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Executive Summary

______________________________________________________________________

Project LMR/CF/03/12 consists of one major component: A review of the impacts of seismic surveying and toxicity of oil products on the early life history stages of pelagic fish, the benthos and the pelagic ecosystem with potential application to the sardinella fishery (Sardinella aurita) in the Angolan Waters”

There has been a large decline in the abundance of sardinella (especially S. aurita) in Angola in the past several years. Concurrently, there has been a large increase in offshore oil–drilling activities, extending in a very large area from the northern border (Cabinda) to Luanda. A large area of northern Angola is dominated to both fishing and oil drilling activities. The drilling operations occur in the area close to the spawning area of sardinella and according to the migration route of Sardinella aurita this activity can be a barrier for the normal migration. 

Studies are important to be performed to evaluate the effects of all aspects of oil exploration (oil-spills, oil bunkering, oil drilling and related activities) on the important pelagic resources in Angola.   In this report we have summarized relevant information from the literature.

BACKGROUND

Benguela Current Large Marine Ecosystem (BCLME) Programme is a multi-sectoral regional initiative by Angola, Namibia and South Africa whose objective is to facilitate the integrated management, sustainable development and protection of this unique eastern boundary upwelling ecosystem. It is funded by the Global Environmental Facility (GEF) under its International Water portfolio and is implemented by the United Nations Development Programme (UNDP) with the United Nations Office for Project Services (UNOPS) as executing agency. The three member countries provide further financial and in-kind contributions.

There has been a large decline in the abundance of sardinella (especially S. aurita) in Angola in the past several years. Concurrently, there has been a large increase in offshore oil–drilling activities, extending in a very large area from the northern border (Cabinda) to Luanda. A large area of northern Angola is dominated by both fishing and oil drilling activities. The drilling operations occur in the area close to the spawning area of sardinella and according to the migration route of Sardinella aurita this activity can be a barrier for the normal migration. 

Studies are important to be performed to evaluate the effects of all aspects of oil exploration (oil-spills, oil bunkering, oil drilling and related activities) on the important pelagic resources in Angola.   In this report we have summarized relevant information from the literature.

1. SEISMIC SURVEYING ACTIVITIES AND THEIR EFFECT ON BIOTA

Seismic surveys are used by offshore oil and gas industry to help determine the location of oil and gas deposits beneath the seafloor. These surveys utilise large, specialized vessels, which tow an array of powerful air guns that generate sound waves by firing of explosive blasts of air. The sound waves are reflected off the seafloor and create a picture of underwater geological formations.

A typical seismic survey lasts two to three weeks and covers a range of about 300-600 miles. The intensity of sound waves produced by the firing of seismic air guns can reach up to 250 decibels (dB) near the source and can be as high as 117 dB over 20 miles away. The sound intensity produced by a jack-hammed is around 120 dB, which can damage human ears in as little as 15 seconds.

1.1 effect of seismic surveys on eggs and larvae
Estimates of impacts on eggs and larvae can be calculated on a similar basis to those on mortality and visible physical damage on older fish. Eggs and larvae will be killed at sound levels around 226-234 dB (0.6 - 3.0 m from an air gun), while visible damage to larvae occurs at 216 dB (about 5 m from an air gun) (Davis et al., 1998, p. 128, and references therein). In a survey off Norway, Saetre and Ona (1996, quoted in LGL 2003, p. 128) and Kenchington (2001, in JWEL 2003, p. 132) estimated that total larval mortality in the top 10 m during a 3D survey to be less than 5%. In other words, it seems to be generally accepted that severe physical damage and death will result if eggs and larvae are within a few meters of an air gun discharge (Booman et al., 1996; Patin, 1999; JWEL 2001). Natural daily mortality rates among eggs and larvae are high—around 10% (Saetre and Ona 1996)—seismic impacts on populations may be undetectable in practice. Despite this, it would be prudent to avoid seismic shooting within any confined spawning areas for species the subject of conservation concerns.

1.2 IMPACTS OF SEISMIC SURVEYS ON MARINE MAMMALS AND FISH

Unlike humans and other terrestrial animals, marine mammals rely on sound instead of sight as their primary sense. Dolphins, whales and seals utilise their sense of hearing to locate prey, avoid predators, choose migration routes , and to communicate across long distances. The noise associated with seismic surveys can affect the ability of these animals to detect natural underwater sounds, thereby disrupting these critical activities.

Researchers have also observed signs of physical stress such as startle responses in humpback whales while seismic surveys were being conducted many miles away  (Lokkeborg, 1993).

Scientists believe that pods of whales that include calves are at serious risk from seismic activities due to their need to utilize critical habitats for feeding and resting. If seismic surveys continually displace whales from these important areas, declined population levels  may result.

The powerful sound waves generated by seismic surveys can have a variety of harmful effects on fish. Within close range, seismic surveys have been found to kill adult fish as well as larvae and fish eggs. Scientific studies have also shown that air gun blasts can cause a variety of sublethal impacts on fish such as damaging orientation systems and reducing their ability to find food and mating partner.

Seismic surveys can cause physical damage to fish ears and other tissues and organs such as  swim bladders. Although such effects may not kill fish immediately, they may lead to reduced fitness, which decrease ability to carry out important life processes and their consequent survival. Furthermore, if important prey species in the food web such as squid and zooplankton are harmed by seismic  testing, the fish dependent on these creatures may also be negatively affected. 

Proponents of offshore oil and gas production often argue that overall impacts of seismic surveys on fish are negligible. However, Stanislav Patin (1999), an international expert on the environmental impacts of offshore oil and gas development, has warned that “…there seems to be no reason for the optimism that is sometimes expressed regarding the ecological safety of seismic surveys and their harmlessness to fish resources”. McCauley et al. (2003) goes on to suggest caution in the application of very intense sounds in environments inhabited by fish. 

1.3 SEISMIC SURVEYS IMPACT FISHING EFFORTS

Several studies have shown that seismic operations have greatly reduced catches of fish around areas where air guns were being fired. These studies have demonstrated reduced catches over 20 miles away from the source with catch reduction continuing five days after the testing was complete (See Table 1 below). 

Researchers believe these catch reductions are a result of altered fish behavior due to seismic operations which cause them to be less likely to take hooks and/or to move down and away from seismic firing.

Table 1: Reduction in fish catch rates as a result of seismic survey activity.

