
             1                    ***SUBSTANCE IDENTIFICATION ***

1-1 HSDB CHEMICAL NAME           : CHLORDANE
1-2 CAS REGISTRY NUMBER          : 57-74-9
1-3 SYNONYMS:

    1068 [REF-1, p.V20 45]; M 140 ; M 410 ; ASPON-CHLORDANE ; CD 68 ; CHLOORDAAN (DUTCH) ; CHLORINDAN ; CLORDAN (ITALIAN) ; CORTILAN-NEU ; DOWCHLOR ; ENT 25,552-X ; ENT 9,932 ; ENT-9932 ; HCS 3260 ; Intox 8 [REF-2, p.146]; 4,7-METHANOINDAN, 1,2,4,5,6,7,8,8-OCTACHLORO-3A,4,7,7A-TETRAHYDRO- ; 4,7-METHANO-1H-INDENE, 1,2,4,5,6,7,8,8-OCTACHLORO-2,3,3A,4,7,7A-HEXAHYDRO- ; NCI-C00099 ; 1,2,4,5,6,7,8,8-OCTACHLOOR-3A,4,7,7A-TETRAHYDRO-4,7-ENDO-METHANO-INDAAN (DUTCH) ; OCTACHLORODIHYDRODICYCLOPENTADIENE ; 1,2,4,5,6,7,8,8-Octachloro-4,7-methane-3a,4,7,7a-tetrahydroindane [REF-3, p.321]; OCTACHLORO-4,7-METHANOHYDROINDANE ; 1,2,4,5,6,7,8,8-Octachloro-4,7-methano-3a,4,7,7a-tetrahydroindane [REF-4, p.258]; OCTACHLORO-4,7-METHANOTETRAHYDROINDANE ; Octachloro tetrahydro methanoindan [REF-5, p.112]; 1,2,4,5,6,7,8,8-OCTACHLOR-3A,4,7,7A-TETRAHYDRO-4,7-ENDO-METHANO-INDAN (GERMAN) ; OCTA-KLOR ; OKTATERR ; 1,2,4,5,6,7,8,8-Ottochloro-3a,4,7,7a-tetrahydro-4,7-endo-methano--indaan (Dutch) ; SYNKLOR ; TAT CHLOR 4 ; TOPICLOR ; TOXICHLOR ; VELSICOL 1068 

1-4 MOLECULAR FORMULA            : C10-H6-Cl8 [REF-4, p.258]

1-5 SHIPPING NUMBER/NAME:

    NA 2762; Chlordane, liquid
    UN 2761; Organochlorine pesticides, solid, toxic, not otherwise specified (compounds & preparations)

    UN 2762; Organochlorine pesticides, liquid, flammable, toxic, not otherwise specified, flashpoint less than 23 deg C (compounds & preparation)

    UN 2995; Organochlorine pesticides, liquid, toxic, flammable, not otherwise specified, flashpoint 23 deg C or more
    UN 2996; Organochlorine pesticides, liquid, toxic, not otherwise specified
    IMO 3.0; Organochlorine pesticides, liquid, flammable, toxic not otherwise specified, flashpoint less than 23 deg C
    IMO 6.1; Organochlorine pesticides, solid or liquid, toxic, flammable, not otherwise specified, flashpoint 23 deg C or more
1-6 STCC NUMBER/NAME:

    49 131 70; Chlordane, liquid
    49 093 20; Chlordane, liquid
1-7 ASSOCIATED CHEMICALS         :
        ALPHA-CHLORDANE;5103-71-9
        CHLORDANE-TECHNICAL;12789-03-6
        GAMMA-CHLORDANE;5103-74-2
***2                      DESCRIPTION AND WARNING PROPERTIES ***
2-1 COLOR/FORM:

    AMBER-COLORED VISCOUS LIQUID [REF-3, p.321]

    BROWN LIQ /TECHNICAL GRADE/ [REF-6]

    Colorless, viscous liquid [REF-4, p.258]

    White crystals [REF-7]

    Amber-colored, viscous liquid. [QR] [REF-8, p.56]

2-2 ODOR:

    PENETRATING; AROMATIC; SLIGHTLY PUNGENT, LIKE CHLORINE [REF-6]

    NEARLY ODORLESS [REF-9, p.1200]

    Pungent chlorine-like odor. [QR] [REF-8, p.56]

2-3 ODOR THRESHOLD:

    Odor low: 0.0084 mg/cu m; Odor high: 0.0419 mg/cu m [REF-10]

SKIN, EYE, AND RESPIRATORY IRRITATIONS:

    Technical grade chlordane ... irritating to skin and mucous membranes. [QR] [REF-11, p.2]

***4                          SAFETY HAZARDS AND PROTECTION *** 

4-1 DOT EMERGENCY GUIDELINES: 

  . Health: Toxic; may be fatal if inhaled, ingested or absorbed through skin. Inhalation or contact with some of these materials will irritate or burn skin and eyes. Fire will produce irritating, corrosive and/or toxic gases. Vapors may cause dizziness or suffocation. Runoff from fire control or dilution water may cause pollution. /Organochlorine pesticide, liquid, flammable, poisonous; Organochlorine pesticide, liquid, flammable, toxic; Organochlorine pesticide, liquid, poisonous, flammable; Organochlorine pesticide, liquid, toxic, flammable/ [QR] [REF-12, p.G-131]

  . Fire or explosion: Highly flammable: Will be easily ignited by heat, sparks or flames. Vapors may form explosive mixtures with air. Vapors may travel to source of ignition and flash back. Most vapors are heavier than air. They will spread along ground and collect in low or confined areas (sewers, basements, tanks). Vapor explosion and poison hazard indoors, outdoors or in sewers. Some may polymerize (P) explosively when heated or involved in a fire. Runoff to sewer may create fire or explosion hazard. Containers may explode when heated. Many liquids are lighter than water. /Organochlorine pesticide, liquid, flammable, poisonous; Organochlorine pesticide, liquid, flammable, toxic; Organochlorine pesticide, liquid, poisonous, flammable; Organochlorine pesticide, liquid, toxic, flammable/ [QR] [REF-12, p.G-131]

  . 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 100 to 200 meters (330 to 660 feet) in all directions. Keep unauthorized personnel away. Stay upwind. Keep out of low areas. Ventilate closed spaces before entering. /Organochlorine pesticide, liquid, flammable, poisonous; Organochlorine pesticide, liquid, flammable, toxic; Organochlorine pesticide, liquid, poisonous, flammable; Organochlorine pesticide, liquid, toxic, flammable/ [QR] [REF-12, p.G-131]

  . Protective clothing: Wear positive pressure self-contained breathing apparatus (SCBA). Wear chemical protective clothing which is specifically recommended by the manufacturer. It may provide little or no thermal protection. Structural firefighters' protective clothing is recommended for fire situations only; it is not effective in spill situations. /Organochlorine pesticide, liquid, flammable, poisonous; Organochlorine pesticide, liquid, flammable, toxic; Organochlorine pesticide, liquid, poisonous, flammable; Organochlorine pesticide, liquid, toxic, flammable/ [QR] [REF-12, p.G-131]

  . 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. /Organochlorine pesticide, liquid, flammable, poisonous; Organochlorine pesticide, liquid, flammable, toxic; Organochlorine pesticide, liquid, poisonous, flammable; Organochlorine pesticide, liquid, toxic, flammable/ [QR] [REF-12, p.G-131]

  . Fire: CAUTION: All these products have a very low flash point. Use of water spray when fighting fire may be inefficient. Small fires: Dry chemical, CO2, water spray or alcohol-resistant foam. Large fires: Water spray, fog or alcohol-resistant foam. Move containers from fire area if you can do it without risk. Dike fire control water for later disposal; do not scatter the material. Do not use straight streams. 
. Fire involving tanks or car/trailer loads: Fight fire from maximum distance or use unmanned hose holders or monitor nozzles. 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. For massive fire use unmanned hose holders or monitor nozzles; if this is impossible, withdraw from area and let fire burn. /Organochlorine pesticide, liquid, flammable, poisonous; Organochlorine pesticide, liquid, flammable, toxic; Organochlorine pesticide, liquid, poisonous, flammable; Organochlorine pesticide, liquid, toxic, flammable/ [QR] [REF-12, p.G-131]

  . Spill or leak: Fully encapsulating, vapor protective clothing should be worn for spills and leaks with no fire. ELIMINATE all ignition sources (no smoking, flares, sparks or flames in immediate area). All equipment used when handling the product must be grounded. Do not touch or walk through spilled material. Stop leak if you can do it without risk. Prevent entry into waterways, sewers, basements or confined areas. A vapor suppressing foam may be used to reduce vapors. Small spills: Absorb with earth, sand or other non-combustible material and transfer to containers for later disposal. Use clean non-sparking tools to collect absorbed material. Large spills: Dike far ahead of liquid spill for later disposal. Water spray may reduce vapor; but may not prevent ignition in closed spaces. /Organochlorine pesticide, liquid, flammable, poisonous; Organochlorine pesticide, liquid, flammable, toxic; Organochlorine pesticide, liquid, poisonous, flammable; Organochlorine pesticide, liquid, toxic, flammable/ [QR] [REF-12, p.G-131]

  . 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. Wash skin with soap and water. 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. /Organochlorine pesticide, liquid, flammable, poisonous; Organochlorine pesticide, liquid, flammable, toxic; Organochlorine pesticide, liquid, poisonous, flammable; Organochlorine pesticide, liquid, toxic, flammable/ [QR] [REF-12, p.G-131]

  . Health: Highly toxic, may be fatal if inhaled, swallowed or absorbed through skin. 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. /Organochlorine pesticide, liquid, poisonous; Organochlorine pesticide, liquid, toxic; Organochlorine pesticide, solid, poisonous; Organochlorine pesticide, solid, toxic/ [QR] [REF-12, p.G-151]

  . Fire or explosion: Non-combustible, substance itself does not burn but may decompose upon heating to produce corrosive and/or toxic fumes. Containers may explode when heated. Runoff may pollute waterways. /Organochlorine pesticide, liquid, poisonous; Organochlorine pesticide, liquid, toxic; Organochlorine pesticide, solid, poisonous; Organochlorine pesticide, solid, toxic/ [QR] [REF-12, p.G-151]

  . Public safety: CALL Emergency Response Telephone Number on Shipping Paper. 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. /Organochlorine pesticide, liquid, poisonous; Organochlorine pesticide, liquid, toxic; Organochlorine pesticide, solid, poisonous; Organochlorine pesticide, solid, toxic/ [QR] [REF-12, p.G-151]

  . 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. /Organochlorine pesticide, liquid, poisonous; Organochlorine pesticide, liquid, toxic; Organochlorine pesticide, solid, poisonous; Organochlorine pesticide, solid, toxic/ [QR] [REF-12, p.G-151]

  . 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. /Organochlorine pesticide, liquid, poisonous; Organochlorine pesticide, liquid, toxic; Organochlorine pesticide, solid, poisonous; Organochlorine pesticide, solid, toxic/ [QR] [REF-12, p.G-151]

  . Fire: Small fires: Dry chemical, CO2 or water spray. Large fires: Water spray, fog or regular foam. Move containers from fire area if you can do it without risk. Dike fire control water for later disposal; do not scatter the material. Do not use straight streams. 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. For massive fire, use unmanned hose holders or monitor nozzles; if this is impossible withdraw from area and let fire burn. /Organochlorine pesticide, liquid, poisonous; Organochlorine pesticide, liquid, toxic; Organochlorine pesticide, solid, poisonous; Organochlorine pesticide, solid, toxic/ [QR] [REF-12, p.G-151]

  . Spill or leak: 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. Cover with plastic sheet to prevent spreading. Absorb or cover with dry earth, sand or other non-combustible material and transfer to containers. DO NOT GET WATER INSIDE CONTAINERS. /Organochlorine pesticide, liquid, poisonous; Organochlorine pesticide, liquid, toxic; Organochlorine pesticide, solid, poisonous; Organochlorine pesticide, solid, toxic/ [QR] [REF-12, p.G-151]

  . 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. /Organochlorine pesticide, liquid, poisonous; Organochlorine pesticide, liquid, toxic; Organochlorine pesticide, solid, poisonous; Organochlorine pesticide, solid, toxic/ [QR] [REF-12, p.G-151]

***5                                       FIRE AND REACTIVITY *** 

5-1 FLAMMABLE LIMITS:

    0.7%-5% (in kerosene soln) [REF-6]

5-2 FLASH POINT:

    Solution: 225 deg F (open cup), 132 deg F (closed cup) [REF-6]

5-3 FIRE FIGHTING PROCEDURES: 

  . Fire fighting: Self-contained breathing apparatus with a full facepiece, operated in pressure-demand or other positive-pressure mode. ... [REF-11, p.5]

  . If material on fire or involved in fire: Use water in flooding quantities as fog. Do not extinguish fire unless flow can be stopped. Solid streams of water may be ineffective. Cool all affected containers with flooding quantities of water. Apply water from as far a distance as possible. Use "alcohol" foam, carbon dioxide, or dry chemical. [REF-13, p.156]

5-4 TOXIC COMBUSTION PRODUCTS: 

  . Irritating and toxic hydrogen chloride and phosgene gases may be formed when kerosene solution of compound burns. [REF-6]

  . Temperatures above 200 deg C ... formation of chlorine and hydrogen chloride gases. [REF-11, p.2]

5-5 REACTIVITIES AND INCOMPATIBILITIES: 

  . INCOMPATIBILITIES: LOSES ... CHLORINE IN PRESENCE OF ALKALINE REAGENTS ... SHOULD NOT BE FORMULATED WITH ANY SOLVENT, CARRIER, DILUENT OR EMULSIFIER, WHICH HAS ALKALINE REACTION. [REF-3, p.321]

  . Corrosive to iron and zinc [REF-14, p.A072/Oct 83]

  . Chlordane will attack some forms of plastics, rubber, and coatings. [REF-15]

  . Strong oxidizers, alkaline reagents [QR] [REF-16, p.56]

5-6 DECOMPOSITION: 

  . Hazardous decomposition products: Toxic gases and vapors, such as hydrogen chloride, chlorine, phosgene, and carbon monoxide. ... [REF-11, p.2]

  . Near its boiling point, chlordane decomposes to /chlorine, phosgene, and hydrogen chloride/. [REF-17, p.72]

5-7 OTHER HAZARDOUS REACTIONS: 

  . Chlordane will attack some forms of plastics, rubber, and coatings. [REF-11, p.2]

***6                   PROTECTIVE EQUIPMENT AND CONTROLS *** 

6-1 PROTECTIVE EQUIPMENT AND CLOTHING:

  . RESPIRATOR FOR SPRAYS, FOGS, OR DUST; GOGGLES; RUBBER GLOVES. [REF-6]

  . Employees should be provided with and required to use impervious clothing, ... face shields (eight-inch minimum), and other appropriate protective clothing necessary to prevent any possibility of skin contact. [REF-11, p.2]

  . Respiratory protection for chlordane is as follows: 5 mg/cu m or less: Any chemical cartridge respirator with organic vapor cartridge(s) and dust and mist filter(s), including pesticide respirators which meet the requirements of this class, or any supplied-air respirator, or any self-contained breathing apparatus; 25 mg/cu m or less: A chemical cartridge respirator with a full facepiece, organic vapor cartridges, and dust and mist filters, including pesticide respirators which meet the requirements of this class, a chin-style or front- or back-mounted pesticide gas mask or any supplied-air respirator with a full facepiece, helmet, or hood, or any self-contained breathing apparatus with a full facepiece; 500 mg/cu m or less: A Type C supplied-air respirator operated in pressure-demand or other positive pressure or continuous-flow mode. A powered chemical cartridge respirator with an organic vapor cartridge and a high efficiency filter, including pesticide respirators which meet the requirements of this class; Greater than 500 mg/cu m or entry and escape from unknown concentrations: Self-contained breathing apparatus with a full facepiece operated in pressure-demand or other positive pressure mode, or a combination respirator which includes a Type C supplied-air respirator with a full facepiece, operated in pressure-demand or other positive pressure or continuous-flow mode and an auxiliary self-contained breathing apparatus operated in pressure-demand or other positive pressure mode; Escape: Any gas mask providing protection against organic vapors and particulates, including pesticide respirators which meet the requirements of this class, or any escape self-contained breathing apparatus. [REF-11, p.3]

  . Recommendations for respirator selection. Condition: At concentrations above the NIOSH REL, or where there is no REL, at any detectable concentration. Respirator Classes: 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 with a full facepiece and operated in 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-16, p.56]

  . Recommendations for respirator selection. Condition: Escape from suddenly occuring respiratory hazards: Respirator Classes: 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-16, p.56]

  . 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-16, p.56]

  . Wear appropriate eye protection to prevent eye contact. [QR] [REF-16, p.56]

  . 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-16, p.56]

  . 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-16, p.56]

6-2 OTHER PREVENTATIVE MEASURES:

  . Clothing which has had any possibility of being contaminated with chlordane should be placed in closed containers for storage until it can be discarded or until provision is made for the removal of the chlordane from the clothing. If the clothing is to be laundered or otherwise cleaned ... the person performing the operation should be informed of chlordane's hazardous properties. [REF-11, p.2]

  . Where there is any possibility of exposure of an employee's body to chlordane, facilities for quick drenching of the body should be provided. [REF-11, p.2]

  . Workers subject to skin contact with chlordane should wash with soap or mild detergent and water ... at the end of each work day. Eating or smoking should not be permitted in areas where chlordane is handled, processed, or stored. [REF-11, p.3]

  . IN HANDLING CHLORDANE OR ITS FORMULATIONS CARE SHOULD BE EXERCISED TO AVOID SKIN CONTACT, INHALATION OF DUSTS OR MISTS, & INGESTION. [REF-19, p.C-68]

  . Contact lenses should not be worn when working with this chemical. [QR] [REF-16, p.56]

  . If material not on fire and not involved in fire: Keep sparks, flames, and other sources of ignition away. Keep material out of water sources and sewers. Build dikes to contain flow as necessary. Use water spray to disperse vapors Avoid breathing vapors. Keep upwind. Avoid bodily contact with the material. Do not handle broken packages without protective equipment. Wash away any material which may have contacted the body with copious amounts of water or soap and water. /Chlordane, liquid/ [REF-13, p.156]

  . 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 worker should immediately wash the skin when it becomes contaminated. [QR] [REF-16, p.56]

  . Work clothing that becomes wet or significantly contaminated should be removed and replaced. [QR] [REF-16, p.56]

  . Workers whose clothing may have become contaminated should change into uncontaminated clothing before leaving the work premises. [QR] [REF-16, p.56]

  . 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. 

***7                       STORAGE, CLEANUP AND DISPOSAL *** 

7-1 STABILITY/SHELF LIFE: 

  . DEHYDROHALOGENATES IN PRESENCE OF ALKALI [REF-20, p.505]

7-2 STORAGE CONDITIONS: 

  . Ambient temperature for storage. [REF-6]

  . PRECAUTIONS FOR "CARCINOGENS": Storage site should be as close as practical 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]

  . Glass or steel containers having a protective baked phenolic coating are used for packing emulsifiable concentrates, water emulsions, and oil solutions. Dusts, dust concentrates, and wettable powders are generally placed in multiwall kraft paper bags. [REF-19, p.C-68]

7-3 CLEANUP METHODS: 

  . A PROCESS FOR REMOVING POLLUTANTS FROM DU PONT'S CHAMBERS WORKS PLANT IN DEEPWATER, NJ IS DESCRIBED. PROCESS INVOLVES NEUTRALIZATION OF WASTES & SETTLING, FOLLOWED BY COMBINED POWDERED CARBON-BIOLOGICAL PROCESS. AMONG PESTICIDES LISTED AS PRIORITY POLLUTANTS ARE HEPTACHLOR & CHLORDANE. [REF-21]

  . 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./ Dike surface flow using soil, sand bags, foamed polyurethane, or foamed concrete. Absorb bulk liquids with fly ash, cement powder, sawdust, or commercial sorbents. Apply "universal" gelling agent to immobilize spill. /Chlordane, liquid/ [REF-13, p.156]

  . Environmental considerations: Water spill: Use natural deep water pockets, excavated lagoons, or sand bag barriers to trap material at bottom. If dissolved, apply activated carbon at ten times the spilled amount in region of 10 ppm or greater concentration. Use mechanical dredges or lifts to remove immobilized masses of pollutants and precipitates or greater concentration. /Chlordane, liquid/ [REF-13, p.156]

  . Absorb /small/ spills with paper towels. Place /material/ in hood to evaporate. [REF-22, p.113]

  . Absorb /large/ spills in vermiculite, dry sand, earth, or similar material. [REF-11, p.3]

  . Environmental considerations: Air spill: Apply water spray or mist to knock down vapors. Combustion products include corrosive or toxic vapors. /Chlordane, liquid/ [REF-13, p.156]

  . 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-23]

  . 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 labelled properly ... Waste liquids ... should be placed or collected in proper containers for disposal. The lid should be secured & the bottles properly labelled. 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]

7-4 DISPOSAL METHODS: 

  . Generators of waste (equal to or greater than 100 kg/mo) containing this contaminant, EPA hazardous waste number U036, must conform with USEPA regulations in storage, transportation, treatment and disposal of waste. [REF-24]

  . A potential candidate for liquid injection incineration at a temperature range of 650 to 1,600 deg C and a residence time of 0.1 to 2 seconds. A potential 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. [REF-25, p.3-11]

  . 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-26]

  . 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-27]

  . No practical chemical treatment is available for chlordane at this time. The basic objection to the use of alkali treatment is that several days to weeks contact time may be required to insure complete hydrolysis. For the disposal of excess chlordane: Incineration @ 980-1100 deg C, with a residence time of a minimum of 1 sec. For the decontamination of chlordane containers, the triple rinse is recommended. "Triple rinse" means the flushing of containers three times, each time using a volume of the normal diluent equal to approx 10% of the container's capacity, and adding the rinse liquid to the spray mixture or disposing of it by a method prescribed for disposing of the pesticide. Recommendable method: Incineration. [REF-28, p.208]

  . The following wastewater treatment technologies have been investigated for chlordane: Concentration process: Biological treatment. [REF-29, p.E-55]

  . The following wastewater treatment technologies have been investigated for chlordane: Concentration process: Activated carbon. [REF-29, p.E-169]

  . 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]

*** 8                   HEALTH HAZARDS AND TOXIC EFFECTS *** 

8-1 NON-HUMAN TOXICITY VALUES:

    LD50 RAT PERCUTANEOUS 690 MG/KG ACUTE, FEMALE [REF-30, p.564]

    MIN ORAL TOXIC DOSE FOR YOUNG CALF IS ABOUT 25 MG/KG. [REF-31, p.144]

    LD50 Rat (new-born) 539 mg/kg (pretreatment with 40 mg/kg sodium phenobarbital). [REF-32, p.C-9]

    LD50 Rat oral 590 mg/kg [REF-33, p.114]

    LD50 Mouse oral 430 mg/kg [REF-33, p.114]

    LD50 Rabbit oral 300 mg/kg [REF-33, p.114]

    LD50 Rat dermal 590-840 mg/kg [REF-33, p.114]

8-2 HUMAN TOXICITY EXCERPTS:

