
1***SUBSTANCE IDENTIFICATION ***

1-1 HSDB CHEMICAL NAME           : CHLORDECONE
1-2 CAS REGISTRY NUMBER          : 143-50-0
1-3 SYNONYMS:

    CIBA 8514 [REF-1, p.86/8604]; CLORDECONE ; COMPOUND 1189 ; DECACHLOROKETONE ; 1,1a,3,3a,4,5,5,5a,5b,6-decachloro-octahydro-1,3,4-metheno-2H-cyclobuta[cd] pentalen-2-one [REF-2, p.171]; DECACHLOROOCTAHYDRO-1,3,4-METHENO-2H-CYCLOBUTA(CD)PENTALEN-2-ONE [REF-3, p.671]; DECACHLOROPENTACYCLO(5.2.1.0(2,6).0(3,9).0(5),(8))DECAN-4-ONE [REF-4, p.865]; DECACHLOROTETRACYCLODECANONE [REF-5, p.22]; DECACHLOROTETRAHYDRO-4,7-METHANOINDENEONE [REF-5, p.22]; 2,3,3a,4,5,6,7,7a,8,8a-decachloro-3a,4,7,7a-tetrahydro-4,7-methanoinden-1-one [REF-5, p.22]; 1,2,3,4,5,5,6,7,8,9,10,10-dodecachlorooctahydro-1,3,4-metheno-2-cyclobuta-(c,d) -pentalone [REF-3, p.265]; ENT 16,391 [REF-4, p.865]; ENT-16391 ; GC 1189 [REF-6, p.C-169]; GENERAL CHEMICALS 1189 ; KEPONE [REF-4, p.865]; KEPONE-2-ONE, DECACHLOROOCTAHYDRO- ; MEREX [REF-7]; 1,3,4-METHENO-2H-CYCLOBUTA(CD)PENTALEN-2-ONE, 1,1A,3,3A,4,5,5,5A,5B,6-DECACHLOROOCTAHYDRO- ; NCI-C00191 [REF-8, p.1678]; PERCHLOROPENTACYCLO[5.3.0.0(2,6).0(3,9).0(4,8) DECAN-5-ONE [REF-4, p.865]

1-4 MOLECULAR FORMULA            : C10-Cl10-O [REF-4, p.865]

1-5 SHIPPING NUMBER/NAME:

    NA 2761; KEPONE
1-6 STCC NUMBER/NAME:

    49 601 40; Kepone (hazardous substances, solid, not otherwise specified)

2*** DESCRIPTION AND WARNING PROPERTIES ***

2-1 COLOR/FORM:

    CRYSTALS [REF-9, p.292]

    TAN-TO-WHITE SOLID [REF-10, p.V20 68]

    Tan to white, crystalline solid. [QR] [REF-11, p.184]

2-2 ODOR:

    Odorless [QR] [REF-12, p.787]

    Odorless. [QR] [REF-11, p.184]

2-3 SKIN, EYE, AND RESPIRATORY IRRITATIONS:

    Irritation of eyes, nose, and throat. 

3***SAFETY HAZARDS AND PROTECTION ***

3-1 DOT EMERGENCY GUIDELINES: 

  . Health: TOXIC; inhalation, ingestion, or skin contact with material may cause severe injury or death. Contact with molten substance may cause severe burns to skin and eyes. Avoid any skin contact. Effects of contact or inhalation may be delayed. Fire may produce irritating, corrosive and/or toxic gases. Runoff from fire control or dilution water may be corrosive and/or toxic and cause pollution. /Anisidines; Anisidines, liquid; Anisidines, solid/ [QR] [REF-13, p.G-153]

  . Fire or explosion: Combustible material: may burn but does not ignite readily. When heated, vapors may form explosive mixtures with air: indoors, outdoors, and sewers explosion hazards. Some may polymerize (P) explosively when heated or involved in a fire. Contact with metals may evolve flammable hydrogen gas. Containers may explode when heated. Runoff may pollute waterways. Substance may be transported in a molten form. /Anisidines; Anisidines, liquid; Anisidines, solid/ [QR] [REF-13, p.G-153]

  . Public safety: CALL Emergency Response Telephone Number on Shipping Paper first. If Shipping Paper not available or no answer, refer to appropriate telephone number listed on the inside back cover. Isolate spill or leak area immediately for at least 25 to 50 meters (80 to 160 feet) in all directions. Keep unauthorized personnel away. Stay upwind. Keep out of low areas. Ventilate enclosed areas. /Anisidines; Anisidines, liquid; Anisidines, solid/ [QR] [REF-13, p.G-153]

  . Protective clothing: Wear positive pressure self-contained breathing apparatus (SCBA). Wear chemical protective clothing which is specifically recommended by the manufacturer. Structural firefighters' protective clothing is recommended for fire situations ONLY; it is not effective in spill situations. /Anisidines; Anisidines, liquid; Anisidines, solid/ [QR] [REF-13, p.G-153]

  . Evacuation: Spill: See the Table of Initial Isolation and Protective Action Distances for highlighted substances. For non-highlighted substances, increase, in the downwind direction, as necessary, the isolation distance shown under "PUBLIC SAFETY". Fire: If tank, rail car or tank truck is involved in a fire, ISOLATE for 800 meters (1/2 mile) in all directions; also, consider initial evacuation for 800 meters (1/2 mile) in all directions. /Anisidines; Anisidines, liquid; Anisidines, solid/ [QR] [REF-13, p.G-153]

  . Fire: Small fires: Dry chemical, CO2 or water spray. Large fires: Dry chemical, CO2, alcohol-resistant foam or water spray. Move containers from fire area if you can do it without risk. Dike fire control water for later disposal; do not scatter the material.
. Fire involving tanks or car/trailer loads: Fight fire from maximum distance or use unmanned hose holders or monitor nozzles. Do not get water inside containers. Cool containers with flooding quantities of water until well after fire is out. Withdraw immediately in case of rising sound from venting safety devices or discoloration of tank. ALWAYS stay away from the ends of tanks. /Anisidines; Anisidines, liquid; Anisidines, solid/ [QR] [REF-13, p.G-153]

  . Spill or leak: Eliminate all ignition sources (no smoking, flares, sparks or flames in immediate area). Do not touch damaged containers or spilled material unless wearing appropriate protective clothing. Stop leak if you can do it without risk. Prevent entry into waterways, sewers, basements or confined areas. Absorb or cover with dry earth, sand or other non-combustible material and transfer to containers. DO NOT GET WATER INSIDE CONTAINER. /Anisidines; Anisidines, liquid; Anisidines, solid/ [QR] [REF-13, p.G-153]

  . First aid: Move victim to fresh air. Call emergency medical care. Apply artificial respiration if victim is not breathing. Do not use mouth-to-mouth method if victim ingested or inhaled the substance; induce artificial respiration with the aid of a pocket mask equipped with a one-way valve or other proper respiratory medical device. Administer oxygen if breathing is difficult. Remove and isolate contaminated clothing and shoes. In case of contact with substance, immediately flush skin or eyes with running water for at least 20 minutes. For minor skin contact, avoid spreading material on unaffected skin. Keep victim warm and quiet. Effects of exposure (inhalation, ingestion or skin contact) to substance may be delayed. Ensure that medical personnel are aware of the material(s) involved, and take precautions to protect themselves. /Anisidines; Anisidines, liquid; Anisidines, solid/ [QR] [REF-13, p.G-153]

4*** FIRE AND REACTIVITY ***
4-1 FIRE POTENTIAL: 

  . NON-FLAMMABLE [REF-14, p.1169]

  . Material itself does not burn or burns with difficulty. [REF-15, p.403]

4-2 FIRE FIGHTING PROCEDURES: 

  . Extinguish fire using agent suitable for type of surrounding fire. [REF-15, p.403]

4-3 REACTIVITIES AND INCOMPATIBILITIES: 

  . ... On contact with acids or acid fumes, they evolve highly toxic chloride fumes. Some organic chlorides decompose to yield phosgene. /Chlorides/ [REF-8, p.672]

  . Acids, acid fumes. [QR] [REF-11, p.184]

4-4 DECOMPOSITION: 

  . See chlorides. Dangerous; when heated to decomp ... evolve highly toxic chloride fumes. /Chlorides/ [QR] [REF-16]

5*** PROTECTIVE EQUIPMENT AND CONTROLS ***
5-1 PROTECTIVE EQUIPMENT AND CLOTHING:

  . EMPLOYEES WORKING IN AREAS WHERE CONTACT OF SKIN OR EYES WITH KEPONE (WET OR DRY) MAY OCCUR SHOULD WEAR IMPERVIOUS FULL-BODY PROTECTIVE CLOTHING, PROTECTING NECK, HEAD, HANDS, AND FEET. ... WHERE PERSONAL RESPIRATORY PROTECTIVE EQUIPMENT IS NEEDED TO REDUCE EMPLOYEE EXPOSURE, EQUIPMENT SUITABLE FOR THE USE AND EXPOSURE TO BE ENCOUNTERED SHOULD BE PROVIDED. [REF-14, p.1170]

  . Rubber gloves, self-contained breathing apparatus ... [REF-7]

  . Protective clothing- (a) Coveralls or other full-body protective clothing shall be worn in areas where there is occupational exposure to Kepone. ... (b) Impervious gloves, aprons and footwear shall be worn at operations where soln of Kepone may contact the skin. Protective gloves shall be worn at operations where dry Kepone or materials containing Kepone are handled and may contact the skin. (c) Eye protective devices shall be provided by the employer and used by the employees where contact of Kepone with eyes is likely. Selection, use, and maintenance of eye protective equipment shall be in accordance with the provisions of the American National Standard Practice for Occupational and Educational Eye and Face Protection, ANSI Z87.1-1968. Unless eye protection is afforded by a respirator hood or facepiece, protective goggles or a face shield shall be worn at operations where there is danger of contact of eyes with dry or wet materials containing Kepone because of spills, splashed, or excessive dust or mists in the air. [REF-17, p.206]

  . PRECAUTIONS FOR "CARCINOGENS": ... Dispensers of liq detergent /should be available./ ... Safety pipettes should be used for all pipetting. ... In animal laboratory, personnel should ... wear protective suits (preferably disposable, one-piece & close-fitting at ankles & wrists), gloves, hair covering & overshoes. ... In chemical laboratory, gloves & gowns should always be worn ... however, gloves should not be assumed to provide full protection. Carefully fitted masks or respirators may be necessary when working with particulates or gases, & disposable plastic aprons might provide addnl protection. ... Gowns ... /should be/ of distinctive color, this is a reminder that they are not to be worn outside the laboratory. /Chemical Carcinogens/ [REF-18, p.8]

  . Wear appropriate personal protective clothing to prevent skin contact. [QR] [REF-11, p.184]

  . Wear appropriate eye protection to prevent eye contact. [QR] [REF-11, p.184]

  . Eyewash fountains should be provided in areas where there is any possbility that workers could be exposed to the substance; this is irrespective of the recommendation involving the wearing of eye protection. [QR] [REF-11, p.184]

  . Facilities for quickly drenching the body should be provided within the immediate work area for emergency use where there is a possibility of exposure. [Note: It is intended that these facilities provide a sufficient quantity or flow of water to quickly remove the substance from any body areas likely to be exposed. The actual determination of what constitutes an adequate quick drench facility depends on the specific circumstances. In certain instances, a deluge shower should be readily available, whereas in others, the availability of water from a sink or hose could be considered adequate.] [QR] [REF-11, p.184]

  . Recommendations for respirator selection. Condition: At concentrations above the NIOSH REL, or where there is no REL, at any detectable concentration. Respirator Class(es): Any self-contained breathing apparatus that has a full facepiece and is operated in a pressure-demand or other positive-pressure mode. Any supplied-air respirator that has a full facepiece and is operated in a pressure-demand or other positive-pressure mode in combination with an auxiliary self-contained breathing apparatus operated in pressure-demand or other positive-pressure mode. [QR] [REF-11, p.184]

  . Recommendations for respirator selection. Condition: Escape from suddenly occurring respiratory hazards: Respirator Class(es): Any air-purifying, full-facepiece respirator (gas mask) with a chin-style, front- or back-mounted organic vapor canister having a high-efficiency particulate filter. Any appropriate escape-type, self-contained breathing apparatus. [QR] [REF-11, p.184]

5-2 OTHER PREVENTATIVE MEASURES:

  . EMISSIONS OF AIRBORNE PARTICULATES (DUST, MIST, SPRAY, ETC) OF KEPONE SHOULD BE CONTROLLED AT THE SOURCES OF DISPERSION BY MEANS OF EFFECTIVE AND PROPERLY MAINTAINED METHODS, SUCH AS FULLY ENCLOSED OPERATIONS AND LOCAL EXHAUST VENTILATION. PRECAUTIONS SHOULD BE TAKEN TO ENSURE THAT EMPLOYEES DO NOT EAT OR SMOKE IN AREAS WHERE KEPONE IS HANDLED, PROCESSED, OR STORED SO AS TO PREVENT INGESTION OF KEPONE. [REF-14, p.1170]

  . If material not on fire and not involved in fire: Keep material out of water sources and sewers. Build dikes to contain flow as necessary. [REF-15, p.404]

  . Keep upwind. ... Avoid breathing vapors. Wash away any material which may have contacted the body with copious amounts of water or soap and water. [REF-15, p.404]

  . AT THE END OF THE WORK DAY, PROTECTIVE CLOTHING SHOULD BE REMOVED AND A SHOWER TAKEN BEFORE PUTTING ON STREET CLOTHING. [REF-14, p.1170]

  . Avoid contact with skin and eyes. [REF-19, p.A074/Oct 83]

  . SRP: Contaminated protective clothing should be segregated in such a manner so that there is no direct personal contact by personnel who handle, dispose, or clean the clothing. Quality assurance to ascertain the completeness of the cleaning procedures should be implemented before the decontaminated protective clothing is returned for reuse by the workers. Contaminated clothing should not be taken home at end of shift, but should remain at employee's place of work for cleaning. 