	Species
	Gear type
	Noise level of seismic testing
	Catch reduction
	Source

	Atlantic Cod (Gadus morhua)
	Trawl
	250 decibels (dB)
	46-69% lasting at least 5 days
	Engas et al., 1993

	Atlantic Cod (Gadus morhua)
	Longline
	250 dB
	17-45% lasting at least 5 days
	Engas et al., 1993

	Atlantic Cod (Gadus morhua)
	Longline
	Undetermined, 9,32 miles from source
	55-79% lasting at least 24 hours
	Lokkeborg and Soldal, 1993

	Haddock (Melonogrammus aeglefinus)
	Trawl
	250 dB
	70-72% lasting at least 5 days
	Engas et al., 1993

	Haddock (Melonogrammus aeglefinus)
	Longline
	250 dB
	49-73% lasting at least 5 days
	Engas et al., 1993

	Rockfish (Sebastes spp.)
	Longline
	223 dB
	52%- effect period not determined
	Skalski et al., 1992


1.4 EFFECTS OF EXPLORATORY DRILLING ACTIVITIES ON THE MARINE  

       LIVING RESOURCES

Most of the major ingredients of drilling fluids have a low toxicity to marine organisms. The severity of the impact of drilling fluids and cuttings on the benthos is directly related to the amount of material accumulating on the substrate, which in turn is related to the amount and physical characteristics of the materials being discharged, and to the environmental conditions at the time and site of discharge, such as current speed and water depth. In high energy environments, little mud and cuttings accumulate and impacts on the benthos are minimal and of short duration. In low energy and depositional environments, more material accumulates and there may be reduction in abundance of some benthic species (Jonathan, 2000).

Water-based drilling muds, while preferred over OBMs (Oil-Based Mud) or SBMs (Synthetic- Based Mud) for obvious environmental reasons, can still be  damaging to marine life. Leaving aside toxicity, WBMs (Water-Based Mud) deposited on seabed sediments may smother benthic animals and, if in the form of very fine particles suspended in the water, can interfere with respiration in small marine animals and pelagic fish (Patin, 1999).

Small (pellet) fractions gradually spread over large distances. Particles less than 0.01mm in size can glide in the water column for weeks and months. As a result, large zones of increased turbidity are created around drilling platforms. The persistent plumes of increased turbidity disturb the balance of production – destruction processes in the surface (photic) layer of seawater. It can also cause disturbances at the ecosystem level.

Phytoplankton will not photosynthesise   in the absence of light and consequently die. The absence of phytoplankton will constitute a lack of food for herbivores. In the case of the barnacles, their immobility will cause their death by asphyxia and the lack of food (plankton) that will result in the emigration of pelagic fish to other areas in food search, sedentary organisms  on the bottom will be affected by the heavy components that are deposited (Mario, 2002).

The pelagic fish as an organism that potentially could be affected; has considerable swimming power and escape when noticing alterations in the quality of the water (CEPEMA, 2002).  Disappearance of pelagic fish from such affected area could result in reduced harvests to the fishery.

The adult fish tend to swim away from oil. There is no evidence so far that any oil spill has significantly affected adult fish populations in the open sea. Even when many larvae have been killed, this has not been subsequently detected in adult fish, possibly because the survivors had a competitive advantage (more food, and less vulnerable to predators). Adult fish in fish farm pens may be killed, at least made unmarketable because of tainting (IPIECA, 1991).

The anchorage of the unit, as well as the implantation of the pipelines and ducts will affect directly the benthic populations of deep waters in a negative and irreversible way causing the death of the organisms. Such damage, however, temporary, restricted spatially can be considered negative and irreversible.

For fish the presence of rig structures on fish behaviour is minor, short term and sub-local. This implies a negligible effect on fish impacts of noise from exploration platforms on fish and fish behaviour in the study area will be negligible (Thompson et al., 2000).

Data indicate that biological changes are detectable in benthic communities up to 5 km from the drilling sites, but usually not further than 3 km (Gray et al., 1999). This is due mainly to the discharge of drilling wastes and cuttings. It has been reported that major changes extend to a maximum of 500 – 1 000 m from the drilling source (GESAMP, 1993).

1.5 DRILLING ACTIVITY Vs OIL SPILL AND EFFECTS ON THE NATURAL 

       ENVIRONMENT AND MARINE LIVING RESOURCES

Fisheries can be disrupted if migration routes are changed as a result of an oil spill. Spills that affect migration for spawning can affect fisheries in subsequent years.

Even very low concentrations of oil can affect reproduction and feeding in fish. Laboratory studies can show  all aspects of oil spill on the natural environment and marine living resources such as contamination  with time, which may in nature completely hide the studied effects (IPIECA, 1992)      

The drilling rig is held in position by an eight-anchor mooring spread. Direct loss of habitat in the contact area and direct mortality of sessile seabed organisms would be expected at the anchor locations. It should be noted, however, that the area impacted in this manner will be very small and is not anticipated to have a significant impact on the benthic communities of the area. 

Anchor mounds can be formed by the deployment and recovery of anchors. The rig is present at each of the drilling locations for a short - time as possible and rig moves are minimised. The impacted area is anticipated to decolonise rapidly. Close to the production flow line, benthos may be directly affected by displacement of sediments or smothering. 

Once the mattresses installed, however, they will be available for decolonisation. The Adult fish are better able to avoid oil slicks, and are more tolerant on the direct effects of hydrocarbon contamination of the water column. Toxicity thresholds of water-soluble fractions for mature fish are at worst about 10mg/l. Some species can survive much higher levels, unless whole oil or dispersed oil droplets coat the gills and cause asphyxiation. Sub-lethal effects of spilled oil on fish include potential impairment of reproductive processes and increased susceptibility to disease and predators. An oil spill may result in tainting of fish, and a reduction of its commercial value in the human food chain (Cairns, 1992).

During the drilling activity spills that occur on the surface of deep waters are unlikely to have any immediate effect on the seabed. However, delayed impacts may occur through the mortality of eggs and larvae of benthic organisms that are temporarily in the plankton and droplets downward. Oil has been reported to reach the seabed from spills in water but so far without recorded biological effect. The long –term changes in community dominance and the appearance of opportunistic species in the benthos that are a characteristic consequence of chronic oil discharges have not been observed after spill (Cairns, 1992).

Deep-water benthic invertebrates are usually protected from oiling by the buoyant nature of hydrocarbons, although the depth of oil penetration is dependent on turbulence in the water column. Hydrocarbons can also reach the benthos through the settlement of oiled particles such as faeces, dead plankton or inorganic sand particles (Jewett et al., 1999).