    AN INDEPENDENT EPIDEMIOLOGIC STUDY WAS CONDUCTED AT VELSICOL PLANT IN MARSHALL, IL, TO DETECT ANY POSSIBLE ADVERSE EFFECTS ON EMPLOYEES DUE TO EXPOSURE TO CHLORINATED HYDROCARBON INSECTICIDES OVER THE PAST 34 YR. IT WAS CONCLUDED THAT THE RESULTS SUPPORT EARLIER EVIDENCE OF NO INCREASED PREVALENCE OF CANCER IN CHLORDANE MANUFACTURING WORKERS. [REF-34]

    Purified chlordane at a concn of 100 ug/l was reported to induce cytotoxic effects in human HeLa cell cultures including growth inhibiting and alteration of cell morphology. [REF-35, p.C-8]

    Effects of over-exposure may include: shaking, blurred vision, irritability, confusion, delirium, and staggering, ... cough, vomiting, ataxia, and diarrhea. [REF-11, p.1]

    A suicidal person who ingested 6 g (104 mg/kg) of chlordane in talc ... burns of the mouth, severe gastritis, diffuse pneumonia, anuria, mania, and convulsions; Death ... after 9.5 days; Autopsy findings: ... severe necrotizing bronchopneumonia and degeneration of renal tubule epithelium. [REF-11, p.1]

    ... 25 PREVIOUSLY REPORTED CASES OF BLOOD DYSCRASIA ASSOCIATED WITH EXPOSURE TO CHLORDANE OR HEPTACHLOR EITHER ALONE OR IN COMBINATION WITH OTHER DRUGS, IN CONJUNCTION WITH 3 NEWLY DIAGNOSED CASES OF APLASTIC ANEMIA & 3 OF ACUTE LEUKEMIA ASSOCIATED WITH PRIOR HISTORY OF EXPOSURE TO TECHNICAL-GRADE CHLORDANE CONTAINING 3-7% HEPTACHLOR /REVIEWED/. DURING THE PERIOD DEC 1974-FEB 1976, 5 OF 14 CHILDREN WITH NEUROBLASTOMA ADMITTED TO ONE PEDIATRIC HOSPITAL HAD A POSITIVE HISTORY OF PRE- OR POSTNATAL EXPOSURE TO TECHNICAL-GRADE CHLORDANE CONTAINING 3-7% HEPTACHLOR; HISTORY OF EXPOSURE TO CHLORDANE HAD NOT YET BEEN ASCERTAINED FOR THE REMAINING 9 CASES. [REF-1, p.V20 57]

    SYMPTOMATOLOGY: 1. Earliest signs of poisoning are increased sensitivity to stimuli due to hyperexcitability of the central nervous system, generalized hyperactive reflexes, muscle twitching, tremor, incoordination, ataxia, and clonic convulsions with or without coma. Cycles of excitement and depression may be repeated several times. 2. Liver damage as a possible late manifestation. 3. Anorexia and weight loss. 4. Severe gastroenteritis has been described in one of the fatal human poisonings. [REF-36, p.III-109]

    A prospective mortality study was conducted of the 800 employees who worked 3 months or more during the period January 1946 through June 1985, in the only plant in the USA where the termiticide chlordane has been produced. The study covers the entire period of chlordane production to date and includes 7,347 person-years of employment at the chlordane plant and 21,585.5 person-years of follow-up since commencement of employment. All but three former employees considered to be alive at the end of the study period were either contacted directly or were identified as alive by a variety of reliable sources. Death certificates were obtained for 161 of the 181 decendents and reliable causes of death were reported for additional 11 cases. Overall death rate was slightly less than expected but not to the level of statistical significance. Production workers with higher pesticide blood levels had lower standardized mortality ratios for cancer than nonproduction employees, and there appears to be an inverse relationship of cancer mortality to length of employment. An unexplained excess of cerebrovascular deaths was observed, offset by a lesser degree of cardiovascular deaths. [REF-37]

    POSSIBLE ASSOC FOUND BETWEEN CHLORDANE & HEPTACHLOR & NEUROBLASTOMAS, APLASTIC ANEMIAS & ACUTE LEUKEMIA. [REF-38]

    In a cross-sectional study of 51 male pest control operators exposed to chlordane, the relationship between chlordane and its metabolites in the blood and spraying conditions was evaluted. Controls were 19 workers with no experience of spraying chlordane. No information was provided on exposure levels Duration of employment ranged from 0.5-21 yrs with a mean of 6.1 yrs. The concentration of chlordane and its metabolites (trans-nonachlor, oxychlordane, heptachlor epoxide) were all below the detectable level in the nonexposed group. Among exposed workers, trans-nonachlor was detected in 37% (mean concentration 0.55 ppb), oxychlordane in 22% (mean 0.29 ppb), and heptachlor epoxide in 20% (mean 0.29 ppb). The concentration of chlordane and its metabolites in the blood of exposed workers was significantly correlated with the amount of chlordane sprayed (r= 0.68, p<0.001), and the number of to medical examination (r= 0.78 last 12 mo prior; r= 0.81 last 3 mo prior; p< 0.001) but not with age or duration of employment. [REF-39]

    IT HAS BEEN ESTIMATED THAT FATAL ORAL DOSE FOR ADULT LIES ... BETWEEN 6 & 60 G, WITH ONSET OF SYMPTOMS WITHIN 45 MIN TO SEVERAL HOURS AFTER INGESTION. [REF-36, p.II-185]

    EPA HAS INITIATED NEW REVIEWS OF THE ANTITERMITE PESTICIDE CHLORDANE. THE REVIEW WAS CALLED DUE TO EVIDENCE THAT CHLORDANE WAS MIGRATING FROM SOIL UNDER SLAB CONSTRUCTION HOUSES & FROM PLENUM AREAS INTO AIR DUCTS FOR HEATING & COOLING HOMES. EXAMPLES WERE CITED IN MILITARY HOUSING AT WRIGHT-PATTERSON & SCOTT AIR FORCE BASES IN DAYTON, OH & IN BELLVIEW, IL. EXISTING STUDIES CONFLICT IN THEIR ESTIMATES OF CHLORDANE TOXICITY. [REF-40]

    Organochlorines are CNS stimulators that produce apprehension, excitability, paresthesias, dizziness, headache, disorientation, and tremor progressing to stupor, coma, and convulsions in severe cases. Organochlorines may enhance myocardial irritability, leading to cardiac dysrhythmias after heavy exposures. Serious complications involve seizures with resultant hypoxemia, severe metabolic acidosis, and death. Intoxication from acute oral exposures generally begins within 45 minutes to several hours. Subacute toxicity has been reported after the extensive and careless use of chlordane over several weeks. Symptoms included paresthesias, anorexia, nausea, fatigue, and malaise. /Organochlorines/ [REF-41, p.1078]

    Clinical manifestations following ingestion include apprehension, agitation, vomiting, gastrointestinal upset, abdominal pain, and CNS depression. Convulsions may occur at higher doses and may be preceded by symptoms of ataxia, muscle spasms, and fasciculations. /Chlorinated hydrocarbon insecticides/ [REF-42, p.935]

    ... No illness among workers as a result of exposure to chlordane and aldrin at 5 mg/cu m for from one to three years. Examination of 22 workers for signs and symptoms manifested in exposed animals, loss of weight, anorexia, nervous disorders and disturbances of vision and respiration, revealed none of these conditions during manufacture and formulation at air concentrations at times exceeding 5 mg/cu m. Moreover, it should be noted that the study was made at a time before newer production methods had refined the products and reduced their toxicity. [REF-33, p.114]

    The fatal human dose is estimated to be around 6 g, and convulsive symptoms have occured with as little as 2.25 g. Topical skin application of about 30 g to an adult resulted in death in 40 minutes ... . [REF-33, p.114]

    The chief toxic action of the organochlorine pesticides is on the central nervous system, where these compounds interfere with fluxes of cations across nerve cell membranes, increasing neuronal irritability. This effect is manifest mainly as convulsions, sometimes limited to myoclonic jerking, but often expressed as violent seizures. ... Convulsions may cause death by interfering with pulmonary gas exchange and by generating severe metabolic acidosis. Various disturbances of sensation, coordination, and mental function are also characteristic of acute organochlorine poisoning. High tissue concentrations of organochlorines increase myocardial irritability, predioposing to cardiac arrhythmias. When tissue organochlorine concentrations drop below threshold levels, recovery from the poisoning occurs. Organochlorines are not cholinesterase inhibitors. /Solid organochlorine insecticides/ [REF-43]

    The toxic effectsof the organochlorine insecticide chlordane were compared in man and rats. Analysis of blood for chlordane metabolites showed their presence in the descending order of trans-nonachlor, oxychlordane, hepatachlorepoxide and cis-nonachlor. The total range of chlordane and its metabolites in the sera of workers was 9.84 : 4.47 ng/g. Serum levels of triglycerides, creatine phosphokinase and lactate dehydrogenase activities were also found to be higher in pest control operators. In a simultaneous study, rats were administered 100 mg/kg body wt of chlordane by stomach tube once a day for 4 days, whereas 50 mg/kg body wt of chlordane was injected intraperitoneally once a day for 4 days. The data show that total cholesterol and serum triglycerides as well as creatine phosphokinase and lactate dehydrogenase activities are increased after chlordane treatment. The isoenzyme patterns suggest that an increase in creatine phosphokinase and lactate dehydrogenase is related to skeletal muscle. Furthermore, the hepatotoxicity of chlordane was also studied in rats only. A significant increase in liver weight, its water content, total lipids, triglycerides and phospholipids was recorded. Chlordane induced lipiod peroxidation in the liver, exhibiting a dose-response relationship. Although no appreciable effect on mitochondrial function and latent ATPase activity was observed, 2,4-dinitrophenol stimulated ATPase activity was inhibited. Histological examination of the liver confirmed fatty infiltration induced by chlordane in rats. [REF-44]

    A cohort of 16,124 male pesticide applicators was matched with Social Security Administration and National Death Index files through 31 December 1984. In all, 1,082 deaths were ascertained, and death certificates were obtained for 994 (92%). The standardised mortality ratio for all causes of death was 98. Although a number of specific causes of death showed standardised mortality ratios significantly below 100, one category of cause of death showed a significantly elevated standardised mortality ratio - cancer of the lung, with an standardised mortality ratio of 135. Termite control operators - the group with the greatest likelihood of exposure to chlordane and heptachlor - had an standardised mortality ratio for lung cancer of 97, compared with 158 for other
    pesticide operators. The excess of lung cancer in the non-termite control workers was limited to operators employed as such for less than 5 yr. [REF-45]

    Environmental and area air samples were analyzed for chlordane at Lauinger Library, Georgetown University (SIC-8231), Washington, DC, in October, 1983. NIOSH was requested to evaluate residual chlordane concentrations following cleanup of an accidental spill that occurred 6 months earlier. Several employees had experienced headaches, nausea, and irritability following the incident. Twelve current and one former employee were interviewed. Blood samples were collected and analyzed for chlordane and the chlordane metabolites heptachlor epoxide and oxychlordane. Air samples contained 0.1 to 0.3 ug/cu m chlordane and wipe samples contained 0.1 to 0.3 ug per sample. The current OSHA standard for chlordane is 500 ug/cu m. Ten employees reported having dermal or inhalation exposure to the spill. Three reported having gastrointestinal and neurological symptoms, while six others had gastrointestinal symptoms alone or isolated neurological symptoms after the incident. No chlordane was found in any of the blood samples. Only one sample had a detectable amount, 2 ppb, of heptachlor epoxide plus oxychlordane. The authors conclude that cleanup of the spill has effectively removed all but trace amounts of chlordane. The authors recommend monitoring quarterly for 1 year to insure that chlordane concentrations do not increase. [REF-46]

    Human milk samples obtained from 1436 women residing in the United States were analyzed by GLC for the chlorinated hydrocarbon insecticides--dieldrin, chlordane, heptachlor, heptachlor epoxide, oxychlordane and Mirex. Dieldrin was found above the detection limit (1.0 ppb) in over 80% of all the samples collected. Chlordane was not found in any of the 1436 milk samples but its metabolite, oxychlordane, was found above the detection limit in 74% of the samples. Although heptachlor was recovered in less than 2% of the samples, its metabolite, heptachlor epoxide, was found above the detection limit in 63% of the samples. It was of considerable interest that Mirex was not positively identified in any of the samples. The proportion of samples with values above the detection limit for dieldrin, heptachlor epoxide and oxychlordane varied significantly among the five geographic regions with the southeastern United States having the highest mean residue level for each of these three contaminants. For the United States the mean fat adjusted residue levels of those samples above the detection limit were 164.2 ppb for dieldrin, 91.4 ppb for heptachlor epoxide, and 95.8 ppb for oxychlordane. [REF-47]

    Chlordane has been widely used to protect soil and house foundations against termite infestation. Pest control operators are occupationally exposed to chlordane. Therelationship between chlordane and its metabolites in blood of pest control operators and spraying conditions were investigated. Chlordane and its metabolites were detected in the blood of some chlordane-exposed pest control operators, but not in that of the controls. Trans-nonachlor and the metabolites oxychlordane and heptachlor epoxide were detected in the blood of pest control operators. Total concentration of chlordane and its metabolites in blood (trans-nonachlor + oxychlordane + heptachlor epoxide) was less than 5.6 ppb (mean: 0.89 ppb). The concentration of chlordane and its metabolites in blood of chlordane-exposed pest control operators was significantly correlated with the number of spraying days and the amount of chlordane sprayed, particularly with a large correlation coefficient (r = 0.81, p< 0.001) with the spraying days in the three months prior to the medical examination. The concentration of chlordane and its metabolites in blood is considered to be a useful indicator of biological monitoring for chlordane exposed workers. [REF-48]

8-3 NON-HUMAN TOXICITY EXCERPTS:

    PURE CHLORDANE WAS NOT MUTAGENIC IN ANY STRAIN OF SALMONELLA TYPHIMURIUM (TA1535, TA1537, TA1538, TA98, TA100) THAT WAS TESTED. CHLORDANE INDUCED GENE CONVERSIONS IN SACCHAROMYCES CEREVISIAE STRAIN D4. [REF-1, p.V20 55]

    GROUPS OF 50 MALE & 50 FEMALE, 5 WK OLD OSBORNE-MENDEL RATS WERE ADMINISTERED ANALYTICAL GRADE CHLORDANE IN DIET FOR 80 WK, AT INITIAL DOSE LEVELS OF 400 & 800 MG/KG FOR MALES & 200 & 400 MG/KG FOR FEMALES. THESE WERE REDUCED DURING EXPERIMENT DUE TO ADVERSE TOXIC EFFECTS; THE TIME-WEIGHTED AVG DIETARY CONCENTRATIONS WERE 407 & 203 MG/KG DIET FOR MALES & 241 & 121 MG/KG FOR FEMALES. THERE WERE 10 MALE & 10 FEMALE MATCHED CONTROLS & 60 MALE & 60 FEMALE POOLED CONTROLS. ... IN ALL TREATED ANIMALS COMBINED THERE WAS AN EXCESS INCIDENCE OF FOLLICULAR CELL THYROID NEOPLASMS 10/75 IN TREATED FEMALES & 7/65 IN TREATED MALES VERSUS 0/10, 3/58, 0/6 & 4/51 IN MATCHED & POOLED FEMALE & MALE CONTROLS; THERE WAS AN EXCESS OF MALIGNANT FIBROUS HISTIOCYTOMAS IN ALL TREATED MALES (8/88 VERSUS 0/8 & 2/58 IN MATCHED & POOLED CONTROLS). [REF-1, p.V20 53]

    GROUPS OF 50 MALE & 50 FEMALE B6C3F1 HYBRID MICE, 5 WK OF AGE, WERE FED ANALYTICAL-GRADE CHLORDANE, CONSISTING OF 94.8% CHLORDANE (71.7% CIS-CHLORDANE & 23.1% TRANS-CHLORDANE), 0.3% HEPTACHLOR, 0.6 NONACHLOR, 1.1% HEXACHLOROCYCLOPENTADIENE, 0.25% CHLORDENE ISOMERS & OTHER CHLORINATED COMPOUNDS) FOR 80 WEEKS. MALES RECEIVED INITIAL LEVELS OF 20 & 40 MG/KG DIET, & FEMALES 40 & 80 MG/KG DIET; TIME-WEIGHTED AVG DIETARY CONCENTRATIONS WERE 30 & 56 MG/KG DIET FOR MALES & 30 & 64 MG/KG DIET FOR FEMALES. THERE WERE 20 MALE & 10 FEMALE MATCHED CONTROLS & 100 MALE & 80 FEMALE POOLED CONTROLS. ... A DOSE-RELATED INCREASE IN INCIDENCE OF HEPATOCELLULAR CARCINOMAS WAS FOUND IN MALES & FEMALES IN THE HIGH-DOSE GROUP. THE INCIDENCES WERE 43/49 & 34/49 IN HIGH-DOSE MALES & FEMALES, RESPECTIVELY, & 16/48 & 3/47 IN LOW-DOSE MALES & FEMALES, RESPECTIVELY, COMPARED WITH 2/18 & 0/19 IN MALE & FEMALE MATCHED CONTROLS, RESPECTIVELY. [REF-1, p.V20 53]

    RESULTS OF CHRONIC FEEDING OF CYCLODIENES TO LABORATORY ANIMALS ARE EXTRAORDINARILY SEVERE, & TRUE NO ADVERSE EFFECT DOSAGES HAVE NEVER BEEN DETERMINED FOR SOME COMPOUNDS, SUCH AS ... CHLORDANE. TOXICOLOGICAL EVALUATION IS COMPLICATED BY IN VIVO CONVERSION OF CYCLODIENES TO EPOXIDES BY MICROSOMAL OXIDN ... & CHLORDANE ISOMERS TO OXYCHLORDANE. ... CHLORDANE FED TO RATS AT 2.5 PPM CAUSED SLIGHT LIVER DAMAGE. [REF-30, p.564]

    WHEN GIVEN DAILY ORAL DOSE OF 10 MG/KG, RABBITS DIED BEFORE THEY HAD RECEIVED TOTAL DOSE OF ABOUT TWO-THIRDS OF THE SINGLE LETHAL DOSE. FATAL POISONING HAS BEEN INDUCED EXPERIMENTALLY IN SHEEP & GOATS BY 6 T0 8 DIPPINGS AT 4-DAY INTERVALS IN SUSPENSION CONTAINING 1.5% CHLORDANE. 4 SPRAYINGS WITH SUSPENSION CONTAINING 2% CHLORDANE WETTABLE POWDER AT FORTNIGHTLY INTERVALS WERE FATAL IN CATTLE. A SINGLE EXPOSURE TO SIMILAR SPRAY WAS FATAL TO 6-WK-OLD POULTS. [REF-31, p.143]

    ACUTE SYMPTOMS /MALLARDS/: ATAXIA, TAIL UP, USE OF WINGS FOR BALANCE IN WALKING, FALLING, PHONATION, NECK MUSCLE TWITCHES, TREMORS. SYMPTOMS APPEARED AS SOON AS 5 MIN AFTER SINGLE ORAL ADMIN & PERSISTED ... UP TO 1 OR 4 WK. MORTALITIES OCCURRED BETWEEN 1 & 8 DAYS. [REF-49, p.35]

    CHLORDANE ... /PRODUCES/ A CERTAIN DEGREE OF VASCULAR DAMAGE. SUBCUTANEOUS PETECHIAE & ECCHYMOSES IN INTESTINES & MYOCARDIUM HAVE BEEN DESCRIBED. [REF-31, p.146]

    CHRONIC POISONING IN ANIMALS PRODUCES INANITION & DEGENERATIVE LESIONS IN ... RENAL TUBULES. [REF-36, p.II-185]

    ... IN 2-YR CHRONIC FEEDING STUDY ... /WITH RATS/ RETARDATION OF GROWTH /NOTED/ AT CONCENTRATIONS OF 150 & 300 PPM IN THE DIET. ... LIVER DAMAGE WAS MARKED AT 150 & 300 PPM BUT SLIGHT AT 30, MINIMAL AT 10, & ABSENT AT 5 PPM. ... MARKED INJURY /TO KIDNEY/ AT 150 & 300 PPM. LUNG SHOWED MARKED DAMAGE AT 300 PPM. [REF-50, p.3721]

    TOXICITY OF CHLORDANE TO VARIOUS STAGES OF DUNEGRASS CRAB, CANCER MAGISTER, WAS EXAM TO ESTABLISH THE MOST SENSITIVE LIFE STAGE. THE ZOEAL STAGE WAS MOST SENSITIVE IN LONG-TERM TESTS. MAX ACCEPTABLE TOXICANT CONCN FOR CONTINUOUS EXPOSURES OF CANCER MAGISTER ZOEAE WAS 0.015 UG/L. [REF-51, p.(1979)]

    CHLORDANE WAS FOUND NOT TO BE TERATOGENIC IN RATS AT 150-300 PPM IN DIET. [REF-30, p.567]

    CHLORDANE FED AT 56 PPM PRODUCED 88.9% HEPATOCELLULAR CARCINOMA IN MALE MICE, COMPARED WITH 10% IN CONTROLS, & 64 PPM PRODUCED 69.6% HEPATOCELLULAR CARCINOMA IN FEMALE MICE ... WITH 0% IN CONTROLS. [REF-30, p.566]

    Chlordane (75% EC at 2250 ppm) gave 100% mortality of L africanus. It was tested by exposing the beetles to treated wood boards. The residual effects were not correlated with the initial kill. Chlordane ... had high residual toxicity /the powder post beetle, Lyctus africanus/. [REF-52]

    Three insecticides showed contact toxicity ... to the cockroach, Periplaneta americana, in the following order: chlordane > malathion > fenitrothion. The susceptibility to the insecticides depended on the diet. ... Cockroaches reared on spinach were more susceptible than those reared on a mixture of bread, milk, and sugar. [REF-53]

    A long-term study ... was conducted in cohort groups of identically treated mice to determine if prenatal exposure to chlordane had a persistent effect on endocrine function over the lifespan of the exposed offspring as determined by alterations in plasma concentrations of corticosterone at 400 and 800 days of age. Results suggest that prenatal exposure to nonteratogenic doses of chlordane (1) had a significant effect on endocrine funtion (corticosterone control), (2) affected males more than females, and (3) produced changes (increased plasma corticosterone levels) which were detectable at adulthood and persisted into middle age. The mechanisms responsible for these persistent changes in corticosterone metabolism remain to be elucidated. [REF-54]

    FRESHWATER FISH (SACCOBRANCHUS FOSSILIS) WERE EXPOSED TO DIFFERENT CONCN OF CHLORDANE WHILE ROUTINE OXYGEN CONSUMPTION WAS DETERMINED IN 6 CONTINUOUS FLOW RESPIROMETERS. THREE WELL-MARKED PHASES OF TOXICITY WERE NOTED: SENSITIZATION (FISH SENSE TOXIC ENVIRONMENT), RESPONSE (FISH EXHIBIT HYPERACTIVITY), & NORMALIZATION (FISH BECOME ACCLIMATED TO THE CONTAMINATED ENVIRONMENT). OXYGEN UPTAKE DATA SHOW CRITICAL THRESHOLD TIME FOR HYPERACTIVE RESPONSE: 8-36 HR FOR CHLORDANE. IT IS NOT KNOWN WHETHER THE HYPERACTIVITY IS DUE TO TOXICANT ACTION ON SENSORY FIBERS, OR DIRECTLY ON MOTOR NERVES OR BRAIN CENTERS. [REF-55]

