luanda region, this work would be part of existing staff time and the costs will be negligible.  Areas that are far from Luanda will involve travel of a trained technician to those areas and there will be cost for travel and per diem.  

5.3.2.2 Maintenance Monitoring Phase

Maintenance of the classification of the growing area after it has been properly classified, involves a less intensive sampling regime each year with a repeat/review of the shoreline survey every three years (Table 6-15). A minimum of 6 water samples per growing area must be analyzed for fecal coliform bacteria during the first year.  In addition, one sample per month of shellfish flesh form each growing area must be analyzed for E. coli each year.  

Table 6‑15 Monitoring actions and cost elements for sustained or maintenance microbiological monitoring in Angola

	Monitoring Actions
	Cost Elements ($ US)

	Year 2 – no. of micro samples = 24 water
	24 samples

	Year 2 – no. of micro samples = 72 flesh
	72 samples

	1 full-time technician
	$10 000

	Administrative oversight (microbiologist and supervisor)
	$3 700

	Consumable supplies (media components, disposables, glassware, reagents, control cultures, etc.)
	$4 000

	Collection of samples by IIM personnel
	$1 000

	Total Year Two classification costs
	$18 700


5.3.3 Cost estimates for sustained biotoxin and phytoplankton monitoring
Ongoing monitoring for marine biotoxins involves periodic collection on phytoplankton samples from the growing areas and biotoxin analysis of shellfish flesh for the target toxins (Table 6-16). The collection of coastal shellfish samples on a regular basis is a new activity which needs to be established by INIP officials. It is suggested therefore that the monitoring frequency for biotoxin testing starts at one sample per month. This can be increased to weekly according to staffing and analytical capacity. The phytoplankton and biotoxin samples are collected at the same time, delivered to the Luanda laboratory and analyzed.  The cost for the phytoplankton collection is therefore negligible (Table 6-17).  

5.3.4 Cost estimate for chemical contaminants

It is not reasonable to set up chemical analysis specifically for the shellfish safety program, however each growing area will need to be assessed for risk from chemical contamination.  The chemical laboratory in Luanda has excellent facilities and it is feasible that chemical analyses could be incorporated into the suite of analyses presently carried out for fish export
purposes.

Table 6‑16  Monitoring actions and cost elements for sustained biotoxin monitoring of four growing areas in Angola

	Monitoring Actions
	Cost Elements ($ US)

	No. of biotoxin samples = 48
	48 samples

	1 full-time technician
	$10 000

	Administrative oversight (biologist and supervisor)
	$3 700

	Consumable supplies (assay supplies, toxin standards, glassware and reagents, etc.)
	$5 280

	Collection of samples by INIP personnel
	$400

	Total sustained biotoxin monitoring costs
	$19 380


Table 6‑17 Monitoring actions and cost elements for sustained phytoplankton monitoring of four growing areas in Angola

	Monitoring Actions
	Cost Elements ($ US)

	No. of phytoplankton samples = 48
	48 samples

	1 full-time technician
	$10 000

	Administrative oversight (biologist and supervisor)
	$2 000

	Consumable supplies (reagents, glassware, pipettes, etc.)
	$1 000

	Collection of samples by IIM personnel
	N/A

	Total sustained phytoplankton monitoring costs
	$13 000


In Angola, the risk to growing areas from most industrial contaminants is not known.  A  composite shellfish sample from each of the bays where shellfish are being harvested, analyzed for a suite of heavy metals, should provide a baseline.  Composite samples of market-sized shellfish from each growing area should be analyzed once per year for at least the following heavy metals: lead, mercury, cadmium and copper.  The estimated cost for each set of analyses by an outside laboratory is $US 50, and an annual cost of $US 200 would cover the required analyses each year.  If it is likely that shellfish growing areas in Angola have been or are subject to industrial pollution, then other analyses should be considered (e.g., PCB, PAH, Dioxins).

5.3.5 General cost considerations

5.3.5.1 Facility construction / organization

Angola has a well-equipped laboratory facility in Luanda that will play an important role in the implementation of this program.  Dedicated space for the microbiology and biotoxin (RBA) laboratories have been assigned and these spaces are adequate.  

5.3.5.2 Personnel

Angola will need to invest in at least one, and probably two, more laboratory technicians in order to meet the needs of the program.  It is important that the laboratories be sufficiently staffed based upon the throughput of samples and the types of analysis that will be required.  There are significant staff training needs for this program and ample opportunities in Europe or the United States to attend courses in laboratory methods, laboratory evaluation, phytoplankton taxonomy, growing area classification and HACCP principles.  It is recommended that the implementation phase of this program give priority to providing these opportunities for key staff members.

The related health or agriculture agencies in Angola will need to conduct inspections of retail and wholesale food establishments as well as food processing centers.  With appropriate training and coordination it may be feasible for these programs to include regular visits to the shellfish processing facilities in the region to conduct inspections.  At this time it is unknown if there will be additional needs for inspection personnel.

5.3.5.3 Transportation and shipping

Angola has vehicles available to field staff for sample collection and other field work.  In some cases, it may be necessary to retain a courier service (by air or road) to deliver samples from distant sites to the analytical laboratory in Luanda, or outside the country.  These couriers need to meet certain expectations including timely delivery of the samples under refrigerated conditions to the laboratory.  Although much of the routine monitoring can be scheduled in advance, there occasionally may be unplanned samplings due to unique events that will require the courier to be able to respond rapidly. 

Another related issue is the difficulty of getting samples of product to laboratories across borders when the quality of the sample is not yet known.  An intergovernmental agreement should be established to allow for this kind of sample transport.