Some species of sediment dwelling organisms can be expected to suffer from adverse effects for several years (Payne, 1992). Exposure to oil can induce changes in burrowing depth into the substrate (which can lead to higher predation rates on some species) and can limit the growth, recruitment and reproductive capacity of some marine invertebrates (Fukuyama et al., 1998).

The effects of fuel spills on fish are expected to be similar to those of crude-oil spills, although much reduced in duration due to evaporation. The effects of oil spills on fish have been discussed in the Beaufort Sea Planning Area of Oil and Gas Lease Sale (e.g., USDOI, MMS, 1996a), which are incorporated here by reference and summarized. Oil spills have been observed to have a range of effects on fish (Rice, 1981; Starr, Kuwada, and Trasky, 1981; Hamilton,Starr, and Trasky, 1979; Malins, 1977).

Toxicological effects of water-based drilling muds on fish have not been observed. A small proportion of flatfish in the vicinity of some North Sea platforms have been found to be tainted. Dilution of the discharge plume within 1 000 m of the platform appears to render the tainting risk negligible. 

Two types of adverse effects of discharges of cuttings can be distinguished: physical smothering and chronic toxicological effects on the benthos. These effects include reduction in a number of sensitive species, increase in abundance of some opportunistic species, increased mortality, overall reduction in macrobenthos abundance, and reduced macrobenthic diversity (GESAMP, 1993).

1.6 DRILLING ACTIVITY Vs USE OF CHEMICALS

The introduction of toxic contaminants in discharges may accelerate such processes by increasing mortality and decreasing recruitment in benthic communities. The impacts of such disturbance on marine benthic communities are progressive rather than instantaneous. Thus disturbance following low levels of carbon enrichment initially brings about increases in both the abundance and biomass of the normal communities members. 

As enrichment increases the larger and longer-lived species will be replaced gradually by smaller more rapidly growing types suited to the changing conditions (Carroll et al. 2000). All oil-related activity in European waters is done under strict licence conditions, with the aim of minimising the effects on marine ecosystems. It should be noted however that this activity and the number of platforms have increased since 1993. Impacts on the benthic community are usually confined to a few kilometres around the platforms. 

These impacts are largely caused by the disposal of drill cuttings in the immediate vicinity of the platform. There is a reduction in species diversity near to the platforms. Biological changes are not usually detectable beyond 3 km from platforms, but there are a few cases where effects have been detected out to 5 km. 

Changes in the regulatory regime governing the use of drilling fluids are expected to contribute to reducing the impact on the benthic communities. There is, however, uncertainty about the possible environmental effects of removing cuttings piles. Some alternatives to oil-based muds also possess properties, which could result in adverse impacts on benthic communities (OSPAR, 2000). 

Both oil and oil dispersants can be toxic, in polychaetes are less susceptible to the negative effects of oil and can show large fluctuations in abundances and species composition over time (Fukuyama et al., 1998; Jewett et al., 1999).  

Oil concentrations as low as 5ppm have been shown to cause fish mortality in laboratories. However, fish kills are rarely associated with hydrocarbon spills, where presumably, adult fish are able to avoid waters underneath oil spills (BHPP, 1995).

Modification of habitat through the detrimental effects of hydrocarbon on other marine organisms may adversely affect some fish species (Jewett et al., 1999). Turbulent waters can disperse hydrocarbon throughout the water column thereby exposing fish at depths to contamination or by reducing the amount of dissolved oxygen, which could potentially cause suffocation. Dispersal throughout the water column is highly likely in the South East region due to high-energy oceanic conditions. The use of dispersants can be lethal to fish, and the combination of hydrocarbon and dispersants can increase the toxicity of the oil (Michel et al., 1992).

The offshore oil industry discharge large quantities of oil based drilling muds with drill cuttings. These muds are toxic and have been found to affect reproductive development in bivalves and immune response in fish. Effects on overall benthic community structure have been detected on a distance as far as 2-6 km from disused platforms in the North Sea (Johnston et al., 1998).           

Offshore oil drilling operations could result in adverse effects on plankton (drifting organisms), benthic organisms (bottom dwelling), and commercial fisheries (Anderson et al,.1999). There are both acute (minimal effects) and chronic (serious effects) impacts on marine organisms, that result from a variety of drilling activity. The discharges of drilling muds and cuttings could result in chronic and possible fatal impacts. Benthic organisms would feel the largest impact from the discharge of these muds and cuttings.

Threats to benthic flora and fauna from drilling fluids used in the petroleum industry have been relatively well studied in some regions. The three main categories of drilling fluids are mineral-based fluids, synthetic -based fluids and water- based fluids. In a study on the impact of type of oil-based fluid used at a site in the North Sea, Dann, Booij, Mulder and van Weerlee (1996) found that the discharge of oil –based fluids cuttings involved high disturbance of benthic fauna up to hundreds of metres from the platforms. 

Smaller effects could be detected up to a few kilometres away. Recolonisation of the benthos by some species was observed to commence 11 months of termination of drilling (Daan, Booij, Mulder and Van Weerlee, 1996), however, monitoring did not extend beyond these initial observations. Currently, the majority of offshore drilling operations use water-based fluids because they have been shown to provide the best environmental performance in terms of their non-toxic nature (Cobby and Craddock, 1999) in Marine Protected Areas-Environment Australia 2002. 

Cutting piles can be responsible for destruction of thee indigenous fauna and flora even in absence of toxicity. When anoxia prevails as a consequence  cutting piles, benthic organisms  will die due to anoxia. Major impacts are observed in the benthic communities (Jensen et al. 1999). Bioaccumulation of NADF`s (Non Aqueous Drilling Fluid) components can also lead to benthic impacts. The potential for bioaccumulation of base oil in aquatic species occurs when organisms incorporate hydrocarbons within their biomass, and metabolise them. An associate effect is taint, which consists in an alteration of the odour or taste of edible tissues resulting from the uptake of certain substances, including certain hydrocarbons. But there is no evidence that base oils cause taint at the concentrations of discharge (Davies et al., 1989). 

Deep-water benthic communities are not as well known as shallow water communities. They tend to be characterized by a low abundance and a high diversity. Several deepwater studies are underway in different water depths in order to understand the impacts of NADF`s (Non Aqueous Drilling Fluid) on deep waters environments (Bristish Petroleum, 2000).  