  . The employer shall ensure that all personal protective devices are inspected regularly and maintained in clean and satisfactory working condition. Work clothing may not be taken home by employees. The employer shall provide for maintenance and laundering of protective clothing. The employer shall ensure that precautions necessary to protect laundry personnel are taken while soiled protective clothing is being laundered. The employer shall ensure that Kepone is not discharged into municipal waste treatment systems or the community air. [REF-17, p.207]

  . Respiratory protection from Kepone- Engineering controls shall be used wherever feasible to maintain airborne Kepone concn at or below that recommended. Compliance with the environmental exposure limit by the use of respirators is allowed only when airborne Kepone concn are in excess of the workplace environmental limit because required engineering controls are being installed or tested when nonroutine maintenance or repair is being accomplished, or during emergencies. When a respirator is thus permitted, it shall be selected and used in accordance with NIOSH requirements. [REF-17, p.207]

  . Protective clothing shall be changed at least daily at the end of the shift and more frequently if it should become grossly contaminated. [REF-17, p.206]

  . PRECAUTIONS FOR "CARCINOGENS": Smoking, drinking, eating, storage of food or of food & beverage containers or utensils, & the application of cosmetics should be prohibited in any laboratory. All personnel should remove gloves, if worn, after completion of procedures in which carcinogens have been used. They should ... wash ... hands, preferably using dispensers of liq detergent, & rinse ... thoroughly. Consideration should be given to appropriate methods for cleaning the skin, depending on nature of the contaminant. No standard procedure can be recommended, but the use of organic solvents should be avoided. Safety pipettes should be used for all pipetting. /Chemical Carcinogens/ [REF-18, p.8]

  . PRECAUTIONS FOR "CARCINOGENS": In animal laboratory, personnel should remove their outdoor clothes & wear protective suits (preferably disposable, one-piece & close-fitting at ankles & wrists), gloves, hair covering & overshoes. ... clothing should be changed daily but ... discarded immediately if obvious contamination occurs ... /also,/ workers should shower immediately. In chemical laboratory, gloves & gowns should always be worn ... however, gloves should not be assumed to provide full protection. Carefully fitted masks or respirators may be necessary when working with particulates or gases, & disposable plastic aprons might provide addnl protection. If gowns are of distinctive color, this is a reminder that they should not be worn outside of lab. /Chemical Carcinogens/ [REF-18, p.8]

  . PRECAUTIONS FOR "CARCINOGENS": ... operations connected with synth & purification ... should be carried out under well-ventilated hood. Analytical procedures ... should be carried out with care & vapors evolved during ... procedures should be removed. ... Expert advice should be obtained before existing fume cupboards are used ... & when new fume cupboards are installed. It is desirable that there be means for decreasing the rate of air extraction, so that carcinogenic powders can be handled without ... powder being blown around the hood. Glove boxes should be kept under negative air pressure. Air changes should be adequate, so that concn of vapors of volatile carcinogens will not occur. /Chemical Carcinogens/ [REF-18, p.8]

  . PRECAUTIONS FOR "CARCINOGENS": Vertical laminar-flow biological safety cabinets may be used for containment of in vitro procedures ... provided that the exhaust air flow is sufficient to provide an inward air flow at the face opening of the cabinet, & contaminated air plenums that are under positive pressure are leak-tight. Horizontal laminar-flow hoods or safety cabinets, where filtered air is blown across the working area towards the operator, should never be used ... Each cabinet or fume cupboard to be used ... should be tested before work is begun (eg, with fume bomb) & label fixed to it, giving date of test & avg air-flow measured. This test should be repeated periodically & after any structural changes. /Chemical Carcinogens/ [REF-18, p.9]

  . PRECAUTIONS FOR "CARCINOGENS": Principles that apply to chem or biochem lab also apply to microbiological & cell-culture labs ... Special consideration should be given to route of admin. ... Safest method of administering volatile carcinogen is by injection of a soln. Admin by topical application, gavage, or intratracheal instillation should be performed under hood. If chem will be exhaled, animals should be kept under hood during this period. Inhalation exposure requires special equipment. ... unless specifically required, routes of admin other than in the diet should be used. Mixing of carcinogen in diet should be carried out in sealed mixers under fume hood, from which the exhaust is fitted with an efficient particulate filter. Techniques for cleaning mixer & hood should be devised before expt begun. When mixing diets, special protective clothing &, possibly, respirators may be required. /Chemical Carcinogens/ [REF-18, p.9]

  . PRECAUTIONS FOR "CARCINOGENS": When ... admin in diet or applied to skin, animals should be kept in cages with solid bottoms & sides & fitted with a filter top. When volatile carcinogens are given, filter tops should not be used. Cages which have been used to house animals that received carcinogens should be decontaminated. Cage-cleaning facilities should be installed in area in which carcinogens are being used, to avoid moving of ... contaminated /cages/. It is difficult to ensure that cages are decontaminated, & monitoring methods are necessary. Situations may exist in which the use of disposable cages should be recommended, depending on type & amt of carcinogen & efficiency with which it can be removed. /Chemical Carcinogens/ [REF-18, p.10]

  . PRECAUTIONS FOR "CARCINOGENS": To eliminate risk that ... contamination in lab could build up during conduct of expt, periodic checks should be carried out on lab atmospheres, surfaces, such as walls, floors & benches, & ... interior of fume hoods & airducts. As well as regular monitoring, check must be carried out after cleaning-up of spillage. Sensitive methods are required when testing lab atmospheres. ... Methods ... should ... where possible, be simple & sensitive. ... /Chemical Carcinogens/ [REF-18, p.10]

  . PRECAUTIONS FOR "CARCINOGENS": Rooms in which obvious contamination has occurred, such as spillage, should be decontaminated by lab personnel engaged in expt. Design of expt should ... avoid contamination of permanent equipment. ... Procedures should ensure that maintenance workers are not exposed to carcinogens. ... Particular care should be taken to avoid contamination of drains or ventilation ducts. In cleaning labs, procedures should be used which do not produce aerosols or dispersal of dust, ie, wet mop or vacuum cleaner equipped with high-efficiency particulate filter on exhaust, which are avail commercially, should be used. Sweeping, brushing & use of dry dusters or mops should be prohibited. Grossly contaminated cleaning materials should not be re-used ... If gowns or towels are contaminated, they should not be sent to laundry, but ... decontaminated or burnt, to avoid any hazard to laundry personnel. /Chemical Carcinogens/ [REF-18, p.10]

  . PRECAUTIONS FOR "CARCINOGENS": Doors leading into areas where carcinogens are used ... should be marked distinctively with appropriate labels. Access ... limited to persons involved in expt. ... A prominently displayed notice should give the name of the Scientific Investigator or other person who can advise in an emergency & who can inform others (such as firemen) on the handling of carcinogenic substances. /Chemical Carcinogens/ [REF-18, p.11]

  . SRP: The scientific literature for the use of contact lenses in industry is conflicting. The benefit or detrimental effects of wearing contact lenses depend not only upon the substance, but also on factors including the form of the substance, characteristics and duration of the exposure, the uses of other eye protection equipment, and the hygiene of the lenses. However, there may be individual substances whose irritating or corrosive properties are such that the wearing of contact lenses would be harmful to the eye. In those specific cases, contact lenses should not be worn. In any event, the usual eye protection equipment should be worn even when contact lenses are in place. [QR]

  . Contact lenses should not be worn when working with this chemical. [QR] [REF-11, p.184]

  . The worker should immediately wash the skin when it becomes contaminated. [QR] [REF-11, p.184]

  . The worker should wash daily at the end of each work shift. [QR] [REF-11, p.184]

  . Work clothing that becomes wet or significantly contaminated should be removed or replaced. [QR] [REF-11, p.184]

  . Workers whose clothing may have become contaminated should change into uncontaminated clothing before leaving the work premises. [QR] [REF-11, p.184]

6***STORAGE, CLEANUP AND DISPOSAL***
6-1 STABILITY/SHELF LIFE: 

  . STABLE TO ABOUT 350 DEG C; READILY HYDRATES ON EXPOSURE TO ROOM TEMP & HUMIDITY [REF-10, p.V20 68]

6-2 STORAGE CONDITIONS: 

  . PRECAUTIONS FOR "CARCINOGENS": Storage site should be as close as practicable to lab in which carcinogens are to be used, so that only small quantities required for ... expt need to be carried. Carcinogens should be kept in only one section of cupboard, an explosion-proof refrigerator or freezer (depending on chemicophysical properties ...) that bears appropriate label. An inventory ... should be kept, showing quantity of carcinogen & date it was acquired ... Facilities for dispensing ... should be contiguous to storage area. /Chemical Carcinogens/ [REF-18, p.13]

6-3 CLEANUP METHODS: 

  . In case of damage to, or leaking from containers of this material contact the pesticide safety team network. Telephone: 800-424-9300. [REF-15, p.403]

  . Environmental considerations: Land spill: Dig a pit, pond, lagoon or holding area to contain liquid or solid material. /SRP: If time permits, pits, ponds, lagoons, soak holes, or holding areas should be contained with a flexible impermeable membrane liner./ Cover solids with a plastic sheet to prevent dissolving in rain or fire fighting water. [REF-15, p.404]

  . Environmental considerations: Water spill: If dissolved, apply activated carbon at ten times the spilled amount. Remove trapped material with suction hoses. Use mechanical dredges or lifts to remove immobilized masses of pollutants and precipitates. [REF-15, p.404]

  . Survey reports six case histories employing EPA's hazardous materials spills treatment trailer are reviewed. The trailer's ... treatment system has three mixed-media filters and three activated carbon columns to remove suspended, precipitated, and organic soluble materials. Spills of PCB, pentachlorophenol, kepone, termide (chlordane), heptachlor, aldrin, and dieldrin, toxaphene, and dinitrobutylphenol were treated by the EPA trailer, which was generally successful in mitigating environmental effects by filtering and carbon-adsorption. 90% removal was achieved for 21 of 23 compounds. [REF-20]

  . PRECAUTIONS FOR "CARCINOGENS": A high-efficiency particulate arrestor (HEPA) or charcoal filters can be used to minimize amt of carcinogen in exhausted air ventilated safety cabinets, lab hoods, glove boxes or animal rooms ... Filter housing that is designed so that used filters can be transferred into plastic bag without contaminating maintenance staff is avail commercially. Filters should be placed in plastic bags immediately after removal ... The plastic bag should be sealed immediately ... The sealed bag should be labeled properly ... Waste liquids ... should be placed or collected in proper containers for disposal. The lid should be secured & the bottles properly labeled. Once filled, bottles should be placed in plastic bag, so that outer surface ... is not contaminated ... The plastic bag should also be sealed & labelled. ... Broken glassware ... should be decontaminated by solvent extraction, by chemical destruction, or in specially designed incinerators. /Chemical Carcinogens/ [REF-18, p.15]

6-4 DISPOSAL METHODS: 

  . SRP: At the time of review, criteria for land treatment or burial (sanitary landfill) disposal practices are subject to significant revision. Prior to implementing land disposal of waste residue (including waste sludge), consult with environmental regulatory agencies for guidance on acceptable disposal practices. 

  . A good candidate for rotary kiln incineration at a temperature range of 820 to 1,600 deg C and residence times of seconds for liquids and gases, and hours for solids. A good candidate for fluidized bed incineration at a temperature range of 450 to 980 deg C and residence times of seconds for liquids and gases, and longer for solids. [REF-21, p.3-14]

  . A process has been developed which effects chlordecone degradation by treatment of aq wastes with UV radiation in the presence of hydrogen in aq sodium hydroxide soln. Up to 95% decomp was effected by this process. [REF-2, p.172]

  . PRECAUTIONS FOR "CARCINOGENS": There is no universal method of disposal that has been proved satisfactory for all carcinogenic compounds & specific methods of chem destruction ... published have not been tested on all kinds of carcinogen-containing waste. ... summary of avail methods & recommendations ... /given/ must be treated as guide only. /Chemical Carcinogens/ [REF-18, p.14]

  . PRECAUTIONS FOR "CARCINOGENS": ... Incineration may be only feasible method for disposal of contaminated laboratory waste from biological expt. However, not all incinerators are suitable for this purpose. The most efficient type ... is probably the gas-fired type, in which a first-stage combustion with a less than stoichiometric air: fuel ratio is followed by a second stage with excess air. Some ... are designed to accept ... aqueous & organic-solvent solutions, otherwise it is necessary ... to absorb soln onto suitable combustible material, such as sawdust. Alternatively, chem destruction may be used, esp when small quantities ... are to be destroyed in laboratory. /Chemical Carcinogens/ [REF-18, p.15]

  . PRECAUTIONS FOR "CARCINOGENS": HEPA (high-efficiency particulate arrestor) filters ... can be disposed of by incineration. For spent charcoal filters, the adsorbed material can be stripped off at high temp & carcinogenic wastes generated by this treatment conducted to & burned in an incinerator. ... LIQUID WASTE: ... Disposal should be carried out by incineration at temp that ... ensure complete combustion. SOLID WASTE: Carcasses of lab animals, cage litter & misc solid wastes ... should be disposed of by incineration at temp high enough to ensure destruction of chem carcinogens or their metabolites. /Chemical Carcinogens/ [REF-18, p.15]

  . PRECAUTIONS FOR "CARCINOGENS": ... small quantities of ... some carcinogens can be destroyed using chem reactions ... but no general rules can be given. ... As a general technique ... treatment with sodium dichromate in strong sulfuric acid can be used. The time necessary for destruction ... is seldom known ... but 1-2 days is generally considered sufficient when freshly prepd reagent is used. ... Carcinogens that are easily oxidizable can be destroyed with milder oxidative agents, such as saturated soln of potassium permanganate in acetone, which appears to be a suitable agent for destruction of hydrazines or of compounds containing isolated carbon-carbon double bonds. Concn or 50% aqueous sodium hypochlorite can also be used as an oxidizing agent. /Chemical Carcinogens/ [REF-18, p.16]

  . PRECAUTIONS FOR "CARCINOGENS": Carcinogens that are alkylating, arylating or acylating agents per se can be destroyed by reaction with appropriate nucleophiles, such as water, hydroxyl ions, ammonia, thiols & thiosulfate. The reactivity of various alkylating agents varies greatly ... & is also influenced by sol of agent in the reaction medium. To facilitate the complete reaction, it is suggested that the agents be dissolved in ethanol or similar solvents. ... No method should be applied ... until it has been thoroughly tested for its effectiveness & safety on material to be inactivated. For example, in case of destruction of alkylating agents, it is possible to detect residual compounds by reaction with 4(4-nitrobenzyl)-pyridine. /Chemical Carcinogens/ [REF-18, p.17]

  . Group I Containers: Combustible containers from organic or metallo-organic pesticides (except organic mercury, lead, cadmium, or arsenic compounds) should be disposed of in pesticide incinerators or in specified landfill sites. /Organic or metallo-organic pesticides/ [REF-22]

  . Group II Containers: Non-combustible containers  from organic or metallo-organic pesticides (except organic mercury, lead, cadmium, or arsenic compounds) must first be triple-rinsed. Containers that are in good condition may be returned to the manufacturer or formulator of the pesticide product, or to a drum reconditioner for reuse with the same type of pesticide product, if such reuse is legal under Department of Transportation regulations (eg 49 CFR 173.28). Containers that are not to be reused should be punctured ... and transported to a scrap metal facility for recycling, disposal or burial in a designated landfill. /Organic or metallo-organic pesticides/ [REF-23]

  . The following wastewater treatment technology has been investigated for chlordecone: Activated carbon. [REF-24, p.E-3-E-22]

  . Incineration in a unit operating @ 850 deg C equipped with off-gas scrubbing equipment to absorb hydrogen chloride. Recommendable method: Incineration. Not recommendable method: Landfill. [QR] [REF-25, p.210]

  . Incineration: Because Kepone has been shown to be very persistent in the environment and difficult to destroy, it should be disposed of only in approved disposal sites. While efforts to incinerate kepone waste have been successful, the cost has been very high. The discharge of Kepone in sewage disposal systems may destroy the bacteriological system. [QR] [REF-25, p.210]

7*** HEALTH HAZARDS AND TOXIC EFFECTS ***

7-1 NON-HUMAN TOXICITY VALUES:

    LD50 Rat oral 95 mg/kg [REF-2, p.172]

    LD50 Dog oral 250 mg/kg [REF-5, p.22]

    LD50 Rat subcutaneous > 2000 mg/kg [REF-5, p.22]

    LD50 Rabbit subcutaneous 345-475 mg/kg [REF-5, p.22]

    LD50 Rabbit oral 65 mg/kg [REF-26, p.24]

    LD50 Chicken oral 480 mg/kg [REF-26, p.24]

    LD50 Pig oral 2550 mg/kg (approx) [REF-26, p.24]

