
1*** SUBSTANCE IDENTIFICATION ***

1-1 HSDB CHEMICAL NAME           : HEPTACHLOR
1-2 HSDB NUMBER                  : 554
1-3 SYNONYMS:

    E 3314 ; H-34 ; AAHEPTA ; AGROCERES ; Basaklor [REF-1, p.12]; 3-CHLOROCHLORDENE ; ALPHA-DICYCLOPENTADIENE, 3,4,5,6,7,8,8A-HEPTACHLORO- [REF-2, p.3-264]; DICYCLOPENTADIENE, 3,4,5,6,7,8,8A-HEPTACHLORO- ; ENT 15,152 ; EPTACLORO (ITALIAN) ; 1,4,5,6,7,8,8-EPTACLORO-3A,4,7,7A-TETRAIDRO-4,7-ENDO-METANO-INDENE (ITALIAN) ; Gold Crest H-60, Termide [REF-3, p.C-133]; GPKH ; HEPTA ; HEPTACHLOOR (DUTCH) ; 1,4,5,6,7,8,8-HEPTACHLOOR-3A,4,7,7A-TETRAHYDRO-4,7-ENDO-METHANO-INDEEN (DUTCH) ; HEPTACHLORANE ; HEPTACHLORE (FRENCH) ; 1,4,5,6,7,8,8-HEPTACHLOR-3A,4,7,7,7A-TETRAHYDRO-4,7-ENDO-METHANO-INDEN (GERMAN) ; HEPTAGRAN ; Heptagranox [REF-1, p.12]; Heptamak [REF-1, p.12]; HEPTAMUL ; Heptasol [REF-1, p.12]; Heptox [REF-1, p.12]; 4,7-METHANOINDENE, 1,4,5,6,7,8,8-HEPTACHLORO-3A,4,7,7A-TETRAHYDRO- ; 4,7-METHANO-1H-INDENE, 1,4,5,6,7,8,8-HEPTACHLORO-3A,4,7,7A-TETRAHYDRO- ; NCI-C00180 ; RHODIACHLOR ; Soleptax [REF-1, p.12]; VELSICOL 104 

1-4 MOLECULAR FORMULA            : C10-H5-Cl7 

1-5 SHIPPING NUMBER/NAME:

    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:

    49 606 30; Heptachlor
2*** DESCRIPTION AND WARNING PROPERTIES ***

2-1 COLOR/FORM:

    WHITE [REF-2, p.3-264]

    White to light tan waxy solid [REF-4, p.592]

    White to light tan crystals. [QR] [REF-5, p.156]

2-2 ODOR:

    CAMPHOR-LIKE ODOR [REF-6]

    Camphor-like odor. [QR] [REF-5, p.156]

2-3 ODOR THRESHOLD:

0.02 PPM [REF-6]

2-4 SKIN, EYE, AND RESPIRATORY IRRITATIONS:
    Eye Irritant. [REF-7]

3***FIRE AND REACTIVITY ***
3-1 FIRE POTENTIAL: 

  . Non-combustible [REF-8, p.360]

3-2 FLAMMABLE LIMITS:

    Heptachlor is not combustible, but may be dissolved in flammable liquids. [REF-9, p.2]

3-3 FIRE FIGHTING PROCEDURES: 

  . If material involved in fire: Extinguish fire using agent suitable for type of surrounding fire (material itself does not burn, or burns with difficulty). Use water in flooding quantities as fog. Use foam, carbon dioxide or dry chemical. If large quantities of combustibles are involved, use water in flooding quantities as spray and fog. [REF-8, p.360]

3-4 TOXIC COMBUSTION PRODUCTS: 

  . When heated to decomposition, it emits highly toxic fumes. [REF-10, p.1496]

  . ... Hydrogen chloride fumes gas may form in fire. [REF-6]

3-5 REACTIVITIES AND INCOMPATIBILITIES: 

  . Heptachlor can react with iron and rust to form ... hydrogen chloride gas. [REF-9, p.2]

  . Hazardous reactions with alkali metals. [REF-11, p.261]

  . Iron and rust. [QR] [REF-12, p.156]

3-6 DECOMPOSITION: 

  . Decomposition products: Toxic gases and vapors which include: hydrogen chloride, and carbon monoxide. [REF-9, p.2]

4***PROTECTIVE EQUIPMENT AND CONTROLS ***
4-1 PROTECTIVE EQUIPMENT AND CLOTHING:

  . PROTECTIVE RESPIRATOR; RUBBER GLOVES; CLEAN CLOTHES. [REF-6]

  . Employees should be provided with and required to wear impervious clothing, gloves, and face shields (eight-inch minimum). ... [REF-9, p.2]

  . Respiratory protection for heptachlor is as follows: Particulate or vapor concentration: 5 mg/ cu m or less: Any self-contained breathing apparatus; 25 mg/cu m or less: 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; 700 mg/cu m or less: A Type C supplied-air respirator with a full facepiece operated in pressure-demand or other positive pressure mode, or with a full facepiece, helmet, or hood operated in continuous-flow mode; Greater than 700 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 mode; Escape: Any gas mask providing protection against organic vapors and particulates, including pesticide respirators which meet the requirements of this class or any self-contained breathing apparatus. [REF-9, p.5]