    Cricket nymphs (Acheta pennsylvanicus) were treated with the publicly available, commercial forms of 2 generically termed insect stomach poisons; chlordane and rotenone, and the resulting tissue changes were histologically compared against a control group. Examination utilized stained and unstained slides of the insect's fat body, alimentary tract, and Malpighian tubules. The 2 dissimilar operating insecticides shared common effects such as the storage of dark bodies in the fat body, and the structural disruption of the caecal lining and the Malpighian tubules. In addition, a unique effect of chlordane was the striking ability to rapidly penetrate the internal digestive tract cuticle lining of the proventricular plates resulting in cellular damages. [REF-56]

    Various toxicological and immunological parameters were assessed after exposure of female B6C3F1 mice to 0.1, 1.0, 4.0, and 8.0 mg/kg gamma-chlordane for 14 days via oral gavage. Variables evaluated included periodic body wt, terminal organ wt, hematology including leukocyte differentials, antibody response to sheep red blood cells, lymphoproliferative responses to the mitogens phytohemaglutinin, concanavalin A, and lipopolysaccharide and allogeneic cells, and the delayed hypersensitivity response to keyhole limpet hemocyanin. When compared to the corn oil (vehicle) controls, chlordane produced a significant, dose-related increase in liver wt. Total leukocytes were significantly increased in chlordane treated groups and seemed to be due to a significant increase in the lymphocyte population. Humoral immunity, as assessed by enumeration of sheep red blood cell-specific IgM antibody forming cells and proliferation of lipopolysaccharide-stimulated spleen cells, was not significantly altered in mice exposed to chlordane. In vitro evaluation of cell-mediated immunity, as measured by proliferation of concanavalin A and phytohemagglutinin-stimulated spleen cells from chlordane treated animals, indicated as significant and dose related increase. The response to allogeneic cells was also enhanced. Results from an in vivo indicator of cell-mediated immune status, the delayed hypersensitivity response to keyhole limpet hemocyanin, did not support chlordane-enhanced T-cell function suggested by mitogen and mixed lymphocyte responses. [REF-57]

    Toxicokinetic parameters of gamma-chlordane after oral administration of various doses of radio-labelled gamma-chlordane (50 ug/kg-10 mg/kg) groups. Distributions of gamma-chlordane ... into the liver and kidney was rapid while accumulation in adipose tissues was relatively slow. Concentrations of gamma-chlordane in adipose tissues became highest at 16 hr after administration and became about 10 times more than those in the liver. The initial concentrations of gamma-chlordane calculated by two compartment open model in high dose group (10 mg/kg) were about 200-300 times higher than those in low dose group (50 ug/kg). Half-lives of gamma-chlordane in low dose group had a tendency to be a little longer than those in high dose group. This difference seemed to be caused by the accumulation of oxychlordane in low dose group. [REF-58]

    ... RECOGNIZED AS INDUCER OF HEPATIC MICROSOMAL ENZYME ACTIVITY. ... [REF-36, p.II-185]

    Repeated application of 50 mg/kg to the skin of rats for 3 or 4 days caused 100% fatalities. [REF-33, p.114]

    Daily oral doses of chlordane in cottonseed oil of 50 mg/kg for 2 weeks or less resulted in significant mortality, whereas 25 mg/kg during the same period of time was tolerated, suggesting that chlordane effects at higher dosage levels may be cumulative. [REF-33, p.114]

    The liver appeared to be the only organ showing either gross or microscopic changes in rats on diets containing 0.008, 0.15 and 0.032% chlordane for 407 days; liver cells, their nuclei and
    nucleoli, were significantly enlarged, and inclusions were commonly seen in liver cells of male rats at the higher dietary levels. No other organs or tissues, including the blood, showed alterations ascribable to chlordane. [REF-33, p.114]

    ... Feeding study of rats at dietary levels of chlordane 5, 10, 30, 150 and 300 ppm, resulted in marked toxicity at 300 ppm, less marked at 150 ppm and insignificant effects at 5, 10, and 30 ppm. ... Liver damage was the major finding, although myocardial damage was also apparent at the higher dietary levels. [REF-33, p.114]

    ... Chlordane fed in the diets of test mice produced a significant incidence of liver cancer. [REF-33, p.114]

    Streptococci (oral veridans type) displayed total inhibition at 3.0 ppm. [REF-59, p.351]

    Immunosuppression by gamma-chlordane was exmained by the direct addition of chlordane to cultured spleen cells from untreated B6C3F1 mice. Both cell-mediated and humoral immune responses were markedly suppressed upon in vitro exposure. The mixed lymphocyte response and the proliferative response to both B- and T-cell mitogens were significantly suppressed at uM concentrations of chlordane. The antibody response to sheep erythrocytes was suppressed 90% at 10 uM chlordane. The kinetics of the sheep erythrocytes response were not altered by chlordane. Addition of chlordane to the antibody cultures on various days indicated an effect at the early stages of the response. Previous studies with chlordane failed to demonstrate immunosuppression following in vivo exposure. The possibility that chlordane was metabolized in vivo to a less immunosuppressive form was studied by examining the effect of the major metabolite, oxychlordane, on the in vitro antibody response and by incubating splenocytes with chlordane and a liver S9 preparation prior to culture with sheep erythrocytes. Oxychlordane was immunosuppressive by itself, and the activity of chlordane was unaltered in the co-culture experiments. The association of chlordane with serum components was evaluated in vitro in cultures of mouse bone-marrow cells. The chlordane-induced suppression of (3)H thymidine incorporation by bone-marrow cells was reversed by the addition of mouse or human serum. In summary, chlordane produces marked suppression of in vitro immune responses via an apparent antiproliferative action. The failure of chlordane to produce in vivo immunosuppression may be related to extensive association of chlordane with serum components. [REF-60]

    Scleractinian corals and octocorals from two reefs within Biscayne National Park off southeast Florida were compared with respect to 1. relative abundances, 2. gross field condition, 3. concentrations of pesticides and heavy metals, and 4. histopathological condition. The northernmost reef, Bache Shoal, is near a large urban area (Miami) and potentially receives pollutants from this source. The southernmost reef, Alina's Reef, is less likely to be influenced by runoff from Miami, but may receive runoff from an important agricultural centre (Homestead). No consistent differences between the two coral reef communities were found; however, high frequencies of blemishes and abnormalities (bite marks, unusual growth forms, bleached tissues), tissue necrosis, and invading pathogens were evident at both sites. Additionally, high levels (to ppm) of organochlorine pesticides (lindane, heptachlor/haptachlor epoxide, alpha/gamma chlordane, and DDT residues) and heavy metals (as, copper, lead) were detec several of the reef coelenterates from both sites. [REF-61]

    The cyclodiene pesticides endosulfan, chlordane and heptachlor have been reported to be non-genotoxic rodent hepatocarcinogens. These three compounds and several metabolites of endosulfan (endosulfan sulfate, endosulfan ether and endosulfan lactone) were examined for their effects on gap junctional intercellular communication in primary cultured male F344 rat hepatocytes and B6C3F1 mouse hepatocytes. Gap junctional intercellular communication was evaluated by Lucifer Yellow CH dye-coupling. Endosulfan and endosulfan sulfate inhibited rat and mouse heptocyte gap junctional intercellular communication in a dose-responsive manner (50-200 uM) after 4 hr treatment. Endosulfan ether inhibited rat hepatocyte gap junctional intercellular communication only at 200 uM and had no effect on mouse hepatocytes. Endosulfan lactone did not affect rat or mouse hepatocyte gap junctional intercellular communication. Chlordane and heptachlor inhibited both mouse and rat hepatocyte gap junctional intercellular communication at concentrations of 50-200 uM. The inhibition of gap junctional intercellular communication by the cyclodienes showed similar dose-response relationships and kinetics of onset of inhibition and reversibility for both mouse and rat hepatocytes. Concomitant treatment of the cells with inhibitors of cytochrome P450 monooxygenases (SKF-525A, piperonyl butoxide or carbon monoxide) did not alter the inhibition of gap junctional intercellular communication by the cyclodienes, suggesting that cytochrome P450 metabolism was not involved in the inhibitory mechanism. Dibutyryl cyclic AMP (0.5 mM), however, decreased the inhibition of gap junctional intercellular communication by the cyclodienes and may indicate that these compounds inhibit intercellular communication through a cAMP-dependent process. The inhibition of mouse and rat hepatocyte gap junctional intercellular communication by the cyclodienes correlated with previous reports indicating that these compounds are non-genotoxic rodent liver carcinogens. [REF-62]

    The toxic effects of the organochlorine insecticide chlordane were compared in man and rats. Analysis of blood for chlordane metabolites showed their presence in the descending order of trans-nonachlor, oxychlordane, hepatachlorepoxide and cis-nonachlor. The total range of chlordane and its metabolites in the sera of workers was 9.84 : 4.47 ng/g. Serum levels of triglycerides, creatine phosphokinase and lactate dehydrogenase activities were also found to be higher in pest-control operators. In a simultaneous study, rats were administered 100 mg/kg body wt of chlordane by stomach tube once a day for 4 days, whereas 50 mg/kg body wt of chlordane was injected ip once a day for 4 days. The data show that total cholesterol and serum triglycerides as well as creatine phosphokinase and lactate dehydrogenase activities are increased after chlordane treatment. The isoenzyme patterns suggest that an increase in creatine phosphokinase and lactate dehydrogenase is related to skeletal muscle. Furthermore, the hepatotoxicity of chlordane was also studied in rats only. A significant increase in liver weight, its water content, total lipids, triglycerides and phospholipids was recorded. Chlordane induced lipiod peroxidation in the liver, exhibiting a dose-response relationship. Although no appreciable effect on mitochondrial function and latent ATPase activity was observed, 2,4-dinitrophenol-stimulated ATPase activity was inhibited. Histological examination of the liver confirmed fatty infiltration induced by chlordane in rats. [REF-63]

    The effect of chlordane and chlordane related compounds on guinea-pig leukocyte function was studied in vitro. Polymorphonuclear leukocytes obtained from male guinea pigs were incubated with 0 to 80 uM cis-chlordane, trans-chlordane, heptachlor, and heptachlor epoxide . The effects on superoxide anion generation, membrane potential, intracellular and membrane bound calcium ion (calcium (+2)), and protein kinase activity were determined. All compounds stimulated superoxide anion formation. cis-Chlordane showed the greatest activity, followed in order by heptachlor epoxide, trans-chlordane, and heptachlor. Heptachlor epoxide had the greatest depolarizing effect on polymorphonuclear leukocyte membrane potentials, followed by cis-chlordane, trans-chlordane, and heptachlor. All compounds increased intracellular and membrane bound calcium (+2) concentrations. No definite trends in terms of molecular structure were discernible. None of the compounds affected protein kinase activity. The authors conclude that chlordane and chlordane related compounds exert stimulative effects on polymorphonuclear leukocytes in vitro. The lack of an effect on polymorphonuclear leukocyte protein kinase suggests that phospholipase-C may play a role in accelerating superoxide anion generation induced by these compounds. [REF-64]

    The levels of chlordane congeners in mice were measured after single and repeated oral doses of technical chlordane. Male ddy-strain mice received 0.48 mg of technical chlordane by gavage every other day for a total of from one to 15 doses. Digestive tracts, tails, limbs, and skins were homogenized and purified by organic solvent extraction and florisil column chromatography. trans-Chlordane, cis-chlordane, trans-nonachlor, cis-nonachlor, and oxychlordane were detected by gas chromatography. In the single dose group, maximum levels of cis-chlordane and trans-chlordane occurred at 5 hr after administration, levels of cis-nonachlor and trans-nonachlor reached a plateau at 10 hr post treatment, and oxychlordane levels increased throughout the 24 hr observation period. For mice receiving repeated doses of chlordane, no increases in body content of chlordanes were detected over 29 days, while the trans-nonachlor, cis-nonachlor, and oxychlordane levels increased successively over the entire 29 day period. The authors conclude that the clearance rates for chlordanes and nonachlors differ widely, and recommend that the toxic effect of the high accumulation of nonachlors and oxychlordane in the animal body be studied. [REF-65]

    Tissue chlordane residues following subchronic inhalation exposure to technical chlordane were studied in rats and monkeys. Albino rats and cynomolgus monkeys were exposed to aerosols of technical chlordane at concentrations of 0, 0.1, 1.0, or 10 ug/l, 8 hr per day, 5 days a wk for 90 days. Selected animals were killed after 5, 57, 90, and 180 days and blood, liver, and adipose tissue samples were taken and assayed for total chlordane, oxychlordane, heptachlor epoxide, and trans-nonachlor. Some blood samples
    were fractionated and the plasma and red blood cells were analyzed separately. Total chlordane residues in the tissue samples of both species of both species were directly proportional to the logarithm of the exposure concentration. The highest residue concentrations were found in the adipose tissue, followed by the liver and blood, in that order. Plasma total chlordane concentrations in monkeys were nearly twice those of the red blood cells. In rats the plasma and red blood cell concentrations were comparable. After exposure ended, the concentrations of total chlordane residues in rats decreased 75 to 90 %. The largest decreases occurred in the liver and blood.  Total chlordane concentrations in the tissues of female rats were two to three times those of males. No sex related differences were seen in monkeys. The predominant metabolite in monkeys was trans-nonachlor, accounting for nearly 50% of the chlordane residues. Oxychlordane was the major chlordane residue in rat tissues. During the 90 day recovery period, oxychlordane was the major metabolite present in rat tissues and blood. [REF-66]

    In order to clarify the cytotoxicity of chlordane, an industrial product used as an insecticide, its effect on oxidative phosphorylation in rat hepatic mitochondria was studied. The respiration rate, RCI and ADP/O ratios were inhibited by chlordane related compounds; the degree of inhibition was in the descending order of trans-chlordane, cis-chlordane, heptachlor and heptachlorepoxide. Of the indices indicating various respiratory activities, state 3 respiration was the most sensitively inhibited by these compounds, suggesting that they inhibit energy transfer. However, electron transport was inhibited also by high concentrations of chlordane constituents. The inhibitory effect of the chlordane constituents on respiratory activity varied depending on the species of respiratory substrate, suggesting site-specificity of these compounds. The release of potassium (+) ions paralleled the results of the respiratory activity study. Heptachlorepoxide, a metabolic product of heptachlor, had less effect on mitochondria than heptachlor. [REF-67]

    BALB/c Mice were exposed prenatally to chlordane and humoral and cellular immune parameters important in protection from or resolution of influenza virus infections were measured. Prenatal chlordane exposure did not affect the cytotoxic T lymphocyte response. The natural killer cell response was increased in female, but not male, mice at 100 days of age prenatally exposed to 8 mg/kg chlordane. By 200 days of age, this increase was not measurable; the male mice, however, showed a statistically significant decrease in natural killer activity. Serum anti-influenza IgM antibody titers were increased in chlordane exposed male, but not female, mice. Primary anti-influenza IgG antibody titers were the same in the chlordane and control groups for both sexes. The secondary IgG titers were decreased in both male and female chlordane exposed mice. Since increased survival to influenza virus infections in 38 days old chlordane exposed mice has been reported, 100 day old mice were assayed for this protective effect. At 100 days of age, chlordane exposed mice were equally susceptible to influenza A virus infection as controls in both sexes. The residual immunotoxic effects of prenatal chlordane exposure may change with age. [REF-68]

    Our previous results indicated that prenatal exposure to chlordane resulting in a severe depression of the delayed type hypersensitivity response without measureable effects on lymphocyte function implicating the macrophage population associated with the efferent phase of the delayed type hypersensitivity response. The number of myeloid stem cells is also severely reduced in these animals. In the present study, 2-D gel electrophoresis was used to determine measureable differences between the proteins detectable in resident mphi from 100 day old animals prenatally treated with chlordane or vehicle. 2-D gel analysis revealed 121 significant differences in the 2-D gel patterns. Thiry four of 121 spots were completely absent in chlordane-treated animals that were present in normal animals. 17/121 spots that were present in both groups had significant differences in concentration. The remaining 70/121 were uniquely present in chlordane exposed offspring. These differences could reflect a difference in level of protein synthesis, phosphorylation or the induction of new proteins. [REF-69]

    Female mice were treated with either 0, 4 or 8 mg/kg chlordane daily for 18 days during pregnancy. The fetuses of these mice were assayed for fetal liver hematopoietic activity at 18 days gestational age. Hematopoietic activity was evaluated for in vitro granulocyte macrophage colony forming units and in vivo spleen colony forming units. The consistent finding was a significant depression of both the numbers of fetal liver granulocyte macrophage colony forming units and of spleen colony forming units without a change in liver cellularity in fetuses exposed to either 4 or 8 mg/kg chlordane. These data show that the damage to stem cells that persists into adult life as a result of chlordane exposure occurred during the fetal period. [REF-70]

    As reported earlier prenatal exposure to chlordane significantly decreased the delayed type hypersensitivity of 100 day old female Balb/c mice. Decreases were also noted in granulocyte macrophage colony forming units colonies in fetal liver and adult bone marrow, however, lymphocyte reactivity was not adversely affected suggesting that chlordane selectively depressed macrophage (Mphi) lineage cells. In the present study, females prenatally exposed to 8 mg/kg chlordane were shown to have a severely depressed macrophage cytoxicity to tumor cells. To examine the effects of chlordane on the macrophage cytokine production, total RNA was extracted from peritoneal macrophage from chlordane-treated and control mice. The RNA was blotted onto nylon membrane and hybridized to a 5'-end labeled synthetic oligonucleotide murine GM-CSF or IL-1 probe. The mGM-CSF signal was reduced by 62% in macrophage RNA from the chlordane-treated mice compared to the control RNA. IL-1 signal also appeared to be reduced. The mechanism for this is presently unknown, however, these data suggest that prenatal exposure to chlordane produces severe defects in macrophage functional capabilities. [REF-71]

    Female mice were treated with 0 or 8 mg/kg chlordane daily for 18 days during pregnancy. The fetuses of these mice were assayed for fetal liver hematopoietic activity at 18 days gestational age. Hematopoietic activity was evaluated for in vitro granulocyte macrophage colony forming units and in vivo spleen colony forming units. The consistent finding was a significant depression of the numbers of both fetal liver granulocyte macrophage colony forming units and spleen colony forming units without a change in liver cellularity in fetuses exposed to 8 mg/kg chlordane. These data show that the damage to stem cells that persists into adult life as a result of chlordane exposure occurred during the fetal period. [REF-72]

    BALB/c Mice were exposed prenatally to chlordane and humoral and cellular immune parameters important in protection from or resolution of influenza virus infections were measured. Prenatal chlordane exposure did not affect the cytotoxic T lymphocyte response. The natural killer cell response was increased in female, but not male, mice at 100 days of age prenatally exposed to 8 mg/kg chlordane. By 200 days of age, this increase was not measurable; the male mice, however, showed a statistically significant decrease in natural killer activity. Serum anti-influenza IgM antibody titers were increased in chlordane exposed male, but not female, mice. Primary anti-influenza IgG antibody titers were the same in the chlordane and control groups for both sexes. The secondary IgG titers were decreased in both male and female chlordane exposed mice. Since increased survival to influenza virus infections in 38 days old chlordane exposed mice has been reported, 100 day old mice were assayed for this protective effect. At 100 days of age, chlordane exposed mice were equally susceptible to influenza A virus infection as controls in both sexes. The residual immunotoxic effects of prenatal chlordane exposure may change with age. [REF-68]

    Our previous results indicated that prenatal exposure to chlordane resulting in a severe depression of the delayed type hypersensitivity response without measureable effects on lymphocyte function implicating the macrophage population associated with the efferent phase of the delayed type hypersensitivity response. The number of myeloid stem cells is also severely reduced in these animals. In the present study, 2-D gel electrophoresis was used to determine measureable differences between the proteins detectable in resident mphi from 100 day old animals prenatally treated with chlordane or vehicle. 2-D gel analysis revealed 121 significant differences in the 2-D gel patterns. Thiry four of 121 spots were completely absent in chlordane-treated animals that were present in normal animals. 17/121 spots that were present in both groups had significant differences in concentration. The remaining 70/121 were uniquely present in chlordane exposed offspring. These differences could reflect a difference in level of protein synthesis, phosphorylation or the induction of new proteins. [REF-69]

    Female mice were treated with either 0, 4 or 8 mg/kg chlordane daily for 18 days during pregnancy. The fetuses of these mice were assayed for fetal liver hematopoietic activity at 18 days gestational age. Hematopoietic activity was evaluated for in vitro granulocyte macrophage colony forming units and in vivo spleen colony forming units. The consistent finding was a significant depression of both the numbers of fetal liver granulocyte macrophage colony forming units and of spleen colony forming units without a change in liver cellularity in fetuses exposed to either 4 or 8 mg/kg chlordane. These data show that the damage to stem cells that persists into adult life as a result of chlordane exposure occurred during the
    fetal period. [REF-70]

    As reported earlier prenatal exposure to chlordane significantly decreased the delayed type hypersensitivity of 100 day old female Balb/c mice. Decreases were also noted in granulocyte macrophage colony forming units colonies in fetal liver and adult bone marrow, however, lymphocyte reactivity was not adversely affected suggesting that chlordane selectively depressed macrophage (Mphi) lineage cells. In the present study, females prenatally exposed to 8 mg/kg chlordane were shown to have a severely depressed macrophage cytoxicity to tumor cells. To examine the effects of chlordane on the macrophage cytokine production, total RNA was extracted from peritoneal macrophage from chlordane-treated and control mice. The RNA was blotted onto nylon membrane and hybridized to a 5'-end labeled synthetic oligonucleotide murine GM-CSF or IL-1 probe. The mGM-CSF signal was reduced by 62% in macrophage RNA from the chlordane-treated mice compared to the control RNA. IL-1 signal also appeared to be reduced. The mechanism for this is presently unknown, however, these data suggest that prenatal exposure to chlordane produces severe defects in macrophage functional capabilities. [REF-71]

    Female mice were treated with 0 or 8 mg/kg chlordane daily for 18 days during pregnancy. The fetuses of these mice were assayed for fetal liver hematopoietic activity at 18 days gestational age. Hematopoietic activity was evaluated for in vitro granulocyte macrophage colony forming units and in vivo spleen colony forming units. The consistent finding was a significant depression of the numbers of both fetal liver granulocyte macrophage colony forming units and spleen colony forming units without a change in liver cellularity in fetuses exposed to 8 mg/kg chlordane. These data show that the damage to stem cells that persists into adult life as a result of chlordane exposure occurred during the fetal period. [REF-72]

8-4 EVIDENCE FOR CARCINOGENICITY:

    WEIGHT OF EVIDENCE CHARACTERIZATION: Chlordane is classified as B2, probable human carcinogen, using the 1986 Guidelines for Carcinogen Risk Assessment. Under the 1996 Proposed Guidelines, it would be characterized as a likely carcinogen by all routes of exposure. These characterizations are based on the following summaries of the evidence available: 1) human epidemiology studies showing non-Hodgkin's lymphoma in farmers exposed to chlordane and case reports of aplastic anemia, chlordane associated with home use are inadequate to demonstrate carcinogenicity; 2) animal studies in which benign and malignant liver tumors were induced in both sexes of four strains of mice and occurred with an elevated, but not statistically significant, incidence in a fifth strain, as well as liver toxicity but no tumors in rats of two strains; and 3) structural similarity to other rodent liver carcinogens. HUMAN CARCINOGENICITY DATA: Inadequate evidence. ANIMAL CARCINOGENICITY DATA: Sufficient. [QR] [REF-73]

    Evaluation: There is inadequate evidence in humans for the carcinogenicity of chlordane. There is sufficient evidence in experimental animals for the carcinogenicity of chlordane. Overall evaluation: Chlordane is possibly carcinogenic to humans (2B). [QR] [REF-74, p.53 164]