5.3.6 Total cost estimate for Angolan in-house monitoring and analysis 

The total cost of Angolan in-house monthly monitoring activities for a basic shellfish sanitation program in the Luanda area is $US 51 080, of which nearly half is for biotoxin monitoring ($US 19 380; Table 6-18).  Microbiological ($US 18 700) and phytoplankton monitoring ($US 13 000) are approximately equal portions of the remainder. 

Table 6‑18  Total annual cost estimates for Angolan in-house monitoring activities for a shellfish sanitation program

	Type of Laboratory Analysis
	Annual Monitoring Costs ($US)

	
	

	Microbiology
	$US 18 700

	Biotoxin
	$US 19 380

	Phytoplankton
	$US $13 000

	Total
	$US 51 080


5.4 Implementation option using in-house sample collection and out-sourcing analysis in angola
Out-sourcing options for Angola are limited and it is unlikely to out-source the microbiological analyses.  This is partially due to the fact that INIP has a well organized and staffed laboratory in Luanda that can conduct these analyses, but it is also unreasonably costly to send samples out of the country for analysis in South Africa and to expect a timely turn-around of the data.  Although it appears that Angola may be capable of building the capacity to conduct biotoxin analysis, it is possible that the Angolan government may want to send these samples to the CSIR laboratory in South Africa, so this option is evaluated here.  If the CSIR Laboratory in South Africa is able to: 

· commit to the prescribed methods; 

· ensure the ability to meet the demands of the program; 

· conduct the analysis quickly; 

· and report the results to INIP; 

then it may not be necessary for INIP to establish biotoxin laboratory capacities in Luanda.  Under this scenario, the INIP staff would focus on sample collection, phytoplankton monitoring, data analysis, shoreline survey, sanitary survey, data analysis and growing area classification.   This scenario also requires the Ministry of Health to participate in the inspection program for dispatch and processing facilities. Table 6-19 provides estimates for out-sourcing the biotoxin analysis in Angola.

Table 6‑19 Cost elements for in-house monitoring and out-sourced analysis of samples for sustained biotoxin monitoring in Angola

	1 sample per month
	PSP

cost*
	DSP

cost*
	ASP

cost*
	Shipping / transport per sample
	Total cost per month per site
	Estimated cost per year / site 

	1
	$US 75
	$US 88
	$US 155
	$US 500
	$US 818
	$US 9 816

	Subtotal for analysis (4 sites)
	
	$US 39 264

	Sample collection costs (from Table 6-4)
	
	$US 400

	Total cost for sampling and analysis 
	
	$US 39 664


* based on 2004 costs from CSIR / SABS

Therefore the cost for sampling and analysis of 4 growing areas on a monthly basis in Angola for marine biotoxins is $US 39 664. The annual costs of the complete program using out-sourced analysis is then $US 71 364.
For comparison, the required investment by the Angolan government annually for the monitoring and all laboratory analyses using their own laboratory is $US 51 080 per year (Table 6-18), of which $US 19 380 is for marine biotoxins.  This requires an initial investment of $US 105 693 to set up the laboratories at the central Luanda Institute (Table 6-13).

The cost analyses included above are based on many assumptions of individual cost components.  Nevertheless, they show a higher cost if all biotoxin analyses are out-sourced to an organization such as CSIR rather than be analyzed at INIP.  The situation in Angola is exacerbated by the cost of shipping these samples to distant laboratories. 

As for Namibia, in the national interests of Angola, the cost analyses are secondary to the priority requirements of an efficient shellfish safety program, namely that the turnover time for testing of shellfish product is rapid and realistic in serving its purpose of ensuring shellfish are safe to eat. As emphasized in previous reports live shellfish pose a special case with regard to safety testing: unless the analyses are available before the live shellfish are consumed, testing serves no purpose. For this reason analytical facilities must be accessible so that the harvested product can be tested immediately and the results transmitted to the official controlling body as quickly as possible.   

Regardless of the scenario used for implementing the molluscan shellfish safety program, there will need to be significant investment in the various ministries that will participate in terms of staff, infrastructure and equipment.  The costs will be in both the start-up of the program and the long-term maintenance of the program.  It is common for a majority of the costs for these programs to come from government sources, however it is reasonable to expect that the industry will contribute either by funding specific laboratory tests, or in the form of a levy on landed product to create a dedicated revenue stream for program implementation and maintenance.  

6 the need for interagency cooperation

In most cases, the complexity of the shellfish sanitation program requires multiple agencies or Ministries to participate in all or part of the program implementation. The chart below provides an example of how the various roles might be delegated in Namibia.

The delegation of roles with the shellfish program often follow similar patterns with other complex governmental programs and there are potential efficiencies in utilizing a collaborative construct of multiple agencies to eliminate redundancy of purpose, effort, and allow for efficient use of resources.  

Formalized memoranda of understanding (MOUs) should be established between the agencies involved which describe the expectations related to the work and that articulate the commitment of each agency or institution to comply with the terms of the agreement.  Clear and open communication is a basic criteria for these arrangements.  Angola and South Africa will have similar sets of MOUs to establish a collaborative approach to the implementation of the shellfish sanitation program.  Using the example given for Namibia (Table 7-1) various roles may be appropriately delegated to share and integrate responsibilities.