The fish suffer breathing difficulties and of locomotion with the direct contact with the petroleum, because they are arrested in the layer of petroleum and they die.  The ingestion provokes in the fish hepatic lesions (Pons et. Al,.2005). The most direct effect to the ecosystem is smothering of benthic organisms by cuttings that might accumulate below the drill rig. Since the cuttings have a relatively large particle size, they settle rapidly and this impact tends to be localised. Based on the observations and experience at other offshore exploration and production sites, any mortalities due to physical or toxic effects of the cuttings are expected to be restricted to an area less than 0.5 km from the drilling rig. Because of the strong currents on the Bank, the cuttings pile would not be expected to persist any more than a couple of months after drilling ceased (DFO, 1998).

Thompson et al. (2000) said there are currently few data from the Nova Scotia offshore about the environmental effects of exploratory drilling. However, a great deal of information is available. The generic environmental assessment of exploration drilling provides detailed descriptions of the procedures and equipment used and offers expert opinion about the typical probable effects of exploratory drilling. Overall, it is conclude that, with appropriate mitigation, exploratory drilling is not likely to cause significant adverse environmental effects. For the benthic invertebrates the discharge of cuttings and water-based muds are predicted to have minor, sub-local medium-term impact on benthic communities.

CONCLUDING REMARKS

· Most studies have focused on the biological effects of the petroleum hydrocarbon contamination from the drilling fluids. Although observed impacts of drilling wastes have generally been attributed to chemical toxicity or organic enrichment, there is increasing evidence to indicate that fine particles in drilling wastes (such as bentonite and barite) contribute to the effects observed around drilling platforms (Cranford, 2001). 

· Recent attention has been focused on the potential for effects on fish and shellfish to address knowledge gaps considered important to the fishing industry and to address general environmental concerns interest (pers. comm. J. Payne, DFO; ICES, 2002)

· The discharges of drilling muds and cuttings would cause an increase in turbidity in surrounding areas. This would likely cause decreases in both the population of phytoplankton and zooplankton and affect the food chain.
· A reduction in these species would lead to reductions in species higher in the food chain (finfish, shellfish, etc.) because of the plankton and benthic species are primary food sources. Zooplankton is the main source of food for pelagic fish and the early life stages of all fish. 
· Variations in zooplankton composition and in the timing and location of occurrence can thus have important effects on fish recruitment and growth. The impact of drilling activity on the pelagic species is not very notable, because of their habitat in the upper layer of the waters.  

· In high energy environments, little mud and cuttings accumulate and impacts on the benthos are minimal and of short duration. In low energy and depositional environments, more material accumulates and there may be reduction in abundance of some benthic species. 

· The National Research Council, (1983) concluded that impacts from drilling operations are most severe on benthic communities. Toxicity studies both in the laboratory and in the field have focused on the fate of drilling waste discharges and their acute and chronic effects on the benthic infauna and epifauna and bottom- dwelling fish species. 

· In contrast to drilling discharges, environmental data on the impact of produced water are very limited. Several studies have demonstrated accumulation of hydrocarbons from produced water in marine organisms. Monitoring of both chemical concentrations and biological effects at offshore sites should continue in order to strengthen the database regarding long-term ecological change in the peripheral zone surrounding the platforms.

2. TOXICITY EFFECTS OF OIL ON FISH EGGS, LARVAE AND JUVENILE

Oil spills have a serious economic impact on the coastal activities and to the resources of the sea. In most cases damage can be temporary or permanent and is caused primarily by the physical properties of oil creating nuisance and hazardous conditions. The impact on marine life is compounded by toxicity and tainting effects resulting from the chemical composition of oil, as well as by the diversity and variability of biological systems and their sensitivity to oil pollution (ITOPF, 2004).

After an unloading or the occurrence of oil spill at sea, there is a formation of a thin layer of oil at the sea surface, causing diminution of the penetration of the light up to 90%, with which the rate of photosynthesis in the phytoplankton diminishes drastically. Low concentration of oil at the sea surface, approximately of 0,1µg/g, slows down the cellular division and the growth of plankton. Seawater with 1.0 concentration superior to µg/g produces the death of great amount of phytoplankton organisms, as well as of larvae and eggs of fish. In the fish they seem to have blast effects, since when depositing it on gills, preventing the gaseous interchange and the pelagic fish die by asphyxia (Albert, 1990).

2.1 Effect on Phytoplankton and Zooplankton

Diatoms and dinoflagellates could develop some abnormalities as they float very near the surface and have little external protection. However, the rapidity with which phytoplankton proliferate could overcome the effect of any local or temporary reduction in their numbers. Beneath a thick oil slick, the penetration of light may be reduced thus impairing the photosynthesis in phytoplankton and may also interfere with the daily vertical migration of zooplankton which is regulated by light intensity. Many of the larger members of zooplankton and small fish take their food by visual selection rather than by unselective filtration, so that overshadowing by oil in large quantities may exert an indirect effect on the nutrition and behaviour of planktonic organisms of all sizes in addition to its direct chemical or mechanical effects (Otto, 1973).

2.2 Effect on Fish 

Hydrocarbons dissolved or dispersed in water can easily reach unprotected surfaces such as the delicate skin covering fish gills. Aromatics in particular often irritate these surfaces stimulating the copious secretion of thick mucus and the surfactants cause erosion of both gill and gut tissues. These effects are important because such areas are involved in the control of water and salt exchange between body fluids and the medium in which the animal is living as well as respiratory exchange (Nelson-Smith, 1974). Crude oil could also interfere with the activity of enzyme systems and other proteins from a variety of animals and plants. In addition to these effects on the immediate health of individual organisms, whether exerted mechanically or their outer structures or interfering with their most basic biochemical mechanisms, spilt oil may affect the whole structure of natural communities by tilting the balances which have developed in response to long established environmental pressures. 

Since oil in large quantities is found generally floating on the surface of the sea or stranded on its shores, and since fish occur mostly in mid waters or on the bottom, it is probable that adult fish suffer massive contamination only in tide pools or enclosed waters during a catastrophic spill. The outer surfaces, mouth and gill chambers of fish are coated with a slimy mucus which fresh oil cannot wet. If the oil has been emulsified either by vigorous agitation at sea or particularly after spraying with surfactants it is more likely to cling. 

