5.1  Earth pollution  (secondary to space operations)

Since the advent of the space age in the 1950s space missions have used either liquid or solid propellants.  Special scrutiny of solid rocket propellants has occurred due to the fact they contain chlorine, which is known to deplete ozone in the atmosphere. Solid fuel rocket motors deposit chlorine directly in to the stratosphere.  Chlorine and chlorine oxides are present in the exhaust of Titan IV and Space Shuttle launches.  Oxides of hydrogen and nitrogen are produced to some degree by every rocket launch.  There is also alumina produced by solid rocket boosters and particulates and soot result from kerosene liquid oxygen combinations.  Locally most expendable space launch vehicles have little local environmental impact, unless there is a low-level catastrophic explosion, which is thankfully a fairly rare occurrence.

For the Space Shuttle however there is a significant local exhaust deposition.  Most of this comes from the solid rocket boosters, which contain aluminum and chlorine in the propellant materials.  Due to the burning of these material there are large quantities of aluminum oxide and hydrogen chloride, carbon dioxide, chorine and nitrogen oxides and carbon monoxide produced during the Shuttle launches.  Since the amount of acid deposition is known accurately, careful measurements of the prevailing winds at different altitudes on the day of launch are used to predict the acid depositions.  These winds and computer models are followed carefully by ground controllers at Kennedy Space Center prior to every Shuttle launch. Usually the sea breezes are the prevailing winds, and these tend to blow the acid deposition to the north and west at Cape Canaveral.

The quantities produced each Shuttle launch are significant, and include a total of 56,000 kg of aluminum oxide and 35,200 kg of hydrogen chloride, and 76,800 kg of carbon dioxide.  There is a significant acid deposition near the launch pad that is closely monitored and tracked.  The aluminum oxide dust particles form nuclei with water vapor, and results in rain.  The rain then absorbs some of the HCl to produce acid rain.  Near the launch pad some of the initial rain may approach a pH value if 1 and may temporarily damage vegetation.  The acidity decreases as that HCl is washed from the area.  When moving away from the launch pad area the rain is less acidic and and damage is less likely.  Biologists and ecologist routinely check the water, soil and vegetation after each launch, to ensure there are no contamination problems from the launches.

There also is a local effect of ozone depletion in the stratosphere due to the exhaust plume, which is filled in by diffusion from the surrounding ozone into the area of depletion after a few hours.  There is a global effect from the depletion of ozone and an increase in the chlorine loading of the stratosphere.  

The implications of all of these space launches based on computer modeling seem to be minor at current launch rates, but are considering real and significant.   The total effect of the depletion of ozone due to rocket launches can only be calculated in theoretical models, but is found to be below the detection limit of current measurement techniques.