7-2 HUMAN TOXICITY EXCERPTS:

    THREE PATIENTS INDUST EXPOSED TO CHLORDECONE (KEPONE) WITH HEADACHE & INCR INTRACRANIAL PRESSURE HAD ELEVATED BLOOD, SERUM, & ADIPOSE LEVELS OF CHLORDECONE. INVESTIGATION ELIMINATED INTRACRANIAL MASS OR OTHER KNOWN CAUSES OF PSEUDOTUMOR CEREBRI. [REF-27]

    SEVENTY-SIX OF ONE HUNDRED THIRTY-THREE WORKERS EXPOSED TO KEPONE FROM MAR 1974-JUL 1975 EXPERIENCED NERVOUSNESS, TREMOR, WT LOSS, OPSOCLONUS, PLEURITIC & JOINT PAIN, & OLIGOSPERMIA. [REF-28]

    IN 32 MEN POISONED BY KEPONE, 20 SHOWED LIVER ENLARGEMENT & 10 SHOWED SPLENOMEGALY. LIVER BIOPSY SHOWED INCR LIPOFUSCIN, MINIMAL FATTY METAMORPHOSIS, HYPERGLYCOGENATION OF NUCLEI, & MILD PORTAL OR LOBULAR INFLAMMATORY CHANGES. EXAM OF LIVER BIOPSY SHOWED MARKED PROLIFERATION OF SMOOTH ENDOPLASMIC RETICULUM. URINARY EXCRETION OF GLUCARIC ACID INCR & CLEARANCE OF ANTIPYRINE WAS ACCELERATED WHEN COMPARED TO CONTROLS. PLASMA GAMMA-GLUTAMYL TRANSPEPTIDASE ACTIVITY WAS NORMAL. [REF-29]

    In 1975, a number of workers were exposed to excessive amt of chlordecone. The major manifestations were tremor, opsoclonus, arthralgias, pleural pain, and reduced sperm count. Despite initial high blood concn, follow up at 6 years indicated that in the re-evaluated workers the chlordecone had been cleared completely from blood, with very low levels remaining in fat. The clinical manifestations abated, & many of the patients returned to work. [REF-30]

    Chemical workers repeatedly exposed to high concn of kepone dust developed nervousness and tremors, visual disturbances incl rapid erratic eye movement, and occasionally ataxia, chest pain, arthralgia, erythematous skin eruption, and wt loss. Oligospermia was found in some workers. [REF-31, p.II-287]

    Kepone in drinking water: Upper 95% confidence estimate of lifetime cancer risk per ug/l: 4.4X10-5 /From table/ [REF-32, p.794]

7-3 NON-HUMAN TOXICITY EXCERPTS:

    KEPONE DID NOT REVERT SALMONELLA STRAINS TA1535, TA1537, TA98, OR TA100 WHEN TESTED WITH OR WITHOUT METABOLIC ACTIVATION. [REF-33]

    MALE RATS FED 10, 50, & 150 PPM KEPONE IN DIET FOR 15 DAYS. VOL OF BILE FLOW INCR @ HIGHEST CONCN. INHIBITION OF MAGNESIUM(2+) ATPASE (MATPASE) WAS 34% @ 50 PPM & 40% @ 150 PPM. AT 10 PPM NO SIGNIFICANT INHIBITION OF THIS ENZYME SYSTEM WAS NOTED. [REF-34]

    MALE & FEMALE SHERMAN RATS WERE FED 0 & 25 PPM CHLORDECONE FOR 3 MO. AFTER THIS, RATS WERE FED CONTROL DIET FOR 4.5 MO. DURING THIS RECOVERY PERIOD THEY WERE BRED TWICE. REPRODUCTION IN FEMALES WAS COMPLETELY INHIBITED & HYPERPLASIA OF ADRENAL CORTEX NOTED. LIVERS WERE ENLARGED. [REF-35]

    AT 6 MO OF AGE FEMALE RAT OFFSPRING EXPOSED PRENATALLY TO KEPONE EXHIBITED PERSISTENT VAGINAL ESTRUS, ANOVULATION AND TONIC LEVELS OF SERUM ESTRADIOL. REPRODUCTIVE ABERRATIONS ARE PROBABLY DUE TO ALTERATION OF HYPOTHALAMIC DIFFERENTIATION DURING PRENATAL DEVELOPMENT. [REF-36]

    RATS WERE FED 1, 5, 10, 25, 50, & 80 PPM KEPONE FOR 2 YR. ALL FED 50 & 80 PPM DIED DURING 1ST 6 MO. DEPRESSED GROWTH @ 10 PPM FOR FEMALES & 25 PPM FOR MALES WAS NOTED. FOOD CONSUMPTION INCR AS LEVELS OF KEPONE INCR ASSOC WITH INCR METABOLIC RATE. PROTEINURIA @ 5 PPM & HIGHER. INCREASED LIVER-TO-BODY WT RATIOS WERE OBSERVED. OTHER ORGAN WEIGHTS INCR WERE KIDNEY, HEART, SPLEEN, & TESTES, AT HIGHER ORAL CONCN OF KEPONE THAN REQUIRED FOR LIVER. PATHOLOGICAL FINDINGS IN LIVER WERE FATTY DEGENERATION & HYPERPLASIA. [REF-37]

    INDUCTION PATTERNS OF RAT HEPATIC MICROSPOMAL MIXED-FUNCTION OXIDASES BY PESTICIDES AND RELATED CHEMICALS WERE COMPARED. DRUG METABOLIZING ACTIVITY OF PHENOBARBITAL DDT, CHLORDANE, MIREX, & KEPONE INDUCING LIVER MICROSOMES WAS SIMILAR. [REF-38]

    SINGLE ORAL DOSE OF KEPONE (72 TO 98 MG/KG) WAS ADMIN TO MALE SPRAGUE-DAWLEY RATS IN CORN OIL. TREMORS & ABNORMAL GAIT WERE NOTED WITHIN 4 HR, PEAKING AFTER 2 DAYS & ABSENT AFTER 49 DAYS. EXAGGERATED STARTLE RESPONSE FOLLOWED A SIMILAR PATTERN. MUSCLE WEAKNESS DEVELOPED DURING SECOND WK & RECOVERY OCCURRED BY END OF 6 MO. [REF-39]

    GROUPS OF 50 MALE AND 50 FEMALE B6C3F1 HYBRID MICE, APPROX 6 WK OF AGE, WERE FED TECHNICAL-GRADE CHLORDECONE (ABOUT 98% PURE) AT TWO LEVELS IN THE DIET FOR 80 WK; THERE WERE 20 MALE AND 10 FEMALE MATCHED CONTROLS AND 50 MALE AND 40 FEMALE POOLED CONTROLS. MALES RECEIVED INITIAL LEVELS OF 40 MG/KG DIET, AND FEMALES 40 AND 80 MG/KG DIET; THESE LEVELS WERE REDUCED /LATER/ ... WELL-DIFFERENTIATED HEPATOCELLULAR CARCINOMAS WERE FOUND IN OVER 80% OF ALL TREATED MALES: IN 39/48 LOW- AND 43/49 HIGH-DOSE MALES, COMPARED WITH 6/19 MATCHED MALE CONTROLS; AND 26/50 LOW- AND 23/49 HIGH-DOSE FEMALES, COMPARED WITH NONE IN FEMALE CONTROLS. (NATIONAL CANCER INSTITUTE, 1976) [REF-10, p.V20 70]

    GROUPS OF 50 MALE AND 50 FEMALE OSBORNE-MENDEL RATS, APPROX 6 WK OF AGE, WERE ADMIN CHLORDECONE (ABOUT 98% PURE) IN THE DIET FOR 80 WEEKS; THERE WERE 10 MALE AND 10 FEMALE MATCHED CONTROLS AND 105 MALE AND 100 FEMALE POOLED CONTROLS. ... THE TIME-WEIGHTED AVG DIETARY CONCN WERE 8 AND 24 MG/KG DIET FOR MALES AND 18 AND 26 MG/KG DIET FOR FEMALES. ... HEPATOCELLULAR CARCINOMAS ... IN FEMALE RATS GIVEN THE HIGH DOSE: 10/45 COMPARED WITH 0/100 POOLED CONTROLS ... 3/44 HEPATOCELLULAR CARCINOMAS IN HIGH-DOSE MALES COMPARED WITH 0/105 IN POOLED CONTROLS ... NEOPLASTIC NODULES WERE DIAGNOSED IN 2 LOW-DOSE MALE RATS, BUT NONE IN THE CONTROLS OR IN THE HIGH-DOSE GROUP, AND IN 2 HIGH-DOSE FEMALE RATS, WITH 1 IN THE CONTROLS AND NONE IN THE LOW-DOSE GROUP. (NATIONAL CANCER INSTITUTE, 1976) [REF-10, p.V20 72]

    CHLORDECONE WAS GIVEN BY GASTRIC INTUBATION IN DOSES OF 2, 6, & 10 MG/KG BODY WT TO RATS AND 2, 4, 8, & 12 MG/KG BODY WT TO MICE ON DAYS 7-16 OF GESTATION. IN RATS, 19% OF DAMS THAT RECEIVED 10 MG/KG BODY WT DIED; THE FETUSES OF THOSE WHICH SURVIVED EXHIBITED ... REDUCED BODY WEIGHT, REDUCED DEGREE OF OSSIFICATION, EDEMA, ENLARGED RENAL PELVIS AND CEREBRAL VENTRICLES. MALE RATS SHOWED NO REPRODUCTIVE IMPAIRMENT. LOWER DOSE LEVELS ONLY REDUCED FETAL WEIGHT AND DEGREE OF OSSIFICATION. IN MICE, FETOTOXICITY OCCURRED ONLY IN THE HIGHEST DOSE GROUP AND WAS MANIFESTED BY INCREASED FETAL MORTALITY AND CLUBFOOT. [REF-10, p.V20 74]

    In vitro, chlordecone was a remarkably potent inhibitor of brain mitochondrial oxidative phosphorylation and associated calcium ion transport. At a high concn of chlordecone (1x10-5 M), destabilization of biological membranes was observed. [REF-40]

    Five wk old female Japanese quail were fed a diet containing 10, 40, 80, & 160 ppm chlordecone for exactly 250 days. Ingestion of 160 ppm chlordecone increased quail mortality, produced a decrease in egg production, & affected the normal sequence of egg laying. Reproductive tracts of dead quail were noticeably reduced & the ovaries atrophied. Quail that continued to ingest the highest chlordecone dose produced significantly more defective eggs, which were either cracked, soft-shelled, or shell-less. [REF-41]

    Levels of norepinephrine, dopamine, serotonin, & the serotonin metabolite, 5-hydroxyindole acetic acid were determined in brains of mice after daily oral administration of 10, 25 or 50 mg/kg of chlordecone until mortality occurred. Significant decreases in whole brain & striated dopamine levels were observed in chlordecone treated mice exhibiting tremors. The serotonin levels were elevated only in animals exhibiting severe tremors. In Mirex treated animals, the norepinephrine levels were not altered by chlordecone. [REF-42]

    A single injection of chlordecone (1 mg/pup on day 4 of age) reduced the level of (Met5)-enkephalin at 70 & 120 days of age in male rats but not in females. The same treatment caused a transient reduction in the hypothalamic beta-endorphin level in both male & female rats without affecting the levels of other neuropeptides in the hypothalamus & other brain regions. These results suggest that the hypothalamo-pituitary axis may be the primary neural target to the chlordecone-elicited decrease in pituitary (Met5)-enkephalin level. [REF-43]

    Chlordecone was administered orally to young (4-6 wk old) and old (6 mo old) mice in a dose of 25 mg/kg/day in 10 ml/kg corn oil. Age matched control mice received 10 ml/kg/day corn oil. The acute (24 hr after a single dose) and subchronic (24 hr after 8 daily doses) effects of chlordecone on content & subcellular distribution of calcium in the brain were studied. Significant differences in calcium content and subcellular distribution were found between the young and old control mice. Acute exposure to chlordecone (no signs of neurotoxicity) increased significantly total brain, protein bound, nuclear, mitochondrial, and myelin calcium in brains from young mice. However, old mice had significantly decreased total brain, protein bound, & mitochondrial calcium with significantly increased nuclear calcium content. When young mice received chlordecone for 8 days and were suffering severe chlordecone induced tremors, at the times of sacrifice, their brains were found to have decreased total, protein bound, myelin, and synaptosomal calcium. Nuclear calcium was increased. Tremors induced by chlordecone might be due to chlordecone induced calcium deficiency in brain synaptosomes. [REF-44]

    Male Sprague Dawley rats were fed with chlordecone by gastric intubation at 10, 25, and 50 mg/kg/day for 3 days. Control rats received 0.3 ml of corn oil. Complete body movements (including tremors) were monitored for a period of 12 hr, and at 24, 48, & 72 hr after treatment. Rats receiving chlordecone showed an increased tremor activity which was significant and dose dependent. The brain synaptosomal sodium-potassium ion and oligomycin sensitive magnesium ion ATPases were significantly decreased in chlordecone treated rats. A linear relationship was observed between the decreases in ATPase activities and tremor activity. These results suggest that the inhibition of the ATPase system in the brain may be related to the production of the neurotoxic symptoms. [REF-45]

    Groups of 5 male Sprague Dawley rats (150-175 g) were fed a control diet or a diet containing 100 ppm chlordecone for 5, 15, or 20 days. Weight of the period epididymal fat pads was taken as the anatomical marker for the depletion of body fat. The reduction in epididymal fat reached a maximum of 60% in the chlordecone fed animals after 20 days. Circulating ketone bodies were not different in any of the treated animal groups, indicating that chlordecone treatment does not result in metabolic ketosis. It appears that chlordecone induces a depletion of body fat stores as a consequence of altered energy balance of the animal. [REF-46]

    Adult male rats were fed diets containing 0, 5, 15, & 30 ppm chlordecone for 90 days & then either bred to untreated females or sacrificed. Reproductive performance was unaffected, & no histologic changes in the male sex organs could be attributed to chlordecone treatment. Reversible decreases in the motility & viability of epididymal spermatozoa & decreased sperm reserves in the cauda epididymidis were observed in rats fed 15 or 30 ppm. [REF-47]

    The toxicity of kepone to mixed populations of estuarine microorganisms was determined by standard plate assays on Zobell marine medium containing 0.02, 0.20, & 2.0 mg/l of kepone. Under aerobic conditions, kepone reduced the number of colony-forming units at all concn tested, but had no effect on the number of anaerobic microorganisms. Gram-positive organisms were more sensitive to kepone than were gram-negative organisms. Inhibition of electron transport by kepone was shown by a significant reduction in the specific activities of reduced nicotinamide adenine dinucleotide oxidases and succinooxidase. [REF-48]

    Male & female Fischer 344 rat pups were exposed to kepone by subcutaneous injection on day 4 postnatally. Kepone had transient effects on body weights & resulted in precocial vaginal opening. At approx 100 days of age, one half of the animals were trained on a variable interval (VI) 15 sec schedule of food reinforcement. Rates of free operant activity differed during training of the variable interval and chlordecone treated females had lower baselines than controls following establishment of baseline responding.

