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TOXICOLOGIC EFFECTS OF PROPELLANTS AND FUELS

I. SOLID ROCKET FUELS

     A. Ammonium perchlorate/Aluminum

        1. Missiles

          a. Propellant for Minuteman III, Peacekeeper strategic missiles

          b. Used on strap‑on rocket boosters for Titan 34D & 4, Delta, Scout and Space Shuttle

          c. Fuel for most air‑to‑air missiles such as AIM‑7   Sparrow, AIM‑9 Sidewinder, AIM‑120 AMRAAM and air‑to‑ground missile such as AGM‑45 Shrike, AGM‑65 Maverick, AGM‑84 Harpoon

          d. fuel for surface‑to‑air missiles such as Stinger, Rapier (UK), Roland (WGer) 

       2. Hazards

          a. Fire/explosion with burn and blast injuries

          b. Exhaust gases produce hydrogen chloride gas which becomes hydrochloric acid when breathed. Irritating to eyes, mucous membranes. Decontaminate with WATER.

          c. Aluminum oxide dust produces residual cloud, may form condensation nucleus.  Previously, Beryllium was used as metal/fuel with very toxic pneumoconiosis

     B. Pyrotechnic devices

                      Classes of Explosives

                Class A‑Detonation Hazard

                Class B‑Flammability Hazard (most propellants)

                Class C‑Manufactured articles: detonating cord, explosive bolts, etc.  

          1. Used to separate canopy, propel ejection seats, signaling devices.

          2. Hazards‑blast/burn injury.  Live ordinance may remain at crash sites

          3. QUICKSTART‑Used for alert aircraft (B‑52 & KC‑135) Residual clouds of ammonia and cyanides requires mask/respirators for ground crew.

          4. Military explosives such as TNT or RDX are oxygen ‑ deficient and produce toxic gases.  These secondary high explosives are insensitive to heat and need a primary shock to detonate.

          5. Ejections seats, such as ACES II, usually contain a combination of explosive and solid propellant, eg. RDX/HICAR.  Exhaust products, although toxic, are present only in small amounts. Major hazard is  from unexpended propellant which  may remain even in a used seat due to sequencing options.

II. LIQUID OXIDIZERS

     A. Liquid Oxygen (LOX or LO2)

        1. Uses

          a. Oxidizer on Atlas, Space Shuttle and upper stages of Titan missiles

          b. Source of breathing oxygen on many aircraft including most fighters and bombers (may be replaced by OBOGS) <Air supply of all transports is from engine compressor "bleed" air>

        2. Hazards

          a. Cryogenic (‑150oC, ‑240oF)‑may cause "instant"  frostbite with shallow injury

          b. Supports combustion, often ambient temperature can cause ignition, particularly in the presence of oil

    B. Nitrogen Tetroxide (N2O4)/Red Fuming Nitric Acid (RFNA)

        1. Used on all Titans, payload bus on Peacekeeper and Minuteman III and OMS on Space Shuttle

        2. Hazards

          a. Forms distinctive red/orange cloud‑VERY ACIDIC

          b. Supports combustion‑HYPERGOLIC PROPELLANT‑will spontaneously burn/explode on contact with HYDRAZINE and burns on contact with rust.

c. Forms nitric acid on contact with water or human  body and will burn through most  protective gear very rapidly.  Requires RFHCO for work in/near. M‑26 Mask used for escape only, M‑17A1 Chemwar Mask not useful.

          3. Therapy for acute exposure (SEE APPENDIX)

          a. Decontaminate with WATER X 15 Minutes, contain water residue (toxic waste) if possible

          b. Give oxygen and IV fluid‑aggressive support essential and effective if pulmonary edema occurs

III. COOLANT AND PURGE LIQUIDS

     A. Liquid Nitrogen (LN2)/Liquid Helium (LHe)

        1. Used as coolant or purge gases to maintain pressure in fuel tank or clear toxic agent out of lines

        2. Cryogenic‑Liquid Nitrogen @ ‑146oC, Helium ‑255oC

        3. Asphyxiant‑may displace oxygen‑TOC=15 sec

     B. Anhydrous Ammonia (NH4) 

        1. Used as coolant on Space Shuttle, many old buildings still use ammonia rather than freons; freons will be replaced in 5 yrs‑alternates TBD. Military has a huge reserve of Freons.

        2.  Hazards

          a.  Strong ammonia odor at 5ppm toxic (TLV) at 25ppm

          b.  Caustic burns, penetrates intact skin

        3.  Treatment (SEE APPENDIX)

          a.  Field Decontamination with WATER X 15-30 MINUTES

               ***Special attention to EYES***

               ***pH paper to skin & eyes, if >8, more water***

          b.  Give oxygen, IV fluids and support symptoms

IV. LIQUID FUELS

     A. Petroleum‑based Jet Propellants (JP‑series)

        In general, all petroleum products consist of alkanes and cycloalkanes with other hydrocarbons present in varying quantities. All are volatile and flamable.  If heated in an enclosed container, a BLEVE (Boiling Liquid Expanding Vapor Explosion) can result. Gasoline is a mixture of the lighter, short‑chain hydrocarbons with lower boiling and flash point than Kerosene. Avgas is 100 octane aviation gasoline, used by civil aircraft and T-41 in their internal combustion engines.