Table 7‑1   Example of possible delegation of duties for a shellfish sanitation program in Namibia
	Duties
	MFMR1
	MHSS2
	MTI3
	MET4
	SABS5
	MAWRD6
	Other7

	Competent Authority
	
	
	(
	
	(
	
	

	Sample Collection
	(
	
	
	
	
	
	

	Microbiology

Analysis
	(
	
	
	
	(
	
	

	Biotoxin

Analysis
	(
	
	
	
	(
	(
	

	Chemical

Analysis
	
	
	
	
	(
	
	(

	Shoreline Surveys
	(
	
	
	
	
	
	

	Data Analysis
	(
	
	
	
	
	
	

	Processor Inspection
	
	(?
	
	
	(
	
	

	Closing of  Areas
	(
	
	
	
	
	
	

	Enforcement of Closures-

inspectorate
	( 
	
	
	
	
	
	

	Pollution

Problems
	(
	
	
	(
	
	
	(

	Licensing of Growers
	(
	
	
	
	
	
	

	Issuance of Leases 
	(
	
	
	
	
	
	

	Laboratory Certification
	
	
	(
	
	(
	
	


MFMR1 – Ministry of Fisheries and Marine Resources 
MHSS2 – Ministry of Health and Social Services

MTI3 – Ministry of Trade and Industry

MET4 – Ministry of the Environment and Tourism

SABS5 – South African Bureau of Standards

MAWRD6 – Ministry of Agriculture, Water and Rural Development

Other laboratries7 – Various scientific analytical labs from around the world that may provide chemical, heavy metal, and radionuclide analyses and the Maritime Directorate of the Ministry of Works, Transport and Communication.

The delegation of roles with the shellfish program often follow similar patterns with other complex governmental programs and there are potential efficiencies in utilizing a collaborative construct of multiple agencies to eliminate redundancy of purpose, effort, and allow for efficient use of resources.  

8.  SUMMARY

In Namibia, an initial investment of approximately $US 349 172 will allow for the required infrastructural improvements and equipment and supplies needed to retrofit existing laboratories so that they have their own analytical capacity for shellfish sanitation.   After this initial investment, annual ongoing costs for implementing the program are estimated at    $US 119 878.  

The major benefit of this approach is that the Namibian Government would hold control of the testing capacity and can ensure that the required water and shellfish samples are analyzed in a timely manner and the results made available as soon as possible.  If this capacity is housed at the Swakopmund facility it will also allow for flexibility in the sampling program and will allow for better support to a growing shellfish aquaculture industry.

Drawbacks to this approach are mainly the cost of purchasing the equipment and setting up the laboratory complex.  There are decisions which need to be made by the Competent Authority regarding the testing methods to be used, and the consequences thereof regarding acceptance of shellfish products on international markets. There are also concerns that the equipment may suffer a short life span due to the harsh marine environment in Swakopmund.  This can be overcome with attentive maintenance, proper climate control, and equipment care and should be planned for when budgeting.  There is also an overall concern about the long-term ability of the government of Namibia to fund the operation of this program.

The alternative option is to have the microbiology and biotoxin analyses conducted by the GCS (=SABS) laboratory in Walvis Bay, and the CSIR biotoxin laboratory in South Africa.  This option will cost approximately $US 200 000 per year.  Even with the out-sourcing of these microbiology and biotoxin laboratory tests, MFMR will still need to invest approximately $US 89 881 for equipment and supplies for a dedicated HAB phytoplankton laboratory, the annual running costs of which will account for $US 23 264 of the total program costs.

The major benefits to this approach are that the MFMR can focus on processing the data and classifying the shellfish growing areas without having to expend effort on the analysis of samples.  This also takes advantage of the SABS credentials with South Africa and with the European Union, which will be helpful in ensuring that the laboratory certification component of the program meets international standards.

There are concerns, however, with this approach.  The MFMR staff will be subject to the availability and turn around time for the laboratory analysis if conducted by SABS and CSIR.  It is also evident that private laboratories must run as businesses and there may be no guarantee about long-term support by these laboratories.   If this approach is selected, there needs to be deliberate negotiations to stipulate the expectations of the Competent Authority, the MFMR and the industry.  These will include:

· Agreements on the turnaround time for microbiological analyses for water and shellfish samples.

· Agreements on the turnaround time for biotoxin analysis.

· A reporting scheme that allows the data to be transmitted to MFMR as soon as it is available by electronic means.

· Assurance that the methodologies that will be used for water and shellfish analysis for both microbiological contamination and marine biotoxin are conducted using acceptable methodologies.

· Willingness to adhere to quality control and chain-of-custody procedures to ensure sample integrity throughout analysis.

· Willingness to participate in international laboratory inspection and proficiency testing programs.

· Clear and open communication about laboratory management and functions as they relate to the services being provided.

· Guaranteed fee schedule to be negotiated in the beginning of this relationship that will remain stable for at least the first three years of operations.  

In Angola, there will be minimal investment of $US 105 693 needed to adapt their existing laboratories to allow for INIP to have their own laboratory capacity for microbiology, biotoxin and phytoplankton sample analysis.  It can be expected that Angola would need to invest approximately $US 51 080 per year to maintain these monitoring programs at a low sampling frequency.

The benefit of this approach is that the Angolan government (INIP) will retain control of the testing capacity and can ensure that the required water and shellfish samples are analyzed in a timely manner and the results made available as soon as possible.   This capacity at the Luanda laboratory facility will also allow for flexibility in the sampling program and will allow for better support to a growing shellfish industry.  Once a monitoring routine has been successfully established for a limited number of harvest sites near to Luanda, the Government can consider expansion in localities as well as frequency of sampling. It is clear that the Angolan staff are well trained in environmental microbiology and their facilities will easily be equipped for the required modifications.

