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NOTES:

TERMINAL LEARNING OBJECTIVE:

At the completion of this lesson the student will:

ACTION: Identify the toxic hazards in the aviation environment.

CONDITION: While serving as an air crew member.

STANDARD: In accordance with (IAW) FM 1-301 and FUNDAMENTALS OF AEROSPACE MEDICINE.

A. ENABLING LEARNING OBJECTIVE (ELO) # 1:

ACTION: Identify historical toxic hazards.

CONDITION: Given a list of historical data.

STANDARD: IAW FM 1-301.

     a. History of Toxicology.

        (1) The earliest record of the scientific study of toxins comes from the Ebers papyrus from Egypt in 1500      B.C.

        (2) Hippocrates (400 B.C.) first discussed the principles of toxicology while attempting to control the absorption of a compound to prevent overdose.

        (3) The first aviation fuels used a castor oil mix for lubrication. This caused a continued mist of castor oil to be sprayed over the pilot. To counteract the spray the pilots wore long scarves to wipe the mist from their goggles. The ingested / inhaled mist caused frequent respiratory and gastrointestinal problems.

        (4) Currently more than one million people work in the aviation environment. Pilots, mechanics, ground crew, aircrew and other support personnel are continually exposed to toxicological hazards that are unique to their occupation.

B. ENABLING LEARNING OBJECTIVE (ELO) #2:

ACTION: Match the toxic hazards with their correct definitions.

CONDITION: Given a list of terms and a list of definitions.

STANDARD: IAW FM 1-301, and FUNDAMENTALS OF AEROSPACE MEDICINE.

     a. List of Terms and Definitions:

     (1) Toxic - Anything that has the potential to produce harmful effect on an organism.

        (2) Toxicology - The scientific study of poisons or the study of physical and chemical agents and the injury caused to living cells.

        (3) Exposure – The actual contact of the harmful substance with the biological organism.

           (a) Acute exposure – A single exposure over a short period of time. May cause unrecognized decreased in perception and abilities / skills. This is the greatest risk to aircrew members in flight.

            (b) Chronic exposure – A long-term exposure or a series of repeated exposures. Usually does not cause incapacitation. May cause health changes many years later.

C. ENABLING LEARNING OBJECTIVE (ELO) # 3:

ACTION: Match the six major factors in determining toxicity with their definitions.

CONDITION: Given a list of factors and a list of definitions.

STANDARD: IAW FM 1-301 and FUNDAMENTALS OF AEROSPACE MEDICINE.

     a. Six Major Factors:

        (1) Dose Factor – The amount of substance to which the body has been exposed to.

      (2) Route of Entry Factor:

        (a) Inhalation – The most important method. The surface area of the lung is enormous. The surface area of the alveoli in the adult lung is around 140m2. This is approximately the area of a single tennis court. When inhaled, most toxins are absorbed directly into the blood stream due to the extremely short distance the gas must move from the lungs to the blood.

NOTE: The blood in the alveolar capillaries is separated 

      from alveolar air by 3 cell layers totaling 6  

      thousandth of a mm.

        (b) Absorption – Involves skin contact.

        (c) Ingestion – Involves taking substance in through the mouth either intentional or unintentionally. Often caused by eating in the work area, or smoking without washing your hands.

    (3) Rate of Retention and Excretion Factor –

       (a) Retention – How long the toxin is kept within the body. Toxins with high retention rates are: Lead, DDT, Asbestos, Beryllium.

       (b) Excretion – How quickly the body rids itself of the toxin. This is usually through the bile or kidneys.

   (4) Physiological Factors – Individual factors that determine the response to a toxin.

       (a) Metabolism slows with age. Dosing medications and being exposed to toxins becomes more critical.

       (b) The amount of body fat determines the effect of fat-soluble toxins. The more rotund a person is the more fat-soluble toxin that is absorbed and the longer it takes the body to shed the toxin.

       (c) Genetics affect how your body will respond to some toxins. Examples include G6PD, alcohol dehydrogenase deficiency in Asians and American Indians, Sickle cell anemia. 

   (5) Physiochemical Factors- The biochemical processes of detoxifying chemicals within the body. Primarily completed by the liver and kidneys.