Most fish manage to avoid localized spill. The larger food fish occupy a position high in marine food chains; they may accumulate considerable quantity of oil or its components when feeding. True or bony fishes need to swallow water constantly in order to avoid osmotic desiccation a means by which they may also accumulate the soluble constituents of dispersed oil. Even if such components do not cause any obvious harm to the fish they often contribute an unpleasant taste to its flesh and thus render the catch unsaleable. 

Intertidal and shallow subtidal zones are areas of high biological diversity and productivity that are particularly susceptible to impact by coastal oil spills. These coastal areas provide critical spawning and rearing habitat for many different marine fish species. For example, several of the major forage fish species (e.g. herring, smelts) in the north-eastern Pacific deposit eggs on inter- or subtidal sediments or algal substrates, where they may be directly exposed to oil after a spill. The Exxon Valdez spill occurred during the spawning of Pacific herring in Prince William Sound, and subsequent field and laboratory studies documented a common syndrome of edema, craniofacial and body axis defects that occurred in fish larvae that were exposed as embryos to polycyclic aromatic hydrocarbons (PAHs) in weathered crude oil. Even in the absence of malformations, pink salmon exposed to PAHs during development showed a significantly lower rate of marine survival. The toxic mechanisms underlying these effects of PAHs are unknown. Follow up studies to the 1989 Exxon Valdez spill in Alaska and the 1969 Florida spill in Massachusetts showed that petroleum hydrocarbons could persist in coastal sediments for decades. However, there is still considerable debate about the lingering effects of oil spills on fish and other wildlife in nearshore ecosystems. Early life history stages tend to be more sensitive to toxic contaminants than adult animals.

2.3 Effect on Benthos

Benthic organisms are those that spend the major part of the lives at the sea bottom, whether on the shore or below tide marks. Many spend their larval phase in the plankton and swim freely again during a short breeding season, but some become permanently cemented to rocks or piles and most move only slowly over short distances when adult. They are thus likely to get smothered when massive oil spillages occur. Forms inhabiting the inter-tidal zone suffer the greatest risk of oil especially on exposed shores or at high levels. 

This oil is most likely to be weathered and therefore chemically harmless, but may well be re-mobilised by potentially toxic emulsifiers or removed by other damaging methods. The larvae of benthic animals the meroplankton are much more sensitive than the holoplankton even though they are in turn often, much more sensitive than their adult forms. Shore crabs are certain to become contaminated on a heavily oiled shore as they occupy shallow crevices or burrows and because their scavenging habits they are likely to feed on animals affected by the oil. Among the smaller crustaceans shrimps live in shallow water or tide pools, while sand hoppers and sea slaters occupy the upper part of the beach, which are most frequently polluted (Otto, 1973).

Fish eggs and larvae are the life stage most sensitive to effects of oil (up to 10 times as sensitive as adults, because the adult fish living in nearshore waters and juveniles in shallow water nursery grounds may be at greater risk to exposure from dispersed or dissolved oil), as they occur in the surface layers of water and will be in direct contact with the spilt oil (Moore and Dwyer 1974), cited in JWEL, 2001.

Oil spills have lethal and sub-lethal effects on fish eggs and larvae, resulting in subsequent reductions in adult populations, deformities and negative impacts on spawning and growth. Eggs may not hatch or may be totally destroyed, especially when the water is not very deep. In the larval life stage, growth rate is key to survival. Natural mortalities are very high in this life stage. Anything that increases mortality will impact on overall survival and ultimately on fish production.

During this stage, larvae have low mobility and their location is determined by their habitat, such that they can’t avoid areas of adverse conditions. The most toxic components in oil tend to be those lost rapidly through evaporation when oil is spilt. Because of this, lethal concentrations of toxic components leading to large-scale mortalities of marine life are relatively rare, localised and short-lived. Sub-lethal effects that impair the ability of individual marine organisms to reproduce, grow, feed or perform other functions can be caused by prolonged exposure to a concentration of oil or oil components far lower than will cause death. 

The main species affected are the pelagic, as the Trachurus trecae, Decapturus rhoncus – Caranx , Sardinellas aurita, Sardinella maderensis, that are fished with fence net with retained. These piscatorial activities are subject to perverse impact the short and medium period while the different species recover (Marchal, 1991).

Simply, the effects of oil on marine life are caused by either the physical nature of the oil (physical contamination and smothering) or by its chemical components (toxic effects and accumulation leading to tainting). Marine life may also be affected by clean-up operations or indirectly through physical damage to the habitats in which plants and animals live.

After the wreck of the Argo Merchant off the East Coast of U.S.A. in 1976, (Longwell 1977, 1978), reported that 20% of cod eggs and 46% of Pollock eggs were dead or moribund. Within the oil slick Pollock embryos were grossly malformed in 18% of eggs. At the edges of the slick 9% were grossly abnormal, but at greater distances no abnormalities were found and no cod eggs were deformed. Eggs that were dead or moribund displayed a combination of cytological abnormality of the embryo cells or of the nuclear configurations, coupled with division arrest.

Pollutants may combine with oil to affect fish in certain locations, and New York Bight typifies the findings. In this region one third of developing mackerel eggs were found to be abnormal, and at stations closest to a disposal site, eggs with the highest frequency of chromosomal and mitotic abnormalities were found (Longwell, 1976). 

After two years ago, the Exxon Valdez oil spill was far more lethal than previously thought, according to a federal report. Its effects’ including mutations in fish larvae was more pervasive and longer - lasting. Seventy percent more salmon eggs died in oiled areas than in clean areas in 1989, and 50 percent more died in 1990. And some of the survivors were deformed. "Larvae from heavily oiled streams showed gross morphological abnormalities, including club fins and curved spines”. Herring also had more dead eggs and abnormal larvae in 1989 and 1990 (Charles and David Hulen, 1991). 

In both1989 Exxon Valdez and the 1993 barer spills, various impacts on pelagic fish (mainly occupying the water column) were observed. Various lethal and sub-lethal effects were observed in herring eggs and larvae exposed to Exxon Valdez Oil Spill in 1989 and it were estimated that larval production dropped by about 50% (Brown et al., 1996). 

Pacific Herring and Pink Salmon larvae suffered high mortality and high rates of physical deformity when exposed to concentrations as low as 0.4 to 1.0 part per billion of dissolved, multi-ring aromatic hydrocarbons derived from weathered oil. Such levels can occur in water in oil-spill areas (Wildlife).