A draw back to this approach is that the biotoxin testing component is new to the staff of the Luanda facility and considerable effort will be needed to establish this operational capacity. 

Since Angola has excellent existing laboratory facilities in Luanda, it is unlikely that they will need to out-source any of the microbiological analyses.  Depending on progress with implementing the biotoxin testing laboratory, Angola may choose to out-source the biotoxin analysis to the CSIR laboratory in South Africa.  This would incur very expensive transport costs and an estimated $US 39 664 per year to cover shipping and analysis of samples collected once a month from four growing areas in Luanda.for the three likely toxin groups. 

The benefit of this approach is that it would allow the Angolan program to focus it’s laboratory on the more familiar microbiological analyses and the classification of growing area.  However, the cost of shipping these samples to either South Africa or Spain is excessive and is likely to take so long that little public health benefit will result. 

7  discussion of options and key points for consideration 

There are several factors that each country needs to consider in making these decisions.  It would be most convenient to have in-house capacity for all laboratory analyses to facilitate rapid transfer of results and ultimate control over all aspects of the monitoring program.  It is, however, very costly to obtain the equipment and difficult to keep it in good running order.  The coastal environment where some of these laboratories are based is extremely inhospitable to delicate instrumentation and therefore corrosion and maintenance will be an ongoing problem.

Another factor in determining the countries’ ability to invest in these programs is the economic contribution made by the shellfish industry in each country.  In Namibia, the present primary interest is in oysters. The industry in 2004 had 6 farms employing 85 full-time workers that sold 6 million oysters at a farm gate value of $N 12 million (Britz et al, 2003; MFMR, 2004).  In early 2005, there were nine active farms and the value of the cultured shellfish industry is expanding.  A growing interest in abalone will also contribute to this total value.  In Angola, on the other hand, the majority of shellfish are artisinally harvested and only a modest portion is considered commercial in domestic markets.   These are, however, public health related programs worthy of implementation and investment.
Both Namibia and Angola have unique access to funding through international aid programs and from other countries.  Investments by these organizations in this type of capacity building can have positive impacts in terms of local economic opportunity, public safety, and environmental quality, making the two countries desirable targets for aid.   The Namibian and Angolan governments are urged to pursue funding through these avenues as soon as possible.

The success of these shellfish safety programs in the region will depend on more than initial financial investment, but will also rely on ongoing financial support to maintain the monitoring programs, and to provide funding for training of staff.  There are many opportunities for training staff for the activities included in a shellfish safety programs.  Namibia and Angola should make training a priority as these programs are implemented.  Both the European Union and the United States offer courses in laboratory analysis techniques, laboratory certification, growing area classification, hydrographic analysis, phytoplankton taxonomy and others.  It may also be possible to provide funding for experts in this field to visit Namibia and Angola to provide on-site training and support.

The overall theme of the BCLME projects that generated this information and analyses was not only the implementation of programs that will meet the needs of each of the countries in terms of export market standards, but also to harmonize the programs as the regulations are formed and the programs implemented in the Benguela region.  Therefore it is important that the principle players in the three countries of Angola, Namibia, and South Africa, meet frequently to monitor progress and be mindful of how to ensure harmonization of their respective regulations without losing their national autonomy.

8  Capacity Building

Increased awareness and knowledge of HAB and other potential hazards associated with the harvesting and consumption of molluscan shellfish – an activity which is carried out by the coastal communities along the Angolan coastline, and also addresses a main activity of marine aquaculture in Namibia – has been a major achievement of this project. Workshops and meetings with both regulators of food quality, as well as commercial producers, has resulted in information sharing and a transfer of knowledge pertaining to food safety criteria for this special class of seafood.  The required monitoring schedules that were introduced, presented and discussed with stakeholders, resulted in options for monitoring programs suited to each country’s immediate needs. If implemented, these programs will cater for expansion into future needs.       

Formal workshops addressing these matters were held:

1. January 08, 2004 in Swakopmund outlining project goals to the Government Decision-makers

2. February 18, 2004 and July 23, 2004 in Swakopmund outlining the monitoring needs to harvesters (mainly aquaculture industry)

3. July 28, 2004 in Luanda (INIP) outlining monitoring and discussing with Government representatives from various Ministries and harvesters

4. February 01, 2005 in Swakopmund presenting to all stakeholders a model shellfish sanitation monitoring program for the region (shared with BCLME project EV HAB 01 01)

The pilot monitoring project carried out in Namibia achieved:

· In-house training of technical staff to monitor aquaculture activities according to criteria of EU/NSSP programs

· A basic set of monitoring data which will contribute to growing area classification 

· Continuation of the program, taken over financially by MFMR 

Additionally the BCLME program has supported capacity building activities related to the needs of HAB monitoring in the northern Benguela region by co-funding:

· Attendance of Angolan delegates at the 11th International Conference on Harmful Algae, Cape Town, 15-19 November 2004

· Visit of phytoplankton identification expert from the IOC to the region 22-23 November 2004 to plan a future training course and identification manual

· Participation of a Namibian participant at the IOC HPLC Algal toxin analysis course, Sylt, Germany, 22 February – 03 March 2005

· Participation of a Namibian participant at the IOC Advanced Phytoplankton Identification course in Naples, Italy 2-23 April 200

9 In-kind contributions
	contribution
	ESTIMATED VALUE US$

(rate 1 US$ = 6 N$)

	Work-time by institutional staff:  

  MFMR 3 scientists, 3 technical staff; 