  . Recommendations for respirator selection. At concentrations above the NIOSH REL, or where there is no REL, at any detectable concentration: Respirator Class(es): Any self-contained breathing apparatus that has a full facepiece and is operated in a pressure-demand or other positive-pressure mode. Any supplied-air respirator that has a full facepiece and is operated in a pressure-demand or other positive-pressure mode in combination with an auxiliary self-contained breathing apparatus operated in pressure-demand or other positive-pressure mode. [QR] [REF-12, p.156]

  . Recommendations for respirator selection. Escape Condition: Respirator Class(es): Any air-purifying, full-facepiece respirator (gas mask) with a chin-style, front- or back-mounted organic vapor canister having a high-efficiency particulate filter. Any appropriate escape-type, self-contained breathing apparatus. [QR] [REF-12, p.156]

  . 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-13, p.8]

  . Wear appropriate personal protective clothing to prevent skin contact. [QR] [REF-12, p.156]

  . Wear appropriate eye protection to prevent eye contact. [QR] [REF-12, p.156]

  . 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-12, p.156]

  . 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-12, p.156]

4-2 OTHER PREVENTATIVE MEASURES:

  . Contact lenses should not be worn when working with this chemical. [QR] [REF-12, p.156]

  . 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. 

  . Wear appropriate equipment /clothing/ to prevent ... skin contact with heptachlor. ... Wash ... immediately when skin becomes contaminated. ... Work clothing should be changed daily if there is any possibility that it may be contaminated. ... Immediately remove non-impervious clothing that becomes contaminated. ... Wear eye protection to prevent ... eye contact. ... A quick drench eyewash /station/ should be available. ... [REF-9, p.3]

  . Avoid breathing dust, and fumes from burning material. 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. If contact with the material anticipated, wear full protective clothing. [REF-8, p.360]

  . Persons not wearing protective equipment and clothing should be restricted from areas of spills until cleanup has been completed. [REF-9, p.3]

  . If material is not involved in fire: Keep material out of water sources and sewers. Build dikes to contain flow as necessary. [REF-8, p.360]

  . Eating and smoking should not be permitted in areas where heptachlor or liquids containing heptachlor are worked with. Employees who handle heptachlor should wash their hands thoroughly with soap or mild detergent and water before eating, smoking, or using toilet facilities. [REF-9, p.2]

  . 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-13, 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-13, 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-13, 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-13, 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-13, 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-13, 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-13, 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-13, 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-13, p.11]

  . The worker should immediately wash the skin when it becomes contaminated. [QR] [REF-12, p.156]

  . The worker should wash daily at the end of each work shift. [QR] [REF-12, p.156]

  . Work clothing that becomes wet or significantly contaminated should be removed and replaced. [QR] [REF-12, p.156]

  . Workers whose clothing may have become contaminated should change into uncontaminated clothing before leaving the work premises. [QR] [REF-12, p.156]

5*** STORAGE, CLEANUP AND DISPOSAL ***
5-1 STABILITY/SHELF LIFE: 

  . STABLE TO LIGHT, AIR, MOISTURE, AND MODERATE HEAT (UP TO 160 DEG C). [REF-14, p.A225]

5-2 STORAGE CONDITIONS: 

  . Protect containers against physical damage. Outdoor or detached storage is preferred; in case of indoor storage, cool, well-ventilated, fire-proof place should be used and kept away from source of ignition. [REF-11, p.261]

  . 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-13, p.13]

5-3 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-15]

  . Environmental considerations: Land spill: Dig a pit, pond, lagoon, or holding area to contain liquid or solid material. /SRP: If time permits, pits, ponds, lagoons, soak holes, or holding areas should be contained with a flexible impermeable membrane liner./ Cover solids with a plastic sheet to prevent dissolving in rain or fire fighting water. [REF-8, p.360]

  . ... Liquid containing heptachlor should be absorbed in vermiculite, dry sand, earth, or a similar material. [REF-9, p.3]

  . Treatment technologies which are capable of removing heptachlor from drinking water include adsorption by granular activated carbon and ozone or ozone/ultraviolet radiation. [REF-16, p.13]

  . Environmental considerations: Water spill: Use nateral deep water pockets, excavated lagoons, or snad 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. Remove trapped material with suction hoses. Use mechanical dredges or lifts to remove immobilized masses of pollutants and precipitates or greater concentration. [REF-8, p.360]

  . 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-17]

  . 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-13, p.15]

5-4 DISPOSAL METHODS: 

  . Generators of waste (equal to or greater than 100 kg/mo) containing this contaminant, EPA hazardous waste numbers P059; D031, must conform with USEPA regulations in storage, transportation, treatment and disposal of waste. [REF-18]

  . Heptachlor is a potential candidate for incineration by a rotary kiln with a temperature of 820-1600 deg C with a residence time for liquids and gases: seconds; Solids: hours. [REF-19, p.3-9]

  . 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-20]

  . 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-21]

  . The following wastewater treatment technologies have been investigated for heptachlor: Concentration process: Biological treatment. [REF-22, p.E-55]

  . The following wastewater treatment technologies have been investigated for heptachlor: Concentration process: Reverse osmosis. [REF-22, p.E-89]

  . The following wastewater treatment technologies have been investigated for heptachlor: Concentration process: Activated carbon. [REF-22, p.E-172]