    Baselines of males were not affected. Chlordecone exposed rats were affected the same as controls by amphetamine & apomorphine. The remaining rats were trained to make a visually cued nose poke response for food in a discrete trial discrimination task over a 3 wk period. Marked alterations in responding were observed during 2 wk of reversal. These data indicate that a single postnatal injection of chlordecone can produce subtle, long lasting neurobehavioral changes in rats. The nature of these changes appear to be alterations in their reactivity to novel or changing conditions. [REF-49]

    The effects of chlordecone on vaginal estrus and neuroendocrine responses were examined in adult ovariectomized and intact females. Persistent vaginal estrus was seen in females given 50 mg/kg or more of chlordecone. The development of vaginal estrus was similar to that seen in ovariectomized females after treatment with estrogen. Chlordecone increased serum prolactin and decreased serum luteinizing hormone (LH) in ovariectomized females 30 to 36 hr after a single exposure to 50 mg/kg of the pesticide. These results indicate an effect on the hypothalamic pituitary axis by chlordecone treatment and offer a possible explanation for the reduced fertility seen in adult females after chlordecone exposure. Although chlordecone produced peripheral changes in the vaginal smear pattern as well as neuroendocrine alterations, the peripheral changes were not always indicative of the neuroendocrine events. [REF-50]

    Cytological and cytotoxic effects of kepone on Chinese hamster cells (M3-1) were investigated. Cells treated with 2 ug, 4 ug, or 6 ug/ml of kepone did not show any morphological abnormalities. Cytological observations showed that chromosome breaks, chromatid breaks, dicentric chromosomes, and chromosome interchanges were produced by these treatments. Cell toxicity was greater at the 30 ug/ml concn, producing 100% cell death within 24 hr. [REF-51]

    Chlordecone concentrations equivalent to 5 and 10 mg/kg ... tested on groups of 6 male albino rats for three weeks, (totalling 15 applications); ... 2/6 in the low-dose group and 1/6 in the high-dose group /exhibited/ testicular atrophy. ... [REF-52]

    INGESTION OF KEPONE ALONE AT 50 MG/KG WAS WITHOUT TOXIC EFFECT IN MALE SWISS WEBSTER MICE. [REF-53]

    Chlordecone was tested for mutagenicity in the Salmonella/microsome preincubation assay using the standard protocol approved by the National Toxicology Program. Chlordecone was tested at doses of 0.03, 0.10, 0.30, 1.0, 3.3, 10, 33, and 100 ug/plate in as many as 5 Salmonella typhimurium strains (TA1535, TA1537, TA97, TA98, and TA100) in the presence and absence of rat and hamster liver S-9. Chlorodecone was negative in these tests and the highest ineffective dose tested in any Salmonella typhimurium strain was 100 ug/plate. At this dose, slight clearing of the background bacterial lawn occurred in 3 strains. [REF-54]

    Groups of lactating mice received daily 9 ip injections consisting of the following chemicals: sesame oil only or 10, 20, or 40 ug estradiol-17 beta or 250, 500 or 1000 mg chlorodecone. Reproductive tracts and vaginal surface changes were examined in the neonates that were nursed by the treated lactating dams for 12 days. The neonatal reproductive tract weights and vaginal epithelium exhibited significant changes indicating the passage of these compounds in milk. The vaginal epithelium in the neonates that nursed the estradiol-treated dams exhibited mucification, keratinization, and desquamation. Neonates that ingested milk from chlordecone-treated dams exhibited similar but dose-dependent changes in the vaginal canals. The keratinized vaginal cells in these mice were morphologically different and lacked the well-developed microridge patterns on the cell surfaces that characterized keratinized cells in the estradiol group. [REF-55]

    The effects of chlordecone on fertility were examined in adult, intact female rats. Rats were treated with 25, 50, or 75 mg/kg of chlordecone and initial exposure occurred either on the morning before mating or on the morning after mating. When exposure occurred on the morning of proestrus, mating behavior 8-9 hr was significantly reduced by 50 or 75 mg/kg. Yet, when housed overnight with sexually experienced males, most females showed sperm in the vaginal smear. However, only 23% of the 50 mg/kg group and none of the 75-mg/kg group delivered offspring. Females given 25 mg/kg showed behavioral and fertility identical to oil-produced litters while 33% of the 75 mg/kg females delivered offspring. Under both conditions, fertility was substantially reduced. [REF-56]

    Phenobarbital or SKF-525A were injected into adult male rats prior to administration of 1.6 micro Ci (14)C-chlordecone by gavage. Effects of these liver function modulators on tissue distribution of (14)C-chlordecone was assessed. Rats pretreated 12 or 24 hr before (14)C-chlordecone with phenobarbital appeared to have increased liver specific activities and had reduced (14)C-chlordecone levels in several other tissues. Studies indicate that an inducer of hepatic metabolism can dramatically alter the distribution and the relative toxicity of chlordecone. [REF-57]

    The admin of chlordecone (Kepone) in feed resulted in a significant incr in hepatocellular carcinomas in both rats and mice. [REF-58, p.1080]

    Within 24 to 48 hr after exposure of fathead minnows to chlordecone (10 to 73 ug/l), extensive hemorrhaging, associated with an apparent fracture or dislocation of the vertebral column occurred. [REF-59, p.V2 57]

    Oviposition of Oryzias latipes was suppressed by 1 ug/l chlordecone after 292 hr exposure, or by 2 ug/l after 96 hr exposure. [REF-59, p.V2 82]

    Hatching of fathead minnow eggs exposed to 0.31 ug chlordecone per liter was significantly lower than that of the controls. [REF-59, p.V2 83]

    Agent: chlordecone; exposure conditions: 200 ppm, 42 days; species: Japanese quail; effects: fluid-filled and atrophic testes; disruption of germinal epithelium /From table/ [REF-60, p.74]

    ... Enlarged cerebral ventricles and dilated renal pelves /were reported/ in rat fetuses exposed by gavage to 10 and 6 mg/kg on days 7-16. In the mouse, clubfeet were incr over controls at 12 mg/kg. [REF-61, p.855]

    ... Kepone is negative when tested as a mutagen in the point mutation assay in the Ames test or in the DNA repair test in rat liver cells. This is in keeping with the fact that several other organochlorine pesticides which cause liver cancer in rodents are nevertheless negative or only weakly positive when examined in mutagenesis tests. Thus, one may speculate that such agents may not be directly carcinogenic, but may serve as promoters for other endogenous or environmental carcinogens. [REF-62, p.354]

    The brain and plasma levels of chlordecone were monitored after daily oral admin of chlordecone at 10 or 50 mg/kg/day to mice. At a low dose, the plasma level of chlordecone increased steadily and the brain level showed a steady increase and then a plateau. At the higher dose the brain and plasma concn of chlordecone decayed biphasically. The chlordecone-induced neurotoxicity correlated closely with both brain and plasma concn of chlordecone. This study established the threshold levels of chlordecone in plasma and brain for motor incoordination and mortality in the mouse. [REF-63]

    Both egg laying and chick survival were reduced in domestic hens fed 75 or 150 mg chlordecone/kg diet for 12 weeks. Only 56% of chicks hatched from hens treated with 75 mg/kg survived for 20 days, no chicks or hens treated with 100 mg/kg survived. Residues were 3 weeks after treatment ceased. [REF-64, p.35]

    Male rats were fed diets of 10, 50 or 150 mg/kg Chlordecone for 15 days. Studies showed decreased biliary excretion at 10 mg/kg and higher, body weight gain was affected at 50 mg/kkg and higher and liver enlargement at all 3 levels of treatment /From table/ [REF-65, p.25]

    Effect of mirex, 2 monohydrogen & 2 dihydrogen mirex derivatives, & chlordecone on several hepatic parameters were studied 2 days following single oral dose of 100 mg/kg in female rats. All cmpd incr microsomal cytochrome p450 content, reduced nicotinamide adenine dinucleotide-cytochrome C reductase activity & hepatic ascorbic acid concn. Microsomal protein concn was generally incr. All cmpd except chlordecone incr relative liver wt & activities of aminopyrine N-demethylase & p-nitroanisole O-demethylase. Hepatic concn of protein & glutathione were unaltered. [REF-66]

    Neonates were exposed to chlordecone for 20 days indirectly through lactation by treating the mothers per os (2.5 mg/kg/day in corn oil), and from 21 to 50 days as adults (2.5 mg/kg/day). Brain P2 fractions were prepared from treated and control rats. Na+,K+, oligomycin sensitive and oligomycin insensitive Mg +2 ATPase activities increased with age up to day 20. Na+,K+ and oligomycin sensitive Mg +2 ATPases were inhibited by treatment with chlordecone. A 20% inhibition was observed between days 5 and 20, and 20 to 26% between days 20 and 50 of treatment. Both these enzymes were more sensitive to chlordecone in the neonatal brains as compared to adult rats (20 to 50 days). The activity of Mg +2 ATPase but not of Na+,K+ ATPase was restored to normal activity after 20 days of withdrawal of chlordecone treatment. Oligomycin insensitive Mg +2 ATPase was insensitive to chlordecone treatment in all age groups. Ca2+ ATPase activity was not increased with age; however, it was more sensitive to chlordecone in neonates as compared to adults. [REF-67]

    Chlordecone is carcinogenic in both sexes of mice and rats producing hepatocellular carcinomas. [REF-26, p.10]

    Outbred Sprague Dawley rats of both sexes were exposed to chlordecone in 2 separate expt. In expt 1, male rats (180-198 g) were subjected to 2/3 hepatectomy and 24 hr later were given 20 mg/kg diethylnitrosamine by gavage (initiation treatment). After 10 days, rats began receiving biweekly sc injections of 0.17 to 3.4 mg/kg chlordecone for 44 wk (promotion treatment). Control groups included rats admin diethylnitrosamine only after hepatectomy, as well as those whose livers were not initiated, but who received biweekly
    injections of either chlordecone or corn oil. One group was also given a single initiation treatment with 30 mg/kg chlordecone in corn oil given by gavage 24 hr after hepatectomy, followed by daily oral sodium phenobarbital (0.05%) treatment for 44 wk. Expt 2 was similar, except that females were also included and promotion treatment was for 27 wk, with chlordecone being admin biweekly by sc injection at 3 and 9 mg/kg body wt. Growth rates of both male and female rats were similarly suppressed by chlordecone when admin at 9.0 mg/kg biweekly. Wt gains for females exposed to 3.0 mg/kg also were affected. Toxicity at doses > or = 3.0 mg/kg biweekly included increased irritability, but no obvious tremors, sporadic dermatologic changes and liver enlargement. There was a dramatic sex difference in the incidence of malignant liver tumors caused by chlordecone promotion in rats. Frank hepatocellular carcinomas were observed only in female rats (11.1% at 3 mg/kg and 62.5% at 9 mg/kg) whose livers were previously initiated with diethylnitrosamine and then promoted for 27 wk. In contrast, none of comparably treated males had malignant liver tumors, even after 44 wk of promotion. Females in the diethylnitrosamine-initiated/chlordecone-promotion groups also contained gamma-glutamyltranspeptidase-positive 'preneoplastic' hepatocellular foci that were more abundant (55.5% and 75.0% of females at 3 and 9 mg/kg) and larger than those observed in comparably treated males. Dose-response expt showed that the hepatocarcinogenic effects of chlordecone admin became undetectable at concn in non-initiated rat liver in the same range (2.5 to 103 ug/g) as those measured in human biopsies taken from exposed workers who exhibited no liver effects (13 to 173 ug/g). Similar levels of chlordecone were measured in the livers of both sexes given only 3 or 9 mg/kg chlordecone (26.6 and 30.4 ug/g liver for males and 18.1 and 22.4 ug/g liver for females, respectively) at the end of the exptl period. [REF-68]

    The effect of chlordecone on murine follicular development was examined in female CD-1 mice. Mice were exposed to chlordecone for 5 consecutive days for each of 4 consecutive wk (0.25 mg/day). Controls received sesame oil vehicle or estradiol-17beta (0.1 mg/day) since chlordecone has been ascribed estrogenic activity. Mice were sacrificed 24 hr following the final exposure. Ovaries were removed, serially sectioned, and stained. Follicles were classified as small, medium, or large and were tabulated. Twice as many medium-sized follicles were found in the estradiol-17beta-treated mice as in both the chlordecone-exposed and sesame oil control groups. Both chlordecone- and estradiol-17beta-exposed mice displayed a much higher % of atresia in the large follicles; however, there were more actual healthy, large follicles in the estradiol-17beta group. [REF-69]

7-4 EVIDENCE FOR CARCINOGENICITY:

    Classification of carcinogenicity: 1) evidence in humans: no adequate data; 2) evidence in animals: sufficient. Overall summary evaluation of carcinogenic risk to humans is Group 2B: The agent is possibly carcinogenic to humans. /From table/ [REF-70, p.S7 59]

8*** EMERGENCY TREATMENT ***
8-1 MEDICAL SURVEILLANCE:

    Employers shall make medical surveillance available to all workers occupationally exposed to kepone, including personnel periodically exposed during routine maintenance or emergency operations. Periodic examinations shall be made available at least on an annual basis. [REF-17, p.206]

    PRECAUTIONS FOR "CARCINOGENS": Whenever medical surveillance is indicated, in particular when exposure to a carcinogen has occurred, ad hoc decisions should be taken concerning ... /cytogenetic and/or other/ tests that might become useful or mandatory. /Chemical Carcinogens/ [REF-18, p.23]

9*** METABOLISM AND PHARMACOLOGY ***

9-1 ABSORPTION, DISTRIBUTION, AND EXCRETION:

    NO METABOLIC PRODUCTS HAVE BEEN REPORTED; COWS FED 5.0 PPM IN DIET FOR 60 DAYS EXCRETED 90 PPB OF KEPONE IN MILK 35 DAYS AFTER CESSATION OF TREATED FEEDING ... [REF-32, p.593]

    KEPONE WAS FOUND IN BLOOD OF ... 32 ... EMPLOYEES /ENGAGED IN MANUFACTURE OF KEPONE/ AT /CONCN OF/ 0.165-26 PPM. [REF-32, p.593]

    IT CONCENTRATES IN HUMAN ADIPOSE & HEPATIC TISSUES. [REF-71]

    WORKERS EXCRETED LARGER AMT IN BILE THAN IN STOOL, WHICH SUGGESTS THAT IT MAY UNDERGO ENTEROHEPATIC RECIRCULATION. IN ONE PERSON, EQUAL AMT OF CHLORDECONE & ITS REDUCED METABOLITE, CHLORDECONE ALC, EXCRETED IN BILE @ RATE 4 TIMES AS GREAT AS IN STOOL. WHEN BILIARY CONTENTS DIVERTED FROM INTESTINES THROUGH T-TUBE, FECAL EXCRETION OF CHLORDECONE ALCOHOL WAS ABOLISHED. IT WAS CONCLUDED THAT CHLORDECONE ENTERS INTESTINAL LUMEN FROM NONBILIARY SOURCE, PROBABLY GUT, & THAT NET EXCRETION OF CHLORDECONE CAN BE INCR BY CHOLESTYRAMINE. (14)CARBON CHLORDECONE TREATED RATS IN WHICH BILE FLOW EXTERIORIZED THROUGH CANNULA SHOWED THAT EXCRETION OF RADIOACTIVITY IN FECES WAS IN SAME RANGE WHEN BILE WAS REINFUSED IN DUODENUM OR WAS COMPLETELY DIVERTED. [REF-72]