  INIP: 2 scientists

  IRTA: 1 scientist

  Irish Marine Institute: 1 scientist

  Woods Hole Oceanographic Institute: 1 scientific assistant  
	29 600

	Office space: MFMR and INIP
	3 000

	Office facilities MFMR : paper, photocopier, telephone
	3 334

	Meeting and workshop venues: mfmr and inip
	1 134

	Vehicle and driver mfmr, for pilot project
	4 768

	Boat use (beira Aquaculture) for water sampling in Walvis Bay, pilot project 
	2 600

	total
	US$ 44 436
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Annex 1:  List of laboratory needs (pricing in Namibian Dollars)

Prices reflect current (April 2005) quotes for Namibia

	Microbiology 
	 
	 
	 

	
	
	
	

	Clean laboratory and office space
	
	
	

	Skilled technician
	
	
	

	
	
	
	

	Large equipment:
	Cost N$
	Quantity
	Total N$

	35C air incubator 80L  
	6750
	1
	6750

	44.5C water bath incubator
	5245
	1
	5245

	37 C air incubator 80L
	6750
	1
	6750

	Autoclave  12L
	14175
	1
	14175

	Drying oven 80L Economy with wire shelves
	6750
	1
	6750

	Digestor
	35000
	1
	35000

	Laboratory dishwasher
	26000
	1
	26000

	Top loading Balance 210g - 0.01g
	6480
	1
	6480

	Thermometer for refrigerator
	90
	2
	180

	Sample storage refrigerator
	2999
	1
	2999

	Reagent storage refrigerator
	2999
	1
	2999

	Hot plate /magnetic stirrer
	5175
	1
	5175

	Microwave
	2000
	1
	2000

	Vortex 
	5500
	1
	5500

	Bottle top dispenser 1-5ml
	2175
	1
	2175

	Bottle top dispenser 1-10 ml  (media)
	2175
	1
	2175

	Accu-ket pipette aid
	1200
	1
	1200

	Pipette washer
	2400
	1
	2400

	Pipette washer basket
	300
	1
	300

	Pipette washer rinser
	500
	1
	500

	Blender
	1000
	1
	1000

	pH meter 
	4800
	1
	4800

	Total for large equipment N$
	 
	 
	140553

	Total for large equipment US$
	 
	 
	US$ 23426

	
	
	
	

	Microbiology (cont.)

Supplies 
	Cost N$
	Quantity
	Total N$

	Media preparation materials
	
	
	

	Magnetic stirrers  octagonal PTFE 13 x 3mm / 10
	206
	1
	206

	Magnetic stirrers octagonal PTFE 15 x 8mm/ 10
	230
	1
	230

	Magnetic retrieval bars
	83
	1
	83

	Spatulas spoon end 150
	68
	6
	410

	Spatulas spoon end 
	18
	6
	110

	Spatulas Chattaway180mm
	19
	1
	19

	Spatulas Chattaway 220mm
	22
	1
	22

	Durham soda tubes 8 x 35 mm  Box 300
	454
	2
	907

	Weighing boats 80 x 60mm / 500 (30ml)
	510
	1
	510

	Weighing boats 120 x 100mm /250 (100ml)
	590
	1
	590

	Balance brush
	90
	1
	90

	Autoclave tape 12mm X 50mm
	15
	4
	58

	Autoclave bags 360 x 460mm /750
	3585
	1
	3585

	Autoclave bags 610 X 810mm/200
	1300
	1
	1300

	Autoclave test strips
	500
	4
	2000

	Pipettes, micro-pipettes and devices (disposable or glass)
	
	

	Micro pipette 20-200ul 
	1990
	1
	1990

	Micro pipette 100-1000ul
	1990
	1
	1990

	Yellow tips  PP/1000
	145
	5
	725

	Blue tips PP/1000
	150
	5
	750

	Washing bottles 500ml
	31
	4
	124

	Glass reusable pipettes 5 ml (blow-out ) 
	100
	100
	10000

	Glass reusable pipettes 10 ml (blow-out and wide tip)
	100
	50
	5000

	Glass reusable pipettes 10ml (blow-out and narrow tip)
	100
	100
	10000

	Washing bottles 250 ml
	25
	2
	50

	Pipette containers (stainless steel) 400mm x 72 mm
	1415
	9
	12735

	Test tube racks 10 x 5 (50 tubes- of 18 mm)
	250
	8
	2000

	Wire baskets for media storage 
	160
	12
	1920

	Petri plates (plastic sterile in sleeves ) (case /100)
	250
	1
	250

	Wooden applicator sticks (1000)
	70
	1
	70

	Bunsen burners
	58
	1
	58

	Propane medium
	300
	1
	300

	Red rubber tubing pressure 8mm/m
	177
	1
	177

	Cadac Gas Regulator
	35
	1
	35

	Autoclave gloves
	180
	1
	180

	Microbiology 

Supplies (cont.)
	Cost N$
	Quantity
	Total N$

	pH meter standards
	805
	1
	805

	Glassware
	
	
	

	Erlenmeyer flasks   500ml
	26
	4
	104

	Erlenmeyer flasks    1000ml
	45
	2
	90

	Glass beakers 600ml (with sprout)
	28
	12
	330

	Plastic measuring cylinders 250 ml
	49
	2
	98

	Plastic measuring cylinders 2000ml
	205
	1
	205

	Blender jars (glass that can be sterilised)
	280
	12
	3360

	Plastic measuring beaker with sprout 3000ml
	300
	2
	600

	Reagent bottles 500ml
	35
	2
	70

	Disposables 
	
	
	