  . PRECAUTIONS FOR "CARCINOGENS": There is no universal method of disposal that has been proved satisfactory for all carcinogenic compounds & specific methods of chem destruction ... published have not been tested on all kinds of carcinogen-containing waste. ... summary of avail methods & recommendations ... /given/ must be treated as guide only. /Chemical Carcinogens/ [REF-13, 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-13, 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-13, 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-13, 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-13, p.17]

  . Heptachlor and its hydrolytic product, 1-hydroxychlordene, were removed from aqueous solutions by air stripping, solvent sublation, and foam fractionation. The effects of air flow rate, added salt, ethanol, and surfactants were studied. Foam fractionation was found to be most effective, with 99% of heptachlor and 97% of 1-hydroxychlordene being removed from the aqueous solution in 5 min. This study shows that foam fractionation may find applicability for nonionic organic pollutants removal from aqueous solutions. Those nonionic organic pollutants which can be removed by solvent sublation may also be removed by foam fractionation with much better separation efficiency and no organic phase (such as paraffin oil) being required. [REF-23]

6*** HEALTH HAZARDS AND TOXIC EFFECTS ***

6-1 NON-HUMAN TOXICITY VALUES:

    TOXIC DOSE CALF ORAL 20 MG/KG [REF-24, p.1218]

    LD50 Rat (male) dermal 195 mg/kg [REF-25, p.B-25]

    LD50 Rat oral 130 mg/kg [REF-26, p.322]

    LD50 Rat oral 40-188 mg/kg [REF-27, p.296]

    LD50 Rat dermal 119-320 mg/kg [REF-27, p.296]

    LD50 Rat oral 100 to 162 mg/kg [REF-28, p.705]

6-2 HUMAN TOXICITY EXCERPTS:
    IN SV40 TRANSFORMED HUMAN CELLS (VA-4) IN VITRO, BOTH HEPTACHLOR & HEPTACHLOR EPOXIDE INDUCED UNSCHEDULED DNA SYNTHESIS ... AT ALL CONCENTRATIONS TESTED- 8 HOURS' EXPOSURE TO 100 & 1000 UMOLE HEPTACHLOR ... . [REF-29, p.V20 145]

    ... 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 /WERE 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-29, p.V20 57]

    A man with no previous medical problems had two documented exposures to an insecticide containing the /organochlorine/ compounds chlordane and heptachlor. Six months to one year later, he began to experience neurological symptoms which progressed until his death. At autopsy, his brain showed classic findings of multiple sclerosism and he had a severe peripheral neuropathy. [REF-30]

    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-31, 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-32, p.935]

    ... The dermal toxicity of heptachlor to man /is estimated/ to be 46 g for a single exposure or 1.2 g/day for multiple exposure. [REF-27, p.296]

    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-33]

    Effects of heptachlor, an organochlorine pesticide, on human myeloblastic leukemia ML-1 cells were determined. Similar to 12-O-tetradecanoylphorbol-13-acetate, a known tumor promoter, heptachlor induced cell adherence and formation of extended cytoplasmic pseudopodia in ML-1 cells. The growth of ML-1 was slightly stimulated by low concentrations (< 30 nM) of heptachlor. A dose-responsive cell death was also observed with ML-1 cells were treated with heptachlor at concentrations greater than 80 uM. Examination by light microscopy of the cells treated with 80  uM heptachlor revealed a gradual appearance of differentiation characteristics in the culture. On day 3 of the treatment, 41% of the cells remained unchanged as ML-1, 39% of the cell showed changes and apparent cell differentiation, and 20% of the cells were induced to differentiate to monocyte- or macrophage-like cell type. Electron microscopy also revealed cellular differentiation and the presence of monocyte- and macrophage-like cell types (22%) was confirmed by positive esterase staining. [REF-34]

    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 deat 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 operators workers was limited to operators employed as such for less than 5 yr. [REF-35]

    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-36]

    A neonate with a cerebral gliosarcoma was found to have chromosome abnormalities in tissue culture of the tumor, but normal karyotyping of peripheral blood. Similarities to and differences from chromosome abnormalities found in other human gliomas are noted. Unusual exposure of the child to heptachlor during prenatal development and the neonatal period suggests the need for further studies on the role of toxins in oncogenesis. [REF-37]

6-3 NON-HUMAN TOXICITY EXCERPTS:

    ... HEPTACHLOR WAS FED @ CONCN OF 0.5, 2.5, 5, 7.5 & 10 PPM TO CNFN RATS. ALTHOUGH, WHEN GROUPS WERE CONSIDERED TOGETHER, THERE WAS AN INCREASE IN INCIDENCE OF TUMOR-BEARING ANIMALS (8/23 IN MALE & 13/24 IN FEMALE CONTROLS, AS COMPARED WITH 65/114 IN MALE & 92/114 IN FEMALE TEST ANIMALS), IT DID NOT APPEAR LIKELY THAT A SIGNIFICANT DOSE-RESPONSE RELATIONSHIP EXISTED EITHER FOR TOTAL OR FOR HEPATIC TUMORS. MOST TUMORS WERE LOCATED IN ENDOCRINE ORGANS, LIVER TUMORS WERE FOUND IN 7 MALE & 12 FEMALE TEST ANIMALS BUT IN NO CONTROL ANIMALS. [REF-29, p.V5 181]