    MALE SPRAGUE-DAWLEY RATS RECEIVED (14)CARBON LABELED KEPONE IN CORN OIL BY GASTRIC INTUBATION. RADIOACTIVITY DETECTED IN ADRENAL GLAND, BLOOD, & LIVER. 12.7% OF RADIOACTIVE KEPONE WAS EXCRETED BY FECES OF RATS DURING FIRST 24 HR, 2.9% 2ND 24 HR, & 3.3% 3RD 24 HR. TOTAL OF 29.5% EXCRETED BY END OF 1ST WK. RATE THEN STEADILY DECLINED & AFTER 182 DAYS TOTAL EXCRETION WAS 69.8%. URINARY EXCRETION BY 84 DAYS WAS ONLY 1.6%. [REF-73]

    The preferential distribution of the relatively non-polar pesticide chlordecone (CD) to liver rather than to fat tissues in humans suggests that it may be transported in plasma differently from other organochlorine pesticides. The plasma binding of (14)carbon-CD is investigated in vitro in human, rat, and pig plasma and in vivo rat plasma. Protein and lipoprotein fractions were separated by serial ultracentrifugation. Heparin-manganese precipitation and agarose gel electrophoresis were also carried out to determine whether separation techniques altered CD binding to plasma components. In human plasma, the distribution of (14)carbon-CD among proteins and high density, low density, and very low density lipoproteins (HDL, LDL, and VLDL) was 46, 30, 20, and 6%, respectively. [REF-74]

    HENS WERE FED 75 OR 150 MG/KG DIET CHLORDECONE IN THEIR FEED FOR 16 WK. AFTER 5 WK OF TREATMENT, THE CHLORDECONE CONTENT OF EGG YOLK WAS 163 AND 336 MG/KG, RESPECTIVELY, FOR THE TWO DOSAGE LEVELS. BY THE 13TH WK, IT WAS 100 AND 214 MG/KG, RESPECTIVELY ... 3 WK AFTER TREATMENT ... THE CHLORDECONE CONTENT WAS 26 AND 70 MG/KG, RESPECTIVELY ... [REF-10, p.V20 75]

    WHEN CHLORDECONE WAS FED TO DAIRY COWS IN CONCENTRATIONS OF 0.25-5.0 MG/KG IN HAY AND IN FEED-CONCENTRATE FOR 60 DAYS, THE HIGHEST RESIDUE LEVEL IN MILK RECORDED FROM AN INDIVIDUAL COW WAS 0.44 MG/L. [REF-10, p.V20 74]

    Most organochlorines are metabolized slowly and are excreted primarily in the feces. Excretion /of chlordecone/ occurs in ... month to yr. ... [REF-58, p.1078]

    ... Pregnant mice /were fed/ 40 ppm of Kepone in the diet and ... on the avg 5 ppm accumulated in seven embryos weighing 0.3 g. This is a comparable level to that in the maternal brains but is considerably lower than the levels found in their livers (45 ppm) and fat (13 ppm). [REF-75, p.369]

    ... The levels of Kepone residues /were assayed/ in the gonads of male and female mice by feeding them a daily diet containing 40 ppm for an extended period. /The/ ... data indicate that the levels of Kepone in the gonads remain constant and slightly lower than those found in the brain, or at levels rather comparable to those in muscle. [REF-75, p.372]

    Metabolites of chlordecone have not been found in human tissues. The compound is primarily eliminated in bile, but is largely reabsorbed, so that the overall elimination rate is only 0.075% of the total body burden per day. Negligible amounts are excreted in urine and sweat. A single oral dose administered to rats was slowly excreted over a period of 84 days in feces (66%) and urine (1.6%), apparently as unchanged chlordecone. [REF-76, p.76]

    In expt 1, C57BL/6N (B6) and DBA/2N (D2) male mice received by ip injection a pretreatment of unlabeled chlordecone (5 mg/kg) in corn oil or corn oil alone (control). 1, 3, 7, or 14 days after pretreatment, (14)C-labeled chlordecone (5 mg/kg) was admin by ip injection. 16 hr later the mice were killed, and blood and tissues were analyzed. In a second set of expt, B6 and D2 mice received either corn oil or chlordecone in corn oil ip 3 days before the admin of a 1-uCi tracer dose chlordecone. Mice were killed 1, 3, 8 or 16 hr after the tracer. In the third expt, B6 and D2 mice received a pretreatment of corn oil or 1, 5, 15, or 40 mg/kg chlordecone in corn oil 3 days before the admin of a 5 mg/kg tracer dose of chlordecone. 6 hr after admin of tracer, the mice were killed. In the fourth expt, B6 and D2 mice were injected ip with chlordecone (5 mg/kg) in corn oil, or corn oil alone. Three days after pretreatment, (14)C chlordecone doses of 1, 5, 15, or 40 mg/kg were admin by ip injection. Mice were killed and tissues were examined 16 hr after the tracer dose. Hepatic levels of (14)C in the B6 mice were higher than those in any of the other tissues examined, but there were no apparent differences in (14)C content between the pretreatment and control groups until 7 days after treatment. Here, (14)C levels were lower in the pretreated group (78% of controls). In contrast, amounts of (14)C in the lung, kidney, and fat of the pretreated group were higher (134, 144, and 190% respectively) than controls 3 days after chlordecone. Although hepatic levels of (14)C were also higher in the D2 mice, response to pretreatment was different. Livers were rapidly affected, exhibiting decreased (14)C levels 1 day after pretreatment (72% of controls). Admin of chlordecone to mice caused a time-dependent alteration in the pattern of distribution of the subsequently admin dose of tracer. [REF-77]

9-2 METABOLISM/METABOLITES:

    Pigs were administered chlordecone by intraperitoneal injection. Plasma, gall bladder bile, hepatic bile, liver, and feces were collected and analyzed by gas chromatography for chlordecone metabolites. Chlordecone alcohol was present in bile and feces with up to 85% conjugated in the bile but only 15% was conjugated in the feces. Up to 20% of the chlordecone in plasma and bile and less than 3% in feces was in the conjugated form. Both reduction and conjugation of chlordecone in the pig are similar to those in man. [REF-78]

    In seeking a practical animal model only in gerbils was this organochlorine pesticide converted to chlordecone alcohol, a reduced metabolite found in the stool of chlordecone poisoned humans. Gerbils eliminated chlordecone alcohol exclusively in stool with none being detected in urine. Gerbils excreted chlordecone alcohol in bile in an amount more than twice that of chlordecone and in the form of a glucuronide conjugate. The ratio of chlordecone to chlordecone alcohol in gerbil stool was 10 times higher than the ratio in human stool. This suggests that the newly recognized nonbiliary mechanism(s) for entry of chlordecone into the intestinal lumen may be extremely active in the gerbil. Incubation of the cytosolic fraction of gerbil liver homogenate in the presence of reduced nicotinamide adenine dinucleotide and chlordecone produced chlordecone alcohol. Bioreduction of chlordecone is catalyzed in gerbil liver by a species-specific reductase. The livers of these (3)H-chlordecone alcohol treated animals also contained chlordecone in amounts eight times (rat) and 14 times (gerbil) higher than the respective amounts of chlordecone alcohol. From this result, the existence of a separate enzyme(s) catalyzing dehydrogenation of chlordecone alcohol to chlordecone may be inferred. [REF-79]

    Mirex is probably oxidized to chlordecone. The main metabolite of chlordecone is chlordecone alcohol, which appears in human bile as glucuronic acid conjugates. [REF-80, p.1641]

    THE METABOLISM OF N-METHYLANILINE WAS STUDIED IN VITRO IN SEVERAL TISSUES OF THE IMMATURE HUMAN FETUS AND IN THE HUMAN PLACENTA. THE HIGHEST METABOLIZING ACTIVITY WAS OBSERVED IN THE LIVER. COMPARED TO ADULT RAT LIVER THE RANGE OF HEPATIC METABOLIC ACTIVITY VARIED FROM 5 TO APPROX 50% IN SOME FETUSES FOR N-METHYLANILINE DEMETHYLASE. ADRENAL GLAND HOMOGENATES HAD MEASURABLE N-METHYLANILINE METABOLIZING ACTIVITIES. IN THE GI TRACT, BRAIN, KIDNEYS, AND LUNGS THERE WAS NEGLIGIBLE OR NO ACTIVITY. IN ONE OF FIVE PLACENTAS STUDIED, ENZYME ACTIVITY COMPARABLE TO THAT IN THE LIVER WAS DETECTED. COFACTOR REQUIREMENTS OF THIS ENZYME INDICATED THAT IT WAS A DRUG-METABOLIZING MIXED-FUNCTION OXIDASE. IT WAS INHIBITED IN VITRO BY COMPOUNDS KNOWN TO BE SUBSTRATES OF LIVER MICROSOMAL DRUG METABOLIZING ENZYMES. THE LEVEL OF GLUCOSE-6-PHOSPHATE DEHYDROGENASE ACTIVITY IN THE FETAL LIVER WAS THE SAME OR HIGHER THAN IN ADULT RAT OR HUMAN LIVER. [REF-81]

9-3 BIOLOGICAL HALF/LIFE:

    UNTREATED PATIENTS SHOWED BLOOD CLEARANCE OF KEPONE HALF-LIFE: 165 + OR - 27 DAYS; FAT CLEARANCE HALF-LIFE: 125 DAYS. WITH CHOLESTYRAMINE TREATMENT, BLOOD HALF-LIFE: 80 + OR - 4 DAYS, FAT HALF-LIFE: 64 DAYS. [REF-82]

9-4 MECHANISM OF ACTION:

    ASSESSMENT OF (45)CALCIUM(2+) TRANSPORT IN RAT BRAIN MITOCHONDRIA FOLLOWING IN VITRO & IN VIVO EXPOSURES REVEALED LOCUS FOR MITOCHONDRIAL IMPAIRMENT IN COUPLING REACTIONS OF OXIDATIVE PHOSPHORYLATION. STUDIES ON THE SUBCELLULAR DISTRIBUTION OF (14)CARBON-KEPONE IN RAT BRAIN FOLLOWING IN VIVO ADMIN WERE COMPARED TO MITOCHONDRIAL UPTAKE OF (14)CARBON-KEPONE IN VITRO. ADMIN OF THE 40 MG/KG TREMORIGENIC DOSE OF KEPONE PRODUCED MITOCHONDRIAL KEPONE CONCN WHICH WERE COMPARABLE TO THE TISSUE CONCN BY EXPOSING MITOCHONDRIA TO A 2X10-6 MOLAR CONCN IN VITRO. [REF-83]

    THE EFFECTS OF KEPONE ON RAT UTERINE ESTROGEN RECEPTOR WERE EXAMINED IN VITRO AND IN VIVO. IN CELL FREE PREPARATIONS KEPONE INHIBITED (3)H-ESTRADIOL BINDING TO THE UTERINE CYTOSOLIC 8S ESTROGEN RECEPTOR IN A COMPETITIVE MANNER. INCUBATION OF ISOLATED UTERI IN THE PRESENCE OF KEPONE CAUSED AN INCREASE IN THE ESTROGEN RECEPTOR IN THE NUCLEAR FRACTION. THIS INCREASE ACCOMPANIED A DECLINE IN THE AMOUNT OF ESTROGEN RECEPTOR IN THE CYTOSOLIC FRACTION; TRANSLOCATION OF THE ESTROGEN RECEPTOR HAD OCCURRED. [REF-84]

    A single injection of chlordecone (80 mg/kg, ip) significantly increased the brain levels of 5-hydroxyindoleacetic acid. There was a dose and time related correlation between the increases in striatal 5-hydroxyindoleacetic levels and tremor after chlordecone treatment. [REF-85]

    Partitioning of chlordecone into isolated rat liver mitochondria altered the permeability properties of the inner membranes. Associated with the increase in permeability were stimulation of state 4 and inhibition of state 3 respiration for the oxidation of both succinate and glutamate. The hydrated ketone, or a hydroxyl moiety, and a high chlorine content appear to be responsible for lytic and inhibitory activity. [REF-86]

    The testicular atrophy and reduced sperm production and motility may be the result of a direct estrogenic action of chlordecone, which has been shown be capable of binding to the estrogen receptor protein and affecting its transport into the nucleus. [REF-87, p.552]

9-5 INTERACTIONS:

    A series of psychopharmacological agents were administered to adult male Fischer-344 rats pretreated with a tremorigenic dose of chlordecone in an attempt to elucidate the involvement of spinal and supraspinal processes in the mediation and/or expression of chlordecone-induced tremor. Agents effective in attenuating the frequency of tremor were chlordiazepoxide, muscimol, and mecamylamine; Quipazine exacerbated the tremor. Catecholaminergic agents did not affect the frequency of chordecone-induced tremor. [REF-88]

    Female Sprague Dawley rats were maintained on a commercial powdered rat chow containing 0 or 10 ppm chlordecone. On day 15 of the dietary protocol, a single dose of carbon tetrachloride (5-100 ul/kg) was administered intraperitoneally in corn oil. Twenty four hr after carbon tetrachloride administration, hepatotoxicity was assessed. Results showed that chlordecone potentiates carbon tetrachloride toxicity in female rats. [REF-89]

    Male Sprague Dawley rats (175-200 g) received a single ip dose of 1, 5, 10, 15, or 25 ul bromotrichloromethane/kg following a 15 day dietary pretreatment of 0 or 10 ppm chlordecone. With the exception of 1 ul/kg dose which had no effect, chlordecone-bromotrichloromethane combination resulted in potentiation of hepatotoxicity by all parameters examined. [REF-90]

    Pretreatment of rats with hydantoin (75 mg/kg, orally, and anticonvulsant), trihexphenidyl (10 mg/kg, sc, a muscarinic cholinergic inhibitor) had no effect on the whole blood or brain tissue levels of orally administered 1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane (75 mg/kg) or its metabolites 1,1-dichloro-2,2-bis(p-chlorophenyl)ethane and 1,1-dichloro-2,2-bis(p-chlorophenyl)ethene. Hydantoin and piperonyl butoxide decreased 1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane induced tremor and hyperthermia due to DDT when measured 12 hr after 1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane exposure, while trihexyphenidyl augmented some components of DDT induced tremor. Additional experiments found that pretreatment with piperonyl butoxide increased tremor due to permethrin exposure (120 mg/kg, orally), while having no effect on tremor due to chlordecone administration (60 mg/kg, ip). Pretreatment with ellipticine (30 mg/kg, ip, a metabolic inhibitor) also decreased tremor 12 hr after 1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane exposure. The effects of piperonyl butoxide and ellipticine on 1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane induced tremor and postulated to occur through direct actions of these compound on nerve or muscle tissue. Hydantoin-induced attenuation of 1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane induced neurotoxicity may be due to the ability of hydantoin to block repetitive firing of nerves by binding to the inactivation gates of sodium. [REF-91]

    Difluoromethylornithine, an inhibitor of ornithine decarboxylase (200-800 mg/kg, sc), to rats has no detectable behavioral effects using a battery of tests to assess sensorimotor function. In contrast, the induction of tremor by chlordecone, a neurotoxic agent that affects neuronal ionic processes, is significantly attenuated by pretreatment with difluromethylornithine. The effects of difluromethylornithine on chlordecone-induced tremor were reversed by pretreatment with putrescine. Difluromethylornithine had no effects on 1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane, a tremorigen having a mechanism of action different from chlordecone. [REF-92]

    KEPONE INGESTION INCR SENSITIVITY OF LIVER & KIDNEY TO CHLOROFORM TOXICITY. [REF-53]