	Kimwipes roll
	158
	2
	316

	Kimwipes stand
	179
	1
	179

	Aluminium foil 5m
	20
	2
	40

	Gloves s/m/l
	41
	4
	164

	White long sleeve lab coats
	111
	2
	222

	High quality thermometers for all incubators
	152
	3
	455

	Cooler box Plastic 8L
	60
	2
	120

	Ice packs
	10
	8
	80

	Test tubes Neutral 16 x 125mm
	2
	1000
	1800

	Cap-O-Test for 16mm tubes (metal)
	17
	600
	9900

	Test tubes 20mm tubes
	752
	Box
	752

	Test tube caps for 20mm tubes (metal)
	18
	600
	10800

	Knife (must be able to sterilize)
	30
	6
	180

	Test tube brushes (different sizes)
	13
	4
	53

	Whirl-pack sampling bag 200 x 130mm  (pkt 50C)
	1729
	1
	1729

	Media 
	
	
	

	Donavan method: (for shellfish flesh, E. coli)
	
	
	

	Ammonium chloride 500g
	37
	1
	37

	minerals modified medium base 500g
	500
	4
	2000

	Sodium glutamate 500g
	500
	3
	1500

	5-bromo-4-chloro-3-indolyl-D- glucuronide agar  500g
	1000
	4
	4000

	 (e.g.. Oxoid CM 945, TBX agar, Lab M LAB 162 , tryptone bile glucuronide agar)
	

	A1 media: (for seawater, fecal coliforms)
	
	
	

	Lactose CP 500g
	36
	1
	36

	Peptone CP 250g   (Tryptone   - not available)
	162
	8
	1296

	Microbiology 

Supplies (cont.)
	Cost N$
	Quantity
	Total N$

	Sodium chloride  CP 500g
	35
	1
	35

	Salicin 25g
	750
	2
	1500

	Triton-X   500ml  Analar 
	252
	2
	504

	Hydrochloric acid (for setting pH)  2.5L  AR  35%
	65
	1
	65

	Sodium hydroxide 50 pellets
	180
	1
	180

	Hygiene and Safety equipment
	
	
	

	Soap dispenser
	115
	1
	115

	Liquid soap
	23.21
	1
	23

	Glassware cleaner  (soap)
	120
	1
	120

	Total for supplies N$
	 
	 
	102335

	Total for supplies US$
	 
	 
	US$ 17056

	
	
	
	

	Running costs (per year)
	Cost N$
	Quantity
	Total N$

	Donavan method: (for shellfish flesh, E. coli)
	
	
	

	Ammonium chloride 500g
	37
	1
	37

	minerals modified medium base
	500
	4
	2000

	Sodium glutamate
	500
	3
	1500

	5-bromo-4-chloro-3-indolyl-D- glucuronide agar 
	1000
	4
	4000

	(e.g.. Oxoid CM 945, TBX agar, Lab M LAB 162 , tryptone bile glucuronide agar)
	

	A1 media: (for seawater, faecal coliforms)
	
	
	

	Lactose 500g
	36
	1
	36

	Peptone 250g
	162
	8
	1296

	Sodium chloride  500g
	35
	1
	35

	Salicin 25g
	750
	2
	1500

	Triton-X     500ml
	252
	2
	504

	Hydrochloric acid (for setting pH)  1L  (reagent grade)
	65
	1
	65

	Sodium hydroxide  500g (reagent grade)
	180
	1
	180

	Ethanol AR  2.5L 
	269
	1
	269

	Autoclave tape 12mm X 50mm
	15
	4
	58

	Autoclave bags 360 x 460mm /750
	3585
	1
	3585

	Autoclave bags 610 X 810mm/200
	1300
	1
	1300

	Autoclave test strips
	500
	1
	500

	pH meter standards
	805
	1
	805

	Yellow tips  PP/1000
	145
	5
	725

	Blue tips PP/1000
	150
	5
	750

	Propane
	40
	2
	80

	Microbiology 

Running costs (per year) (cont.)
	Cost N$
	Quantity
	Total N$

	Wooden applicator sticks (1000)
	70
	1
	70

	Erlenmeyer flasks   500ml
	26
	1
	26

	Erlenmeyer flasks    1000ml
	45
	1
	45

	Glass beakers 600ml (with sprout)
	28
	1
	28

	Plastic measuring cylinders 250 ml
	49
	1
	49

	Plastic measuring cylinders 2000ml
	205
	1
	205

	Durham soda tubes 8 x 35 mm  Box 300
	454
	2
	907

	Blender jars (glass that can be sterilised)
	280
	2
	560

	Reagent bottles 500ml
	35
	1
	35

	Kimwipes roll
	158
	1
	158

	Test tubes Neutral 16 x 125mm
	2
	50
	90

	Cap-O-Test for 16mm tubes (metal)
	17
	25
	413

	Test tubes 20mm tubes
	3
	50
	150

	Test tube caps for 20mm tubes (metal)
	18
	25
	450

	Whirl-pack sampling bag 200 x 130mm  (pkt 500C)
	1729
	1
	1729

	Total for running costs N$
	 
	 
	24140

	Total for running costs US$
	 
	 
	4023

	
	
	
	

	Maintenance and Calibration 
	Cost N$
	Quantity
	Total N$

	35C air incubator 80L  
	
	
	1013

	44.5C water bath incubator
	
	
	787

	37 C air incubator 80L
	
	
	1013

	Autoclave  12L
	
	
	2126

	Drying oven 80L Economy with wire shelves
	
	
	1013

	Digestor
	
	
	5250

	Laboratory dishwasher
	
	
	3900

	Top loading Balance 210g – 0.01g
	
	
	972

	Total for Maintenance and calibration N$
	 
	 
	16073

	Total for Maintenance and calibration US$
	 
	 
	2679

	
	