    LONG-TERM FEEDINGS ... TO RATS RESULTED IN DEVELOPMENT OF CATARACTS OF LENS IN NEWBORN, SHORTLY AFTER EYES OPENED, & ALSO INCR RISK OF OCCURRENCE OF CATARACTS IN PARENTS. [REF-38, p.656]

    GROUPS OF 50 MALE & 50 FEMALE B6C3F1 HYBRID MICE, 4 WK OF AGE, WERE FED TECHNICAL-GRADE HEPTACHLOR (72% HEPTACHLOR, 18% TRANS-CHLORDANE & 2% CIS-CHLORDANE) IN DIET FOR 80 WEEKS. MALES RECEIVED INITIAL DIETARY CONCENTRATIONS OF 10 & 20 MG/KG DIET & TIME-WEIGHTED AVG CONCENTRATIONS OF 6 & 14 MG/KG DIET; FEMALES RECEIVED INITIAL CONCENTRATIONS OF 20 & 40 MG/KG DIET & TIME-WEIGHTED AVG CONCENTRATIONS OF 9 & 18 MG/KG DIET. INITIAL DOSE LEVELS WERE REDUCED DURING EXPERIMENT DUE TO ADVERSE TOXIC EFFECTS. ... SURVIVAL IN ALL B GROUPS WAS ... HIGH: OVER 70% OF TEST & CONTROL MALES & 60% OF TEST & CONTROL FEMALES WERE STILL ALIVE AT 90 WEEKS. LIVER CARCINOMAS WERE FOUND IN 35/47 MALES ... & 30/42 FEMALES ... THAT RECEIVED THE HIGHER DOSE, & IN 11/46 MALES & 3/47 FEMALES IN LOWER DOSE GROUP, COMPARED WITH 5/19 MALE & 2/10 FEMALE MATCHED CONTROLS. [REF-29, p.V20 142]

    GROUPS OF 50 MALE & 50 FEMALE 5 WK-OLD OSBORNE-MENDEL RATS WERE FED TECHNICAL-GRADE HEPTACHLOR (72% HEPTACHLOR, 18% TRANS-CHLORDANE & 2% CIS-CHLORDANE) IN DIET FOR 80 WK. MALES RECEIVED INITIAL CONCENTRATIONS OF 80 & 160 MG/KG DIET & TIME-WEIGHTED CONCENTRATIONS OF 40 & 78 MG/KG DIET; FEMALES RECEIVED INITIAL CONCENTRATIONS OF 40 & 80 MG/KG DIET & TIME-WEIGHTED CONCENTRATIONS OF 26 & 51 MG/KG DIET. INITIAL DOSE LEVELS WERE REDUCED DURING THE EXPERIMENT DUE TO ADVERSE TOXIC EFFECTS. ... SURVIVAL IN ALL GROUPS WAS HIGH: APROX 60% OF ALL TEST & CONTROL GROUPS WERE STILL ALIVE AT 110 WEEKS. AN EXCESS OF FOLLICULAR-CELL THYROID NEOPLASMS WAS NOTED IN FEMALES THAT RECEIVED THE LOW DOSE (3/43) & IN THOSE THAT RECEIVED THE HIGH DOSE (14/38) ... COMPARED WITH POOLED FEMALE CONTROLS (3/58). [REF-29, p.V20 143]

    LIVER NECROSIS IS ONLY PATHOLOGICAL LESION FOUND IN ACUTELY POISONED ANIMALS ... CHRONIC EXPOSURES PRODUCE INANITION IN ANIMALS. ... ALSO LIKE DDT & CHLORDANE, HEPTACHLOR IS KNOWN INDUCER OF HEPATIC MICROSOMAL ENZYMES ... . [REF-39, p.II-285]

    ... WHEN ... FED TO RATS IN SINGLE DOSE, APPROX ... 90 MG/KG BODY WT, THE PRINCIPAL RESPONSES WERE TREMORS & CONVULSIONS. [REF-40, p.3726]

    INJECTION OF 1.5 MG/EGG HEPTACHLOR RESULTED IN 12% REDUCTION IN HATCHABILITY BUT NO ABNORMAL CHICKS. IT WAS TOXIC TO SEA URCHINS & INDUCED GREATLY ABNORMAL EMBRYOS. [REF-29, p.V20 143]

    228 PESTICIDES WERE TESTED FOR MUTAGENICITY IN BACTERIAL REVERSION-ASSAY SYSTEMS IN 5 STRAINS OF SALMONELLA TYPHIMURIUM (TA100, TA98, TA1535, TA1537 & TA1538) & ESCHERICHIA COLI WP2 HCR. HEPTACHLOR WAS NEGATIVE IN DOSES UP TO 5000 UG/PLATE. [REF-41]

    GENOTOXICITY OF COMMERCIAL & TECHNICAL GRADES OF 10 INSECTICIDES WERE EVALUATED WITH SALMONELLA TYPHIMURIUM & SACCHAROMYCES CEREVISIAE DIRECTLY & FOLLOWING PLANT & ANIMAL ACTIVATION. FIELD-GRADE FORMULATIONS WERE ALSO TESTED FOR MUTATIONS AT THE WAXY LOCUS IN ZEA MAYS IN SITU. HEPTACHLOR WAS POSITIVE IN ALL THREE ASSAYS. [REF-42]