    The propensity of chlordecone to potentiate carbon tetrachloride hepatotoxicity in rats of either sex has been well documented. The objective of the present study was to investigate the hepatotoxic effects of chlordecone-carbon tetrachloride interaction in adrenalectomized rats. Hepatotoxicity was assessed by hepatofunctional, biochemical, and histopathological parameters, 24 hr after carbon tetrachloride challenge. Carbon tetrachloride induced hepatobiliary dysfunction and elevation of serum enzymes (GPT, GOT, ICD, and OCT) were evident. [REF-93]

    The propensity for chlordecone to potentiate hepatotoxicity of carbon tetrachloride and some related analogs (chloroform and bromochloroform) has been well established. Biological effects include extensive hepatotoxicity characterized by total hepatic failure as determined by histopathological alterations, hepatic dysfunction, elevation of serum enzymes, and perturbation of related biochemical parameters. The chlordecone + carbon tetrachloride interaction occurs in animals of both sexes and is characterized by profoundly potentiated lethality. Close structural analogs of chlorodecone such as mirex and photomirex do not share the propensity of chlordecone to potentiate halomethane toxicity. The mechanism of this potentiation of halomethane hepatotoxicity has eluded several investigations. Induction of microsomal p450 by chlordecone and greater lipid peroxidaton appear inadequate to explain the powerful potentiation of toxicity. Time-course studies in which liver tissue was examined 1 to 36 hr after carbon tetrachloride administration to chlorodecone treated animals revealed possible mechanisms. It appears that a greater bioactivation of carbon tetrachloride in chlordecone treated animals resulted in an initial potentiation of toxic events in the liver cells. While animals receiving a normally nontoxic dose of carbon tetrachloride alone demonstrate repair and renovation of liver tissue as revealed by greately increased mitotic index after 12 hours, such a renovation process is totally suppressed in animals exposed to chlordecone. [REF-94]

    Exposure to chlordecone (Kepone) is known to increase the hepatotoxicity of chloroform in rats. A time course analysis was conducted relating several indices of biotransformation capacity with the ability of chlordecone to potentiate chloroform induced hepatotoxicity. Male Sprague-Dawley rats were given a single administration of corn oil alone or chlordecone (50 mg/kg, oral) dissolved in corn oil. At 2, 4, 8, 16, 20, 24, or 32 days posttreatment, groups of rats were killed and their livers were analyzed for (i) cytochrome p450, reduced nicotinamide adenine dinucleotide dependent cytochrome c reductase, cytochrome b5, and glutathione content or (ii) in vitro irreversible binding of (14)carbon chloroform derived radiolabel to microsomal protein. Similarly treated rats were challenged (2-32 days posttreatment) with chloroform (0.5 ml/kg oral); 24 hr later, liver damage was assessed by plasma alanine aminotransferase (ALT), plasma ornithine carbamyl transferase (OCT), plasma bilirubin, and hepatic glucose-6-phosphatase. Chlordecone potentiation was maximal 2 days posttreatment; and enhanced susceptibility to carbon tetrachloride persisted up to 20-24 days post-chlordecone treatment. In a parallel study, animals treated with chlorodecone were killed 8, 16, 20, 24, or 32 days later. Blood, kidney, liver, and adipose tissue samples were taken and analyzed for chlordecone content. [REF-95]

    Ip administration of chlordecone (20-80 mg/kg) caused a dose-related fall in the rectal temp of rats at ambient temp of 8 and 22 deg ... chlordecone-induced hypothermia was brought about by a decrease in metabolism. The hypothermia was antagonized by pretreatment of animals with haloperidol (a dopaminergic receptor antagonist), but not by phentolamine (an alpha-adrenergic receptor antagonist), propranolol (a beta-adrenergic antagonist), atropine (a cholinergic receptor antagonist), or p-chlorophenylalanine (a serotonin depletor). [REF-96]

    Rats were given 75 mg/kg of 5,5-diphenylhydantoin (phenytoin) or vehicle 30 min prior to 75 mg/kg of 1,1,1-trichloro-bis-(p-chlorophenyl)ethane (oral) or chlordecone (ip) and tremor was measured 12 hr later. Rats were then killed, and regional brain levels of biogenic amines and their acid metabolites and amino acids were determined. Pretreatment with phenytoin significantly attenuated the tremor produced by 1,1,1-trichloro-bis-(p-chlorophenyl)ethane but enhanced that produced by chlordecone. ... Chlordecone increased glycine, 5-hydroxyindolacetic acid and 4-hydroxyphenylglycol levels. ... Phenytoin significantly enhanced chlordecone-induced increases of 4-hydroxyphenylglycol in the brainstem. [REF-97]

    Intracellular accumulation of calcium(2+) can occur in the livers of animals poisoned with a toxic dose of carbon tetrachloride. Even greater accumulation of cytosolic arsenic(2+) occurred in animals treated with an ordinarily nontoxic dose of carbon tetrachloride in combination with prior exposure to chlordecone. Whether intact perfused livers obtained from animals receiving either carbon tetrachloride (100 ul/kg, ip) alone or in combination with prior dietary exposure to 10 ppm chlordecone for 15 days accumulated (45)calcium from the perfusate was studied. Livers obtained at 0-36 hr after a single carbon tetrachloride injection were perfused with Krebs-Ringer bicarbonate buffer containing erythrocytes, bovine serum albumin, and dextrose. After a 15 min equilibration, (45)calcium was added to the perfusate, and the perfusion was continued for 30 min. In the chlordecone + carbon tetrachloride combination treatment, (45)calcium accumulation followed a biphasic starting at 12 hr after carbon tetrachloride administration. Mitochondrial, microsomal, and cytosolic fractions from perfused liver showed a progressive rise in (45)calcium at late time periods, which is indicative of unregulated entry of extracellular calcium(2+). [REF-98]

    Tvede KG et al; Arch Toxicol (Suppl) 13: 446-7 (1989)] Male Wistar rats were pretreated with chlordecone, 1 mg/kg daily by gavage for 7 days before being injected ip with 2.5 mg/kg of methyl parathion. Two hr after methyl parathion injection, the rats were decapitated and the homogenized brains were assayed for AChE activity. The inhibition of AChE activity in rats injected with methyl parathion pretreated with chlordecone was reduced significantly (8.58 + or - 0.77 uM/min/g) compared to rats given methyl parathion alone (7.99 + or - 0.41 uM/min/g), showing a reduction in toxicity where AChE inhibition by methyl parathion is concerned. 

10***ENVIRONMENTAL FATE AND EXPOSURE POTENTIAL ***

10-1 ENVIRONMENTAL FATE/EXPOSURE SUMMARY:

    Chlordecone release to the environment has occurred as a result of its manufacture and use as an insecticide and as a degradation product of the insecticide Mirex. Chlordecone released to soil will be expected to adsorb to the soil; However, some leaching to the groundwater may occur, especially in sandy soils and other soils with low organic content. Biodegradation and hydrolysis will not be important fate processes but some evaporation may be observed from the surface of the soil. Chlordecone released to the water will be expected to adsorb to the sediment and to bioconcentrate in fish but may not bioconcentrate in crustaceans or other aquatic organisms. It will not be expected to hydrolyze, or biodegrade, and direct photogradation is not expected to be significant compared to other processes. Evaporation from water also should not be significant, with a half-life of 3.8-46 years predicted for evaporation from a river 1 m deep, flowing at 1 m/sec with a wind velocity of 3 m/sec. Chlordecone released to the atmosphere will not be expected to react with photochemically produced hydroxyl radicals or ozone and will not be subject to appreciable direct photodegradation. Chlordecone should be sorbed to particulate matter in the atmosphere and thus subject to gravitational settling. Exposure to chlordecone will occur mainly through the consumption of contaminated foods, especially contaminated fish and seafood. Exposure may also occur in countries may no longer appropriate. 

10-2 ECOTOXICITY VALUES:

  . EC50 CHIRONOMUS 320 UG/L/48 HR @ 22 DEG C (95% CONFIDENCE LIMIT 220-450 UG/L), FOURTH INSTAR, STATIC BIOASSAY /TECHNICAL MATERIAL, 90.7%/ [REF-99, p.45]

  . EC50 DAPHNIA MAGNA 260 UG/L/48 HR @ 17 DEG C (95% CONFIDENCE LIMIT 200-345 UG/L), FIRST INSTAR, STATIC BIOASSAY /TECHNICAL MATERIAL, 90.7%/ [REF-99, p.45]

  . LC50 GAMMARUS PSEUDOLIMNAEUS 180 UG/L/96 HR @ 17 DEG C (95% CONFIDENCE LIMIT 110-290 UG/L), MATURE, STATIC BIOASSAY /TECHNICAL MATERIAL, 90.7%/ [REF-99, p.45]

  . LC50 SALMO GAIRDNERII (RAINBOW TROUT) 30 UG/L/96 HR @ 12 DEG C (95% CONFIDENCE LIMIT 24-38 UG/L), WT 1.1 G, STATIC BIOASSAY /TECHNICAL MATERIAL, 90.7%/ [REF-99, p.45]

  . LC50 ICTALURUS PUNCTATUS (CHANNEL CATFISH) 225 UG/L/96 HR @ 18 DEG C, WT 1.6 G, STATIC BIOASSAY /TECHNICAL MATERIAL, 90.7%/ [REF-99, p.45]

  . LC50 LEPOMIS MACROCHIRUS (BLUEGILL SUNFISH) 72 UG/L/96 HR @ 24 DEG C, WT 2-5 G, STATIC BIOASSAY /TECHNICAL MATERIAL, 90.7%/ [REF-99, p.45]

  . LC50 REDEAR SUNFISH 44 UG/L/96 HR @ 24 DEG C (95% CONFIDENCE LIMIT 41-47 UG/L), WT 1.0 G, STATIC BIOASSAY /TECHNICAL MATERIAL, 90.7%/ [REF-99, p.45]

  . LC50 Cyprinodon variegatus (sheepshead minnow) 69.5 ug/l/96 hr in a flow through bioassay [REF-12, p.788]

  . LC50 Trout 0.066 ppm/24 hr; 0.038 ppm/48 hr; 0.02 ppm/96 hr /Conditions of bioassay not specified/ [REF-12, p.788]

  . LC50 Palaemonetes pugio (decapod) 120.9 ug/l/96 hr in a flow-through bioassay [REF-12, p.788]

  . LC50 Callinectes sapidus (decapod) < 210 ug/l/96 hr in a flow-through bioassay [REF-12, p.788]

  . LC50 Fiddler crab > 1.6 mg/l/24 hr; 1.47 mg/l/96 hr /Conditions of bioassay not specified/ [REF-12, p.788]

  . EC50 Chlorococcum species (algae) 0.35 ug/l/7 days at a temperature of 20 + or - 0.5 deg C in a static system experienced growth retardation. [REF-100, p.32]

  . EC50 Dunaliella tertiolecta (algae) 0.58 ug/l/7 days at a temperature of 20 + or - 0.5 deg C in a static system experienced growth retardation. [REF-100, p.32]

  . EC50 Nitzschia species (algae) 0.60 ug/l/7 days at a temperature of 20 + or - 0.5 deg C in a static system experienced growth retardation. [REF-100, p.32]

  . EC50 Thalassiosira pseudonana (algae) 0.60 ug/l/7 days at a temperature of 20 + or - 0.5 deg C in a static system experienced growth retardation. [REF-100, p.32]

  . LC50 Brevoortia tyrannus (Atlantic menhaden) 17.4 ug/l/96 hr /Conditions of bioassay not specified/ [REF-101]

  . LC50 Menidia menidia (Atlantic silverside) 28.8 ug/l/96 hr /Conditions of bioassay not specified/ [REF-101]

10-3 ENVIRONMENTAL FATE:

  . KEPONE IS VERY STABLE IN ENVIRONMENT. NO DEGRADATION PRODUCTS HAVE BEEN REPORTED, ALTHOUGH ULTRAVIOLET IRRADIATION PRODUCED DECHLORINATED PRODUCTS IN LAB STUDY. [REF-32, p.593]

  . PHOTOPRODUCTS OF KEPONE EXAM BY (13)CARBON & NMR. THEY WERE 1,1A,3,3A,4,5,5, 5A,5B-NONACHLOROOCTAHYDRO-1,3,4-METHENO-2H-CYCLOBUTA(CD)PENTALEN-2-ONE AND 1,1A,3,3A,4,5,5,5A-OCTACHLORO OCTAHYDRO-1,3,4-METHENO-2H-CYCLOBUTA(CD)PENTALEN- 2-ONE. [REF-102]

  . TERRESTRIAL FATE: If chlordecone is released to soil, it will be expected to adsorb to soils; However, some leaching to groundwater may occur, especially in sandy soils and other soils with low organic content. Biodegradation and hydrolysis will not be important fate processes but some evaporation may be observed from the surface of the soil. (SRC) 

  . AQUATIC FATE: If released to water, chlordecone will be expected to adsorb to the sediment. It will be expected to bioconcentrate in fish but has been shown to not bioconcentrate in certain crustaceans. It will not be expected to hydrolyze, biodegrade, or appreciably evaporate. (A half-life of 3.8-46 years has been predicted for evaporation from a river 1 m deep, flowing at 1 m/sec with a wind velocity of 3 m/sec.) No data were found concerning the photodegradation of chlordecone irradiated at environmentally significant wavelengths. No significant direct photodegradation is expected. (SRC) 

  . ATMOSPHERIC FATE: If chlordecone is released to the air, it will not be expected to directly photodegrade or to react with photochemically produced hydroxyl radicals or ozone. However, chlordecone should absorb to particulate matter and be subject to gravitational settling. (SRC) 

  . Aquatic Fate: Low concentrations of /chlordecone/ can cause reductions in both algal growth and invertebrate populations, thereby affecting productivity at other trophic levels. [REF-26, p.9]

  . Aquatic fate: ... Chlordecone and mirex are among the most stable pesticides in the aquatic environment. After 56 days of incubation under both aerobic and anaerobic conditions, there was no evidence of degradation of these two cmpd. [REF-59, p.V1 25]

10-4 BIODEGRADATION:

  . Amount recovered after exposure to marine sediments in sea water under anaerobic and aerobic conditions for 1 yr: 95%(1). No evidence of any degradation was detected for chlordecone exposed to hydrosoils from a reservoir (not previously exposed to chlordecone) and a creek (contaminated with chlordecone) under anaerobic or aerobic conditions for 56 days(2). No degradation of chlordecone exposed to sewage sludge observed under anaerobic conditions for 120 hr(3). No degradation reported of chlordecone exposed to contaminated James River sediments with added autoclaved silty clay loam soil for 52 days at pH 7(4). [REF-103]

  . Microbial action has been shown to transform chlordecone into monohydro- and ... dihydro-chlordecone. [REF-104, p.11]

10-5 ABIOTIC DEGRADATION:
  . Chlordecone is very stable in the environment(1) and is not expected to significantly hydrolyze(SRC). It has been reported that photolysis of chlordecone in the presence of oxygen resulted in the formation of carbon dioxide and hydrogen chloride; However, no data were given concerning the conditions or rates of these processes(1). Irradiation of chlordecone dihydrate with ultraviolet light, including wavelengths <290 nm, resulted in the formation of two compounds which were identical to those formed upon irradiation of Mirex(2). No information was found concerning the absorption spectrum of chlordecone or its behavior when irradiated only at wavelengths >290 nm. In the absence of such data it is not possible to predict the susceptibility of chlordecone to photolysis. No reaction with photochemically produced hydroxyl radicals was predicted(3). [REF-105]