   (6) Environmental Factors – Toxicity may be affected by atmospheric pressure, temperature, and humidity.

       (a) Atmospheric pressure – Increasing toxic effect of products of combustion at altitude.

       (b) Temperature – Some toxic agents less problematic in winter than in summer due to larger vaporization of volatile chemicals in warmer temperature.

       (c) Humidity – Chemicals are more rapidly absorbed through wet (perspiration) skin than dry cool skin.

D. ENABLING LEARNING OBJECTIVE (ELO) # 4:

ACTION: Match the aviation toxic substance with its reaction.

CONDITION: Given a list of aviation toxic substances and a list of reactions.

STANDARD: IAW FM 1-301, AR 50-5, and AR 50-6 

     a. Aviation Fuels:

       (1) Mixture of hydrocarbons and additives. Aviation gasoline (AVGAS) 100 low lead contains tetraethyl lead as an additive. Tetraethyl lead is extremely toxic to the nervous system due to the lead content.

       (2) Some additives are Toluene, Xylene, and Benzene.

       (3) JP4, JP5, JP8 are various grades of kerosene used for turbine engines. JP 8 is nearly 100% kerosene and is less spontaneously flammable.

       (4) The principle hazard is vapor inhalation. The signs and symptoms of hydrocarbon exposure toxic affects are light-headedness, confusion, fatigue, coma, slurred speech, and impaired psychomotor skills. Irregular heartbeats, coughing, choking wheezing, nausea, vomiting, and chemical burns can also occur.

       (5) Chronic high exposure can lead to leukemia, brain and peripheral nerve damage.

NOTE: Not usually a problem unless an individual works  

      around fuel cells routinely.

        b.  Aviation Fuel Combustion:

         (1) Carbon Monoxide: It is one of the most common and toxic of substances. It’s an ordorless, tasteless, and colorless vapor. Negligible amounts are produced with aircraft turbine engines. But ground and aircraft APU are less efficient and will produce carbon monoxide. It binds 256 times more tightly to hemoglobin than does oxygen. As little as 0.5% in the breathing atmosphere for 30 minutes will produce a blood concentration of 45%. With as little as 10% in the blood peripheral and night vision is decreased. After removal from a carbon monoxide source only about 0.5% is removed every four hours.

         (2) The effects of carbon monoxide intoxication include: headache, weakness, dizziness, nausea, confusion, and loss of consciousness. The classic cherry red coloration of nail beds and lips does not occur until the concentration of CO is greater than 40%.

         (3) Nitrogen Oxides: Produced with the combustion of fossil fuels. One of the gases known for depleting the ozone layers and produces photochemical smog. This chemical is readily absorbed though the lungs and when it is exposed to the humidity within the lung converts it to nitric acid. The symptoms include shortness of breath, chest pain, cough, and asthmatic reactions.

     c. Solvents – Degreasers: Organic bases used to dissolve other petroleum products.

        (a) Toluene Isocyante: Present as an additive to paints, foams, and adhesive. Causes redness and blistering of the eyes, nose, and respiratory tract. Can cause central nervous system wasting.

        (b) Trichloroethylene (TCE): A halogenated hydrocarbon fluid, which has a sweet odor. The fumes are readily absorbed from the lungs and can cause coma and death. Chronic fume exposure can lead to liver and kidney damage.

        (c) Methyl-ethyl-ketone (MEK): Cleaning solvent specified by the maintenance manual. Extremely explosive. Can cause skin dermatitis, irritating to the mucous membranes, central nervous system depression (CNS), and has been remotely linked to cancer.

     d. Lubricants: Substances that reduce friction. Often harmless but may be contaminated with bacteria, molds, yeast. When the skin is in prolonged contact may cause a dermatitis reaction. When leaked onto a hot surface can liberate carbon monoxide. If aerosolized the mist could cause a pneumonitis.

     e. Hydraulic Fluids: Petroleum based, Castor oil based, silicon based or phosphate base. Fine mist may impair vision and act as an irritant to the eyes. If inhaled can cause irritation to the lungs. If contains Tricresyl phosphate(TCP)  large exposure can cause headaches, nausea, vomiting convulsions, nerve disorders, and limb paralysis. Symptoms identical to a nerve agent hit.

     f. Fire Extinguisher:

       (1) Carbon tetrachloride is no longer utilized as a fire-fighting agent due to its extreme toxicity. Vapor releases a pungent (naphtha) smell, similar to dry cleaning solvent. Will cause central nervous system depression. With chronic exposure will be toxic to liver and kidney.