8-5 NATIONAL TOXICOLOGY PROGRAM REPORTS:

    A bioassay of analytical grade chlordane for possible carcinogenicity was conducted by administering the test material in feed to Osborne-Mendel rats and B6C3F1 mice. Groups of 50 rats of each sex were administered low or high concentrations of chlordane for 80 wk, then observed for 29 wk. Because of toxic effects, doses were reduced for both male and female rats during the course of tests. Time weighted avg doses used for male rats were 203.5 and 407.0 ppm; for the females, 120.8 and 241.5 ppm. Matched controls consisted of groups of 10 untreated rats of each sex; pooled controls consisted of the matched control groups combined with 50 untreated male and 50 untreated female rats from similar bioassays of five other compounds. All surviving rats were /sacrificed/ at 109 weeks. Groups of 50 mice of each sex were administered the test material at low or high concentrations for 80 wk, then observed for 10 wk. ... Because of toxic effects, doses were reduced for female mice during the course of the tests; however, it was possible to incr the doses for the male mice. The time weighted avg doses used for the male mice were 29.9 and 56.2 ppm; for the females, 30.1 and 63.8 ppm. Matched controls consisted of groups of 10 untreated mice of each sex; pooled controls consisted of the matched control groups combined with 70 untreated male and 80 untreated female mice from similar bioassays of five other compounds. All surviving mice were /sacrificed/ at 90-91 wk. ... Hepatocellular carcinoma showed a highly significant dose related trend for mice. ... No other tumors were found in mice in sufficient numbers to justify analysis. In contrast to findings with mice, hepatocellular carcinoma failed to appear at a significant rate of incidence in rats administered chlordane. ... It was concluded that under the conditions of the bioassay, chlordane is carcinogenic for the liver in mice. [REF-75]

 *** 9                                      EMERGENCY TREATMENT *** 

9-1  ANTIDOTE AND EMERGENCY TREATMENT:

    Treatment is symptomatic and supportive. Oils should not be used as either cathartics or dermal cleansing agents, as they increase absorption. Gastric lavage and use of activated charcoal and sodium sulfate are indicated for ingestion. If dermal exposure occurred, contaminated clothes should be removed, and the skin should be thoroughly cleansed with soap and water. Management of seizures in both children and adults is with Valium or phenobarbital. Respiratory depression and even respiratory arrest, especially with concomitant use of Valium and phenobarbital in children, may occur. These drugs preferably should be used only in critical care areas where emergency endotracheal intubation can be performed. /It is recommended/ that epinephrine not be utilized in patients with organochlorine poisoning, as the organochlorines induce myocardial irritability and ventricular arrhythmias may occur. However, dopamine may be necessary in the event of hypotension unresponsive to fluid administration, and epinephrine may be necessary in the event of cardiopulmonary arrest. ... /Organochlorine insecticides/ [REF-76, p.1084]

    In cases of ingestion, emesis is indicated unless the patient is comatose, is convulsing, or has administration of activated charcoal and saline cathartics. Oil-based cathartics such as castor oil or other substances including fats or oils should be avoided since these compounds may tend to enhance the absorption of the chlorinated hydrocarbon from the gastrointestinal tract. Epinephrine is contraindicated since it may induce ventricular fibrillation due to the sensition of the myocardium by the chlorinated hydrocarbons. Convulsions may be treated with diazepam in a dose of 0.1 mg/kg, administered intravenously, to a maximum of 10 mg. Methods to enhance elimination have not been successful other than as a supportive measure for hepatic and renal failure. /Chlorinated hydrocarbon insecticides/ [REF-42, p.936]

    Seizures, hypoxemia, and resultant acidosis are the immediate life-threatening emergencies. Diazepam is the anticonvulsant of choice. Moderately to severely poisoned patients should have intravenous lines and a cardiac monitor. The usual measures of gut decontamination (ipecac/lavage, charcoal, cathartics) are recommended within the first several hours after exposure. Experimental animal studies suggest that chlorinated hydrocarbon pesticide absorption by charcoal is highly variable. Most organochlorine insetcides contain organic solvents, which are severe aspiration hazards. Skin decontamination (removal of contaminated clothes, washing of area with water and green or mild soap) is necessary to prevent continued dermal absorption. Be careful not to cross-contaminate health personnel. The use of cholestyramine (3-8 g four times a day) increased fecal excretion of chlordecone by seven times and reduced the mean blood half-life from 165 to 80 days. In organochlorine exposures to compounds that have substantial enterohepatic recirculation, activated charcoal also may reduce the half-life and should be considered in serial doses for moderate to severe acute poisonings. Dialysis, diuresis, and hemoperfusion are ineffective because of extensive tissue binding and large volumes of distribution. /Organochlorines/ [REF-41, p.1080]

    Treatment: 1. Administer syrup of ipecac or perform gastric lavage with tap water (unless convulsions are imminent). 2. Sodium sulfate catharsis (30 g in 6 to 8 oz of water). Avoid oil laxatives. 3. A rapidly acting barbiturate or diazepam may aid in controlling convulsions, but care must be taken not to augment any respiratory depression. 4. Oxygen therapy and artificial ventilation may be necessary. 5. Avoid epinephrine. 6. Since no specific antidotes are known, symptomatic therapy must be accompanied by complete rest. 7. Use soap and water in adequate quantities to wash off any compound spilled on the skin. If spilled in eyes, wash repeatedly with water. [REF-36, p.III-109]

    Persons exposed to organochlorine pesticides by any route should be observed for sensory disturbances, incoordination, speech slurring, mental aberrations, and involuntary motor activity that would warn of imminent convulsions. If convulsions occur, place the victim in the left lateral decubitus position with the head down. Move away furniture or other solid objects that may be a source of injury. If jaw movements are violent, place padded tongue blades between the teeth to protect the tongue. Whenever possible, remove dentures and other removable dental work. Aspirate oral and pharyngeal secretions, and, when possible, insert an oropharyngeal airway to maintain an open passage unobstructed by the tongue. Minimize noise and any manipulation of the patient that may trigger seizure activity. Administer oxygen by mask. Maintain pulmonary gas exchange by mechanically assisted ventilation whenever respiratin is depressed. Control convulsions. Drugs that are useful for this purpose are diazepam, lorazepam, barbiturates, and muscle-paralyzing agents such as succinylcholine. Benzodiazepine drugs are currently the preferred anticonvulsants. ... Succinycholine (or similar muscle-paralyzing drug) may be used if seizures prove intractable. Gain full control of pulmonary ventilation (endotracheal tube or tracheostomy connected to a mechanical ventilator), prepare to monitor blood gases, and secure the services of an anesthesiologist or emergency care physician to induce general anesthesia and administer the neuromuscular depolarizing agent. This procedure predictably controls seizures, but imposes heavy responsibilities for continous monitoring of gas exchange and blood pH over several hours. /Solid organochlorine insecticides/ [REF-77]

    In patients who have been poisoned by organochlorine contamination of skin, clothing, hair and/or eyes, decontamination must proceed concurrently with whatever resuscitative and anticonvulsive measures are necessary to preserve life. Contamination of the eyes should be removed by flushing with copious amounts of clean water. If the pesticide-exposed person remains alert and physically able, a prompt shower and shampoo may be appropriate, provided the patient is carefully observed to insure against sudden appearance of poisoning. If there are any indications of weakness, ataxia, or other neurologic impairment, clothing should be removed and a complete bath and shampoo given while the victim is recumbent, using copious amounts of soap and water. Attendants should wear rubber gloves. Surgical green soap is excellent for this purpose, but ordinary soap is about as good. The possibility of pesticide sequestered under fingernails or in skin folds should be overlooked. Contaminated clothing should be promptly bagged and not returned until it has been thoroughly laundered. Contaminated leather shoes should be discarded. The possibility that pesticide has contaminated the inside surfaces of gloves, boots, and headgear should be considered. /Solid organochlorine insecticides/ [REF-78]

    If organochlorine has been ingested in a quantity sufficient to cause poisoning, the stomach and intestine must be emptied, and measures taken to limit toxicant absorption. Because seizure activity may develop rapidly, lavage, with a large bore orogastric tube and with rigorous protection of the airway, is probably preferable to induced emesis in most cases. If the victim is convulsing, it is almost always necessary first to control seizures before attempting gastric intubation. The effectiveness of lavage in removing pesticide from the stomach diminishes rapidly with the passage of time. Particularly in poisoning by large doses of organochlorine, monitor pulmonary ventilation carefully to forestall respiratory failure. Assist pulmonary ventilation mechanically with oxygen whenever respiration is depressed. /Solid organochlorine insecticides/ [REF-78]

    In severely poisoned patients, monitor cardiac status by continuous ECG recording to detect arrhythmias. Do not give epinephrine, other adrenergic amines, or atropine because of the enhanced myocardial irritability induced by chlorinated hydrocarbons, which predisposes to ventricular fibrillation. DO NOT GIVE animal or vegetable oils or fats by mouth. They enhance gastrointestinal absorption of the lipophilic organochlorines. To control seizures and myoclonic movements that sometimes persist for several days following acute poisoning by the more slowly excreted organochlorines, phenobarbital orally is likely to be effective. Dosage should be based on manifestations in the indivudual case and on information contained in the package insert. Cholestyramine resin accelerates the biliary=fecal excretion of the more slowly eliminated organochlorine compounds. It is usually administered in 4 g doses, 4 times a day, before meals and at bedtime. Dose should be mixed with a pulpy fruit or liquid. Prolonged treatment (several weeks or months) may be necessary. During convalescence, enhance carbohydrate, protein, and vitamin intake by diet or parenteral therapy. /Solid organochlorine insecticides/ [REF-79]

9-2 MEDICAL SURVEILLANCE:
    Initial medical examination: A complete history and physical examination; The purpose is to detect existing conditions that might place the exposed employee at an increased risk, and to establish a baseline for future health monitoring. ... Examination of the nervous system, eyes, lung, liver, and kidneys should be stressed. The skin should be examined for evidence of chronic disorders. Urinalysis: Since kidney damage has been observed in humans exposed to chlordane, a urinalysis should be obtained to include at a minimum: specific gravity, albumin, glucose, and a microscopic /examination of/ centrifuged sediment. /Such/ medical examinations should be repeated on an annual basis. [REF-11, p.1]

    Chlordane has been widely used to protect soil and house foundations against termite infestation. Pest control operators are occupationally exposed to chlordane. The relationship between chlordane and its metabolites in blood of pest control operators and spraying conditions were investigated. Chlordane and its metabolites were detected in the blood of some chlordane-exposed pest control operators, but not in that of the controls. Trans-nonachlor and the metabolites oxychlordane and heptachlor epoxide were detected in the blood of pest control operators. Total concentrations of chlordane and its metabolites in blood (trans-nonachlor + oxychlordane + heptachlor epoxide) was less than 5.6 ppb (mean: 0.89 ppb). The concentration of chlordane and its metabolites in blood of chlodane-exposed pest control operators was significantly correlated with the number of spraying days and the amount of chlordane sprayed, particularly with a large correlation coefficient (r= 0.81, p< 0.001) with the spraying days in the three months prior to the medical examination. The concentration of chlordane and its metabolites in blood is considered to be a useful indicator of biological monitoring for chlordane exposed workers. [REF-80]

    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]

***10                         METABOLISM AND PHARMACOLOGY *** 

10-1 POPULATIONS AT SPECIAL RISK: 

    /Individuals/ with a history of convulsive disorders would be expected to be at increased risk from exposure. [REF-11, p.1]

10-2 ABSORPTION, DISTRIBUTION, AND EXCRETION:

    ... WISTAR RATS THAT RECEIVED IV ... (14)C-ALPHA-CHLORDANE SHOWED THAT 29% OF TOTAL INJECTED RADIOACTIVITY WAS EXCRETED WITHIN 60 HR IN FECES & ONLY 1% WAS EXCRETED IN URINE. /CIS-ISOMER/ [REF-81, p.84]

    MALE RATS TREATED ORALLY OR IP WITH 3.12 MG OF CIS-PHOTOCHLORDANE/RAT CUMULATIVELY EXCRETED ABOUT 86 & 88%, RESPECTIVELY. HALF-LIFE OF COMPOUND WAS LESS THAN 1 DAY (ORAL ADMIN) & ABOUT 7 DAYS (IP ADMIN). HIGHEST CONCN OF RESIDUES AT END OF 3 WK WAS IN FAT. IP TREATED RATS SHOWED HIGHER RESIDUAL RADIOACTIVITY IN ALL TISSUES. ANALYSES OF ORGANIC EXTRACTS OF FECES & URINE FROM TREATED RATS SHOWED AT LEAST 22 COMPOUNDS IN FORMER & 15 COMPOUNDS IN LATTER. [REF-82]

    ... ABSORBED THROUGH SKIN, MORE READILY THAN VIA LUNG, & FROM ... /GASTROINTESTINAL/ TRACT. [REF-50, p.3721]

    SERUM HALF-LIFE IN ... CHILD WAS 88 DAYS. IN ANOTHER CHILD, FAT CONCN ... AFTER SINGLE DOSE CONTINUED TO RISE THROUGH 8TH POSTINGESTION DAY, & AFTER 3 MO FAT-SERUM PARTITION WAS 1470:1. [REF-36, p.II-185]

    TROPICAL FRESHWATER CICHILDS, CICHLASOMA SPECIES, WEIGHING 300 G EACH, WERE INDIVIDUALLY PLACED IN 16 L OF WATER WITH 80 MUG OF CIS-(14)C-CHLORDANE FOR 72 HR. FISH ABSORBED THE CMPD RAPIDLY, ACCUMULATING 2.8 PPM IN VISCERAL FAT, 1.2 PPM IN BILE, & 1.1 PPM IN GALL BLADDER. RECOVERY OF RADIOACTIVITY ADDED TO WATER AT END OF 72 HR WAS EST TO BE 64.8 & 6.1% IN FISH & EXPOSURE WATER, RESPECTIVELY. RATE OF ELIM OF ABSORBED RADIOACTIVITY WAS ABOUT 2.9%/WK. 12.5% WAS ACCOUNTED FOR BY METABOLITES & REMAINDER WAS UNCHANGED CIS-CHLORDANE. [REF-83]

    BLUEGILL FISH RAPIDLY ABSORBED CIS(14)C-CHLORDANE OR (14)C-PHOTOCHLORDANE DURING A 48 HR EXPOSURE TO 5 PPB. ELIMINATION OF CHLORDANE WAS LINEAR BUT SLOW DURING THE 6 WK PERIOD; PHOTOCHLORDANE WAS BIPHASIC, BEING RAPID IN EARLY PHASE (FIRST 3 WK). LESS THAN 7% OF RADIOACTIVITY RETAINED IN CHLORDANE-TREATED FISH WAS IN THE FORM OF 2 CONJUGATES, WHICH ON ACID HYDROLYSIS YIELDED AT LEAST 8 HYDROXYLATED PRODUCTS. [REF-84]

    Rats orally administered 1, 5, or 25 mg/kg (14)C-labeled chlordane for 56 days had levels of chlordane in the fat 3 times the concentration in the diet. Distribution in the liver, kidney, brain, and muscle were 12, 10, 4, and 2%, respectively. [REF-85]

    MAY BE ABSORBED THROUGH SKIN ESPECIALLY FROM OIL OR ORGANIC SOLVENTS. [REF-86, p.100]

    Dermal application of 50 mg chlordane/kg was more toxic to rats when the chemical was applied in cottonseed oil rather than in ethyl alcohol indicating greater absorption with a lipophilic vehicle. [REF-87, p.4-2]

    Quail treated with chlordane followed by endrin, had considerably more chlordane residues in their brains than did birds treated with chlordane alone, suggesting an increased uptake of chlordane in brains of birds post-treated with endrin. [REF-88]

    Ten vegetable crops were monitored for chlordane residues following soil treatment at 1.4, 2.8, 5.6 and 11.2 kg/hectare of chlordane. Maximal residues (0.15 and 0.11 mg/kg of tissue) found in beets and cucumbers grown in soil treated at the 11.2 kg/hectare rate. Chlordane levels in remaining crops were between 0.01 mg/kg - 0.1 mg/kg of tissue. [REF-89]

    The chief route of excretion is biliary, although nearly all organochlorines yield measurable urinary metabolites. ... Many of the unmetabolized pesticides are efficiently reabsorbed by the intestine (enterohepatic ciruclation) substantially retarding fecal excretion. /Solid organochlorine insecticides/ [REF-90]

    Oxychlordane reached lethal levels in birds given dietary dosages of HCS-3260 (70.75% cis-chlordane and 23.51% trans-chlordane) at 6 levels from 50 to 500 ppm. Oxychlordane ranged from 9.4 to 22.1 ppm in brains of cowbirds (Molothrus ater), grackles (Quiscalus quiscula), and red-winged blackbirds (Agelaius phoeniceus) that died on dosage and from 1.3 to 4.8 ppm in sacrificed birds, providing a clear diagnostic separation. Among starlings (Sturnus vulgaris), however, oxychlordane ranged from 5.0 to 19.1 ppm in brains of birds that died, significantly lower than in the other species, and from 1.4 to 10.5 ppm in sacrificed birds, overlapping the levels in those that died. Lethal levels, therefore, begin near 5.0 ppm, as in a previous study in which oxychlordane itself was fed, but the data from starlings emphasizes the need for confirmatory necropsy findings in diagnosis of poisoning. Nonachlor had a very low order of toxicity, killing only 1 of 12 birds dosed at 100 ppm for 35 days; 3 others died and 1 was incapacitated during a short period of food deprivation. Lethal levels of oxychlordane were present in the brains of birds that died. Oxychlordane accumulated in the bodies of birds on dietary dosage of HCS-3260 in proportion to dosage and time, but did not approach equilibrium at the levels (10, 50, and 100 ppm) that were fed. Loss rates of oxychlordane from HCS-3260, oxychlordane, or technical chlordane dosages (the last in a previous study) did not differ significantly from each other; respective half-lives were 57, 63, and 74 days. Residues of cis-chlordane in birds fed HCS-3260 were consistently lower than oxychlordane during the accumulation period and declined abruptly when dosage ceased; individual variation was high. [REF-91]

    Twenty-three ospreys (Pandion haliaetus) found dead or moribund in the eastern United States during 1975-1982 were necropsied and selected tissues were analyzed for organochlorines and metals. Major causes or factors contributing to death were trauma, impact injuries, and emaciation. DDE was detected in 96% of the osprey carcases, DDD in 65%, DDT and heptachlor epoxide in 13%, dieldrin, oxychlordane, and cis-nonachlor in 35%, cis-chlordane in 52%, trans-nonachlor in 45%, and polychlorinated biphenyls in 83%. Carcasses of immature ospreys from the Chesapeake Bay had significantly lower concentrations of DDE, DDD + DDT, cis-chlordane, and polychlorinated biphenyls than carcasses of adults from the same area. Concentrations of some organochlorines in ospreys from the Chesapeake Bay declined significantly from 1971-1973 to 1975-1982. Significant differences in concentrations of certain metals in the ospreys' livers were noted between time periods, and sex and age groups for birds from the Chesapeake Bay. During 1975-1982, adults had significantly lower concentrations of chromium, copper, and arsenic than immatures and nestlings, and adult males had higher mercury concentrations than adult females. Adult females had lower zinc concentrations in 1975-1982 than in 1971-1973. Immatures and nestlings had higher concentrations of chromium and lead in 1975-1982 than in 1971-1973. A slightly elevated concentration of chromium (1.7 ppm) or arsenic (3.2 ppm) was found in the livers of individual ospreys. Several ospreys had elevated concentrations of mercury in their livers; two ospreys had more than 20 ppm which may have contributed to their deaths. [REF-92]

10-3 METABOLISM/METABOLITES:

    IN VIVO & IN VITRO STUDIES IN RATS HAVE REVEALED TWO ROUTES OF BIOTRANSFORMATION OF CHLORDANE & SHOWN THAT THE METABOLITES INCLUDE: TRANS-CHLORDANE, 1,2-DICHLOROCHLORDENE, OXYCHLORDANE, 1-HYDROXY-2-CHLOROCHLORDENE, 1-HYDROXY-2-CHLORO-2,3-EPOXY CHLORDENE, CHLORDENE CHLOROHYDRIN, & 1,2-TRANS-DIHYDROXY DIHYDROCHLORDENE, AS WELL AS METABOLITES OF HEPTACHLOR. IN VITRO STUDIES SHOWED THAT THE LIVER OF RAT & MAN HAVE ALMOST IDENTICAL CAPACITY TO DEGRADE CHLORDANE EXCEPT THAT HUMAN LIVER HAS LITTLE CAPACITY TO CONVERT TRANS-NONACHLOR TO TRANS-CHLORDANE. [REF-93, p.230]

    ... AFTER 15 DAYS ON DIET CONTAINING PURE TRANS-CHLORDANE, RATS OF BOTH SEXES STORED MORE OXYCHLORDANE THAN WHEN FED CIS-ISOMER. ... STORAGE IN FEMALES WAS HIGHER THAN IN MALES. ... 1-EXO-2-ENDO-DICHLOROCHLORDENE WAS ALSO FORMED & DATA INDICATED THAT THIS WAS AN INTERMEDIATE IN OXYCHLORDANE PATHWAY. ... [REF-94, p.87]

    GROWING CULTURES OF ACTINOMYCETE (NOCARDIOPSIS SPECIES), WHICH HAD BEEN ISOLATED FROM THE SOIL, METABOLIZED PURE CIS- OR TRANS-CHLORDANE TO AT LEAST 8 SOLVENT-SOL SUBSTANCES INCL DICHLOROCHLORDANE, OXYCHLORDANE, HEPTACHLOR, HEPTACHLOR ENDO-EPOXIDE, CHLORDANE CHLOROHYDRIN, & 3-HYDROXY-TRANS-CHLORDANE. OXYCHLORDANE WAS METABOLICALLY INERT, & ACCUMULATED IN MYCELIUM AS A TERMINAL RESIDUE. [REF-95]

    TROPICAL FRESHWATER CICHILDS, CICHLASOMA SPECIES, WEIGHING 300 G EACH, WERE INDIVIDUALLY PLACED IN 16 L OF WATER WITH 80 UG OF CIS-(14)C-CHLORDANE FOR 72 HR. DICHLOROCHLORDENE, OXYCHLORDANE, CHLORDENE CHLOROHYDRIN, DIHYDROXY HEPTACHLOR, DIHYDROXYL DIHYDROCHLORDENE PLUS 4 UNIDENTIFIED COMPOUNDS ACCOUNTED FOR 12.5% OF RADIOCARBON RECOVERED FROM FISH & WATER. REMAINDER WAS UNCHANGED CIS-CHLORDANE. [REF-83]

    ... CIS- & TRANS-CHLORDANES FROM SINGLE EPOXIDE, OXYCHLORDANE, OR 1-EXO-2-ENDO-4,5,6,7,8,8-OCTACHLORO-2,3-EXOEPOXY-2,3,3A,4,7,7A-HEXAHYDRO-4,7- METHANOINDENE ... ONLY RECENTLY ... RECOGNIZED AS MAJOR TERMINAL RESIDUE IN ANIMAL TISSUES, AND MILK ... OXYCHLORDANE ... MORE TOXIC ... THAN EITHER OF CHLORDANE ISOMERS. [REF-30, p.562]