10-6 BIOCONCENTRATION:

  . BCF of chlordecone: fathead minnow, 1100-2200(1); Cyprinodon variegatus, 1548, Leiostomus xanthrus, 1221; Palaemonetes pugio, 698, Callinectes sapidus, 8.1(3); No species reported, 8400(2); Brevoortia tyrannus (Atlantic menhaden), 2300-9750; Menidia menidia (Atlantic silversides), 21700-60200(4). [REF-106]

  . Chlorococcum species (algae) exposed to 100 ug/l/24 hr exhibited a bioconcentration factor of 800X. [REF-12, p.788]

  . Dunaliella tertiolecta (algae) exposed to 100 ug/l/24 hr exhibited a bioconcentration factor of 230X. [REF-12, p.788]

  . Nitzschia species (algae) exposed to 100 ug/l/24 hr exhibited a bioconcentration factor of 410X. [REF-12, p.788]

  . Thalassisiva pseudonana (algae) exposed to 100 ug/l/24 hr exhibited a bioconcentration factor of 520X. [REF-12, p.788]

  . Spartina cynosuroides (giant cordgrass) detritus absorbs kepone from contaminated brackish waters during decomposition. Concentrations of kepone on detritus increased from 0.5 ug/g dry weight after 14 days of decomposition to 4.5 ug/g dry weight after 119 days. [REF-12, p.788]

  . Aquatic laboratory model ecosystem was deployed in an evaluation of the insecticides Mirex and chlorodecone, and the Mirex photodegradation product, photomirex. Chlordecone was degraded to some extent during the 33-day study period. Neither Mirex nor photomirex produced identifiable levels of decompostion products in the water or organisms. All three compounds were biomagnified by the algal, snail, fish, and mosquito species. Chlordecone was the least and photomirex the most bioaccumulative. [REF-107]

  . Sheepshead minnow juveniles exposed to 41-780 ug/l/21 days exhibited a BCF of 2600 /From table/ [REF-59, p.V1 70]

  . Sheepshead minnow adult male exposed to 41-780 ug/l/21 days exhibited a BCF of 7600 /From table/ [REF-59, p.V1 70]

  . Sheepshead minnow adult female exposed to 41-780 ug/l/21 days exhibited a BCF of 5700 /From table/ [REF-59, p.V1 70]

10-7 SOIL ADSORPTION/MOBILITY:

  . Percent chlordecone leached through soil cylinders 80 cm deep, clay loam, 1.2%; Clay, 17.2%; Sandy clay loam, 36.8%; Sandy loam, 28.1%(1). Using a reported range of water solubilities of 2.5-3 ppm(2,3), an estimated range of Koc of 2400-2600 was calculated(4,SRC). A Koc of this magnitude is indicative of slight chemical mobility and leaching potential in soil(5). [REF-108]

10-8 VOLATILIZATION FROM WATER/SOIL:

  . Percent volatilized from loamy soil outdoors in 1 vegetation period, 16%; Percent volatilized per ml evaporated water at 25 deg C from 50 ml water, first hr, 0.025%; Second hr, 0.024%; Percent volatilized from soil, 1st hr (2nd hr), sandy soil, 0.029 (0.036); Loamy soil, 0.038 (0.035); Humus soil, 0.029 (0.032)(1). Using a reported range of water solubilities of 2.5-3ppm(2,3) and a reported range of vapor pressures of 1X10-5 to 1X10-6 mm Hg(1,4), a range of Henry's Law constants of 2.2X10-6 to 1.8X10-7 atm-cu m/mol was calculated for chlordecone(5,SRC). Using this range of calculated Henry constants a half-life of 3.8-46 years was predicted for evaporation from a model river 1 m deep, flowing at 1 m/sec with a wind velocity of 3 m/sec(5,SRC). [REF-109]

11***SOURCES AND CONCENTRATIONS***
11-1 NATURAL OCCURRING SOURCES: 

  . Kepone is not known to occur as a natural product ... [REF-10, p.V20 69]

11-2 ARTIFICIAL SOURCES: 

  . Chlordecone has been released to the atmosphere as a result of its manufacture and use as an insecticide(1). Its use as an insecticide has been banned in the USA(1). Chlordecone also occurs as a degradation product of the insecticide Mirex(1). [REF-110]

11-3 WATER CONCENTRATIONS: 

  . SURFACE WATER: Concentration of kepone residues in water collected from the James River estuary in 1976-78 ranged from 0 to 1.20 ppb. The majority of water samples collected showed no detectable residues. Water column residues varied according to seasonal and spatial differences. Levels peaked during the summer months and averaged higher in the middle reach of the estuary. Residues in the water were 1-5 orders of magnitude lower than reported residues in James River bed sediments. [REF-111]

  . DRINKING WATER: Hopewell, VA where chlordecone was manufactured - detected, not quantified(1). [REF-110]

  . SURFACE WATER: James River, VA: 1979, 20-65 km from mouth, 1-10 parts per trillion, avg 6 parts per trillion chlordecone(1); During dredging operation, July 15 1976, seven stations, 71% pos, concn showed wide variation at different sampling times, surface, 1 sample, 77 parts per trillion, 1.5-6 m depth, 8 samples, 63% pos, 46-579 ppt, avg of pos, 500 parts per trillion(2); Centrifuged and filtered sediment supernatent, 902 ppm, surface water, 897 ppm(2). Chesapeake Bay, July, 1976, 0.04-0.08 ppm(3). Lake Ontario, Lake St. Clair, identified, not quantified, Lake Erie, not detected(4). [REF-112]

11-4 EFFLUENTS CONCENTRATIONS: 

  . Hopewell, VA: sludge near town's sewage treatment plant, 200-600 ppm chlordecone, wastewater at sewage treatment plant, 0.1-10 ppm(1). [REF-110]

11-5 SEDIMENT/SOIL CONCENTRATIONS: 

  . CHLORDECONE WAS DETECTED IN SOIL AT A LEVEL OF 0.02 UG/G 12 YR AFTER APPLICATION AT 1 UG/G MIREX, AND WAS FOUND IN A SHALLOW POND AT A LEVEL OF 10 UG/G 5 YR AFTER THE CRASH OF AN AIRCRAFT CONTAINING MIREX /CHLORDECONE IS A DEGRADATION PRODUCT OF MIREX/. [REF-10, p.V20 69]

  . SEDIMENTS: James River, VA: Jan-March, 1976, 49-870 ppb chlordecone(1); April, 1976, 2070 ppb, July, 15 (during dredging operations), 1400 ppb(1); Dec, 1976-July, 1977, bottom sediments (seds), <0.01-0.15 ppm, channel seds, nd (upstream from source in Hopewell, VA) to 0.18 ppm (approx 30 km downstream from source), bed sediments, <0.03 (Chesapeake Bay, near mouth of James River) to >2.0 ppm (near source)(2). Hopewell, VA, area: Appomatox River, <20 ppb, Bailey Creek, up to 10 ppm(1). SOILS: Concn 12 yr after application of 1 ug/g mirex, 0.02 ppm(3). [REF-113]

  . Chlordecone detected in soil at a level of 0.02 years after application of 1 ug/g of mirex. [REF-114, p.273]

11-6 ATMOSPHERIC CONCENTRATIONS: 

  . SOURCE DOMINATED: Hopewell, VA, 1975, near manufacturing plant, concn, ng/cu m (km distance from plant), May 6, 1.74 (5.21), 1.04 (15.75), 0.17 (20.6), 0.84 (22.72), May 12, not detected, (15.75), 4.94 (22.72), May 18, 4.57 (0.21), 3.63 (5.21), 14.7 (12.57), 20.7 (13.18), May 30, 0.19 (15.75), 1.93 (20.6), 1.41 (22.72) chlordecone(1). Town 16 miles from Hopewell plant, 0.1-20 ng/cu m; Samples 100 m from plant, 0.2-50 mg/cu m(2). [REF-115]

11-7 PLANT CONCENTRATIONS: 

  . Chlordecone increased both the quality and quantity of the cotton yield. Residues in seeds were always <1 mg/kg, despite different application rates. [REF-116, p.34]

11-8 FISH/SEAFOOD CONCENTRATIONS: 

  . James River, VA, wet weight, long term residents: Fish, 9 species, 159 samples, range of species avg, 0.04-2.7 ppm, overall avg 1.32 ppm, shrimp, 2 species, 11 samples, species avg 0.62-2.0 ppm, overall avg 0.98 ppm, crabs, 3 species, 226 samples, species avg 0.19-0.81 ppm, overall avg 0.31 ppm, oysters, 1 species, 140 samples, 0.16 ppm, clams, 1 species, 12 samples, 0.09 ppm; Short term residents: fish, 5 species, 188 samples, species avgs 0.03-0.81 ppm, overall avg 0.46 ppm; Chesapeake Bay, concn, ppm, at 0, 20, 40 and 100 km from James River, respectively: Bluefish, 0.3, 0.18, 0.6, 0.22, croaker, 0.9, 0.09, 0.06, 0.04, spot, 0.8, 1.2, 0.05, 0.03, trout, 0.16, 0.1, 0.08, 0.07, flounder, not reported, 0.16, 0.15, 0.05 ppm chlordecone, respectively(1). James River, VA, fish: 1976 2 species, 62 samples, avgs 0.04-0.18 ppm, overall avg 0.07 ppm, 1980, 5 species, 193 samples, species avgs 0.15-0.59 ppm, overall avg 0.29 ppm, 1981, 4 species, 155 samples, avgs 0.25-0.42 ppm, overall avg 0.41 ppm(6). Virginia, 6 rivers, 67% pos, Mattaponi River, 4 species, 30 samples, 57% pos, range of avgs of pos, <0.01-0.05 ppm, Chickahominy River, 2 species, 18 samples, 100% pos, range of avgs 0.02-0.55 ppm, Pamunkey River, 2 species, 6 samples, 100% pos, avg 0.01 ppm, James River, 4 species, 44 samples, 100% pos, range of avgs pos 0.05-2.8 ppm, Potomac River, 3 species, 8 samples, 0% pos, Rappahannock River, 3 species, 8 samples, 0% pos(2). Estuarine clam (Rangia cuneata), James River (Rappahannock River), monthly avg, wet weight, Sept 1978-Aug 1979, 5 samples each, Tar Bay area, 0.080-0.332 ppm, overall avg 0.21 ppm (0.002-0.329 ppm, overall avg 0.20 ppm), Cobham Bay area, 0.029-0.187 ppm, overall avg 0.10 ppm (0.002-0.219 ppm, overall avg 0.10 ppm)(3). James River, Chesapeake Bay, blue crab eggs, 0.01-0.55 ppm(4). James River estuary, mullet, 0.560 ppm, Chesapeake Bay: Crab, 0.634-1.36 ppm, croaker, 0.066-0.726 ppm, 0.100-0.534 ppm, spot, 0.235-0.670 ppm(5). USA, fish by-products, 1976, found infrequently, not quantified(7). Fish, location (number of samples), ppm concn: 9 sites, 37 samples, 100% pos, Nanticoke(5), <0.02-0.04, Potomac(5), 0.02-<0.05, Sassafras(2), <0.02, Bohemia(5), <0.02, Little Elk(2), <0.02-0.03, Choptank(5), <0.02-0.04, James(5), <0.07-0.09, Rappahannock(4), 0.03-0.08(8). [REF-117]

11-9 ANIMAL CONCENTRATIONS: 

  . Chlordecone residues were found in several species of birds that inhabit the Southeastern United States coast, such as the blue heron, mallard duck, coot, black duck, wood duck, herring gull, Canada goose, hooded merganser, and bald eagle. Residue levels as high as 13.23 mg/kg /were reported/, but typically between 0.02 and 2 mg/kg. Eggs from bald eagles and the osprey ... contained residue levels ranging from 0.14 to 0.19 mg/kg, and 0.06 to 1.5 mg/kg, respectively. [REF-118, p.20]

11-10 MILK CONCENTRATIONS: 

  . Southeastern USA, Feb, 1976, mothers milk, 200 samples, 4.5% pos for chlordecone, detected, not quantified. [REF-110]

  . WHEN CHLORDECONE WAS FED TO DAIRY COWS IN CONCENTRATIONS OF 0.25-5.0 MG/KG IN HAY AND IN FEED-CONCENTRATE FOR 60 DAYS, THE HIGHEST RESIDUE LEVEL IN MILK RECORDED FROM AN INDIVIDUAL COW WAS 0.44 MG/L. [REF-10, p.V20 74]

  . Chlordecone was found in 9 out of 298 samples of human milk with a relatively high detection limit (1 mg/kg). [REF-26, p.19]

12*** HUMAN ENVIRONMENTAL EXPOSURE***
12-1 PROBABLE ROUTES OF HUMAN EXPOSURE: 

  . General population exposure to kepone will occur mainly through the consumption of contaminated fish and seafood. (SRC) 

  . Exposure may result from dermal absorption or by inhalation. [REF-26, p.9]

  . Two sources of chlordecone exposure for infants are insect traps and human milk. [REF-26, p.19]

  . NIOSH (NOES Survey 1981-1983) has statistically estimated that 12,600 workers are potentially exposed to chlordecone in the USA(1). The manufacture and use of chlordecone have been restricted(2), which may have affected the number of people exposed(SRC). [REF-119]

  . Individuals who smoke tobacco which may have been treated earlier with chlordecone. [REF-26, p.19]

  . THE USA DEPARTMENT OF AGRICULTURE (1977) REPORTED 56 INCIDENTS OF NONOCCUPATIONAL HUMAN EXPOSURE TO KEPONE. CHILDREN UNDER 5 YR OF AGE WERE EXPOSED IN 52 OF THE INCIDENTS ... ALL BUT NINE OF THE CHILDREN SUFFERED KEPONE EXPOSURE AT HOME, PRIMARILY BY DEVICES USED FOR THE CONTROL OF ANTS AND COCKROACHES ... [REF-120, p.3737]

12-2 BODY BURDENS: 

  . Southeastern USA, Feb, 1976, mothers milk, 200 samples, 4.5% pos, detected, not quantified(1). Concn in blood of workers who manufacture kepone, 32 workers, 0.165-26 ppm(1). [REF-110]

  . Chlordecone was found in 9 out of 298 samples of human milk with a relatively high detection limit (1 mg/kg). [REF-121, p.19]

  . Of 216 blood samples obtained from healthy members of the general population living within a one mile radius of a chlordecone manufacturing facility, 40 were found to contain detectable amounts of chlordecone ranging from 0.005-0.033 mg/l. [REF-76, p.76]

  . Serum concentrations of chlordecone in 11 occupationally exposed subjects ranged from 0.120 - 2.109 mg/l and average 0.734 mg/l. The average serum half life was found to be 96 days and the average blood/serum concentration ratio, 0.57. [REF-76, p.76]

  . Chlordecone was found present in blood and biopsy tissues of 32 chemical workers exhibiting symptoms of toxicity; average: 5.8 mg/l (blood), 76 mg/kg (liver), 22 mg/kg (fat). [REF-122, p.77]

13*** STANDARDS AND REGULATIONS ***

13-1 IMMEDIATELY DANGEROUS TO LIFE OR HEALTH (IDLH): 

  . NIOSH considers kepone to be a potential occupational carcinogen. [QR] [REF-11, p.184]

13-2 ALLOWABLE TOLERANCES: 