        1. JP‑4/JET B (MIL‑T‑5624) Aviation Turbine Fuel

          a. Primary fuel used in USAF aircraft. Complex blend of about 300 different hydrocarbon compounds with additives to control oxidation, inhibit corrosion and icing.  Lighter fractions subject to evaporation with subsequent "weathering" of stored fuel over time. Less flammable than other fuels.

          b. Vapor TWA at 650 mg/m3 for 8 hr to avoid nausea, sedation, neuropathy and carcinogenicity.

          c. Penetrates intact skin and may cause contact dermatitis or chloracne.

          d. Combustion products will include Carbon Monoxide, Carbon Dioxide, water, incompletely oxidized hydrocarbons and oxides of nitrogen generated by heating of atmospheric nitrogen. This varies with stochiometric mixtures of oxygen available. In gas turbine engines, normal exhaust may be low in CO and high in NOx.

        2. JP‑5/JET‑A Aviation Turbine Fuel

          RP‑1 general purpose rocket propellant (kerosene)=Atlas 

          a. Primary fuel for US Navy and civil aviation jet aircraft. Consists of kerosene with some anti‑oxidants. Higher flash point and vaporization characteristics compared to JP‑4.

          b. Other characteristics essentially the same as JP‑4       

        3. JP‑8/JET A1 (MIL‑T‑83133) Aviation turbine fuel

           JP-8-100 (Winterized JP-8)

a. Replaces JP‑4 throughout USAF; USAFE & NATO standard

b. Lower vapor pressure, so lower inhalation exposure

c. Other characteristics similar to JP‑4

        4. JP‑10 (Exo‑tetrahydrodicyclopentadiene)

           a. Used on AGM‑8B ALCM, Tomahawk and AGM‑84 Harpoon. High energy fuel with 20% more range than JP‑4. Prefueled at factory, limited field maintenance.

          b. Low toxicity with oral LD50=18.8 gm/Kg

          c. Skin sensitization possible.  Hepatorenal effects generic to hydrocarbons. Possible mutagen.

                    AVIATION FUEL COMPARISONS

Avgas     Jet A/JP5,8             Jet B/JP4

          Freeze     ‑76oF         ‑40oF                      ‑60oF

          Flash      ‑50         +95(JP5)/+114 (JP8)   ‑10

          Autoignite 825           440               470

          Flammability

           Explosive Limits

            Lower     1.4%         .74%                      1.16%

            Upper     7.6%        5.32%                     7.63%

     B. Liquid Hydrogen (LH2)

        1. Used as fuel on upper stages of Atlas, Titans, main engines of Space Shuttle.

        2. Cryogen produced on site (‑255oC).  Loss of cooling power may lead to tank rupture.

        3. Burns cleanly and often without smoke or visible flame. Need UV detectors in area. Explosive range from at 2% to 98% mixtures.

           Caution in using oxygen treatment near hydrogen leaks!

     C. Hydrazine (N2H4), Monomethyl Hydrazine (MMH) and Unsymmetrical Dimethyl Hydrazine (UDMH)

        1. Used as fuel on all Titan core vehicles, payload bus on Peacekeeper, Minuteman III, Space Shuttle Orbiter OMS and RCS systems.

     *  2. MMH used for APU on F‑16, runs for 20‑30 min. 

        3. Hazards

          a. Clear colorless liquids with strong ammonia/fishy odor appreciable at 5ppm, but TLV as low as 0.3ppm.

             VERY ALKALINE            ***CAUSTIC WARNING***

          b. HYPERGOLIC PROPELLANT‑explodes on contact with N2O4 or RFNA.

          c. Penetrates intact skin and rapidly coagulates all proteins, particularly toxic to corneas.

          d. Carcinogenic in most animal studies. Pregnant females should not work in areas of potential exposure.

          e. Full environmental protection required for work or  rescue (RFHCO).  M‑26 for escape only.

        4. Therapy of acute exposure (SEE APPENDIX)          

          a. Decontaminate with water for at least 15 minutes. Remove all contaminated clothing and consider as toxic waste along with decon water. DO NOT bring exposed victim into facility until decontaminated! Use pH detection paper on skin, if >8, decontaminate  

          b. Extra attention to decon of eyes.

          c. Oxygen and IV fluids‑aggressive support for pulmonary edema.  Steroids may be useful.

          d. In the event of seizures: Pyridoxine (B6) 75mg/Kg

V. CABIN COMPONENTS

     1.  Metal Structures

           a. Aluminum will melt in most fires, but may ignite at high temperatures/firestorm effect. 

          b.  Titanium and magnesium if ingnited result in intense fires>2000 F.

     2.  Materials

          a. Ignition of seat covers,padding (foams),cabin noise attenuation materials, etc.   

               1). CARBON MONOXIDE

               2). Smoke & Particulates‑vision restriction

               3). Cyanides, organic/inorganic acids, etc. 

          b.  Flashover=90 seconds to escape

          c.  New aircraft meet 1990 FAA Standard for interiors, but retrofits are not mandated.