For example, ten years after the Exxon Valdez spill, the most salmon (Pacific herring) spawning and feeding habitats in Prince William Sound were oiled, causing egg and larval mortality and physical deformities. Unprecedented population crash in 1993, first year eggs laid in 1989 should have returned. Pink salmon increased mortality of eggs in oiled streams.  Lower juvenile growth rates and gross abnormalities in young fish in oiled streams. Oil-spill related collapses in pink salmon populations in 1992 and 1993  (Pamela A. Miller).

These examples are provided to indicate that effects on early developmental stages can occur from exposure to hydrocarbons and although it has been concluded that these stages are extremely vulnerable, in the open ocean environment it has not been possible to conclusively demonstrate adverse effects on fish stocks per se. Nevertheless it is apparent that hydrocarbons can greatly reduce the individual's chances for survival and accordingly population changes are of potential concern (Rosenthal and Alderdice, 1976). 

2.4 TOXICITY EFFECTS OF CHEMICALS DISPERSANTS ON THE EARLY 

        LIFE HISTORY STAGE OF LIVING MARINE RESOURCES 

The use of chemical dispersants in maritime oil spills has always been a controversial issue and the topic of much debate between scientists, the public, media and environmental interest groups. Dispersants are used to minimise the environmental impact of an oil spill, but also has one main potential disadvantage when the  dispersion of oil is localized and temporary increase in water concentration, which could affect marine life in the immediate vicinity of the spill (IPIECA, 2001).

The impacts of oil and other pollutants on fish eggs and larvae, as well as adult stages, have the potential to diminish fish stocks (Patin 1985; Longwell et al, 1992). 

After the Torrey Canyon oil spill in 1967, accident it was reported that 50 to 90% of pilchard eggs dead, and juvenile fish scarce in plankton samples collected in the vicinity of the wreck (toxic dispersants were used to disperse oil in this incident and probably added to the effect of the oil) (Smith 1970).

Recent scientific reports released 10 years after the Exxon Valdez spill shows that commercial fish spawn is still deformed and the reproduction rates of many fish are continuing to decline. This has been directly attributed to the spill and its residual effects in the environment.

Bjorken (1994) reported that low concentrations of certain chemicals in seawater injure fish eggs, embryos and larvae, which are more susceptible to chemicals than had been supposed. Most marine fish eggs drift freely in the upper layers of the sea, unlike salmon eggs, which lie on the bottom. The eggs float because they are a little "fresher" than seawater; containing less salt makes them buoyant. Around each egg lies a thin shell and inside the shell is an envelope, which is extremely sensitive to injury or pollution. 

Chemicals can destroy the envelope, allowing fresh water to leak out, whereupon the egg becomes salty as seawater and sinks to the bottom and dies. The eggs need to hatch near the surface where the larvae can find food. The chemicals that have been tested are dispersants that are used to dissolve oil-spills.

Bjorken (1994) reported on collaborative studies that determine how much eggs and larvae could tolerate various concentrations of different chemicals. Measurements showed that the egg envelope tolerates only very low concentrations of chemicals before it begins to leak. In the worst case a large proportion of a year-class of cod might be lost. Embryos in surviving eggs might undergo abnormal cell division leading to development of abnormal larvae.

Fish eggs and larvae (and other marine life) are more sensitive to dispersed oil than to oil on sea surface, especially aromatic components and compounds used to clean up spills. But cod larvae are even more vulnerable than eggs. Researchers found a high rate of mortality in larvae exposed to water that contained low concentrations of chemical.

CONCLUDING REMARKS 

· Plankton is a term applied to floating plants and animals carried passively by water currents in the upper layers of the sea. Their sensitivity to oil pollution has been demonstrated experimentally. In the open sea, the rapid dilution of naturally dispersed oil and its soluble components, as well as the high natural mortality and patchy, irregular distribution of plankton, make significant effects unlikely.

· The literature reviews indicate that numerous studies have shown that fish in their early life stages (eggs, larvae and juveniles) are much more sensitive to damage from petroleum hydrocarbons and chemical dispersants, as they occur in the surface layers of water and will be in direct contact with the spilt oil. Eggs may not hatch or may be totally destroyed, especially when the water is not very deep.
· A crude hemorrhage in great scale can have a perverse impact in the activities piscatorial of the waters offshore and coastal. 
· The main species affected are the pelagic, as the Trachurus trecae, Decapturus rhoncus – Caranx sp., Sardinella aurita, Sardinella maderensis that are fished with fence net. These piscatorial activities are subject to perverse impact in the short and medium period while the different species recover.

· Much less is known about the effects of oil on fish eggs and larvae. The large proportion of salmon eggs killed off by the Exxon Valdez spill indicates that the effects can be serious and long-term.

· Oil spills have lethal and sub-lethal effects on fish eggs and larvae, resulting in subsequent reductions in adult populations, deformities and negative impacts on spawning and growth.

· A particular concern is the effects of Polycyclic Aromatic Hydrocarbons (PAHs) on egg production in fish, and their potential effects on the numerous early life stages that reside in the surface micro-layer of the oceans, where PAHs can become concentrated.
· Persistent oils and mousse may seriously affect the visual appeal and use of coastal amenity areas; fresh crude and light refined products may constitute a fire and explosion hazard. 

   3.  THE ASSESSMENT OF EXISTING MITIGATION MEASURES WITH 

        RECOMMENDATIONS TO FURTHER REDUCE THE IMPACTS OF OIL   

       DRILLING ACTIVITIES ON THE EARLY LIFE HISTORY STAGES OF  

       PELAGIC FISH RESOUCE

The oil drilling activities oil spill and the use of chemical dispersants are the main factor of marine pollution. The oceans guarantee million of tons of marine resources that feed the human population. About 30 million of tons of fish are removed from the seas, for human consumption. It is worth to highlight that in the oceans are 85% of the species of the planet, which ponders around the reefs of corals that also give clear signs of decline, due to the chemical pollution. There is no evidence that oil spill has killed sufficient fish to affect adult populations. But shipping incidents in inshore areas can cause potentially more damage (Kingston, P.F.1992).

The oil drilling activities cause serious problems, and to avoid accidents is not just a way for maintenance and control of the drilling activities and the transportation by the enormous oil tankers. Therefore, is very important the assessment of mitigation measures to minimize such accidents that may occur constantly in the sea avoiding the death, extinction and emigration of the marine resources (Jensen, T.,Palerud Olsgard,. 1999).