  . All registered products containing kepone were effectively cancelled May 1, 1978. A summary of Kepone products, their registration numbers, effective cancellation dates, and disposition of uses of existing stocks follows: 1. Inaccessible Products: Antrol Ant Trap, Reg No 475-11; Black Flag Ant Trap, Reg No 475-82; Grant's Ant Trap, Reg No 1663-21; Grant's Roach Trap, Reg No 1663-22; Grant's Ant Control, Reg No 1663-24; and Dead Shot Ant Killer, Reg No 274-23 were cancelled as of May 11, 1977. Distribution, sale, and use of existing stocks formulated prior to May 11, 1977 was permitted until such stocks were exhausted. Black Leaf Ant Trap, Reg No 5887-63; Hide Roach and Ant, Reg No 3325-4; Lilly's Ant Trap with Kepone, Reg No 460-17; TNT Roach and Ant Killer, Reg No 2095-2; Johnston's No-Roach Traps, Reg No 2019-19; Mysterious Ant Trap with Kepone, Reg No 395-19; Magikill Ant Trap with Kepone, Reg No 395-21; Magikil Roach trap with Kepone, Reg No 395-25; Ant-Not Ant Trap, Reg No 358-20; Nott Roach Trapp, Reg No 358-129; E-Z Ant Trap Contains Kepone, Reg No 506-109; Tat Ant Trap, Reg No 506-126; and Ant Check Ant Trap, Reg No 506-129 were effectively cancelled on May 1, 1978. Distribution, sale, and use of Kepone products formulated prior to May 1, 1978 was permitted until such stocks were exhausted. 2. Accessible Products: All of these products were cancelled as of December 13, 1977. Distribution, sale, and use of these products is now unlawful. Inaccessible Products: included those which enclosed Kepone traps made from metal or plastic as well as metal stakes containing enclosed Kepone bait which are hammered into the ground. Accessible Products: Included those which, in normal use, would be removed from their containers, as well as foil or cardboard covered traps. [REF-123, p.13]

13-3 NIOSH RECOMMENDATIONS: 

  . Carcinogen; 10 hr TWA 1 ug/cu m; liver function testing required. [REF-124, p.17]

  . NIOSH recommends that kepone be regulated as a potential human carcinogen. [QR] [REF-11, p.184]

  . NIOSH usually recommends that occupational exposures to carcinogens be limited to the lowest feasible concn. [QR] [REF-11, p.184]

  . Recommended Exposure Limit: 10 Hr Time-Weighted avg: 0.001 mg/cu m. [QR] [REF-11, p.184]

13-4 CLEAN WATER ACT REQUIREMENTS: 

  . Designated as a hazardous substance under section 311(b)(2)(A) of the Federal Water Pollution Control Act and further regulated by the Clean Water Act Amendments of 1977 and 1978. These regulations apply to discharges of this substance. [REF-125]

13-5 TRANSPORT METHODS AND REGULATIONS: 

  . PRECAUTIONS FOR "CARCINOGENS": Procurement ... of unduly large amt ... should be avoided. To avoid spilling, carcinogens should be transported in securely sealed glass bottles or ampoules, which should themselves be placed inside strong screw-cap or snap-top container that will not open when dropped & will resist attack from the carcinogen. Both bottle & the outside container should be appropriately labelled. ... National post offices, railway companies, road haulage companies & airlines have regulations governing transport of hazardous materials. These authorities should be consulted before ... material is shipped. /Chemical Carcinogens/ [QR] [REF-18, p.13]

  . PRECAUTIONS FOR "CARCINOGENS": When no regulations exist, the following procedure must be adopted. The carcinogen should be enclosed in a securely sealed, watertight container (primary container), which should be enclosed in a second, unbreakable, leakproof container that will withstand chem attack from the carcinogen (secondary container). The space between primary & secondary container should be filled with absorbent material, which would withstand chem attack from the carcinogen & is sufficient to absorb the entire contents of the primary container in the event of breakage or leakage. Each secondary container should then be enclosed in a strong outer box. The space between the secondary container & the outer box should be filled with an appropriate quantity of shock-absorbent material. Sender should use fastest & most secure form of transport & notify recipient of its departure. If parcel is not received when expected, carrier should be informed so that immediate effort can be made to find it. Traffic schedules should be consulted to avoid ... arrival on weekend or holiday ... /Chemical Carcinogens/ [QR] [REF-18, p.13]

13-6 CERCLA REPORTABLE QUANTITIES: 

  . Persons in charge of vessels or facilities are required to notify the National Response Center (NRC) immediately, when there is a release of this designated hazardous substance, in an amount equal to or greater than its reportable quantity of 1 lb or 0.454 kg. The toll free number of the NRC is (800) 424-8802; In the Washington D.C. metropolitan area (202) 426-2675. The rule for determining when notification is required is stated in 40 CFR 302.4 (section IV. D.3.b). [REF-126]

13-7 RCRA REQUIREMENTS: 

  . As stipulated in 40 CFR 261.33, when kepone, as a commercial chemical product or manufacturing chemical intermediate or an off-specification commercial chemical product or a manufacturing chemical intermediate, becomes a waste, it must be managed according to Federal and/or State hazardous waste regulations. Also defined as a hazardous waste is any residue, contaminated soil, water, or other debris resulting from the cleanup of a spill, into water or on dry land, of this waste. Generators of small quantities of this waste may qualify for partial exclusion from hazardous waste regulations (see 40 CFR 261.5). [REF-127]

13-8 FIFRA REQUIREMENTS: 
  . Pesticide and Review Criteria Possibly Met or Exceeded: Carcinogenicity; Cancellations Issued Prior to Rebuttable Presumption Against Registration/Special Review Process. [QR] [REF-128, p.57]

  . All registered products containing kepone were effectively cancelled May 1, 1978. A summary of Kepone products, their registration numbers, effective cancellation dates, and disposition of uses of existing stocks follows: 1. Inaccessible Products: Antrol Ant Trap, Reg No 475-11; Black Flag Ant Trap, Reg No 475-82; Grant's Ant Trap, Reg No 1663-21; Grant's Roach Trap, Reg No 1663-22; Grant's Ant Control, Reg No 1663-24; and Dead Shot Ant Killer, Reg No 274-23 were cancelled as of May 11, 1977. Distribution, sale, and use of existing stocks formulated prior to May 11, 1977 was permitted until such stocks were exhausted. Black Leaf Ant Trap, Reg No 5887-63; Hide Roach and Ant, Reg No 3325-4; Lilly's Ant Trap with Kepone, Reg No 460-17; TNT Roach and Ant Killer, Reg No 2095-2; Johnston's No-Roach Traps, Reg No 2019-19; Mysterious Ant Trap with Kepone, Reg No 395-19; Magikill Ant Trap with Kepone, Reg No 395-21; Magikil Roach trap with Kepone, Reg No 395-25; Ant-Not Ant Trap, Reg No 358-20; Nott Roach Trapp, Reg No 358-129; E-Z Ant Trap Contains Kepone, Reg No 506-109; Tat Ant Trap, Reg No 506-126; and Ant Check Ant Trap, Reg No 506-129 were effectively cancelled on May 1, 1978. Distribution, sale, and use of Kepone products formulated prior to May 1, 1978 was permitted until such stocks were exhausted. 2. Accessible Products: All of these products were cancelled as of December 13, 1977. Distribution, sale, and use of these products is now unlawful. Inaccessible Products: included those which enclosed Kepone traps made from metal or plastic as well as metal stakes containing enclosed Kepone bait which are hammered into the ground. Accessible Products: Included those which, in normal use, would be removed from their containers, as well as foil or cardboard covered traps. [REF-123, p.13]

14*** MONITORING AND ANALYSIS METHODS ***

14-1 SAMPLING PROCEDURES:

  . NIOSH P&CAM 225: ANALYTE: CHLORDECONE; MATRIX: AIR; PROCEDURE: FILTER/IMPINGER COLLECTION [REF-129, p.V1 225-1]

  . High performance liquid chromatography was used to separate chlordecone (Kepone), and two of its metabolites, hydrochlordecone and dihydroxhlordecone. Elution of the three peaks occured after the solvent concentration reached 100% methanol and was maintained at 100% for approximately five minutes. The method was linear for chlordecone in the concentration range of 10 to 100 ug. [REF-130]

14-2 ANALYTIC LABORATORY METHODS:

  . NIOSH P&CAM 225: ANALYTE: CHLORDECONE; MATRIX: AIR; PROCEDURE: FILTER/IMPINGER COLLECTION, GC ANALYSIS; RANGE: LESS THAN 2 UG/CU M TO GREATER THAN 1 MG/CU M; PRECISION: 0.23 RSD AT 2.5 UG/CU M [REF-129, p.V1 225-1]

14-3 CLINICAL LABORATORY METHODS:

  . SPECIMEN ACIDIFIED & EXTRACTED WITH HEXANE-ACETONE (85:15). AFTER EVAP, RESIDUE TAKEN UP IN 1% METHANOL IN BENZENE & GLC DONE USING ELECTRON CAPTURE DETECTOR & 4% SE-30/6% OV-210 COLUMN. (14)C-KEPONE ADDED TO MONITOR RECOVERY. PRECISION 14%. EXTRACTION EFFICIENCY 74-87% [REF-131]

  . Chlordecone is extracted from acidified blood into benzene. Dilute alkali is used to back-extact the pesticide from the benzene. After acidification of the aqueous phase, benzene containing an internal standard (dieldrin) is used to extract the chlordecone. An aliquot of this solution is analyzed by electron capture gas chromatography. Retention time of chlordecone is 14.5 min. Sensitivity to this procedure is 0.020 - 0.400 mg/l. The coefficient of variation is 4.1% within run. The relative recovery has not been established. [REF-76, p.77]

15*** MANUFACTURING AND USE INFORMATION ***

15-1 METHODS OF MANUFACTURING: 

  . Chlordecone is made by condensation of 2 mol of hexachlorocyclopentadiene in the presence of sulfur trioxide, followed by hydrolysis. [REF-2, p.171]

15-2 FORMULATIONS/PREPARATIONS: 

  . FORMULATIONS INCL 50% WETTABLE POWDER; KEPONE EM-2', 2 LB/US GAL; 5% & 10% GRANULES & DUSTS. PURITY OF TECHNICAL GRADE IS ABOUT 90% ... [REF-132, p.96]

  . Technical grade chlordecone contains from 88.6 to 99.4% /active ingredient/, and 3.5-6.0% water. [REF-26, p.12]

  . CHLORDECONE WAS AVAIL IN THE USA UNTIL 1976 AS A TECH GRADE, TYPICALLY CONTAINING 94.5% OF THE CHEM (72.3% CHLORINE CONTENT), 0.30% METHANOL INSOLUBLES, 5.09% WATER, 0.01% SULFATE, AND 0.10% HEXACHLOROCYCLOPENTADIENE. [REF-10, p.V20 68]

  . Grades or purity: 2%-4% baits [REF-7]

15-3 OTHER MANUFACTURING INFORMATION: 

  . Chlordecone is produced during the synthesis of Mirex. [REF-26, p.15]

  . Chlordecone is a ketone analog of mirex. [REF-133]

  . Manufacture & use have been restricted. [REF-3, p.671]

  . PREPN: GILBERT, GIOLITO, USA PATENTS 2,616,825 & 2,616,928 (1952 TO ALLIED CHEM, REISSUE 24,435; 1958). [REF-9, p.291]

  . ... The only known plant manufacturing ... /Kepone in the USA/ was closed in July 1975. [REF-17, p.205]

  . Discontinued by Allied Chem Co. [REF-6, p.C-169]

15-4 MAJOR USES: 

  . [SRI] INSECTICIDE FOR BANANAS, NON-BEARING CITRUS TREES (FORMER USE), TOBACCO (FORMER USE), ORNAMENTAL SHRUBS, INSECTS IN BUILDINGS (FORMER USE), LAWNS, TURF, & FLOWERS (FORMER USE), INDOOR & OUTDOOR AREAS (FORMER USE) 

  . Base material for the manufacture of kelevan. [REF-26, p.9]

  . ... NORMALLY USED AS MONO- TO TRI-HYDRATE. ... IT IS ... EFFECTIVE AGAINST LEAF-EATING INSECTS, LESS EFFECTIVE AGAINST SUCKING INSECTS, & USEFUL AS LARVICIDE AGAINST FLIES. /FORMER USE/ [REF-132, p.96]

  . Acaricide (former use) [REF-5, p.22]

  . ... As a fungicide against apple scab and powdery mildew /former use/ ... and to control the colorado potato beetle, rust mite on non-bearing citrus, and potato and tobacco wereworm on gladisli and other plants. [REF-26, p.15]

  . Kepone was /formerly/ registered for the control of rootborers on bananas with a residue tolerance of 0.01 ppm. This constituted the only food or feed use of Kepone. Nonfood uses included wireworm control in tobacco fields and bait to control ants and other insects in indoor and outdoor areas. [REF-17, p.205]

  . /CHLORDECONE IS/ REPORTED TO HAVE FUNGICIDAL ACTIVITY AGAINST APPLE SCAB AND POWDERY MILDEW. /FORMER USE/ [REF-134, p.102]

  . ... Kepone ... /is/ used as stomach poisons in the form of bait, and ... /it controls/ slugs, snails, and fire ants. [REF-75, p.62]

15-5 U.S. PRODUCTION:

    [SRI] (1978) NOT PRODUCED COMMERCIALLY IN USA 

    [SRI] (1982) NOT PRODUCED COMMERCIALLY IN USA 

    Estimated average annual production before the shutdown of kepone was 882,000 pounds. [REF-114, p.273]

16*** CHEMICAL AND PHYSICAL PROPERTIES ***

16-1 MOLECULAR WEIGHT             : 490.68 [REF-9, p.291]

16-2 MELTING POINT                : 350 deg C (decomp) [REF-3, p.671]

16-3 VAPOR DENSITY                : 16.94 (AIR= 1) [REF-120, p.3733]

16-4 VAPOR PRESSURE               : LESS THAN 3X10-7 MM HG AT 25 C [REF-135, p.518]

16-5 CORROSIVITY                  : NONCORROSIVE [QR] [REF-10, p.V20 68]

16-6 SOLUBILITIES: 

  . SOL IN STRONGLY ALKALINE AQ SOLN; READILY SOL IN ACETONE, LESS SOL IN BENZENE & LIGHT PETROLEUM [REF-132, p.96]

  . SOL IN HYDROCARBON SOLVENTS; SOL IN ALCOHOLS, KETONES, ACETIC ACID [REF-9, p.292]

  . Soluble in hexane [REF-26, p.11]

  . 0.4% in water at 100 deg C [REF-3, p.265]

  . 0.470 lb/100 lb water at 212 deg F [REF-7]

  . Soluble in organic solvents such as benzene and hexane. [REF-26, p.11]

  . Soluble in light petroleum and may be recrystallized from 85-90% aqueous ethanol. [REF-26, p.11]

16-7 SPECTRAL PROPERTIES: 

  . Intense mass spectral peaks: 272 m/z (100%), 274 m/z (79%), 270 m/z (51%), 237 m/z (45%) [REF-136, p.98]

16-8 OTHER CHEMICAL/PHYSICAL PROPERTIES: 

  . The hydrate /of chlordecone/ is less soluble in polar solvents. Oxygenated solvents such as ketones and alcohols are recommended for the hydrate. [REF-26, p.11]
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