    Aspergillus niger can utilize chlordane from nutrient solutions, with more than 90% loss found in 48 hr for chlordane concentrations initially below 38 ppm. [REF-96, p.22-8]

    (14)C-LABELED TRANS-CHLORDANE IN ACETONE WAS APPLIED TO LEAVES OF YOUNG CABBAGE PLANTS. ... 3 METABOLITTES WERE OBSERVED. ONE OF THE METABOLITES WAS ... DIHYDROXY-BETA-DIHYDROHEPTACHLOR. [REF-94, p.87]

    The absorption, distribution, and elimination of chlordane were determined in male rats and mice. Male Sprague-Dawley rats and C57BL/6JX mice received 1.0 mg/kg of (14) carbon labeled chlordane in a single oral dose. Feces and urine were collected at 12 hr intervals for 3 days and at 24 hr intervals thereafter. Animals were killed at various times after treatment and sample of tissue and blood were taken for radioassay. Urine was counted directly whereas feces, tissue, and blood were combusted and the trapped carbon-dioxide was counted. The initial absorption of chlordane was similar in rats and mice although the concentrations were consistently higher in rats. Peak blood concentrations occurred after 2 hr in rats and after 8 hr in mice. Rates of clearance of chlordane residues from blood and tissues were higher in rats than in mice. In rats the major tissue residue was the metabolite oxychlordane. Mice fell into two groups, low and high excretors. After 14 days the low excretors had eliminated 71% of the original chlordane dose and the high excretors essentially 100%; the rats essentially excreted 100% of the original dose. The difference in excretion pattern among the mice was not related to feed/water intake, amount of excreta produced, liver weight, or to any visual observation of disease state. It was concluded that the fate of chlordane appears to be different in rats and mice. [REF-97]

    The metabolism of trans-chlordane (chlordane) and oxychlordane by rat liver microsomes was studied in vitro. Liver microsomes prepared from male Sprague-Dawley rats were incubated with 12.3 nmol chlordane in the presence or absence of a reduced NADPH generating system under air or atmospheres of nitrogen or carbon monoxide for 15 min at 37 degrees C. Rat liver microsomes were incubated with 11.8 nmol oxychlordane in air with NADPH and in the presence or absence of 0.2 mM 1,1,1-trichloropropene-2,3-oxide for 15 min at 37 degrees C. Approximately 11% of the chlordane was metabolized in the presence of NADPH and under air. No metabolism occurred when NADPH was absent from the reaction mixture. Degradation of chlordane was decreased by 67% when nitrogen was substituted for air. No chlordane metabolism occurred under the carbon-monoxide atmosphere. Oxychlordane was metabolized to an appreciable extent when 1,1,1-trichloropropene-2,3-oxide was absent from the incubation mixture. When present, 1,1,1-trichloropropene-2,3-oxide caused a sharp decrease in the amount of oxychlordane that was metabolized. The authors conclude that oxidative degradation of chlordane is catalyzed by hepatic microsomal cytochrome P-450. Oxychlordane, an oxidized metabolite of chlordane, is metabolized further by hepatic epoxide-hydrolase. [REF-98]

    Chlordane is an environmentally persistent soil insecticide, particularly useful in the protection of wooden structures from termite damage. A slow change was found to occur in the composition of soil residues of technical chlordane, suggestive of chemical or biological transformation of certain components. An actinomycete (Nocardiopsis sp.) isolated from soil was capable of extensively degrading chlordane in pure culture. Growing broth cultures of Nocardiopsis metabolized pure cis- or trans-chlordane to at least 8 solvent soluble substances including dichlorochlordane, oxychlordane, heptachlor, heptachlor endo-epoxide, chlordane chlorohydrin, and 3-hydroxy-trans-chlordane. Identifications were based on GC or MS analysis. Oxychlordane was metabolically inert, and accumulated in the mycelium as a terminal residue. patterns of metabolic activity in microorganisms were compared to the residue patterns in chlordane treated soil. [REF-99]

    Toxicokinetic parameters of gamma-chlordane after oral administration of various doses of radio labelled gamma-chlordane (50 ug/kg - 10 mg/kg) were compared. Absorption of gamma-chlordane were about 80% in both 0.1 and 1.0 mg/kg groups. Distributions of gamma-chlordane (50 ug/kg and 10 mg/kg) into the liver and kidney were rapid and those into adipose tissues were relatively slow. Concentrations of gamma-chlordane in adipose tissues became highest at 16 hr after administration and became about 10 times more than those in the liver. The initial concentrations of gamma-chlordane calculated by two-compartment open model in high dose group (10 mg/kg) were about 200-300 times higher than those in low dose group (50 ug/kg). Half lives of gamma-chlordane in low dose group had a tendency to be a little longer than those in high dose group. This difference seemed to be caused by the accumulation of oxychlordane in low dose group. [REF-100]

10-4 BIOLOGICAL HALF/LIFE:

    SERUM HALF-LIFE IN ... CHILD WAS 88 DAYS. [REF-36, p.II-185]

    Cichlasoma (tropical fish) exhibited an elimination half-life of 20 weeks. /Cis-isomer/ [REF-59, p.353]

    Goldfish exhibited an elimination half-life of 4.4 weeks. /Cis-isomer/ [REF-59, p.353]

    Lepomis macrochirus (bluegill) exhibited an elimination half-life of 16 weeks. /Cis-isomer/ [REF-59, p.353]

    Xenopus (frog) exhibited an elimination half-life of 3.3 weeks. /Cis-isomer/ [REF-59, p.353]

    Half-life of compound was less than 1 day (oral admin) & about 7 days (ip admin) in male rats. [REF-101]

10-5 MECHANISM OF ACTION:

    IN VIVO EFFECTS OF CHLORDANE ON BRAIN ATPASE ACTIVITIES IN RATS FED WITH IRON SUFFICIENT (IS) & DEFICIENT (ID) DIETS WERE INVESTIGATED. MALE SPRAGUE-DAWLEY RATS WERE FED WITH 0, 25, 50, & 100 PPM CHLORDANE MIXED WITH IS & ID DIETS FOR 12 WK. NA+, K+ & OLIGOMYCIN SENSITIVE (OS) & INSENSITIVE (OI) MG2+ ATPASE ACTIVITIES WERE DETERMINED. NA+, K+ & OS MG2+ ATPASE WERE DECR SIGNIFICANTLY IN TREATED RATS. OLIGOMYCIN INSENSITIVE MG2+ ATPASE WAS UNAFFECTED BY CHLORDANE TREATMENT. NA+, K+ & OS MG2+ ATPASE ACTIVITIES DECR IN DOSE DEPENDENT MANNER REACHING A MAX OF 60 & 75% IN 100 PPM GROUP FED ON ID DIETS AS COMPARED TO CONTROLS RECEIVING THE SAME DIET. THE RATS FED IS DIETS ALSO SHOWED DECR ENZYME ACTIVITIES BUT THE DECR WAS 15-20% LESS THAN ID GROUPS AT ANY DOSE OF CHLORDANE. THESE RESULTS SUGGEST THAT CHLORDANE MAY BE EXERTING ITS TOXIC ACTION BY INHIBITING THE ATPASE SYSTEM. [REF-102]

10-6 INTERACTIONS:

    ... CHLORDANE POTENTIATES ALDRIN, ENDRIN, & PARATHION TOXICITY IN MICE. ... [REF-103, p.1218]

    ... CHLORDANE-INDUCED INCREASES IN ALIPHATIC-ESTERASE ACTIVITY, LED TO APPARENT DECREASES IN TOXICITY OF CARBAMATE INSECTICIDES. [REF-36, p.II-185]

    Quail treated with chlordane followed by endrin, had considerably more chlordane residues in their brains than did birds treated with chlordane alone, suggesting an increased uptake of chlordane in brains of birds post-treated with endrin. [REF-88]

    Scenedesmus quadricauda exposed to 0.1-100 ug/l /chlordane exhibited/ stimulation of growth. [REF-59, p.351]

    Histological /examination of/ slides prepared from rats pretreated with 25 mg/kg chlordane and then injected with 0.58 ml of a 25% soln of carbon tetrachloride in olive oil, revealed more extensive hepatocellular necrosis in the chlordane-pretreated rats than was found in the carbon tetrachloride treatment /group/ alone. [REF-104, p.C-11]

*** 11                                       PHARMACOLOGY *** 

11-1 DRUG WARNING:

    Food and Environmental Agents: Effect on Breast-Feeding: Chlordane: None reported. /from Table 7/ [QR] [REF-105]

*** 12            ENVIRONMENTAL FATE AND EXPOSURE POTENTIAL *** 

12-1 ENVIRONMENTAL FATE/EXPOSURE SUMMARY:

    Chlordane has been released into the environment primarily from its application as an insecticide. Currently, there are no approved uses for chlordane in the US. If released to soil, chlordane may persist for long periods of time; under field conditions, the mean degradation rate has been observed to range from 4.05-28.33%/yr with a mean half-life of 3.3 years. Chlordane is expected to be generally immobile or only slightly mobile in soil based on field tests, soil column leaching tests and Koc estimation; however, its detection in various groundwaters in NJ and elsewhere indicates that movement to groundwater can occur. Soil volatility tests have found that chlordane can volatilize significantly from soil surfaces on which it has been sprayed, particularly moist soil surfaces; however, shallow incorporation into soil will greatly restrict volatile losses. Although sufficient biodegradation data are not available, it has been suggested that chlordane is very slowly biotransformed in the environment which is consistent with the long persistence periods observed under field conditions. If released to water, chlordane is not expected to undergo significant hydrolysis, oxidation or direct photolysis. The volatilization half-life from a river one meter deep flowing 1 m/sec with a wind velocity of 3 m/sec is estimated to be 7.3-7.9 hrs at 23 deg C while the volatilization half-lives from a representative environmental pond, river and lake are estimated to be 18-26, 3.6-5.2 and 14.4-20.6 days, respectively. However, adsorption to sediment significantly attenuates the importance of volatilization. Adsorption to sediment is expected to be a major fate process based on soil adsorption data, estimated Koc values (15,500-24,600), and extensive sediment monitoring data. Bioconcentration is expected to be important based on experimental log BCF values which are generally above 3,200. Sensitized photolysis in the water column may be possible. The presence of chlordane in sediment core samples suggests that chlordane may be very persistent in the adsorbed state in the aquatic environment. If released to the atmosphere chlordane will be expected to exist predominately in the vapor phase. Chlordane will react in the vapor-phase with photochemically produced hydroxyl radicals at an estimated half-life rate of 6.2 hr suggesting that this reaction is the dominant chemical removal process. The detection of chlordane in remote atmospheres (Pacific and Atlantic Oceans; The Arctic) indicates that long range transport occurs. It has been estimated that 96% of the airborne reservoir of chlordane exists in the sorbed state which may explain why its long range transport is possible without chemical transformation. The detection of chlordane in rainwater and its observed dry deposition at various rural locations indicates that physical removal via wet and dry deposition occurs in the environment. Major general population exposure to chlordane can occur through oral consumption of contaminated food and inhalation of contaminated air as well as through contact with treated soil. Occupational exposure by dermal and inhalation routes related to the use of chlordane as an insecticide may have been significant. (SRC) 

12-2 ECOTOXICITY VALUES:

  . LC50 BOBWHITE QUAIL ORAL 331 PPM IN 5 DAY DIET (95% CONFIDENCE LIMIT 197-497 PPM) [REF-106, p.14]

  . LC50 JAPANESE QUAIL ORAL 350 PPM IN 5 DAY DIET (95% CONFIDENCE LIMIT 305-403 PPM) [REF-106, p.14]

  . LC50 RING-NECKED PHEASANT ORAL 430 PPM IN 5 DAY DIET (95% CONFIDENCE LIMIT 366-505 PPM) [REF-106, p.14]

  . LC50 MALLARD ORAL 858 PPM IN 5 DAY DIET (95% CONFIDENCE LIMIT 629-1241 PPM) [REF-106, p.14]

  . LC50 Simocephalus serrulatus 20 ug/l/48 hr (95% confidence limit 12-32 ug/l) @ 15 DEG C, first instar. Static bioassay without aeration, pH 7.2-7.5, water hardness 40-50 mg/l as calcium carbonate and alkalinity of 30-35 mg/l. [REF-107, p.19]

  . LC50 Daphnia pulex 24 ug/l/48 hr (95% Confidence limit 20-28 ug/l) @ 15 deg C, first instar. Static bioassay without aeration, pH 7.2-7.5, water hardness 40-50 mg/l as calcium carbonate and alkalinity of 30-35 mg/l. [REF-107, p.19]

  . LC50 Gammarus fasciatus 40 ug/l/96 hr (95% Confidence limit 21-60 ug/l) @ 21 deg C, mature. Static bioassay without aeration, pH 7.2-7.5, water hardness 40-50 mg/l as calcium carbonate and alkalinity of 30-35 mg/l. [REF-107, p.19]

  . LC50 Pteronarcys californica 15 ug/l/96 hr (95% confidence limit 9-24 ug/l) @ 15 deg C, second yr class. Static bioassay without aeration, pH 7.2-7.5, water hardness 40-50 mg/l as calcium carbonate and alkalinity of 30-35 mg/l. [REF-107, p.19]

  . LC50 Coho salmon 14 ug/l/96 hr (95% confidence limit 11-17 ug/l) @ 12 deg C, wt 0.6 g. Static bioassay without aeration, pH 7.2-7.5, water hardness 40-50 mg/l as calcium carbonate and alkalinity of 30-35 mg/l. [REF-107, p.19]

  . LC50 Cutthroat trout 27 ug/l/96 hr (95% confidence limit 24-31 ug/l) @ 12 deg C, wt 1.0 g. Static bioassay without aeration, pH 7.2-7.5, water hardness 40-50 mg/l as calcium carbonate and alkalinity of 30-35 mg/l. [REF-107, p.19]

  . LC50 Rainbow trout 42 ug/l/96 hr (95% confidence limit 37-48 ug/l) @ 12 deg C, wt 1.0 g. Static bioassay without aeration, pH 7.2-7.5, water hardness 40-50 mg/l as calcium carbonate and alkalinity of 30-35 mg/l. [REF-107, p.19]

  . LC50 Brown trout 11.1 ug/l/96 hr (95% confidence limit 9.3-13.1 ug/l) @ 12 deg C, wt 0.6 g. Static bioassay without aeration, pH 7.2-7.5, water hardness 40-50 mg/l as calcium carbonate and alkalinity of 30-35 mg/l. [REF-107, p.19]

  . LC50 Fathead minnow 115 ug/l/96 hr (95% confidence limit 62-214 ug/l) @ 17 deg C, wt 0.7 g. Static bioassay without aeration, pH 7.2-7.5, water hardness 40-50 mg/l as calcium carbonate and alkalinity of 30-35 mg/l. [REF-107, p.19]

  . LC50 Planarian 1-5 ppm/10 days /Conditions of bioassay not specified/ [REF-108]

  . LC50 Ictalurus punctatus (channel catfish) 500 ug/l/96 hr /Conditions of bioassay not specified/ [REF-109, p.B-19]

  . LC50 Cyprinus carpio (carp) 1160 ug/l/48 hr /Conditions of bioassay not specified/ [REF-110, p.B-19]

  . LC50 Mugil curema (white mullet) 5.5 ug/l/48 hr /Conditions of bioassay not specified/ [REF-111, p.B-21]

  . LC50 Palaemonetes kadiakensis (freshwater shrimp) 13.6 ug/l/24 hr; 2.5 ug/l/24 hr. /Technical chlordane/ /Conditions of bioassay not specified/ [REF-112, p.B-18]

  . LC50 Chironomus plumosus (midge, larva) 10 ug/l/24 hr /Conditions of bioassay not specified/ [REF-113, p.B-18]

  . LC50 Palaemonetes kadiakensis (decapod) 4.0 ug/l/96 hr /Conditions of bioassay not specified/ [REF-59, p.351]

  . LC50 Gammarus lacustris 26 ug/l/96 hr /Conditions of bioassay not specified/ [REF-59, p.351]

  . LC50 Tubifex tubifex (tubificid worm) 10,000 ug/l/24 hr /Conditions of bioassay not specified/ [REF-114, p.B-18]

  . LC50 Lebistes reticulatus 0.341 mg/l/96 hr /Conditions of bioassay not specified/ [REF-115]

  . LD50 Mallard (female) oral 1200 mg/kg (95% confidence limit 954-1510 mg/kg) [REF-49, p.35]

  . LC50 Rainbow trout 29 ug/l/96 hr (diet with 23% proteins; 47 ug/l/96 hr (diet with 45% proteins). /Conditions of bioassay not specified/ [REF-116, p.124]

  . Crassostrea virginica (eastern oyster) 10 ug/l/24 hr; Toxic effect: growth affected. [REF-117, p.B-20]

  . Chlamydomonas sp exposed to 0.1-50 ug/l /chlordane exhibited/ stimulation of growth; At 100 ug/l, exhibited inhibition of cell division. [REF-59, p.351]

  . Branchiura sowerbyi (tubificid worm) exposed to 500 ug/l/72 hr, exhibited: 100% mortality /Technical chlordane/ [REF-118, p.B-18]

12-3 ENVIRONMENTAL FATE:

  . TERRESTRIAL FATE: ... APPLIED TO TURF SOIL, NO INCR IN PERSISTENCE WAS OBSERVED ... WITH APPLICATION RATES OF CHLORDANE UP TO 28 KG/HECTARE ... . [REF-119, p.299]

  . ATMOSPHERIC FATE: Pesticides applied to soils and crops may enter the atmosphere in several ways. Significant portions of aerially applied chemicals never reach the target and drift away from the treated area. Compounds may also volatilize from the treated areas and then contaminate the atmosphere. Long-distance transportation in the atmosphere may then take place in the vapor phase or the compound may be attached to airborne particles, eg, dust particles, water droplets and plant seeds. [REF-120, p.24]

  . ATMOSPHERIC FATE: /Chlordane/ although stable to UV light under normal conditions, some components, namely chlordene, heptachlor, and cis alpha-chlordane, will photo-isomerize under high intensity UV light in the presence of sensitizers such as ketones; Also, dechlorination reactions can occur in unsensitized media. Photo-cis-chlordane seems to be the only photo-isomer which can be found under field conditions, but its significance as a residue is considered minimal. [REF-121, p.14]

  . TERRESTRIAL FATE: /Chlordane exhibits/ 75-100% disappearance from soils in 3-5 years. [REF-59, p.351]

  . AQUATIC FATE: Both chlordane isomers stable in water for 60 days. [REF-96, p.22-6]

  . TERRESTRIAL FATE: Chlordane released to soils may persist for long periods of time. One review of chlordane soil persistence literature has reported that the mean degradation rate of chlordane in soil under field conditions has been observed to range from 4.05-28.33%/year(1); another literature review has reported the mean half-life of chlordane under field conditions to be 3.3 years(2). Based on field tests, soil column leaching tests and Koc estimation, chlordane is expected to be generally immobile or only slightly mobile in soil; however, the detection of chlordane in a number of NJ groundwaters and groundwaters elsewhere indicates that leaching can occur(3-5). Soil volatility studies have found that chlordane can volatilize significantly from soil surfaces on which it has been sprayed, particularly moist soil surfaces; however, shallow incorporation into soil was found to greatly restrict volatilization losses. Sufficient data are not available to predict the biodegradation rate of chlordane in soil. However, it has been suggested that chlordane is very slowly biotransformed in the environment (similar in nature to dieldrin) which is consistent with the long persistence periods observed under field conditions(SRC). [REF-122]

  . AQUATIC FATE: Chlordane released to water is not expected to undergo significant hydrolysis, oxidation, or direct photolysis(1-2). Based on experimentally determined Henry's Law constants(3-4), chlordane (gamma- and trans-isomers) can be expected to volatilize significantly from the water column to the atmosphere; the volatilization half-life from a river one meter deep flowing 1 m/sec with a wind velocity of 3 m/sec is estimated to be 7.3-7.9 hrs at 23 deg C for the gamma- and trans-isomers, respectively, and 43 hr for technical chlordane(5) while the volatilization half-lives from a representative environmental pond, river and lake are estimated to be 18-26, 3.6-5.2 and 14.4-20.6 days, respectively(6). Adsorption to sediment, however, significantly attenuates the importance of volatilization(7). Adsorption to sediment is expected to be a major fate process based on soil adsorption data, estimated Koc values (15,500-24,600)(5), and extensive sediment monitoring data. Bioconcentration is also expected to be significant based on experimental log BCF values ranging from 2.60 to 4.58 with most of the log BCF values above 3.5(8-9). Acetone, benzophenone and rotenone have been found to sensitize the photolysis of chlordane in the laboratory which may suggest that sensitized photolysis in the natural water column is possible(7). The presence of chlordane in sediment core samples suggests that chlordane may be very persistent in the adsorbed state in the aquatic environment(10). The observation that 85% of the chlordane originally present in a sealed glass jar under sunlight and aritifical light in a rive die-away test remained at the end of two weeks and persisted at that level through week 8 of the experiment(11) indicates that chlordane will be very persistent in aquatic environments(SRC). [REF-123]

  . ATMOSPHERIC FATE: If chlordane is released to the atmosphere, it will be expected to be predominatly in the vapor-phase(3-4), based upon its vapor pressure(5-7). Chlordane present in the atmosphere in vapor-phase will react with photochemically produced hydroxyl radicals at an estimated half-life rate of 6.2 hr(5) suggesting that this reaction is the dominant chemical removal process for vapor-phase chlordane(SRC). Since chlordane does not absorb UV light above 280 nm(6), direct photolysis should not occur. The detection of chlordane in the ambient atmosphere of remote locations in the Pacific and Atlantic Oceans and in the Arctic air(7) indicate that long range transport of the chemical occurs. It has been estimated that 96% of the airborne reservoir of chlordane exists in the sorbed state(1). Particulate-phase chlordane may be physically removed from the atmosphere by wet and dry deposition processes. Its' detection in rainwater(7) suggests that wet deposition occurs. The dry deposition velocity of chlordane has been observed to be 0.13 cm/sec at various rural locations on the eastern coast of the USA(2,SRC). [REF-124]

12-4 BIODEGRADATION:

  . Using a static-culture flask-screening procedure (settled domestic wastewater as microbial inoculum), chlordane had 0% biodegradation after 28 days of incubation which included three weekly subcultures(1). A pure culture of Nocardiopsis sp. isolated from soil was able to degrade chlordane with dichlorochlordene, oxychlordane, heptachlor, heptachlor-endo-epoxide, chlordene, chlorohydrin, and 3-hydroxy-trans-chlordene produced as metabolites(2). Microorganisms isolated from petroleum based cutting fluids cultivated on heptachlor were able to rapidly degrade chlordane with 76-83% degradation in 4 hrs(3). The fungus Aspergillus niger was able to use chlordane in nutrient solutions, but not as a sole carbon source(4). It has been suggested that chlordane is comparable to dieldrin with a very slow biotransformation rate in the environment(5). The finding of chlordane residue in soil at least 10 yrs after the last known application of the pesticide(6) indicates that chlordane at best only slowly biodegrades in soil. In a river die-away test, 85% of the chlordane originally present in a sealed glass jar under sunlight and artifical light remained at the end of two weeks and persisted at that level through week 8 of the experiment; it is not possible to estimate the proportion of chlordane decrease due to biotic and abiotic processes since no tests were done with sterilized river water(7). [REF-125]

12-5 ABIOTIC DEGRADATION:

  . TRANS-CHLORDANE (GAMMA-ISOMER) WAS ALTERED BY UV IRRADIATION. CIS-CHLORDANE (ALPHA-ISOMER) UNDERWENT CHANGE TO EXTENT OF 65-69% IN AIR IN 16-20 HR OF UV IRRADIATION. ... /CIS & TRANS-ISOMERS/ [REF-94, p.87]

  . ENVIRONMENTAL DEGRADATION: THE PHOTOISOMERS OF CHLORDANE APPEAR TO OCCUR UNDER NATURAL CONDITIONS. ALL OF THESE PHOTOISOMERS ARE OF SPECIAL SIGNIFICANCE BECAUSE THEY ARE MUCH MORE TOXIC TO CERTAIN ANIMALS THAN CHLORDANE. PHOTO-CIS-CHLORDANE, WHICH IS MORE BIODEGRADABLE THAN CIS-CHLORDANE, SHOWED HIGHER BIOACCUMULATION VALUES, & THEREFORE MAY HAVE MORE SIGNIFICANT EFFECTS ON FOOD CHAINS. [REF-126]

  . A study was conducted to examine the persistance of chlordane in river water. A sample was placed in a sealed glass jar under sunlight and artificial fluorescent light with an initial concentration of 10 ug/l. Results indicated that there was 100% of the original compound after 1 hr; 90% after one week; 85% after two weeks; 85% after four weeks; 85% after eight weeks. [REF-59, p.351]

  . Aquatic hydrolysis of chlordane is not an environmentally significant fate process(1). Based on estimated rate constants, the aquatic oxidation of chlordane in water via alkoxy radicals or singlet oxygen is not environmentally significant(1). Chlordane (in hexane solvent) does not absorb UV radiation above 280 nm(2) indicating that direct photolysis should not occur in the environment(SRC). Chlordane has been shown to undergo photosensitized reactions with the presence of acetone as a photosensitizer; Cis-chlordane is more susceptible to sensitized photolysis than trans-chlordane(3). Cis- and trans-chlordane experienced 70-80 and 15-20% respective losses when exposed to 4 hrs of sunlight on bean leaves that had been treated with rotenone (a photosensitizer); no loss occurred in the absence of rotenone(4). Benzophenone and acetone were found to sensitize the photolysis of cis-chlordane at environmentally significant wavelengths with photo-cis-chlordane being formed as the major photoreaction product(5-6). The rate constant for the vapor-phase reaction of chlordane with photochemically produced hydroxyl radicals has been estimated to be 3.9X10-11 cu cm/molecule-sec at 25 deg C which corresponds to a half-life of 6.2 hrs in an average atmosphere containing 8X10+5 hydroxyl radicals/cu cm(7). [REF-127]

  . In a river die-away test, 85% of the chlordane originally present in a sealed glass jar under sunlight and artificial light remained at the end of two weeks and persisted at that level through week 8 of the experiment; it is not possible to estimate the proportion of chlordane decrease due to biotic and abiotic processes since no tests were done with sterilized river water(1). [REF-128]

12-6 BIOCONCENTRATION:

  . Lagodon rhomboides (pinfish) exposed to chlordane exhibited a bioconcentration factor of 6227. Duration of 96 hr. [REF-129, p.B-21]

  . Xenopus laevis (frogs) exposed to 5 ppb exhibited a bioconcentration factor of 108 at 96 hr (time for maximum absorption in a static system) /Cis-isomer/ [REF-59, p.352]

  . Lepomis macrochirus (bluegills) exposed to 5 ppb exhibited a bioconcentration factor of 322 at 24 hr (time for maximum absorption in a static system) /Cis-isomer/ [REF-59, p.352]

  . Carassius auratus (goldfish) exposed to 5 ppb exhibited a bioconcentration factor of 990 at 16 hr (time for maximum absorption in a static system) /Cis-isomer/ [REF-59, p.352]

  . Hyallela azteca (scub) exposed to technical chlordane exhibited a whole body bioconcentration factor of 5200. Duration 65 days. [REF-130, p.B-16]

  . In contrast to other organochlorine pesticides, chlordane and its degradation products do not appear to be extensively concentrated in the higher members of the terrestrial food chain, ie, homeotherms. [REF-120, p.19]

  . FOLLOWING SPRAYING OF LAKE WATER WITH 10 PPB CHLORDANE, CUTTHROAT TROUT & NEWTS WERE ANALYZED FOR RESIDUES. NEWTS ACCUMULATED HIGH LEVELS OF CHLORDANE WITHIN 14 DAYS OF TREATMENT. LEVELS AS HIGH AS 1285 PPB ALPHA-CHLORDANE & 1132 PPB GAMMA-CHLORDANE WERE MEASURED AFTER 14 DAYS. AFTER 45 DAYS, 35-327 PPB ALPHA-CHLORDANE & 13-144 PPB GAMMA-CHLORDANE WERE MEASURED IN THE NEWTS. AFTER 3 YR NO CHLORDANE WAS DETECTED. CHLORDANE RANGED FROM 1193 PPB TO 34,094 PPB AFTER 14 DAYS, BUT WAS DECR CONSIDERABLY AFTER 45 DAYS. THE DECLINE OF CHLORDANE IN TROUT BODIES WAS SIMILAR TO THAT OF NEWTS. IN BOTH SPECIES, TRANS-NONACHLOR WAS THE MOST PERSISTENT CONSTITUENT, ACCOUNTING FOR 49-55% OF TOTAL. [REF-131]

  . Chlordane log BCF of 4.06 and 3.92 were measured for fish in flowing water and static ecosystem tests, respectively(1). A 24-hr log BCF of 4.01 was measured for green algae(2). A log BCF of 4.58 was measured for fathead minnows over a 32-day exposure(3). Log BCF values of 3.8-4.3 were determined for juvenile and adult sheepshead minnow over 28-189 day exposures(4). Log BCF values of 3.52 and 2.60 were determined for large mouth bass and clams, respectively, over 106-127 day durations(5); a 10-day log BCF of 3.86 was found for eastern oysters(5). trans-Chlordane had a 24-hr flow-system log BCF of 3.66 in the edible portion of spot fish(6). A log BCF of 3.74 was estimated for redhorse and white suckers(7). [REF-132]

  . Frogs (Xenopus laevis), bluegills (Lepomis macrochirus), and goldfish (Carassius auratus) exposed to 5 ppb chlordane exhibited a log BCF of 2.03 at 96 hr, 2.51 at 24 hr, and 2.99 at 16 hr, respectively (times are for maximum absorption in a static system)(1). Scud (Hyallela azteca) exposed to technical chlordane exhibited a whole body log BCF of 3.72 over a period of 65 days(2). [REF-133]

12-7 SOIL ADSORPTION/MOBILITY:

  . The extremely low mobility of chlordane within soil ... after 14 months and 72 inches (183 cm) of rainfall /was observed/. Chlordane was found not to have extensively penetrated below nine inches (23 cm). Most of the residues (85-90%) were found in the 0-3 inch (0-8 cm) cultivated layer. Nine to 15% and 1.2-1.6% were found in the 3-6 inch (8-15 cm) and 6-9 inch (15-23 cm) layers, respectively. [REF-120, p.34]

  . Less than 2% of applied chlordane reached the 15-23 cm depth zone in field tests in British Columbia conducted over a 16 month period with 225 cm of rainfall(1). Soil column leaching tests using five different soil types (sandy, sandy loams, and silty clay loam) found that in excess of 99% of applied chlordane was retained in the upper 10 cm of soil over an 80 day period(1). Based on a log Kow of 3.32(2) and a water solubility of 0.1 ppm at 25 deg C(3), the Koc value for chlordane can be estimated to be 1720 and 15500 from regression-derived equations(4,SRC); these Koc values indicate low to immobile soil mobility(5). [REF-134]

12-8 VOLATILIZATION FROM WATER/SOIL:

  . The Henry's Law constants for gamma-chlordane and alpha-chlordane have been experimentally determined to be 1.3X10-3 and 8.6X10-4 atm-cu m/mole at 23 deg C from distilled water(1). These Henry's Law constants indicate that volatilization from environmental waters will probably be significant and relatively rapid(2). The volatilization half-lives of gamma- and alpha-chlordane from a model river one meter deep flowing 1 m/sec with a wind velocity of 3 m/sec can be estimated to be 7.3 hrs and 7.9 hrs, respectively(2,SRC). Based on measured chlordane to oxygen reaeration ratios at 23 deg C(1), the volatilization half-lives of gamma- and alpha-chlordane from a model environmental pond (2 m deep), river (3 m deep) and lake (5 m deep) are estimated to be 18-26, 3.6-5.2 and 14.4-20.6 days, respectively(2,SRC). Chlordane was found to volatilize significantly from a flask containing natural water. However, when sediment was added to the flask, more than 80% of the chlordane initially in solution was recovered from the sediment after 12 weeks demonstrating that adsorption to sediment can significantly attenuate the importance of volatilization(3). In soil volatility studies, 2% of the chlordane sprayed onto a dry fallow soil surface was lost in 50 hrs while 50% was lost from a moist soil surface in 60 hrs(4). Dry soil was found to restrict vapor losses of chlordane and other pesticides; shallow incorporation into the soil greatly restricted volatilization losses(4). Chlordane volatilized quite rapidly from sprayed alfalfa plants with a 95% loss in 21 days(5). [REF-135]

  . Volatilization kinetics, however, appear to be faster than absorption kinetics which suggests that the attenuation of the rate of volatilization by adsorption to sediments may not be as significant(1) as would appear from data obtained from laboratory tests(2). Half-lives of <10 days can be estimated for volatilization from a typical pond and lake using a model which considers both volatilization and adsorption kinetics(3). Nevertheless, based upon knowledge that the majority of the chlordane probably enters water as runoff from urban and agricultural soils(1) and that monitoring data indicate that sediment concn of chlordane are much higher in the overlying water(4-5), volatilization from surface waters may not be as fast as predicted(SRC). [REF-136]

***13                       SOURCES AND CONCENTRATIONS *** 

13-1 NATURAL OCCURRING SOURCES: 

  . Chlordane is not known to occur as a natural product(1). [REF-137]

13-2 ARTIFICIAL SOURCES: 

  . In the past chlordane was released into the environment primarily from its application as an insecticide. The amount of chlordance used annually in the US prior to 1983 was estimated in 1985 to be greater that 3.6 million pounds(4). It was applied directly to soil or foliage to control a variety of insect pests(1). Chlordane may enter the atmosphere through volatilization from plants, soil or water. After July 1, 1983 the only approved use for chlordane in the USA was for underground termite control(2). As of April 14, 1988, however, all commercial use of chlordane in the US has been cancelled(3). [REF-138]

13-3 WATER CONCENTRATIONS: 

  . DRINKING WATER: Chlordane was qualitatively detected in drinking water from New Orleans,LA and Kansas City,MO and KS(1). Chlordane (unspecified isomers) was detected at concn of 0.80 and 0.13 ug/l in drinking water from two tanks sampled between November 1986 and June 1987 of the New South Wales, Australia, northern coast; one of the tanks also contained oxychlordane at a concn of 0.5 ug/l(2). Chlordane was found in the drinking water of Pittsburgh,PA in December 1980 at concn ranging from <1.0 to 6,600 ppb(3). It was found in 22% of 63 drinking water samples from 7 US cities between 1965 and 1967(4). Chlor on March 24, 1976 at concn up to 1,200 ppm(5). [REF-139]

  . GROUNDWATER: Chlordane was detected in 433 of 1076 samples collected in NJ between 1977-1979 with max concn of 0.4 ppb(1). Chlordane (unspecified isomers) had confirmed detections in Mississippi (1.80 ppb max - normal agricultural use origin), Indiana (0.04 ppb max - point source origin), and Kansas (7.90 ppb max - unknown origin)(2). Chlordane was detected, not quantified, in 4 out of an unspecified number of samples of ground water in California (detection limit and isomers not specified)(3). Technical chlordane residues were found in ground water samples collected quarterly from 3 of 4 golf courses on Cape Cod between April 1986 and August 1987; the avg concn at the positive sites ranged from 0.11 to 2.59 ppb and the overall range of concn was not detected (detection limit not specified) to 7.20 ppb(4). The presence of chlordane in the golf course ground water samples suggested to be due to either facilitated transport (i.e. macropore flow) or to cross contamination during well installation(4). Chlordane (unspecified isomers) was found in 1 of 103 farmstead wells in Kansas sampled from December 1985 through February 1986(5). [REF-140]

  . SURFACE WATER: Chlordane was detected in 340 of 603 samples collected in NJ between 1977-1979 with a max concn of 0.8 ppb(1). cis- and trans-Chlordane have been positively detected in 56% of 820-827 USEPA STORET reporting stations; chlordane has been positively detected in 40% of 5250 reporting stations(2). An average chlordane concn of 0.059 ppb was found in nearshore tributary waters of Lake Superior in 1973-1976(3). gamma-Chlordane levels of 0.4-1.2 ppb were found in the lower Mississippi River during continuous monitoring in 1974(4). Mean concn of 0.1-0.4 ng/l were found in the Grand and Saugeen rivers (Ontario) in 1975-1977(5). [REF-141]

  . SURFACE WATER: Chlordane was found occasionally (<10% of samples pos) at up to 47 ng/L in water samples collected in 1975-1977 from streams in 11 agricultural watersheds in Ontario, Canada(1). During a 1975-1980 national surface water monitoring program, chlordane occurred in the surface water of 0.6% of the 177 stations in the US tested; a total of 2943 samples were taken(2). [REF-142]

  . RAINWATER: A mean chlordane concn of less than 0.02 ng/l was detected in the rainwater collected at the remote Enewetak Atoll in the N Pacific Ocean in 1979(1). Chlordane was detected in 4 Hawaiian rainwater samples from 1971-2 at levels of 1-3 parts per trillion(2). gamma-Chlordane was detected in unfiltered rainwater from urban and rural areas of Ontario, Canada, sampled between April and August 1981 at concn ranging from 0.1 to 0.9 ng/L(3). Chlordane (total of cis- and trans-isomers) were detected in unfiltered rainwater from coastal suburban South Carolina sampled spring through fall in the years 1977 through 1979 at concn ranging from <0.2 to 5.9 ng/kg rain(3). Chlordane was found in 35 of 36 samples of rainwater collected in Bermuda during 1983 and 1984 at max, med, avg concn of 486, 48 and 77 ng/L, respectively(4). Chlordane (unspecified isomers) was found in 24 samples of rainwater collected in College Station, TX between Jan to May 1979 at concn ranging from 0.60 to 9.1 ng/L and an avg concn 2.14 ng/L(5). [REF-143]

13-4 EFFLUENTS CONCENTRATIONS: 

  . Chlordane has been positively detected in 3.0% of 663 effluent reporting stations in the USEPA STORET data base system(1). Preliminary results of the EPA Nationwide Urban Runoff Program have found 0.01-10 ppb chlordane in stormwater runoff from Lake Quinsigamond, MA and Kansas City, MO (2). Chlordane has been qualitatively identified in various wastewater effluents from chemical factories(3). Chlordane was found in 73% of 44 samples of sewage sludge from an unknown number of unspecified sites in the USA(4). [REF-144]

13-5 SEDIMENT/SOIL CONCENTRATIONS: 

  . ENVIRONMENTAL ACCUMULATION: IN 1970, AS PART OF THE NATIONAL SOILS MONITORING PROGRAM, DATA ON SOIL & CROP RESIDUES WERE COLLECTED FROM 1506 CROPLAND SITES IN 35 STATES; CHLORDANE WAS DETECTED 165 TIMES, IN A RANGE OF 0.01-13.34 MG/KG. [REF-1, p.V20 49]

  . A sediment sample from Hawaii contained: 400-5270 ppt alpha-chlordane; 1330-5120 ppt gamma-chlordane. [REF-59, p.351]

  . SOIL: Analysis of soil from 8 US cities (50 sites/city) in 1969 found positive chlordane concns of 300-1590 ng/g with positive detections/city ranging from 16-64%(1). As part of the National Soils Monitoring Program, chlordane was detected in 117 of 1483 samples from 37 states in 1972 at an average concn of 0.05 ppm(2); positive detection of 119 of 1461 soil samples from 37 states was made in 1971 with an average concn of 0.06 ppm(3); pos detection of 165 of 1506 soil samples from 35 states was made in 1970 with a range of concn of 0.01 to 13.34 mg/kg(4). Chlordane was found in 7.4% to 42.3% of 356 soil samples taken from 14 cities in the US in 1970 at concn of 0.04-13.9 mg/kg(5). Technical chlordane residues were found in soil core samples collected in December 1985 from three golf courses in Cape Cod at concn ranging from 4.75 to 4310 ppb(6). The avg concn in the top layers of soil (1 to 1.5 ft in depth) was 2278 ppb(6). Chlordane was found in 52% of 25 samples of soil taken from the Everglades National Park in May 1976 at concn ranging from <1 to 4.8 ppb, 2.26 ppb avg(7). It was found in 43% of 7 samples of soil taken from agricultural land in Florida in May 1976 at a max concn of 195 ppb, 88 ppb avg(7). [REF-145]

  . SEDIMENTS: Chlordane was detected in the suspended sediment of the Upper Chesapeake Bay at 3 depths at average concn of 0.62-0.81 parts/trillion(1). Concn of 2-480 ppb were found in sediments of 32 ponds and rivers in RI in 1970-1 with 63% of all samples positive(2). Concn of 0.3-1.8 ng/g detected in sediment from 14 sites in the Lake Erie Basin in 1973-1976(3). Chlordane isomers (gamma and alpha) were found in core sediments (up to 250 cm deep) at concn of 34-127 ppb taken from the NY harbor(4). [REF-146]

  . SEDIMENTS: Chlordane had positive detections in 46% of 1823 USEPA STORET reporting stations(1). Mean concns of 0.2-6 ug/kg were found in suspended and bed sediment of the Grand and Saugeen rivers (Ontario) in 1976-77(2). Concn of less than 1.0 to 3 ug/kg were detected in sediment of the Apalachicola River (FL) in 1979(3). A sediment sample from Hawaii contained: 400-5270 ppt alpha-chlordane, 1330-5120 ppt gamma-chlordane(4). During a 1975-1980 national surface water monitoring program, chlordane occurred in the sediment of 30% of the 171 stations tested; a total of 1014 samples were taken(5). [REF-147]

13-6 ATMOSPHERIC CONCENTRATIONS: 

  . IN 1979 SURVEY, THE AIRBORNE CHLORDANE CONCENTRATIONS IN APARTMENTS WITH TERMITE TREATMENT PRIOR TO &/OR IN 1978 WAS 4.0-263.5 UG/CU M. IN THE 1980 SURVEY, 77% OF THE 435 TREATED APARTMENTS HAD MEAN & MAX AIRBORNE CHLORDANE CONCENTRATIONS 1.9 & 37.8 UG/CU M, RESPECTIVELY; 23% OF THE APARTMENTS, WITH CHLORDANE BELOW DETECTABLE LEVELS. [REF-148]

  . 2,479 samples collected at 45 sites in 16 states, chlordane was detected in only two samples, with concentrations of 84 and 204 ng/cu m. [REF-149, p.C-2]

  . RURAL/REMOTE: Chlordane concn of 0.006 to 0.015 ng/cu m were detected in the air at the remote Enewetak Atoll in the N Pacific Ocean in 1979(1). Concn of 0-0.012, 0.039-0.17 and 0.25 ng/cu m were detected in the ambient air of Bermuda, the Atlantic Ocean between Bermuda and RI, and Providence RI, respectively, in 1973(2). A mean concn of 0.0094 ng/cu m was detected in Barbados (1977-78) and 0.0042 ng/cu m was detected in Newfoundland in 1977(3). Concn of 0.001, 0.001, 0.002 ng/cu m were found in the Southern Pacific atmosphere near American Samoa, Peru, and New Zealand in 1979-81 monitoring(4). Chlordane concn of 0.0005-0.003 ng/cu m were detected in Arctic air between 1980-83 indicating its long range transport(5). [REF-150]

  . URBAN/SUBURBAN: Concn of 1.26 ng/cu m was detected at College Station TX(1). Chlordane was found in 0.08% of samples collected in 1970-1971 in 30 states with a mean concn of 144.2 ng/cu m in the positive samples(2). Chlordane concn of 0.036 ng/cu m was detected in ambient air of the Texas Gulf coast in summer 1982(3). A mean concn of 0.4 ng/cu m was detected in ambient air monitoring of 10 US locations in 1980 with 11.4% positive detections out of 123 samples(4). Chlordane (unspecified isomers) was found in 16 samples of air collected from two sites in College Station, TX between Feb 1979 and Feb 1980 at concn ranging from 0.32-2.64 ng/cu, 1.05 ng/cu m avg(5). Chlordane was found in all 12 urban outdoor and all 12 indoor samples collected in Bloomington, IN between Nov 1985 and Oct 1986 at concn ranging from 0.8 to 49 ng/cu m, 11 ng/cu m avg(6). Chlordane was found in the following samples of air collected from Southeastern US in Aug 1985: urban outdoor air 67% of 9 samples pos, 210 ng/cu m max, 58 ng/cu m avg; breathing zone air, 67% of 9 samples pos, 4200 ng/cu m max, 680 ng/cu m avg(7). [REF-151]

  . INDOOR AIR: Chlordane was found in the indoor air of 7 out of 9 households in Jacksonville, FL which used pesticides at concn ranging from 0.78 to 1.7 ug/cu m, 0.64 ug/cu m avg; the pesticide was found in outdoor air in the vicinity of 3 of the 9 homes at concn ranging from 0.036 to 0.21 ug/cu m, 0.82 ug/cu m avg; personal air samples of one resident/household ware found to be positive for chlordane at 6 of the 9 homes at concns ranging from 0.063 to 4.2 ug/cu m, 0.83 ug/cu m avg(1). Chlordane was found in indoor air samples collected in New Jersey between 1976 and 1985 at levels up to 55,400 ng/cu m in living areas and up to 610,000 ng/cu m in non-living areas; 12-34% of the living areas and 44-48% of the non-living areas contained chlordane concn >5,000 ng/cu m(2). Chlordane was found in 73% of 498 samples of indoor air collected in 1980 from military base apartments at concn up to 37,800 ng/cu m, 1,900 ng/cu m avg(3). Between 1981 and 1982, chlordane was detected in 20.1% of 3,957 samples of indoor air from military housing at concn up to >5,000 ng/cu m(4). Chlordane was found in samples of indoor air collected from Southeastern US in Aug 1985, 89% of 9 samples pos, 1700 ng/cu m max, 501 ng/cum avg(5). [REF-152]

13-7 FOOD SURVEY VALUES: 

  . In the US FDA's Total Diet Study (market basket survey of adult diet samples), chlordane was detected in 4 of 324 food composites (3 potato composites ranging from trace to 0.002 ppm and 1 garden fruit composite at a trace concn) in sampling conducted from Oct 1980 to March 1982(4); it was found in 1 of 240 food composites (garden fruit at a concn of 0.003 ppm) in sampling conducted from Oct 1979 to Sept 1980(5); trace concentrations in 2 (potatoes, leafy vegetables) of 240 food composites while trans-chlordane was detected in one meat-fish-poultry composite at a concn of 0.001 ppm in sampling conducted from Oct 1977 to Sept 1978(1); trace concentrations of chlordane were also found in 2 of 240 composites in each sampling conducted between Aug 1976 to Sept 1977 and Aug 1975 to July 1976(2-3). [REF-153]