These activities (drilling and transportation) imply several risks putting danger to marine resources, where some species can become extinct. Such risks can affect the economy of the country because the fisheries constitute one of the important sectors in most of the littoral countries. 

In 1989, the environmental catastrophe happened from the oil-tank “Ship Exxon-Valdez” which has destroyed the fauna along the Alaska coast, affecting their resources.

The oil and gas exploration for production activities can have significant impacts on marine environment.

Effects on fish plankton: Eggs and young stages are more vulnerable to oil pollution than adults. Even though many commercial species spawn over large areas, direct effects on plankton have been recorded.

 Effects on fish behaviour: Wild fish swim away from oil spills and long- term effects on local populations are avoided. Fisheries can also be disrupted if migration routes are changed as a result of an oil spill. Spills that affect spawning migration into rivers can affect fisheries in subsequent years.

Sub-lethal effects: Even very low concentrations of oil can affect reproduction and feeding in fish and shellfish. Unfortunately, laboratory studies cannot take full account of species such as continuous dilution with time, animal predation and human predation (fisheries), which may in nature completely hide the studied effects. 

Dire effects on fisheries: Tainting: oil-derived substances may taint fish exposed to oil. Tainting is of particular concern in caged fish and immobile shellfish, which cannot swim away. Commercial catches may also become contaminated from contact with oil-fouled fishing gear. Taint is usually lost though the normal processes of metabolism once the oil source has gone, but testing is needed to determine when fish are fit to eat. (IPIECA, 1991).

In the North Sea, oil and chemicals used during drilling must undergo aquatic toxicity testing for hazard evaluation (OSPAR, 1995a, 1995b). All the tests are carried out on three aquatic species that represent the food chain. The most common species are the marine alga (Skeletonema costatum), the copepod (Acartia tonsa), the juvenile turbot Scophthalamus maximus for which aqueous phase tests are performed, and a sediment reworker (Corophium Voluator, sediment dwelling amphipod) for which the sediment phase is used during the toxicity tests. (British Petroleum, 2000).

Potential impacts to marine species from drilling activities are not well understood. There are a few studies that describe potential impacts, and further research is anticipated from the industry in future years. Offshore exploratory drilling is not normally considered likely to have a significant impact on matters of national environmental significance.

In the past 20 years, the oil and gas industry has grown to recognize the need and obligation of companies to identify and mitigate environment impacts of their activities. In many countries this recognition has been driven or encouraged by adoption of laws requiring environmental impact assessments of new projects. (Griffiths, 2000). 

During the past decade expectations of local communities, national governments, international development organizations, non-governmental organizations (NGOs), and other stakeholders have risen significantly regarding how effectively oil and gas companies must mitigate environmental effects of their activities. 

Like for example in recent years those expectations have explicitly expanded to required companies to address a wide range of social issues and impacts, some of which had no often been incorporated into limited socio-economic analyses occasionally done as part of environmental impact assessments.

These rising expectations have combined with growing international attention to opportunities and challenges associated with sustainable development. As a result they put pressure on companies to more effectively avoid or mitigate environmental impacts of their activities, especially in particularly sensitive natural and/or marine environments. This has required companies and industry groups to more aggressively develop and implement new best practices in both technology and management for mitigation of both short-and long-term effects.

Governmental organizations, development organizations, and NGOs are also actively involved in developing guidelines to help identify, improve, and evaluate industry best practices in this area. Governments have a particularly important role. That role is to formulate and enforce fair “rules of the game” that define precise responsibilities for all stakeholders in mitigating the environmental and social impacts and in establishing a level field for industry competitive investments (Jonathan Wills, et al.2000). 

3.1 SOME EXISTING MITIGATION MEASURES  

With appropriate mitigation, drilling activities are unlikely to cause significant adverse environmental effects. The absence of any predicted major or moderate impacts means no significant adverse effects are likely. Regardless, mitigation would be applied as a precaution to further reduce the likelihood of adverse effects. Many mitigation measures are built into project design. Some are legislated and others are part of modern oil exploration equipment and/or operating procedures that have been designed with due regard for environmental protection. 

 Still other mitigation measures are enforced by policy, such as the Gully prohibition. All waste discharges will comply with the Offshore Waste Treatment Guidelines (OWTG), thereby minimizing the adverse effects of wastes from drilling operations.

 The OWTG describe minimum standards for the treatment and/or disposal of wastes associated with the routine operations of drilling and production installations offshore. Under the OWTG, offshore operators are also mandated to continually strive to reduce both the volumes of wastes being - 39 - discharged and the concentrations of contaminants. 

The generic assessment describes other mitigation which can be employed on a project specific basis, such as vessel and aircraft routing restrictions using established procedures for safe release of stranded birds attracted to rig lights and avoidance of sensitive times and features such as corals. Specific mitigation requirements would be addressed during the program-specific assessment stage, when an authorization is being sought. For example, drilling near the Gully may require stricter waste controls than those specified in the OWTG (Thompson et al., 2000).

The assessment of mitigation measures needs to consider a wider range of issues than simply the focal species, and requires a complete strategy for minimizing the impacts of human activities on ecosystems, particularly petroleum exploration, taken on a case-by-case basis. The real risks for a range of species that are inter-dependent should be established and the timing or techniques of the activity adapted to reduce the total impact to those species most at risk (McCauley and Ducan, 2001). 

A comprehensive review of mitigation procedures employed internationally in the seismic and marine mammals workshop was given by Pierson et al. 1998. These authors present a suite of standard mitigation and monitoring measures that have evolved including seasonal and geographical restrictions, ramp- up, ship based visual monitoring of safety zones and associated shutdown procedures, and aerial surveys and passive acoustic monitoring. 

In addition recent developments in automation and software design have improved the acoustic detection rates between five and eight times higher than corresponding visual surveys (Gillespie and Chappell, 1998). 

International efforts are continuing to refine the guidelines and procedures to mitigate effects of seismic on marine mammals and others. 

3.2 ANGOLAN SITUATION TOWARDS THE MITIGATION MEASURES 

For the mitigation measures Angola is using four categories as the management instruments to make the environmental impacts management. The four categories are:

· Environment Impact Assessment

· Operational Discharges Management

· Waste Management

· Spill Management

According to the above four categories, the operators submit for each semester the environmental performance reports with records of their operational discharges, the pollutant content of it, the destiny given to specific wastes generated by their operations and the spills occurred. So far no further treatment is given to those results, partly because of there is still a lack of quality standards and environment sensitivity knowledge.