	
	

	Microbiology
Infrastructure
	Cost N$
	Quantity
	Total N$

	Air conditioner
	15000
	1
	15000

	Laminar flow hood
	24023
	1
	24023

	Exhaust hood for autoclave
	5000
	1
	5000

	Water Destiller unit
	5000
	2
	10000

	Total for infrastructure N$
	 
	 
	54023

	Total for infrastructure US$
	 
	 
	9004

	
	
	
	

	Microbiology Summary Table
	
	

	Infrastructure
	54023
	
	

	Large equipment
	140553
	
	

	Maintanance and Calibration
	16073
	
	

	Supplies
	102335
	
	

	 
	 
	
	

	Total N$
	312985
	
	

	Total US$
	52164
	
	

	
	
	
	

	Microbiology running costs US$
	24140
	
	

	
	
	
	

	
	
	
	

	Phytoplankton 
	 
	 
	 

	Laboratory space
	
	
	

	Technical staff
	
	
	

	
	
	
	

	Large Equipment:
	Cost N$
	Quantity
	Total N$

	Air conditioner
	15000
	1
	15000

	Fume cabinet
	44625
	1
	44625

	Inverted Zeiss Axiovert microscope 
	350000.00
	1
	350000

	Phytoplankton  net 20µm mesh size
	6000
	4
	24000

	Total for large equipment N$
	 
	 
	433625

	Total for large equipment US$
	 
	 
	72271

	
	
	
	

	Phytoplankton
Supplies:
	Cost N$
	Quantity
	Total N$

	Amber sampling bottles (box 200) 200ml
	121
	5
	605

	Borosilicate glass tubes for fluorometer  (case 200)
	300
	1
	300

	Bottle top dispensers 1ml
	2600
	2
	5200

	Bottle top dispensers 5 ml
	2600
	2
	5200

	Bottle top dispensers 10 ml
	2600
	2
	5200

	Protective masks 20pk
	196.65
	5
	983

	Counting chambers
	355
	10
	3550

	Cover slips pk 100
	16
	10
	160

	Disposable glass pipettes  pk 250
	97.28
	2
	195

	Ependorf automatic pipette 1 ml
	2089
	2
	4178

	Ependorf automatic pipette 10 ml
	1900
	2
	3800

	Ependorf automatic pipette 5 ml
	1826.00
	2
	3652

	Falcon tubes (pk500)
	2200
	1
	2200

	Fluorescent brightener
	500
	1
	500

	Fluorescent lamp
	300
	1
	300

	GF 55 25mm Schleicher and Schuell filter paper (pk 100)
	552.00
	5
	2760

	Microscope slides (normal) pk 50
	18.10
	5
	91

	Microscope slides frosted pk 50
	26.00
	5
	130

	Paper roll and stand
	300
	1
	300

	Slide box  (holds 100 slides)
	230
	5
	1150

	40 % Formaldehyde (250ml)
	500
	1
	500

	Gluteraldehyde solution 25% 100ml
	1636.57
	1
	1637

	Disposable glass pipettes 150mm pk250
	60
	2
	121

	Spectrophotometer curvettes
	562.0
	1
	562

	Sterile glass pipettes
	99
	1
	99

	Sampling Equipment:
	
	
	

	Wet suits (full body) and  booties
	1450
	6
	8700

	Latex gloves
	45
	10
	450

	Cooler box 
	210
	2
	420

	Permanent markers to write on sampling bottles
	6
	10
	61

	Hard cover boards with clip
	20
	5
	100

	Ice bricks
	5.99
	10
	60

	Total for supplies N$
	 
	 
	53163

	Total for supplies US$
	 
	 
	8860

	Phytoplankton
Maintenance and Calibration 
	 
	 
	Total N$

	Inverted Zeiss Axiovert microscope 
	
	
	52500

	Total for maintenance and calibration N$
	
	
	52500

	Total for maintenance and calibation US$
	
	
	8750

	
	
	
	

	Running costs
	Cost N$
	Quantity
	Total N$

	Ice bricks
	5.99
	2
	12

	200ml amber sampling bottles (200)
	121
	5
	605

	Latex gloves
	45
	4
	180

	40 % Formaldehyde  (250ml)
	500
	1
	500

	Gluteraldehyde solution 25% 100ml
	1636.57
	1
	1637

	Total for running costs N$
	 
	 
	2934

	Total for running costs US$
	 
	 
	489

	
	
	
	

	Phytoplankton Summary Table
	 
	 
	

	Large Equipment
	 
	433625
	

	Maintanance and Calibrations
	 
	52500
	

	Supplies
	 
	53163
	

	Total N$
	 
	539288
	

	Total U$
	 
	89881
	

	
	
	
	

	Phytoplankton running costs US$
	 
	489
	


	Biotoxin
	 
	 
	 

	Clean laboratory and office space
	
	
	

	Skilled technician
	
	
	

	
	
	
	