  . In the US FDA's Total Diet Study (market basket survey of infant and toddler diet samples), chlordane was detected in one of 143 toddler food composites (oils-fats at concn of 0.005 ppm) in sampling conducted from Oct 1980 to March 1982(4); it was detected in one (oils-fats) of 110 toddler food composites at a concn of 0.0001 ppm in Oct 1979 to Sept 1980 sampling(4); trace concn were found in one of 110 food composites for both infants and toddlers in Aug 1976 to Sept 1977 sampling(1). In monitoring of pesticide residues in the total Canadian diet, chlordane was detected in garden fruits in 1976 to 1978 sampling(2). Chlordane has been found in Canadian meat samples at levels ranging from 0-106 ug/kg in beef, 0-32 ug/kg in pork, and 0-70 ug/kg in fowl(3). US Total Diet Survey for 1988 indicated that chlordane was found in 46 out of 1170 (4% occurrence) food items tested for pesticide residues (detection limit not reported)(5). [REF-154]

13-8 FISH/SEAFOOD CONCENTRATIONS: 

  . 20 of 133 oysters collected from the South Atlantic and Gulf of Mexico contained chlordane. All but one had tissue residue concentrations greater than 0.01 mg/kg. [REF-155]

  . 22% of 600 whole fish samples collected from the Great Lakes and major river basins had chlordane levels of 0.1 mg/kg. Fish from the Hudson River contained levels of 2.2-7.3 mg/kg chlordane /whole fish samples/. [REF-156]

  . ENVIRONMENTAL ACCUMULATION: FISH AND SHELLFISH SAMPLES, COLLECTED FROM TOKYO BAY IN AUGUST 1978, WERE EXAM. TOTAL CHLORDANE & INDIVIDUAL CHLORDANE ISOMERS (OXYCHLORDANE, TRANS-CHLORDANE, CIS-CHLORDANE, TRANS-NONACHLOR, CIS-NONACHLOR) WERE DETERMINED. SAMPLES WERE ANALYZED BY GC WITH ELECTRON CAPTURE DETECTOR. TOTAL CHLORDANE LEVELS WERE 18 PPB IN GOBY, 14 PPB IN GRAY MULLET, 39 PPB IN SEA BASS, 60 PPB IN OYSTERS, 16 PPB IN BLUE MUSSEL, 4.6 PPB IN SURF CLAM & 19 PPB IN ARK SHELL. OXYCHLORDANE LEVELS WERE HIGHEST IN SEA BASS, TRANS-CHLORDANE, CIS-CHLORDANE & TRANS-CHLORDANE LEVELS WERE HIGHEST IN OYSTER. CIS-NONACHLOR LEVELS WERE HIGHEST IN GOBY. [REF-157]

  . Lobster lipid contained 0.078-0.100 ug/g chlordane /prior to 1983/. [REF-59, p.352]

  . Acanthogobius flarimanus (goby fish) collected at the seashore of Keihinjima along Tokyo Bay August 1978, had residue levels of 6 ppb (cis-isomer) and 9 ppb (trans-isomer). /Cis- and trans-isomers/ [REF-59, p.352]

  . Chlordane concn of 300 ng/g was detected in channel catfish in the Ohio River in 1975(1). Concn of 72-200 ng/g were found in Iowa catfish in 1970-71(2). Chlordane was found in various estuarine fish in 4 of 21 coastal states surveyed between 1972 and 1976 with positive concns of 118-290 ng/g(3). Concn of 0.8-14.0 ng/g found in the edible portion of fish taken near the shore of Lake Huron(4). An average concn of 576 ppb was detected in various species from 22 watersheds near the Great Lakes in 1978(5). Concn of 8.54 ppb was found in composite fish samples from the Wabash and Ashtabula Rivers in OH(6). Concn of 0-87 ng/g were detected in 20 fish species taken from Lake Erie in 1974-77(7). Concn of 2.39-6.43 ug/g and 0.39-0.83 ug/g were found in pike and herring, respectively, taken from the Baltic Sea in 1982(8). Concn from 0-610 ng/g were found in 48 samples (75% positive) of over 20 fish species taken from major watersheds near the Great Lakes in 1979(9). Mean concn of 0-5 ng/g were found in various fish species from Lake Texoma (TX-OK) in 1979(10). Mean concn of 0.07-0.12 ug/g were detected in finfish from MD waters between 1976-80(11). [REF-158]

  . Twenty of 133 oysters collected from the South Atlantic and Gulf of Mexico contained chlordane; all but one had tissue residue concentrations greater than 0.01 mg/kg(1). cis- and trans-Chlordane were found in 68% of 25 whole fish composite samples collected in 1986 from 13 sites located along a 125 mile stretch of the Kansas River(2). [REF-159]

  . The U.S. Fish and Wildlife Service periodically determines concentrations of organochlorine chemicals in freshwater fish collected from a nationwide network of stations as part of the National contaminant Biomonitoring Program (NCBP, formerly a part of the National Pesticide Monitoring Program). From late 1984 to early 1985, a total of 321 composite fish samples were collected from 112 stations and analyzed for organochlorine chemical residues. The mean concentrations of total DDT did not change from 1980-81 to 1984, following a period of steady decline through the 1970's however, the mean concentrations of p,p'-DDT declined significantly. The most persistent DDT homolog (p,p'-DDE) was detected at 98% of the stations sampled to 1984, and constituted 73% of total DDT residues, up from 70% in 1974-79. Collectively, these findings indicate a low rate of influx and continued weathering of DDT in the environment. Residues of polychlorinated biphenyls also remained widespread, but a significant downward trend in total polychlorinated biphenyls was evident, and early eluting polychlorinated biphenyl components were present a fewer stations than in the past. Mean concentrations of dieldrin have not changed since 1978-79; concentrations remained highest in Hawaii and in the Great Lakes. Toxaphene concentrations declined from 1980-81 to 1984, especially in the Great Lakes, and the incidence of toxaphene declined from 88% of the stations sampled in 1980-81 to 69% in 1984. Mean chordane concentrations did not change from 1980-81 to 1984, following a period of decline; however, trans-nonachlor replaced cis-chlordane as the most abundant component, suggesting a lower influx of chlordane tot he aquatic environment. Residues of other organochlorines-mirex, pentachloroanisole, benzene hexachloride isomers, endrin, heptachlor, hexachlorobenzene, and Dacthal were either found at relatively few (< 25%) of the stations sampled in 1984 or were characterized by relatively low concentrations. In general, organochlorine concentrations were lower in 1984 than at any time reported previously. [REF-160]

  . Contaminant residue data from Ontario (Canada) nearshore collections of young-of-the-year spottail shiner (Notropis hudsonius) were used to assess present status and temporal trends of bioavailable organochlorine contaminants in Lake Ontario. polychlorinated biphenyl residues in spottail shiners were in excess of the International Joint Commission Aquatic Life Guideline at 11 of the 14 sites sampled in 1987; mirex residues exceeded the Guideline at 7 of the 14 sites sampled. Polychlorinated biphenyl and total DDT residues in the recent shiner collections were significantly (p < 0.01) lower relative to residue levels in collections in the 1970's. However, residue declines have slowed during the 1980's. Thus, polychlorinated biphenyl residues in spottail shiners declined by 69% over a 5 yr interval (1975-80) whereas residues declined only by 17% at the same sites during the following 7 yr interval (1980-87). Residues of hexachlorobenzene, heptachlor, aldrin, total hexachlorocyclohexane, octachlorostyrene, total chlordane, and toxaphene were generally near their detection limits in all shiner collections. A Forage Fish Contaminant Index was established for the purpose of ranking the collection sites in relative order of contamination to assess the need for point-source investigations. [REF-161]

13-9 ANIMAL CONCENTRATIONS: 

  . Chlordane levels of 0.02-0.04 ug/g were found in the brains, adipose tissue and muscle of 50 loons collected in 1979-80 in Ontario(1). Concn up to 0.23 mg/kg were found in harp seals from the Northwest Atlantic and Arctic between 1976-78(2). Median cis-chlordane concn of 0.12-0.29 ppm were detected in carcasses of bald eagles from 32 states between 1978-81 with about 37% of the total 293 carcasses having positive detections(3). cis-Chlordane levels up to 1.8 ppm were found in herons with positive detection found in 24 of 69 birds(4). cis-Chlordane was present in 10 of 37 bald eagle carcasses collected in 1970-71 at concn of 0.11-7.4 mg/kg(5). Chlordane (isomers unspecified) was analyzed for in the following catergories of birds collected in Ontario between 1972 and 1988; seed-eating birds (41 birds, not detected to 0.05 mg/kg) (wet tissue basis, detection limit 0.001 mg/kg); birds feeding in the aquatic environment (65 birds, not detected to 0.23 mg/kg, detection limit 0.01 mg/kg); raptors (e.g. eagles, hawks, and owls) (24 birds, not detected to 10.01 mg/kg, detection limit 0.01 mg/kg); and gulls and terns (78 birds, not detected to 0.93 mg/kg, detection limit 0.005 mg/kg(6). Chlordane was found in 7.5% of 20 brood combs of honey bees collected in Connecticut between 1983 and 1985 at concn ranging in the positive samples from 0.06 to 0.69 ppm(7). [REF-162]

13-20 MILK CONCENTRATIONS: 

  . 200 samples of cows' milk in Illinois 1971-1973 were found to be 87% positive for chlordane. Average concentration was 50 ug/l. [REF-163, p.260]

  . Analysis of 3618 samples of bovine milk from 27,226 dairy farms of the IL Cooperative Extension found average chlordane levels of 0.01-0.06 ppm in 1972-76, 0.01 ppm in 1977-79 and 0.03 ppm in 1980-81(1). 87% of 200 samples of cow's milk in Illnois, 1971-1973, were found to be positve for chlordane; the concn found ranging from 0.02-0.06 mg/l, 50 ug/l avg(2-3). [REF-164]

  . CHLORDANE RESIDUES IN HUMAN MILK IN TOKYO WERE STUDIED. ALL MILK SAMPLES CONTAINED OXYCHLORDANE & TRANS-NONACHLOR LEVELS RANGING FROM 0.1 TO 1.1 PPB. [REF-165]

  . Oxychlordane, a major mammalian metabolite of chlordane was found in 46% of 57 human milk samples during 1973-74 in Arkansas and Mississippi. The mean value was 5 ug/l and the maximum was 20 ug/l. [REF-166]

  . A median chlordane concn of 2 ppb was found in 1436 samples of USA human milk (74% positive detections) in 1975(1). All of the human milk samples in a study in Tokyo contained the chlordane residues oxychlordane and trans-nonachlor, levels ranging from 0.1- 1.1 ppb(2). Oxychlordane was found in 46% of 57 human milk samples during 1973-1974 in Arkansas and Mississippi; the max and mean concn were 20 and 5 ug/L, respectively(3). The cis- and trans-chlordane concn in the milk of 4 healthy pregnant women averaged 154 and 125 ppb (whole milk weight), respectively; the range of total chlordane concn (cis- and trans-isomers) found in the four women over the course of the 20 week study ranged from not detected to 1.354 ppb(4). Chlordane was not found in any of the human milk samples collected from 1436 women living in the US; however, oxychlordane, a metabolite of chlordane, was found in 74% of the samples tested, max and mean concn >500 and 95.8 ppb, respectively(5). [REF-167]

  . ANALYSES BY GLC OF HUMAN MILK FROM 1436 WOMEN LIVING IN USA FOR CHLORINATED HYDROCARBON INSECTICIDES WERE CONDUCTED. CHLORDANE WAS NOT FOUND IN ANY, HOWEVER, OXYCHLORDANE A METABOLITE OF CHLORDANE WAS FOUND IN 74% OF THE SAMPLES TESTED. [REF-168]

  . Four mothers were the subjects of a 5-month follow-up study of the weekly variations in the levels of these pollutants /organochlorine insecticides/ in their milk. Residues detected and confirmed were those of gamma-HCH, heptachlor, heptachlor epoxide, chlordane, aldrin, dieldrin and isomers and metabolites of DDT. Fluctuation in the residue levels was obvious due to variations in the daily dietary intake of residues and variations in fat content of maternal milk. [REF-169]

  . The following concn of chlordane residues were found in 210 samples of human breast milk collected in 1982 from women in 5 different regions across Canada: whole milk: alpha-chlordane (1 ng/g avg, 2 ng/g max), gamma-chlordane (1 ng/g vag, 2 ng/g max), trans-nonachlor (1 ng/g avg, 3 ng/g max); milk fat: alpha-chlordane (27 ng/g avg, 84 ng/g max), gamma-chlordane (10 ng/g avg, 84 ng/g max), trans-nonachlor (27 ng/g avg, 166 ng/g max)(88). trans-Nonachlor, alpha- and gamma-chlordane were found in 99%, 56%, and 73% of the samples, respectively(1). [REF-170]

***14                       HUMAN ENVIRONMENTAL EXPOSURE *** 

14-1 PROBABLE ROUTES OF HUMAN EXPOSURE: 

  . Major general population exposure to chlordane can occur through oral consumption of contaminated food and inhalation of contaminated air. Occupational exposure by dermal and inhalation routes related to the use of chlordane as an insecticide is probably low because of the restricted use of the insecticide(SRC). 

  . Children who consume milk; Fishermen and their families because of high consumption of fish and shellfish, especially freshwater fish; Persons living downwind from treated field and persons living in houses treated with chlordane pesticide control agents. [REF-171, p.145]

14-2 AVERAGE DAILY INTAKE: 

  . Daily respiratory intake for an average adult is approximately 0.6 ug for chlordane /prior to 1975/. [REF-172]

  . Average chlordane intake from fish was 1 ug/day /prior to 1976/. [REF-149, p.C-2]

  . FOOD INTAKE: Based on monitoring from the US FDA's Total Diet Study (market basket survey of adult diet samples), the average daily intake of total chlordane (chlordane plus octachlor epoxide) has been reported to be 0.004, 0.004, 0.004, 0.003, and 0.004 ug/kg body wt for fiscal years 1977, 1978, 1979, 1980, and 1981-82, respectively(1,3). Based on monitoring of Canadian total diet samples between 1976 and 1978, the AVDI for chlordane has been reported to be less than 0.001 ug/kg body wt(2). Based on monitoring from the US FDA's Total Diet Study (toddler diet samples), the average daily intake of total chlordane (chlordane plus octachlor epoxide) has been reported to be 0.005, 0.032, 0.003, 0.005, and 0.003 ug/kg body wt for fiscal years 1977, 1978, 1979, 1980, and 1981-82, respectively(3-6). Based on monitoring from the US FDA's Total Diet Study (infant diet samples), the average daily intake of total chlordane (chlordane plus octachlor epoxide) has been reported to be 0.001, 0.010, <0.001, 0.003, and 0.002 ug/kg body wt for fiscal years 1977, 1978, 1979, 1980, and 1981-82, respectively(6). [REF-173]

  . AIR INTAKE: Assuming the average air concn of chlordane ranges from 0.001 to 0.4 ng/cu m, the AVDI may range from 0.02-8.0 ng(SRC). WATER INTAKE: Insufficient data. (SRC) 

14-3 BODY BURDENS: 

  . OCCUPATIONAL EXPOSURE: CHLORDANE & DIELDRIN HAVE APPARENTLY PERSISTED ON THE HANDS OF A FORMER PEST CONTROL OPERATOR FOR AT LEAST 2 YR. [REF-174]

  . CHLORDANE RESIDUES IN HUMAN MILK IN TOKYO WERE STUDIED. ALL MILK SAMPLES CONTAINED OXYCHLORDANE & TRANS-NONACHLOR LEVELS RANGING FROM 0.1 TO 1.1 PPB. [REF-165]

  . ANALYSES BY GLC OF HUMAN MILK FROM 1436 WOMEN LIVING IN USA FOR CHLORINATED HYDROCARBON INSECTICIDES WERE CONDUCTED. CHLORDANE WAS NOT FOUND IN ANY, HOWEVER, OXYCHLORDANE A METABOLITE OF CHLORDANE WAS FOUND IN 74% OF THE SAMPLES TESTED. [REF-168]

  . Oxychlordane, a major mammalian metabolite of chlordane was found in 46% of 57 human milk samples during 1973-74 in Arkansas and Mississippi. The mean value was 5 ug/l and the maximum was 20 ug/l. [REF-166]

  . A median chlordane concn of 2 ppb was found in 143 samples of USA human milk (74% positive detections) in 1975(1). Chlordane has apparently persisted on the hands of a former pest control operator for at least 2 yr after last known exposure(3). All of the human milk samples in a study in Tokyo contained the chlordane residues oxychlordane and trans-nonachlor at levels ranging from 0.1 to 1.1 ppb(3). Chlordane was not found in any of the human milk samples collected from 1436 women living in the US; however, oxychlordane, a metabolite of chlordane, was found in 74% of the samples tested max and mean concn >500 and 95.8 ppb, respectively(4). Oxychlordane was found in 46% of 57 human milk samples during 1973-1974 in Arkansas and Mississippi; the max and mean concn were 20 and 5 ug/L, respectively(5). [REF-175]

  . Four mothers were the subjects of a 5-month follow-up study of the weekly variations in the levels of these pollutants /organochlorine insecticides/ in their milk. Residues detected and confirmed were those of gamma-HCH, heptachlor, heptachlor epoxide, chlordane, aldrin, dieldrin and isomers and metabolites of DDT. Fluctuation in the residue levels was obvious due to variations in the daily dietary intake of residues and variations in fat content of maternal milk. [REF-169]

  . Total chlordane concn (total of cis- and trans-isomers) in the placental tissues of 4 healthy pregnant women ranged from 5 to 137 ppb (total tissue weight basis) and avg 42 ppb; cis- and trans-chlordane concn in the milk of 4 healthy pregnant women averaged 154 and 125 ppb (whole milk weight), respectively; the range of total chlordane concn (cis- and trans-isomers) found in the four women over the course of the 20 week study ranged from not detected to 1.354 ppb(1). None of the levels of chlordane-related compounds in the blood plasma of workers chronically exposed to chlordane decreased over a period of 8 mo after the last known exposure(2). Technical chlordane constituents cis-and trans-nonachlor and chlordane metabolite oxychlordane were detected in all of the samples of human adipose tissue obtained in 1984 during autopsies of 141 from 6 Canadian Great Lakes cities; constituents alpha- and gamma-chlordane, and heptachlor as well as chlordane metabolite chlordene were not detected in any of the samples(3). [REF-176]

  . The following concn of chlordane residues were found in 210 samples of human breast milk collected in 1982 from women in 5 different regions across Canada: whole milk: alpha-chlordane (1 ng/g avg, 2 ng/g max), gamma-chlordane (1 ng/g vag, 2 ng/g max), trans-nonachlor (1 ng/g avg, 3 ng/g max); milk fat: alpha-chlordane (27 ng/g avg, 84 ng/g max), gamma-chlordane (10 ng/g avg, 84 ng/g max), trans-nonachlor (27 ng/g avg, 166 ng/g max)(88). trans-Nonachlor, alpha- and gamma-chlordane were found in 99%, 56%, and 73% of the samples, respectively(1). [REF-170]

  . Human breast adipose tissues were examined for 13 components and metabolites of technical chlordane. The geometric mean concentrations of heptachlor epoxide, oxychlordane, and trans-nonachlor were 48, 88, and 120 ng/g of fat, respectively. These concentrations increased with the subject's age, but were not much different from 1970-1980 values. The nanochlors and the pentachlorocyclopentene chlordanes are the most highly retained compounds in people, when compared to their abundances in technical people was compared to its accumulation in other mammals, in fishes, and in invertebrates by using a calculated parent/metabolite ratio. The sources of chlordane exposure were evaluated, and it was concluded that exposure to chlordane in indoor air was an important source of these components to the U.S. population [REF-177]

  . Detection of chlordane and its residues in fresh human blood samples of normal subjects by a highly sensitive analytical technique with a detection limit of 0.01 ppb were reported. Blood donors included 22 male and 21 female healthy medical students, researchers, and office workers of the University of Tokushima. A histogram showed that the concentration of each compound exhibited a distribution close to the logarithm of the normal type. Subsequent computations were performed on values obtained by logarithmic conversion. No sex differences in blood levels were found. Significant correlations were found between trans-nonachlor and oxychlordane, between trans-chlordane and cis-chlordane, and between cis-chlordane and cis-nonachlor. Subjects whose homes had been treated for termite control in recent years had high oxychlordane and trans-nonachlor levels. These values were also elevated in the group who indicated that they ate a large amount of fish. Subjects with no likelihood of chlordane exposure had low blood levels of chlordane residues, apparently from food. The authors conclude that oxychlordane and trans-nonachlor appear to be major terminal residues in the blood. Trans-chlordane levels were similarly elevated in blood, but differed in adipose tissue or breast milk. There was a high correlation between the trans-chlordane level and the cis-chlordane and cis-nonachlor levels. [REF-178]

***15                         STANDARDS AND REGULATIONS *** 

15-1 IMMEDIATELY DANGEROUS TO LIFE OR HEALTH (IDLH): 

  . NIOSH considers chlordane to be a potential occupational carcinogen. [QR] [REF-16, p.56]

15-2 ACCEPTABLE DAILY INTAKES: 

  . OPP RfD= 0.00006 mg/kg; EPA RfD= 0.0006 mg/kg; WHO RfD= 0.0005 mg/kg [REF-179, p.13]

15-3 OSHA STANDARDS: 

  . Permissible Exposure Limit: Table Z-1 8-hr Time-Weighted Avg: 0.5 mg/cu m. Skin Designation. [QR] [REF-180]

15-4 NIOSH RECOMMENDATIONS: 

  . NIOSH considers chlordane to be a potential occupational carcinogen. [QR] [REF-16, p.56]

  . NIOSH usually recommends that occupational exposures to carcinogens be limited to the lowest feasible concn. [QR] [REF-16, p.56]

  . Recommended Exposure Limit: 10 Hr Time-Weighted Avg: 0.5 mg/cu m, skin. [QR] [REF-16, p.56]

15-5 THRESHOLD LIMIT VALUES: 

  . 8 hr Time Weighted Avg (TWA) 0.5 mg/cu m, skin [QR] [REF-181, p.24]

  . Excursion Limit Recommendation: Excursions in worker exposure levels may exceed three times the TLV-TWA for no more than a total of 30 min during a work day, and under no circumstances should they exceed five times the TLV-TWA, provided that the TLV-TWA is not exceeded. [QR] [REF-181, p.6]

  . A3. A3= Confirmed animal carcinogen with unknown relevance to humans. [QR] [REF-181, p.24]

15-6 ATMOSPHERIC STANDARDS: 

  . Listed as a hazardous air pollutant (HAP) generally known or suspected to cause serious health problems. The Clean Air Act, as amended in 1990, directs EPA to set standards requiring major sources to sharply reduce routine emissions of toxic pollutants. EPA is required to establish and phase in specific performance based standards for all air emission sources that emit one or more of the listed pollutants. Chlordane is included on this list. [QR] [REF-182]

15-7 FEDERAL DRINKING WATER STANDARDS: 

  . EPA 2 ug/l [REF-183]

  . (CA) CALIFORNIA 0.1 ug/l [REF-183]

  . (NJ) NEW JERSEY 0.5 ug/l [REF-183]

15-8 STATE DRINKING WATER GUIDELINES: 

  . (AZ) ARIZONA 0.022 ug/l [REF-183]

  . (CT) CONNECTICUT 0.3 ug/l [REF-183]

  . (ME) MAINE 0.27 ug/l [REF-183]