3.3 Environmental Impact Assessment

Performing Environmental Impact Assessment is one of the priorities according to the Angolan Environmental Base Law (Act of Law 5/98) and to the Decree 51/04 from the Urbanism Affairs and Environment Ministry. Related studies are performed in parallel with the Front End Engineering Design (FED) phase in which the final decisions regarding the kind of equipment and its positioning in a specific installation are made.

Environment Impact Studies give also the schedule for monitoring studies suitable for the specific environment found and highlights the specificities for the operational discharges and wastes management plans.

Since petroleum operations can last for long time (more than 25 years) the abandonment phase has to be considered only two or three years in advance because of the increments in the technologies and methods that can be used to protect and restore a damaged environment. For that the oil companies have to submit the EIS to the appreciation and approval of the Ministry of Urbanism and Environment (Muddied Waters, 2000). 

3.4 Monitoring activity

Exploration drilling projects currently require compliance monitoring. Monitoring of

Environmental effects would be considered on a case-by-case basis depending on the location and timing of the drilling program. The monitoring program is followed by some strategies, which are: 

· Prevention-avoid the potential impact 

· Minimization-decrease the spatial/temporal scale of the impact

· Remediation- apply rehabilitation techniques after the impact has occurred

· Compensation- accepts the impact or residual impacts and compensate. 

For environmental impacts, preference should generally be given to permanent over temporary controls, and passive or design measures over “end of pipe” mitigation (Hatch et al. 200). (Muddied water, 2000). 

3.5 The Law on Offshore Wastes Discharges in Different Jurisdictions

 The Convention for the Protection of the Marine Environment of the North-East Atlantic (known as the “OSPAR Convention") is the basis for national laws governing the discharge of offshore drilling wastes in the waters of the OSPAR signatory states.

OSPAR regulations thus cover all the oil-producing coastal states of Western Europe.

At present it is legal to discharge WBM (water-based mud) cuttings in the offshore waters of the OSPAR signatory countries, provided the oil content is less than 1% by weight and the material has passed tests to show that it will bio-degrade over a specified time and will not bio accumulate.

The OSPAR operating principles for regulating offshore discharges15 take account of the persistence, toxicity or other noxious properties and tendency to bioaccumulation of the chemicals in drilling wastes. “These criteria,” OSPAR states, “are not necessarily of equal importance for a particular substance or group of substances, and other factors, such as the location and quantities of the discharge, may need to be considered.”

The latest proposals before OSPAR, while “recognising that marine pollution by drill cuttings and their associated organic phase drilling fluids OPF (organic-phase drilling fluid) should be avoided and prevented to the greatest possible extent23” are silent on discharges of WBM contaminated cuttings which, apparently, are to be allowed to continue. The draft regulations24, which will form the new OSPAR regime for minimising marine pollution from drilling wastes, set out the following operating principles:

(OSPAR.1996.PARCOM Decision 96/3on a harmonized Mandatory Control System for the Use and Reduction of the Discharge of Offshore Chemicals. Oslo.)

The new Convention, drafted to merge and modernise the Oslo and Paris Conventions, consists of a series of provisions and, amongst other things. Requires the application of:  

· The precautionary principle;

· The polluter pays principle;

· Best available techniques (BAT) and best environmental practice (BEP), Including clean technology;

· Provides for the Commission established by the OSPAR Convention to adopt binding decisions;

· Provides for the participation of observers, including non-governmental, Organisations, in the work of the Commission; Establishes rights of access to information about the maritime area of the Convention.

At present there are four main OSPAR measures regulating the majority of discharges and emissions from offshore installations:

1. PARCOM Decision 92/2 on the Use of Oil-based Mud’s – this was the start of the ban on OBM (oil-based muds) discharges;

2. PARCOM Recommendation 92/6 on Best Available Technology for Produced

Water Management on Offshore Gas and Oil Installations – this set the 40ppm

Oil: water content for produced water discharges;

3. PARCOM Decision 96/3 on a Harmonized Mandatory Control System for the Use and Reduction of the Discharge of Offshore Chemicals – this co-ordinated the

Different countries’ regulations;

4. PARCOM Decision 97/1 on Substances/Preparations Used and Discharged

Offshore – this attempted, unsuccessfully, to make a list of banned substances.

All were currently under review within OSPAR and the legislation is likely changed in 2001, after a 12-month delay caused by disagreements between member states over which substances should be banned, which should be treated as “Preparations Used and Discharged Offshore Which Are Considered to Pose Little or No Risk to the Environment” (PLONOR) 17, and on issues such as toxicity testing and environmental monitoring methods. In February 2000 several new measures were agreed in draft form at Oscar’s Working Group on Sea-based Activities (SEBA 2000), which, if adopted by OSPAR this year, will supersede PARCOM 92/2, PARCOM 96/3 and PARCOM 97/1 on 16 January 2001. (Muddied water, 2000).

3.6 RECOMENDATION TO REDUCE THE IMPACTS OF OIL ACTIVITIES 

Reduce

The reduction of discharges of OPF-contaminated cuttings is the primary focus of this Decision. Examples of measures to be taken with a view to reducing discharges are e.g. prohibition on use in the upper well section except where technically necessary, horizontal drilling, slim hole drilling.

Re-use

Operators will choose techniques from a range of options e.g. mud treatment plants, shale shakers, centrifuges and washing systems for cuttings, i.e. those technologies that maximise reuse consistent with safe and efficient drilling. Use of mass balance

(Volumetric) reporting will enable national authorities to check that reuse is being carried out effectively.

Recycle / Recover

In order to avoid discharges to the sea of OPF-contaminated cuttings, recycling/recovery measures should be implemented (e.g. recovery for re-use of the organic phase by distillation onshore or offshore, use of shale shakers and centrifuges).

Residue disposal

The following options for the management of OPF-contaminated cuttings residue should be considered:

· Transportation to shore of cuttings for OPF processing (e.g. oil recovery and residue disposal);

Re-injection of cuttings

Offshore treatment of cuttings with the aim of achieving the target technology standard of 1% weight/weight fluid on cuttings, and the discharge of the cleaned residue;

When cleaned residues of cuttings contaminated with synthetic fluid cannot meet that standard, national competent authorities may authorise discharge to the sea having regard to the toxicity, biodegradability and bioaccumulation of the drilling fluid concerned and of the hydrograph of the receiving environment. (Muddied water, 2000).

. 
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