       (2) Halogenated Hydrocarbons (Halon): Is a liquefied compressed gas, which stops the spread of fire by chemically interrupting combustion. Halon is colorless, odorless, and nonconductive and is people safe. It can cause cardiac sensitization, and CNS depression. It’s extremely destructive on the ozone that protects us from UV radiation.

        (3) Carbon Dioxide: Safe fire extinguisher except in a confined area where the gas will act as a simple asphyxiant. Aircrew can tolerate a 5 % level for 10 minutes, however, greater than 10% Co2 will precipitate collapse, loss of consciousness, and death.

        (4) Aqueous Film forming Foam: A protein based product and is relatively nontoxic. Almost exclusively found around flight lines. The concentrated foam is a harsh detergent, which can irritate the skin.

     g. Composites and Plastics

       (1) Composite Materials: Composed of a number of components, which give it added strength, lightweight, and thermal resistance. Made up of resins, strengthening fibers, and solvents.

       (2) Fibers – Include carbon graphite, boron fibers, kevlar and fiberglass. Problems occur during crash or reworking. Burning, sanding, scraping liberates particles. Can cause asbestosis –like cancer or lung scaring.

       (3) Resins – Bonding agents may release toluene diisocyantes or methylene dianiline(MDA). Problems occur during crash or reworking. Known to cause CNS depression, unconsciousness, allergic asthma, and allergic skin reactions.

       (4) Plastics – Used in cockpit / cabin interiors contain polyurethane- releasing chemicals such as cyanid          e. When fluorocarbon plastics used as insulation on electrical wiring begin to burn they release fluorine gas. Burning plastic release phosgene gas.

     h. Heavy Metals:

       (1) Zinc – Seen primarily in electroplating, galvanizing, and welding. Acute exposure leads to Metal Fume Fever. Symptoms are fever, chills, shortness of breath, and joint/ muscle aches.

       (2) Chromium – Seen primarily in electroplating. Acute exposure leads to dermatitis and ulcer, which take years to heal.

       (3) Beryllium – Seen in machinery bearing. Acute exposure leads to lung symptoms and contact dermatitis.

       (4) Cadmium – Seen primarily in batteries, electroplating, and painting. Acute exposure leads to Metal Fume Fever. Symptoms are fever, shortness of breath, cough, chest pain, and possible pneumonitis.

       (5) Mag-Thorium - Known as a component of P-55 engines. Filings may be radioactive (Alpha emitter). 

     i. Batteries: Batteries can be lead acid based, Lithium based, or nickel-Cadmium based.

       (1) Lead Acid Based - Releases hydrogen sulfide gas which is explosive. It contains sulfuric acid, which is highly corrosive.

       (2) Lithium Based – High-energy source will melt, burn if shorted.

       (3) Nickel-Cadmium – If broken cadmium exposure.

E. ENABLING LEARNING OBJECTIVE (ELO) # 5:

ACTION: Identify protective measures to prevent or reduce toxic substance exposure.

CONDITION: Given a list of protective measures.

STANDARD: IAW FM 1-301, AR 50-5, and AR 50-6

     a. Protective Measures: 

        (1) Individual - Prevent contamination of your flight suit. When contaminated it is just as flammable as the contaminant. Wash soiled NOMEX well. Do not allow smoking or open flames around the flight line. Do not store POL contaminated rags in aircraft.

        (2) Cockpit – Smoke and fumes is a very serious matter. Crew may not be aware of what the source is. May be toxic that could lead to incapacitating effects or delayed effects. Increase ventilation. Get medical evaluation for documentation of possible toxic exposure.

        (3) General – Provide adequate ventilation to all parts of the flight line. Develop an evacuation plan. Know the hazardous materials in your work area.
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