15-9 CLEAN WATER ACT REQUIREMENTS: 

  . Toxic pollutant designated pursuant to section 307(a)(1) of the Clean Water Act and is subject to effluent limitations. [REF-184]

  . 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-185]

  . For the maximum protection of human health from the potential carcinogenic effects due to exposure of chlordane through ingestion of contaminated water and contaminated organisms, the ambient water concn should be zero, based on the nonthreshold assumption for this chemical. However, zero levels may not be attainable at the present time. Therefore, the levels which may result in incremental incr of cancer risk over a lifetime are estimated at 1X10-5, 1X10-6, or 1X10-7. The corresponding recommended criteria are 4.6 ng/l, 0.46 ng/l, and 0.046 ng/l, respectively. If these estimates are made for consumption of aquatic organisms only, excluding consumption of water, the levels are 4.8 ng/l, 0.48 ng/l, and 0.048 ng/l, respectively. [REF-186]

15-10 TRANSPORT METHODS AND REGULATIONS: 

  . No person may /transport,/ offer or accept a hazardous material for transportation in commerce unless that person is registered in conformance ... and the hazardous material is properly classed, described, packaged, marked, labeled, and in condition for shipment as required or authorized by ... /the hazardous materials regulations (49 CFR 171-177)./ [QR] [REF-187]

  . The International Air Transport Association (IATA) Dangerous Goods Regulations are published by the IATA Dangerous Goods Board pursuant to IATA Resolutions 618 and 619 and constitute a manual of industry carrier regulations to be followed by all IATA Member airlines when transporting hazardous materials. [QR] [REF-188, p.189]

  . The International Maritime Dangerous Goods Code lays down basic principles for transporting hazardous chemicals. Detailed recommendations for individual substances and a number of recommendations for good practice are included in the classes dealing with such substances. A general index of technical names has also been compiled. This index should always be consulted when attempting to locate the appropriate procedures to be used when shipping any substance or article. [QR] [REF-189, p.3097-1, 6193, 6194, 6195]

  . 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]

15-11 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-190]

  . Releases of CERCLA hazardous substances are subject to the release reporting requirement of CERCLA section 103, codified at 40 CFR part 302, in addition to the requirements of 40 CFR part 355. Chlordane is an extremely hazardous substance (EHS) subject to reporting requirements when stored in amounts in excess of its threshold planning quantity (TPQ) of 1,000 lbs. [QR] [REF-191]

15-12 RCRA REQUIREMENTS: 

  . U036; As stipulated in 40 CFR 261.33, when chlordane, 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 (40 CFR 261.5). [REF-192]

15-13 FIFRA REQUIREMENTS: 

  . Criteria of Concern: Oncogenecity. Action: Voluntary cancellation of all ... chlordane products by the registrant ... All other ... chlordane products are either voluntarily cancelled, or suspended for failure to meet EPA data requirements. The only commercial use of ... chlordane products still permitted is for fire ant control in power transformers. References: 53 FR 11798 Aril 8, 1988; 54 FR 20194 May 10,1989. [REF-193]

  . Pesticide chemicals that cause related pharmacological effects will be regarded as having an additive deleterious action. Where residues from two or more chemicals in the same class are present in or on a raw agricultural commodity the tolerance for the total of such residues shall be the same as that having the lowest numerical tolerance in this class. Chlordane is a member of the class of chlorinated organic pesticides. [REF-194]

***16                       MONITORING AND ANALYSIS METHODS *** 

16-1 SAMPLING PROCEDURES:

  . ... A detailed protocol for laboratory validation of sampling and analytical methods for toxic substances. ... Research has been directed toward the development of a universal filter/sorbent sampling train for pesticides. Where possible a 37 mm MCE filter followed by a sorbent tube containing 20/40 mesh chromosorb 102 is used. The filter and sorbent are then combined and the pesticide dissolved in toluene. Analysis of this solution by gas chromatography with an appropriate detector found the method to be suitable for ... chlordane. [REF-195]

  . NIOSH Method 5510. Analyte: Chlordane. Matrix: Air. Sampler: Filter and solid sorbent tube 10.8 um cellulose ester membrane; chromosorb 102, 100/50 mg. Flow Rate: 0.5 to 1 l/min. Sample Size: 120 liters. Shipment: Routine. Sample Stability: Greater than 1 week at 25 deg C. [REF-196, p.5510-1]

  . NIOSH Method S278. Analyte: Chlordane. Matrix: Air. Procedure: Filter/sorbent collection, extraction with toluene. Flow Rate: 1 l/min. Sample Size: 120 liters. [REF-197, p.S278-1]

16-2 ANALYTIC LABORATORY METHODS:

  . PRODUCT ANALYSIS: /CHLORDANE IN PESTICIDE FORMULATIONS:/ TOTAL CHLORINE METHOD: TITRATION. 6.266: COLORIMETRIC METHOD. 6.233: AG CHLORDANE ... ALPHA- & GAMMA-ISOMERS IN TECHNICAL PRODUCTS, INFRARED METHOD. [REF-198, p.14/115 6.262]

  . SAMPLE: SOIL; DETECTION: GAS CHROMATOGRAPHY/ELECTRON CAPTURE DETECTION; TLC. [REF-1, p.V20 51]

  . GENERAL SAMPLE: SPECTROPHOTOMETRY, AND GENERAL SAMPLE: GAS CHROMATOGRAPHY. [REF-20, p.505]

  . SAMPLE: CROPS; EXTRACTION/CLEAN-UP: EXTRACT (ACETONITRILE), FILTER, LIQ/LIQ PARTITION, COLUMN CHROMATOGRAPHY; DETECTON: GC/ELECTRON CAPTURE DETECTION. [REF-1, p.V20 52]

  . RESIDUES MAY BE DETERMINED BY GLC WITH ELECTRON CAPTURE DETECTOR ... . [REF-199, p.101]

  . EPA Method 3540. Soxhlet Extraction. A solid sample is mixed with anhydrous sodium sulfate and extracted using an appropriate solvent in a Soxhlet extractor. The sample is then dried and concentrated using a Kuderna-Danish apparatus. This is a procedure for extracting nonvolatile and semivolatile organic compounds from solids such as soils, sludges, and waste. [REF-200]

  . EPA Method 3550. Sonication Extraction. A 2- to 3-g solid sample is mixed with anhydrous sodium sulfate to form a free-flowing powder, then solvent extracted using a horn-type sonicator, followed by vacuum filtration or centrifugation for organic components of equal or less than 20 mg/kg. This method is applicable to the extraction of nonvolatile and semivolatile organic compounds from solids such as soils, sludges, and waste. Interferences include chlorofluorocarbons and methylene chloride. [REF-200]

  . EPA Method 8080. Gas Chromatography for the detection of organochlorine pesticides and polychlorinated biphenyls in solid waste. Detection is achieved by an electron capture detector or a halogen-specific detector. Sensitivity and reliability of this method usually depend on the level of interferences rather than on instrumental limitations. If interferences prevent detection of the analytes, the method may also be performed on samples that have undergone cleanup. EPA Method 3620, Florisil Column Cleanup, by itself or followed by EPA Method 3660, Sulfur Cleanup, may be used to eliminate interferences in the analysis. Under the prescribed conditions for chlordane, the method has a detection limit of 0.014 ug/l. Precision and method accuracy were found to be directly related to the concentration of the parameter and essentially independent of the sample matrix. [REF-200]

  . EPA Method 8250. Packed Column Gas Chromatography/Mass Spectrometry Technique for the determination of semivolatile organic compounds in extracts prepared from all types of solid waste matrices, soil, and groundwater. This method is applicable to quantify most neutral, acidic, and basic organic compounds that are soluble in methylene chloride and capable of being eluted with derivatization as sharp peaks from a gas chromatographic packed column. Under the prescribed conditions, chlordane has no given detection. Precision and method accuracy were found to be directly related to the concentration of the analyte and essentially independent of the sample matrix. [REF-200]

  . EPA Method 505. Microextraction and Gas Chromatography with electron capture detection for the analysis of organohalide pesticides and aroclors in drinking water including finished drinking water and drinking water during intermediate stages of treatment. For chlordane the method has a detection limit of 0.14 ug/l, a percent recovery is not applicable, and a relative standard deviation of 8.0% in reagent water. [REF-201]

  . EPA Method 608. Gas Chromatography with electron capture detection for the analyis of organochlorine pesticides and polychlorinated biphenyls including chlordane in municipal and industrial discharge. Under the prescribed conditions for chlordane, the method has a detection limit of 0.014 ug/l. Precision and method accuracy were found to be directly related to the concentration of the parameter and essentially independent of the sample matrix. Interferences: Phthalate esters and PCBs. [REF-202]

  . EPA Method 625. Gas Chromatography/Mass Spectrometry for the analysis of acid/base/neutral extractables including chlordane in municipal and industrial discharges. Under the prescribed conditions for chlordane, the method has no given detection limit. Precision and method accuracy were found to be directly related to the concentration of the parameter and essentially independent of the sample matrix. Interferences: PCBs. [REF-202]

  . NIOSH Method: 5510. Analyte: Chlordane. Matrix: Air. Procedure: Gas chromatography, electron capture detector (GC/ECD). For chlordane this method has an estimated detection limit of 0/1 ug/sample. The precision/RSD is 0.02 at 6 to 120 ug sample and the recovery is not given. Applicability: The working range is 0.04 to 1.2 mg/cu m for a 120 liter air sample. Interferences: None identified. [REF-196, p.5510-1]

  . NIOSH Method 278. Analyte: Chlordane (octachloro-3a,4,7,7a-tetrahydro-4,7- methanoindane and isomers). Matrix: Air. Procedure: Gas chromatography - electron capture detector. Method Evaluation: Method was validated over the range of 0.1563 to 1.171 mg/cu m using a 120 liter sample. Method detection limit: 0.4 ug/sample (est). Precision (CVt): 0.070. Interferences: No specific interferences. [REF-197, p.S278-1]

  . A study was conducted to compare the efficiency of five adsorbents used by government and private laboratories collect airborne pesticides. Six pesticides, acephate, chlordane, chlorpyrifos, diazinon, heptachlor, and propoxur, were vaporized in a closed system and collected on each of the adsorbents, Chromosorb 102, ORBO 42, ORBO 44 (chlordane and heptachlor only), polyurethane foam or Tenax GC, by drawing 250 l of air through the adsorbent. There were no differences in collection efficiency of the five pesticides on Chromosorb 102, ORBO's 42/44, and polyurethane foam. The efficiency with Tenax was somewhat less with several of the pesticides [REF-203]

  . A simplified analytical, procedure was presented for the simultaneous quantification of lindane and chlordane isomers, heptachlor, heptachlor epoxide, oxychlordane, trans-nonachlor, dieldrin, DDT and metabolites. The solid phase chromatography was used for extraction and concentration of the chlorinated hydrocarbon pesticides to provide adequate sample preparation and purification prior to the gas chromatographic step. Use of 4 ml of serum provided sensitivity low enough to examine background concentrations of pesticides in unexposed individuals.  The method was reproducible and sufficiently linear to measure these analytes up to 7 ng/ml in an exposed population. The data was currently being collected using a variation of this solid phase extraction procedure for processing fat samples. Extraction efficiency was observed to be from 70 to 75%. [REF-204]

16-3 CLINICAL LABORATORY METHODS:

  . A GAS CHROMATOGRAPHIC METHOD UTILIZING ELECTRON CAPTURE DETECTOR WAS DESCRIBED FOR SIMULTANEOUS DETERMINATION OF CHLORDANE & RELATED COMPOUNDS IN BLOOD. THE RECOVERY OF THESE COMPOUNDS WAS MORE THAN 93%. DETECTION LIMITS RANGED FROM 0.1-0.8 NG/G IN 10 G SAMPLES. [REF-205]

  . Detection of chlordane and its residues in fresh human blood samples of normal subjects by a highly sensitive analytical technique with a detection limit of 0.01 ppb were reported. Blood donors included 22 male and 21 female healthy medical students, researchers, and office workers of the University of Tokushima. A histogram showed that the concentration of each compound exhibited a distribution close to the logarithm of the normal type. Subsequent computations were performed on values obtained by logarithmic conversion. No sex differences in blood levels were found. Significant correlations were found between trans-nonachlor and oxychlordane, between trans-chlordane and cis-chlordane, and between cis-chlordane and cis-nonachlor. Subjects whose homes had been treated for termite control in recent years had high oxychlordane and trans-nonachlor levels. These values were also elevated in the group who indicated that they ate a large amount of fish. Subjects with no likelihood of chlordane exposure had low blood levels of chlordane residues, apparently from food. The authors conclude that oxychlordane and trans-nonachlor appear to be major terminal residues in the blood. Trans-chlordane levels were similarly elevated in blood, but differed in adipose tissue or breast milk. There was a high correlation between the trans-chlordane level and the cis-chlordane and cis-nonachlor levels. [REF-178]

  . Neutral organochlorine pesticide and polychlorinated biphenyl residues were analyzed by GC-MS technique in 183 human milk samples obtained in 1984-1985 from 165 women living in different parts of Finland. The effect of the donors' age, body mass, place of residence, number of children, dietary habits, smoking habits, occupational history, and weight loss on the organochlorine content of human milk were studied. Of all the milk samples analyzed, p,p'-DDE concentrations were above the detection limit in 99.5%, p,p'-DDD + p,p'-DDT in 57.9%, isomers of HCH in 30.0%, cis-chlordane in 4.9%, oxychlordane in 3.3%, trans-nonachlor in 6.0%, heptachlor in 12.0%, and heptachlor epoxide in 6.6%. Mirex was not found in any of the milk samples, whereas the signals of chlorinated terpenes (toxaphenes) were detected but could not be quantitatively determined. The mean fat adjusted residue levels above the detection limit in Finnish human milk samples of primipara mothers were 0.66 ppm for total DDT compounds, 0.08 ppm for HCB, 0.93 ppm for polychlorinated biphenyls, 0.41 ppm for chlordane compounds, 0.20 ppm for isomers of HCH, and 0.10 ppm for heptachlor epoxide. The geometric means were 0.46, 0.06, 0.57, 0.02, 0.02, and 0.01 ppm, respectively. The age of the mothers positively correlated with the DDE concentrations in human milk. The residues of OC compounds in human milk did not differ in women living in plywood industry regions, those actually working in the industry, and other mothers. Small differences were detected in the levels of organochlorine compounds in different parts of Finland. No relation was found between the OC content and the fish consumption, smoking habits, weight loss, or social group of the donors. [REF-206]

***17                  MANUFACTURING AND USE INFORMATION *** 

17-1 METHODS OF MANUFACTURING: 

  . [SRI] DIELS-ALDER ADDITION OF HEXACHLOROCYCLOPENTADIENE TO CYCLOPENTADIENE, FOLLOWED  BY REACTION WITH CHLORINE 

  . Hexachlorocyclopentadiene (by chlorination of pentanes) or by action of sodium hydrochlorite on cyclopentadiene, is condensed with cyclopentadiene to produce chlordene which is further chlorinated. [REF-207, p.100]

17-2 IMPURITIES: 

  . Several new components of technical chlordane were discovered using electron capture, negative ionization gas chromatographic mass spectrometry. These compounds have 10-12 chlorines and are produced by the condensation of three cyclopentadine molecules. The most abundant compound has a molecular weight of 606 and has the elemental composition C15H6Cl12. This compound and a series of related compounds were also identified as contaminants in human adipose tissue samples. These compounds are approximately 0.01-0.03% of the technical chlordane mixture, and they have average concentrations in human adipose tissue of 0.4-0.7 ng/g of fat. They are more highly retained in human adipose tissue than chlordane-like compounds containing eight or fewer chlorine atoms. [REF-208]

17-3 FORMULATIONS/PREPARATIONS: 

  . TECHNICAL CHLORDANE IS ... MIXT OF INSECTICIDAL CHLORINATED ... DERIV OF CYCLODIENE HYDROCARBON 4,7-METHANO-3A,4,7,7A-TETRAHYDROINDENE ... 64-70% ORGANOCHLORINE; CONTAINS ABOUT 1/3 CHLORDANE ... CIS & TRANS ... IS STANDARDIZED TO CONFORM TO BIOLOGICAL, CHEMICAL & PHYSICAL PROPERITIES OF REFERENCE TECHNICAL CHLORDANE. [REF-207, p.100]

  . Grades: Technical & pure [REF-4, p.258]

  . The commercial product is a mixture containing 60 to 75% of the pure cmpd & 25 to 40% of related cmpd. Chlorine content: 64-67% [REF-3, p.321]

  . Technical chlordane is a mixture of 26 organochlorine cmpd [REF-59, p.351]

  . THE APPROXIMATE COMPOSITION OF TECHNICAL CHLORDANE IS AS FOLLOWS: TRANS-CHLORDANE (GAMMA-CHLORDANE), 24%; CHLORDENE ISOMERS, 21.5%; CIS-CHLORDANE (ALPHA-CHLORDANE), 19%; HEPTACHLOR, 10%; NONACHLOR, 7%; DIELS-ALDER ADDUCT OF CYCLOPENTADIENE & PENTACHLOROCYCLOPENTADIENE, 2%; HEXACHLOROCYCLOPENTADIENE, 1%; OCTACHLOROCYCLOPENTENE, 1%; MISCELLANEOUS CONSTITUENTS, 15.5%. /TECHNICAL GRADE CHLORDANE/ [REF-1, p.V20 46]

17-4 MANUFACTURERS: 

  . Velsicol Chemical Corp, Hq, 5600 N River Rd, Rosemont, IL 60018-5119, (312) 698-9700; Production site: Route 3, Marshall, IL 62441 [REF-209, p.829]

17-5 OTHER MANUFACTURING INFORMATION: 

  . /IN THE USA/ AFTER 1 JULY 1983, THE ONLY APPROVED USE FOR CHLORDANE WILL BE FOR UNDERGROUND TERMITE CONTROL. [REF-1, p.V20 47]

17-6 MAJOR USES: 

  . The only commercial use of ... chlordane products still permitted is for fire ant control in power transformers. [REF-193]

  . FUMIGANT; ACARICIDE (FORMER USE) [REF-3, p.321]

  . [SRI] INSECTICIDE FOR UNDERGROUND TERMITE CONTROL (FORMER USE) 

  . [SRI] INSECTICIDE FOR HOME, GARDEN, & ORNAMENTALS (FORMER USE) 

  . [SRI] INSECTICIDE FOR DECIDUOUS FRUITS & NUTS (FORMER USE) 

  . [SRI] INSECTICIDE FOR CORN, CITRUS, & VEGETABLES (FORMER USE) 

  . [SRI] INSECTICIDE FOR OTHER CROPS (FORMER USE) 

  . [SRI] INSECTICIDE FOR LAWNS & TURF (FORMER USE) 

  . [SRI] INSECTICIDE FOR AGRICULTURAL PREMISES (FORMER USE) 

  . [SRI] INSECTICIDE FOR DITCH BANKS & ROADSIDES (FORMER USE) 

  . IMPORTANT PESTS CONTROLLED ... GRUBS, ANTS, WEBWORMS, ARMYWORMS, CUTWORMS, CHIGGERS ... LEAFHOPPERS. (SRP: FORMER USE) [REF-210, p.303]

  . OIL SOLN ... USED ALMOST EXCLUSIVELY FOR SUBTERRANEAN TERMITE CONTROL APPLICATIONS AND EMULSIFIABLE CONCENTRATES, GRANULES, DUSTS ... WETTABLE POWDERS FOR TERMITE CONTROL. (FORMER USE) [REF-211, p.C-53]

17-7 CONSUMPTION PATTERNS:

    [SRI] INSECTICIDE FOR NON-AGRICULTURAL USES (EXCLUDING FORESTS, AQUATIC USE, LIVESTOCK, & POULTRY), 100% (1982). 

    [SRI] IN 1974, 35% WAS USED BY PEST CONTROL OPERATORS, MOSTLY ON TERMITES; 30% FOR HOME LAWN AND GARDEN USE; 28% ON AGRICULTURAL CROPS; AND 7% ON TURF AND ORNAMENTALS. 

***18                       CHEMICAL AND PHYSICAL PROPERTIES ***

18-1 MOLECULAR WEIGHT             : 409.80 [REF-3, p.321]

18-2 MELTING POINT                : Melting point: 107.0-108.8 deg C cis-isomer; 103.0-105.0 deg C trans-isomer [REF-96, p.22-3]

18-3 BOILING POINT                : 175 DEG C @ 2 MM HG [REF-15]

18-4 DENSITY/SPECIFIC GRAVITY     : 1.59-1.63 @ 25 DEG C [REF-3, p.321]

18-5 VAPOR DENSITY                : 14: (air= 1 at boiling point of chlordane) [REF-11, p.2]

18-6 VAPOR PRESSURE               : vapor pressure = 9.75X10-6 mm Hg @ 25 deg C [QR] [REF-212, p.171]

18-7 OCTANOL/WATER PARTITION COEFFICIENT:

                               log Kow= 5.16 [QR] [REF-96, p.22-3]

18-8 VISCOSITY                    : 69 POISES AT 25 DEG C; VISCOSITY REDUCED BY HEATING TO 120-140 DEG F [REF-3, p.321]

18-9 SURFACE TENSION              : LIQUID SURFACE TENSION: 25 DYNES/CM= 0.025 N/M @ 20 DEG C (EST) [REF-6]

18-10 HEAT OF COMBUSTION           : -4,000 BTU/LB= -2,200 CAL/G= -93X10+5 JOULES/KG (EST) [REF-6]

18-11 SOLUBILITIES: 

  . INSOL IN WATER; MISCIBLE WITH ALIPHATIC & AROMATIC HYDROCARBON SOLVENTS, INCL DEODORIZED KEROSENE [REF-3, p.321]

  . ca 9 ug/l /in water/ at 25 deg C [REF-213]

  . 0.1 ppm /in water/ at 20-30 deg C [REF-214]

  . water solubility = 0.056 mg/l @ 25 deg C [QR] [REF-215]

18-12 SPECTRAL PROPERTIES: 

  . INDEX OF REFRACTION: 1.56-1.57 @ 25 DEG C/D [REF-3, p.321]

  . SADTLER REFERENCE NUMBER: A4264(IR) [REF-20, p.504]

  . Intense mass spectral peaks: 375 m/z (100%), 373 m/z (94%), 377 m/z (46%), 237 m/z (45%) [REF-216, p.94]

18-13 OTHER CHEMICAL/PHYSICAL PROPERTIES: 

  . Conversion factor 1 mg/cu m = 0.0597 ppm; 1 ppm= 16.76 mg/cu m at 25 deg C at 760 mm Hg [REF-217, p.3-3]

  . ... Photolysis of cis- or trans-chlordane at 254 nm in dioxane-water solvent gave mainly photo reduction at the vinylic group of the chlordane structure. [REF-96, p.22-5]

  . ... Chlordane is completely dechlorinated by sodium in isopropyl alcohol. [REF-218, p.146]

  . The cis-isomer of chlordane is more susceptible to photolysis than the trans-isomer. [REF-96, p.22-3]

  . Decomposes in weak alkalies [REF-4, p.258]

  . log Kow of 3.32(est) [REF-219]

  . Henry's Law constants for gamma-chlordane and alpha-chlordane have been experimentally determined to be 1.3X10-3 and 8.6X10-4 atm-cu m/mole at 23 deg C. [REF-220]

  . Henry's Law constant = 4.86X10-5 atm cu-m/mole @ 25 deg C [QR] [REF-221]
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