    AUTORADIOGRAPHIC IDENTIFICATION OF UNSCHEDULED DNA SYNTHESIS (UDS) IN PRIMARY CULTURES OF ADULT RAT HEPATOCYTES WAS PROPOSED AS PREDICTIVE TEST FOR MUTAGENS/CARCINOGENS. THE INDUCTION OF UDS IN HEPATOCYTES SHOWED AN EXCELLENT CORRELATION WITH BACTERIAL MUTAGENESIS IN RESPONSE TO HALOGENATED COMPOUNDS. HEPTACHLOR WAS NEGATIVE IN BOTH SYSTEMS- UNSCHEDULED DNA SYNTHESIS USING MALE FISCHER 344 HEPATOCYTES & MODIFIED AMES TEST WITH & WITHOUT ACTIVATION. [REF-43]

    MALE ALBINO MICE THAT RECEIVED SINGLE DOSES OF HEPTACHLOR:HEPTACHLOR EPOXIDE (25:75) EITHER BY ORAL INTUBATION OR BY IP INJECTION (7.5 OR 15 MG/KG BODY WT) WERE MATED WITH UNTREATED FEMALES (1 MALE:3 FEMALES) SEQUENTIALLY FOR 6 SUCCESSIVE WEEKS. THERE WAS NO EVIDENCE OF INCREASE IN DOMINANT LETHALITY (RELATIVE TO CONTROLS) AS MEASURED BY PREGNANCY RATES, EARLY DEATHS & NUMBER OF LIVE IMPLANTS/FEMALE. [REF-29, p.V20 144]

    PHOTOHEPTACHLOR, A PHOTOISOMER OF HEPTACHLOR, IS ABOUT 20, 47, & 264 TIMES MORE TOXIC THAN HEPTACHLOR TO RATS, BLUEGILL, & GOLDFISH, RESPECTIVELY. [REF-44]

    CHICK EMBRYOS WERE DOSED WITH 10 & 20 MG HEPTACHLOR/EGG TO STUDY THE EFFECTS ON PORPHYRINOGEN CARBOXY-LYASE. HEPTACHLOR CAUSED PORPHYRIN TO ACCUMULATE. IT IS EVIDENT THAT SOME OF THE METABOLITES OF THE PESTICIDE ARE RESPONSIBLE FOR PORPHYRINOGEN CARBOXY-LYASE INHIBITION. [REF-45]

    Heptachlor in oral doses of 1 to 5 mg/kg given to male rats caused dominant lethal changes as demonstrated by a statistically significant incr in the number of resorbed fetuses in mated females. Increases in abnormal mitosis, abnormalities of chromatids, pulverization, and translocation of chromosomes in bone marrow cells were observed. [REF-46]

    ... Daily oral administrations of 2 or 5 mg/kg body weight heptachlor for 78-86 days to pigs, sheep, and rats induced hepatic necrosis and formation of smooth endoplasmic reticulum. ... [REF-47]

    Rats exposed to 1 or 5 mg/kg heptachlor in the diet for 3 generations, exhibited changes in their EEG. [REF-48, p.43]

    ... Dogs died in about a year following a daily intake of 1 mg/kg. [REF-27, p.296]

    ... Rats fed 125 ppm in the diet (about 6 mg/kg) died within a few days. [REF-27, p.296]

    ... A single oral dose of 45 mg/kg caused an increase of 10% in the serum esterase activity of rats. [REF-27, p.296]

    ... One ppm and 5 ppm fed to rats adversely affected rat fetuses in both early and late stages of development. [REF-27, p.296]

    /It has been/ reported that both heptachlor and heptachlor epoxide in eleven different studies were carcinogenic in mice. [REF-27, p.296]

    Heptachlor ... is reported to cause conteracts in offspring of rats after long-term feeding. [REF-49, p.478]

    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 detected in several of the reef coelenterates from both sites. [REF-50]

    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 p-450 monooxygenases (SKF-525A, piperonyl butoxide or carbon monoxide) did not alter the inhibition of gap junctional intercellular communication by the cyclodienes, suggesting that cytochrome p 450 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-51]

    In a study of the hepatotoxicity of heptacholor, a major compound of chlordane, the effect of heptachlor on the respiratory activity (oxidative phosphorylation and electron transport) of rat liver mitochondria was investigated. Heptachlor at a final concentration of 50 uM with succinate as substrate decreased the respiratory control index due to a marked inhibition of state 3 respiration and a slight inhibition of state 4 respiration. One hundred uM heptachlor with succinate as substrate suppressed the states 3 and 4 respiration almost completely. On the other hand, heptacholor at a final concentration ranging from 50 to 100 uM with beta-hydroxybutylate slightly decreased the respiratory control index and decreased the respiratory control index hardly at all with ascorbate plus N,N,N',N',-tetramethylphenylene diamine as substrate. Heptachlor at a
    concentration of 50 uM in the presence of succinate also decreased the ADP/O ratio mitochondria. The mode of inhibition of succinate oxidation by heptachlor apparently is a noncompetitive inhibition, as shown by Lineweaver-Burk plot. [REF-52]