	Infrastucture
	Cost N$
	Quantity
	Total N$

	Air conditioning unit
	15000
	1
	15000

	Fume Hood with fittings
	44625
	1
	44625

	Water Distiller unit
	5000
	2
	10000

	Total for infrastructure N$
	 
	 
	69625

	Total for infrastructure US$
	 
	 
	11604

	Biotoxin

Large equipment:
	Cost N$
	Quantity
	Total N$

	HPLC with accessories
	780000
	1
	780000

	pH meter
	4800
	1
	4800

	Hot plate
	5175
	1
	5175

	Top loading Balance
	6480
	1
	6480

	High-speed refrigerated bench-top centrifuge 
	53598
	1
	53598

	Centrifuge rotors
	13477
	1
	13477

	Refrigirator with -20 oC compartment
	13000
	1
	13000

	Micro-centrifuge for sample preparation
	6624
	1
	6624

	Blender
	1000
	1
	1000

	Rotary evaporator
	35000
	1
	35000

	Temprature controlled water bath
	5245
	1
	5245

	Total for large equipment N$
	 
	 
	924400

	Total for large equipment US$
	 
	 
	154067

	
	
	
	

	
	
	
	

	Supplies for sample preparation
	Cost N$
	Quantity
	Total N$

	15ml conical tubes
	50
	10
	500

	15 milliliter plastic centrifuge tubes 
	252
	10
	2523

	symphony 3 in 1 electrode, Tris compatable
	617
	1
	617

	Pipette containers (stainless steel) 400mm x 72 mm
	1415
	2
	2830

	No. 10 Sieve
	249
	1
	249

	Beaker 500ml
	28
	10
	275

	Beaker 1000 ml
	38
	10
	38

	pH indicator paper broad range
	24
	1
	24

	pH indicator paper narrow range
	26
	1
	26

	Hydrochloric acid (HCL) 2.5L AR 37%
	112
	1
	112

	0.45m pore diameter nylon filter discs (pk100)
	552
	1
	552

	Magnetic stirrers octagonal PTFE 15 x 8mm/ 10
	230
	1
	230

	20cc syringes
	2
	1000
	1800

	shucking knife
	30
	8
	240

	100 ml graduating measuring cylinder
	58
	2
	58

	pH meter standards
	805
	1
	805

	Blender jars (glass that can be sterilised)
	280
	6
	1680

	White long sleeve lab coats
	111
	2
	222

	250 ml graduated measuring cylinder
	44
	2
	87

	Biotoxin

Supplies for sample preparation (cont.)
	Cost N$
	Quantity
	Total N$

	Bleach 750ml
	10
	5
	50

	Washing basin bowl
	30
	1
	30

	Glass reusable pipettes 5 ml (blow-out ) 
	100
	10
	1000

	Accu-ket pipette aid
	1200
	1
	1200

	Acetone 2.5 L
	71
	8
	570

	NaOH 500g
	51
	2
	103

	Methanol 2.5L
	123
	8
	984

	Needles (2000/pk)
	3600
	1
	3600

	Pipette washer
	2400
	1
	2400

	Pipette washer basket
	300
	1
	300

	Pipette washer rinser
	500
	1
	500

	Spatulas Chattaway180mm
	19
	3
	56

	Latex gloves
	45
	4
	180

	Ependorf automatic pipette 1 ml
	2089
	1
	2089

	Micro pipette 100-1000ul
	1990
	1
	1990

	Toxin standards
	8000
	3
	24000

	Hygiene and Safety equipment
	
	
	

	Soap dispenser
	115
	1
	115

	Liquid soap
	23.21
	1
	23

	Glassware cleaner  (soap)
	120
	1
	120

	
	
	
	0

	Total for sample preparation supplies N$
	 
	 
	52177

	Total for sample preparation supplies US$
	 
	 
	8696

	
	
	
	

	Maintenance and Calibration
	Cost N$
	Quantity
	Total N$

	high-speed refrigerated bench-top centrifuge 
	
	
	8040

	HPLC
	
	
	117000

	Refrigirator with -20 oC compartment
	
	
	1950

	micro-centrifuge for sample preparation
	
	
	6624

	Air conditioning unit
	
	
	2250

	Rotary evaporator
	
	
	5250

	Temprature controlled water bath
	
	
	787

	Blender
	
	
	150

	Water Distiller unit
	
	
	750

	Total for maintenance and calibration N$
	 
	 
	142801

	Total for maintenance and calibration US$
	 
	 
	23800

	Biotoxin Summary Table
	 
	
	

	Infrastructure
	69625
	
	

	Large equipment
	924400
	
	

	Maintanance and Calibrations
	142801
	
	

	Sample preparation supplies
	52177
	
	

	Total N$
	1189002
	
	

	Total US$
	198167
	
	


	Data Assimilation
	 
	 
	 

	Office space
	
	
	

	Skilled technician
	
	
	

	Large equipment
	Cost N$
	Quantity
	Total N$

	Quality desktop computer capable of high resolution graphics with good quality screen capable of Geographic Information System 
	25000
	1
	25000

	Total for large equipment N$
	 
	 
	25000

	Total for large equipment US$
	 
	 
	4167

	
	
	
	

	Supplies
	Cost N$
	Quantity
	Total N$

	Software
	25000
	1
	25000

	Total for supplies N$
	 
	 
	25000

	Total for supplies US$
	 
	 
	4167

	
	
	
	

	Maintanance 
	Cost N$
	Quantity
	Total N$

	Quality desktop computer capable of high resolution
	
	
	3750

	    graphics with good quality screen capable of 
	
	
	

	    Geographic information system 
	
	
	

	Total for maintenance and calibration N$
	 
	 
	3750

	Total for maintenance and calibration US$
	 
	 
	625

	
	
	
	

	Data assimilation Summary Table
	 
	 
	 

	Large equipment
	 
	 
	25000

	Supplies
	 
	 
	25000

	Maintanance
	 
	 
	3750

	Grand Total N$
	 
	 
	53750

	Grand Total US$
	 
	 
	8959
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