VI. FIRE EXTINGUISHANTS

                     Classes of Fires

           Class A‑Cellulose materials, e.g. wood, paper

           Class B‑Flammable liquids and gases

           Class C‑Electrical circuits

           Class D‑Special metals, e.g. magnesium, titanium, sodium

     A. Water

          1. Used on Class A fires only

          2. Class B spreads fire, Class C electrical shock, Class D increases combustion    

          3. Heat may generate steam

     B. Soda Acid

          1. Uses sulfuric acid & bicarbonate of soda or aluminum sulfate & sodium bicarbonate to generate carbon dioxide for gas pressure.  No residual acid.

          2. Same function as water

     C. Foams

          1. Protein gel added to water, floats atop flammable liquids

          2. Used on Class A & B fires, often at airport fire departments with dedicated "foamer" vehicle

     D. Carbon Dioxide (CO2) 

          1. Functions by displacing oxygen‑works on fire and people.  Need self‑contained respirators. LC50=66%

          2. Hand‑held extinguishers are noisy, cold and quite forceful.  Commonly used in aircraft run‑up areas.

          3. CO2 may be added to foam extinguishers for synergy

     E. Halons

          1. Halogenated hydrocarbons, named in order of number of carbon, fluorine, chlorine, bromine atoms per molecule, e.g. Halon 1211 is "difluro‑chloro‑bromo‑methane".     

          2. Carbon Tetracloride (CCl4 or Halon 104)

               a. Prototype halon no longer in use but found in pre‑WWII aircraft, e.g. DC‑3

               b. Evolves Phosgene (COCl2) during fires

          3. Other Halons primarily used in electrical areas to avoid damage to computers and components

               a. Room flooding system‑fills room to 5‑7% Low level exposure may cause dizziness

               b. Hand held extinguishers may cause levels in excess of 10%‑High levels may cause cardiac dysrhythmia‑observe & treat for 12 hours.

               c. Lethal concentrations: 1301=83%    decomp=14%

                                         211=32%            7.6%

                                         104 = 2.8%        300ppm

               d. If halon is used on open flame, may evolve hydrofluoric or hydrochloric gas in low but irritating levels. For 1301, products are HF, HBr, Br2, COF2, COBr2. Treat symptoms. High  concentrations of decomposed halon are far more lethal than normal agent, see "c" above.  

               e. Halon production halted by the 1987 Montreal Accord to protect the ozone layer. US military has 20‑30 years of halons in storage. Substitute agents, such as Halogen‑II are now being marketed.

     E. Dry Agents

          1. Sodium bicarbonate (Na‑X), potassium bicarbonate (Purple K) or other salts

          2. Graphite, G‑I Powder (graphite/phosphate), Met‑L‑X (NaCl)

          3. Useful on all classes of fires, PARTICULARLY METAL

          4. Low/no toxicity 
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APPENDIX I

Guidelines for Clinical Response to Toxic Chemical Exposures

1. Actual or suspected exposure‑admit for observation

2. Decontaminate with WATER ONLY. 15 minutes for acids, 30 for bases. Irrigate eyes with water or normal saline. NEVER USE ANY NEUTRALIZING AGENT.

      ***Special Toxicology:

Hydrofluoric Acid->Calcium Gluconate injection

White Phosphorus->Copper sulfate Solution

3.  Skin examination for burns or irritation.  Use standard pH paper to detect exposure, evaluate decontamination procedure. If any residual, decontaminate. Alkalai/caustic burns will evolve over next 2-3 days. Tank in running water (body temp) for 60 min if no other life threatening conditions preempt. Careful observation to avoid hyponatremia & hypothermia.

4. Check corneas using slit lamp, fluorescein if not available.

5. Chest X‑ray baseline

6. Pulmonary Function Tests‑if abnormal obtain Arterial Blood Gasses and review patients history for asthma, other airway disease which may be exacerbated by exposure.

IF EXPOSURE IS CONFIRMED

7. Blood glucose

8. Liver and renal function tests

9. Methemoglobin level (N2O4 or RFNA exposures only)

10. Blood and urine for alcohol and drugs‑both for legal and diagnostic as well as accident investigation purposes.

11. Routine admission labs

12. Burns: if >9%, mixed thermal/chemical/electric, deep 3o, inhalation, facial, perineal, inhalation, other trauma -> get patient to a burn center. Parkland protocol on fluids.

13. Check corneas again

APPENDIX II

    NFPA 704 SYSTEM  704 DIAMOND

0=Lowest risk

4=Highest risk ***TOO DANGEROUS*** TO APPROACH WITH STANDARDFIRE‑FIGHTING EQUIPMENT/PROTECTION
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       RED           Flammability 

       BLUE         Health 

       YELLOW      Self‑reactivity

       WHITE             Special Information

                             (Stability)         Special Symbols

Potential hazardous reaction to water

Radioactive

CHEMTREC (800) 424‑9300

CHEMICAL TRANSPORTATION EMERGENCY CENTER‑24 Hour a day service for emergency advice concerning hazardous materials.

Page 1 of 10
Page 2 of 10