    By using the data available in the literature on the inhibition of GABA-induced chlorine-ion conductance with cyclodienic insecticides and isomers of hexachlorocyclohexane, the authors made attempts to simulate their in vitro activity-structure relationship in the insecticides. The mathematical processing of the data provided a number of statistically significant models involving the describers of the spatial and electronic structure of molecules and their ability to inhibit GABA-induced chlorine-ion conductance in rat brain membranes. A model of a receptor site, the mechanism of the interaction of ligands with the pycrotoxinin site of the GABA-receptor complex, was proposed while comparing the distribution of molecular electrostatic potentials of various ligands. All the calculations and construction of the spatial structures of the compounds in question were made by the software of conformational calculations, which had been developed by the authors. [REF-53]

    A survey of the effects of heptachlor and lindane on birds in the Umatilla National Wildlife Refuge in Oregon and Washington was conducted. Heptachlor treated seed had been used in the Columbia River basin near the refuge until 1979 when the use of heptachlor was banned. Lindane was used as a replacement for heptachlor. An egg was collected from each of the 60 nests representing six species between 1978 and 1980 and analyzed for organochlorine pesticide residues. Shell thicknesses of eggs of five species were measured. The thicknesses of eggs of magpies, mallard ducks, and pheasants were compared with those obtained from museum specimens collected before 1947. Twenty seven birds of nine species that were found dead or dying on or near the refuge were assayed for brain organochlorine residues. Fifty eight percent of the eggs collected from 1978 to 1980 contained heptachlor epoxide, a heptachlor metabolite, 50% contained DDE and 37% contained oxychlordane. Low concentrations of cis-nonachlor, trans-nonachlor, hexachlorobenzene, endrin, and dieldrin were detected in a few eggs. A tern egg contained the highest DDE residue, 1.90 ug/g). The tern egg was the only one that contained polychlorinated biphenyl residues, 1.60 ug/g. No significant shell thinning of eggs was found. The brains of nine birds contained heptachlor epoxide concentrations in excess of 9 ug/g. DDE, oxychlordane, trans and cis-nonachlor, hexachlorobenzene, polychlorinated biphenyls, and dieldrin were also detected. Lindane was not detected in any eggs or brain samples. The authors note that heptachlor epoxide concentrations greater than 9 ug/g cause mortality in experimental birds. Heptachlor treated seed poses a severe hazard to wildlife. Lindane seems to be a safe and effective replacement for heptachlor. [REF-54]

    Carcinogenicity studies on heptachlor and its primary metabolite, heptachlor epoxide, in mice and rats were reviewed. Both products were found to be definitely carcinogenic in the animal species studied, inducing highly significant rates of liver cancer. Neoplasms of other sites were also identified in rats, especially thyroid neoplasms, pituitary neoplasms and adrenal gland neoplasms in males and neoplasms of the reproductive system in females. Mice also showed hepatic vein thrombosis and liver cirrhosis, while rats had interstitial kidney fibrosis, polyarteritis of the mesenteric, pancreatic and other arteries, heart fibrosis, testicular and bone marrow atrophy, and lymph node hyperplasia. An excellent correlation was established between the findings recorded for heptachlor and heptachlor epoxide in rats and mice and the results obtained for other organochlorine pesticides in these species. The author concludes that since the occurrence of neoplasms in mammals is similar and since chemicals that are carcinogenic in humans are also carcinogenic in other species, the demonstration of the carcinogenic activity of heptachlor and heptachlor epoxide in mice and rats represents evidence of the carcinogenicity of these agents in all other mammalian species, including man. [REF-55]

    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 (+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 leukocytes membrane potentials, followed by cis-chlordane, trans-chlordane, and heptachlor. All compounds increased intracellular and membrane bound calcium ion (+2) concentrations. No definite trends in terms of molecular structure were discernible. The /results/ conclude that chlordane and chlordane related compounds exert stimulative effects on polymorphonuclear leukocytess in vitro. The lack of an effect on polymorphonuclear leukocytes protein kinase suggests that phospholipase-C may play a role in accelerating superoxide anion generation induced by these compounds. [REF-56]

    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 week 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-57]

    An investigation was conducted to determine the subacute toxicity of heptachlor to mink and was part of an investigation to determine the effects of heptachlor consumption on the reproductive performance of mink and to evaluate procedures designed to lower the body burdens of heptachlor. The toxicity evaluation consisted of a 28 day dietary exposure period followed by a 7 day withdrawal period. Clinical signs of toxicity were observed, including anorexia and loss of body weight, in the mink that received 25 mg/kg or more heptachlor in the diet. The reduction in feed consumption and loss of body weight were in direct proportion to the concentration of heptachlor in the diet. The lowest observed effect level and the no observed effect level values for mortality of the male mink fed technical grade heptachlor for 28 days followed by a 7 day withdrawal period were 100 mg/kg and 50 mg/kg, respectively. Consumption of diets that contained more than 12.5 mg/kg for 28 days or an intake of approximately 50 mg/kg body weight produced adverse effects. The /results suggest/ that mink are among the more sensitive species to heptachlor toxicity. [REF-58]

