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Recent research in the Caribbean and in the Great Barrier Reef of Australia has established the critical levels of nitrogen and phosphorous which must not be exceeded if reefs are to remain healthy without being overgrown by weedy algae (Lapointe et al., 1992, 1993, in press; Bell, 1992). These concentrations are: 

1.0 micromoles per litre of nitrogen as nitrate and ammonia 

0.1 micromoles per litre of phosphorous as ortho-phosphate and organophosphate. 

These values are in the molecular concentration units used by chemists and oceanographers. In the weight units more often used in the wastewater literature these translate into: 

Nitrogen: 0.014 ppm N or 0.040 ppm NO3 

Phosphorous 0.003 ppm P or 0.007 ppm PO4 

It appears that a coastal population density of no more than roughly 500 people per 100 meters of shore generates too much nutrients for a viable coral reef to survive in the absence of sewage nutrient removal. This can be defined as the human carrying capacity of the reef. Similar eutrophication has been observed at the Club Med in Moorea, French Polynesia, where the secondary-treated sewage from 500 people at an isolated hotel provides a point source causing eutrophication over 100 meters of coastline (Goreau, unpublished) even though this is an area with very strong tidal currents. The maximum sustainable population near a reef is therefore probably less than around 5,000 people per kilometer of shoreline. As the interior of Moorea is uninhabited, the coastal population density reefs can tolerate will be even lower when there are additional nutrient sources derived from inland via groundwater flow, shore currents are less, and sewage is treated to less than secondary levels. 

Ecosystem specific WATER QUALITY standards

To protect coastal ecosystems from eutrophication, scientifically-sound nutrient water quality standards are needed. At this point no country in the world has any. Water quality standards have historically been developed for human public health, not ecosystem health, and reflect the limits above which people get sick. There are no public health limits for phosphorus, and for nitrate the usual standard is 10 parts per million (ppm). Above this, babies can get methemoglobinemia, or “blue baby syndrome”, in which the nitrate binds to blood hemoglobin oxygen receptors and babies effectively suffocate. 

However, coral reefs become algae dominated if available phosophorus (orthophosphate plus dissolved organic phosphorus) is above 0.003 ppm, or if available nitrogen (nitrate, nitrite, plus ammonium) is above 0.014 ppm (Bell, 1992; Lapointe et al., 1993) See Figure 1 and 2. Corals will die from algae overgrowth at nitrogen levels around 700 times lower than what we can safely drink! Other marine ecosystems also have eutrophication nutrient limits, but they are all much higher than coral reefs; for seagrasses they are 30-50 times higher than for coral reefs (Lapointe et al., 1994). Saying that water is “clean” because people don’t die from it does not protect ecosystems that are affected at much lower levels. Effective coastal zone management requires development and enforcement of ecosystem-specific water quality standards. The Turks and Caicos Islands in the Caribbean are the only country in the world so far to propose adopting water quality standards that could protect their coral reefs. 