    Selected polychlorocycloalkane and pyrethroid insecticides were evaluated as inhibitors of GABA dependent chloride flux into mouse brain vesicles. The inhibitory potencies of the polychlorocycloalkane insecticides, measured as concentrations producing 50% inhibition, spanned a 1200 fold concentration range in the following order of decreasing potency: 12-ketoendrin; isobenzan; endrin; dieldrin; heptachlor epoxide; aldrin; heptachlor; and lindane. For the cyclodienes, inhibition of chloride uptake was closely correlated with both mammalian toxicity and the ability to displace the binding of (35)S t-butylbicyclophosphorothionate. However, lindane was much less potent as an inhibitor of GABA dependent chloride uptake than would be expected from its acute toxicity or potency as an inhibitor of (35)S- t-butylbicyclophosphorothionate. Mirex and chlordecone were poor inhibitors of GABA dependent chloride uptake, indicating that other sites are likely to be involved in their toxic action. The pyrethroid insecticide deltamethrin gave 50% inhibition of GABA dependent chloride uptake at 25 uM, but the extent of inhibition was not increased at higher concentrations. In addition, the nontoxic enantiomer of deltamethrin produced dose dependent inhibition in the chloride flux assay with a potency about 10 fold less than deltamethrin. These results demonstrate the utility of this functional assay to identify compounds that act at the GABAA receptor ionophore complex and implicate this complex as the principal site of neurotoxic action for cyclodiene insecticides. Although lindane and deltamethrin also altered GABAA receptor ionophore function, their low potencies and the incomplete stereospecificity of deltamethrin inhibition suggest that this complex is not involved in the neurotoxic action of lindane and alpha-cyano substituted pyrethroids. 

    REF-59]

    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, respiratory control index 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 heptachlor epoxide. 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. Heptachlor epoxide, a metabolic product of heptachlor, had less effect on mitochondria than heptachlor. [REF-60]

6-4 EVIDENCE FOR CARCINOGENICITY:

    Evaluation: There is inadequate evidence in humans for the carcinogenicity of heptachlor. There is sufficient evidence in experimental animals for the carcinogenicity of heptachlor. Overall evaluation: Heptachlor is possibly carcinogenic to humans (2B). [QR] [REF-61, p.53 164]

    CLASSIFICATION: B2; probable human carcinogen. BASIS FOR CLASSIFICATION: Inadequate human data, but sufficient evidence exists from studies in which benign and malignant liver tumors were induced in three strains of mice of both sexes. Several structurally related compounds are liver carcinogens. HUMAN CARCINOGENICITY DATA: Inadequate. ANIMAL CARCINOGENICITY DATA: Sufficient. [QR] [REF-62]

    A3. A3= Animal Carcinogen [QR] [REF-63, p.22]

6-5 NATIONAL TOXICOLOGY PROGRAM REPORTS:

    A bioassay of technical grade heptachlor 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 heptachlor for 80 wk then observed for 30 wk. Doses for the females were first increased, but because of toxic effects the doses were then reduced twice for both male and female rats during the remaining course of tests. Time weighted avg doses used for male rats were 38.9 and 77.9 ppm; for the females, 25.7 and 51.3 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 110-111 wk. 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 once for the males at 17-18 wk after the initiation of the tests; twice for the females, at 17 and 30 wk, after the initiation of the tests. The time weighted avg doses used for the male mice were 6.1 and 13.8 ppm; for the females, 9 and 18 ppm. Matched controls consisted of groups of 10 untreated mice of each sex; pooled controls consisted of the matched control groups combined with 90 untreated male and 70 untreated female mice from similar bioassays of five other compounds. All surviving mice were /sacrificed/ at 90-91 wk. ... In mice, hepatocellular carcinoma showed a highly significant dose-related trend in both males and females. ... No other tumors were found in mice in sufficient numbers to justify analysis. In contrast to findings with mice, no hepatic tumors were observed in rats administered heptachlor. ... It was concluded that under the conditions of this bioassay, heptachlor is carcinogenic for the liver in mice. [REF-64]

7***EMERGENCY TREATMENT***
7-1 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 exposed 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 theevent of hypotension unresponsive to fluid administration, and epinephrine may be necessary in the event of cardiopulmonary arrest. ... /Organochlorine insecticides/ [REF-65, 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 mayinduce 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-32, 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-31, p.1080]

    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 respiration 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-66]

    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-67]

    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-67]

    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-68]

7-2 MEDICAL SURVEILLANCE:

    A complete history and physical examination: The purpose is to detect pre-existing conditions that might place the employee at an increased risk, and to establish a baseline for future health monitoring. ... Examination of the eyes, nervous system, liver, and kidneys should be stressed. The aforementioned medical examination should be repeated on an annual basis. [REF-9, p.1]

    /Protect/ from exposure those individuals with diseases of kidney, liver, and lung. [REF-11, p.261]

    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-13, p.23]

8***METABOLISM AND PHARMACOLOGY ***

8-1 POPULATIONS AT SPECIAL RISK: 

    Preclude from exposure those individuals with convulsive disorders. [REF-9, p.1]

8-2 ABSORPTION, DISTRIBUTION, AND EXCRETION:

    HEPTACHLOR CAN BE ABSORBED THROUGH SKIN & VIA LUNG & GI TRACT. IN RAT, HEPTACHLOR IS METABOLIZED TO HEPTACHLOR EPOXIDE. [REF-40, p.3727]

    HEPTACHLOR EPOXIDE IS ... FOUND IN BLOOD & FAT OF STILLBORN INFANTS, INDICATING TRANSPLACENTAL TRANSFER TO THE FETUS. IT IS ALSO EXCRETED IN HUMAN MILK. [REF-69, p.V5 183]

    HEPTACHLOR IS RAPIDLY TRANSFORMED IN RATS INTO HEPTACHLOR EPOXIDE, WHICH ACCUMULATES CHIEFLY IN ADIPOSE TISSUES, & AFTER 3-6 MONTHS OF CHRONIC DOSAGE, CONCN OF EPOXIDE IN THOSE TISSUES BECOMES STABILIZED /(REACHES A STEADY STATE)/. EXCRETION OF HEPTACHLOR & ITS METABOLITES OCCURS DURING THE FIRST 5 DAYS AFTER DOSING, CHIEFLY VIA THE FECAL ROUTES. ONLY A ... SMALL AMOUNT IS EXCRETED IN THE URINE. [REF-70, p.302]

    BROILER CHICKENS WERE GIVEN HEPTACHLOR AT CONCENTRATIONS OF 0, 0.01, 0.03, 0.1 & 0.3 MG/KG IN FEED FOR 1ST 8 WK OF LIFE. THREE WERE SACRIFICED FROM EACH GROUP. HEPTACHLOR RESIDUES WERE FOUND IN ALL SAMPLES. HIGHEST CONCENTRATIONS OF RESIDUES WERE FOUND IN ADIPOSE TISSUE, WHERE CONCENTRATIONS WERE RELATED TO HEPTACHLOR CONCN IN FEED & PLATEAUED AT CONCENTRATIONS ABOUT 5 TIMES GREATER THAN THOSE IN FEED. RATIO OF CONCN OF HEPTACHLOR TO ITS EPOXIDE METABOLITE WAS HIGHER IN MUSCLE FAT THAN IN HEPATIC OR ABDOMINAL FAT. POSSIBLE MECHANISMS ACCOUNTING FOR DISPARITY OF RESIDUE CONCENTRATIONS IN FAT FROM VARIOUS TISSUES ARE DISCUSSED. IT IS NOTED THAT RESIDUE CONCENTRATIONS WERE DEPLETED BY HALF AT APPROX 4 WK AFTER CESSATION OF EXPOSURE. [REF-71]

    CONCENTRATIONS (EXPRESSED IN MG/KG OF FAT) OF HEPTACHLOR & HEPTACHLOR EPOXIDE IN 2 HORSES & 2 COWS POISONED BY GRAZING ON HEPTACHLOR CONTAMINATED PASTURES WERE DETERMINED. CONCENTRATIONS OF HEPTACHLOR EPOXIDE WERE EXTREMELY HIGH IN MARROW OF THE 2 HORSES 530 MG/KG & 370 MG/KG, RESPECTIVELY; CONCENTRATIONS OF HEPTACHLOR WERE 0.4 MG/KG & LESS THAN 0.1 MG/KG. ALTHOUGH IN THE 2ND HORSE, THE LEVEL OF HEPTACHLOR EPOXIDE IN MARROW WAS LESS THAN THAT OF RENAL FAT (550 MG/KG) OBTAINED AT DEATH, IT WAS CONSIDERABLY HIGHER THAN THE LEVEL IN BRAIN (49 MG/KG). CONCENTRATIONS OF HEPTACHLOR IN BONE MARROW OF 2 COWS WERE APPROX 0.1 MG/KG & OF HEPTACHLOR EPOXIDE 230 MG/KG & 180 MG/KG, RESPECTIVELY. ALSO CONCENTRATIONS OF HEPTACHLOR EPOXIDE WERE HIGHER IN RENAL FAT (260 MG/KG & 180 MG/KG, RESPECTIVELY) THAN HEPTACHLOR (1.0 MG/KG & 0.7 MG/KG). EFFECT OF POST MORTEM DEGRADATION ON EPOXIDE CONCN IN CATTLE BONES IS NOT KNOWN. [REF-72]

    RESULTS OF SURVEY OF ORGANOCHLORINE INSECTICIDE RESIDUES & THEIR METABOLITES IN HUMAN ADIPOSE TISSUE COLLECTED IN USA ON A NATIONAL BASIS FOR FISCAL YR 1970-4 INCLUSIVE ARE REPORTED. MOST FAT SAMPLES CONTAINED MEASURABLE LEVELS OF HEPTACHLOR EPOXIDE. HUMAN MILK COLLECTED FROM SOME AREAS IN ARKANSAS & MISSISSIPPI & BLOOD SERUM FROM OTHER LIMITED GEOGRAPHICAL AREAS ALSO SHOWED DETECTABLE RESIDUES OF THESE PESTICIDES. [REF-73]

    HEPTACHLOR &/OR ITS EPOXIDE ACCUMULATE IN BODY FAT ... HEPTACHLOR EPOXIDE HAS BEEN FOUND IN ADIPOSE TISSUE OF FISH & BIRDS, IN LIVER, BRAIN, & MUSCLE OF BIRDS, & IN INSECTS, ALGAE, PLANKTON & BIRDS' EGGS. [REF-69, p.V5 178]

    ... Heptachlor administered intragastrically as a single oral dose of 120 mg/kg body wt to rats was detected in blood within 0.5-1 hr of administration. [REF-74]

    CONTRARY TO EXPECTATIONS HEXADECANE HAD NO SIGNIFICANT EFFECT ON THE BODY CLEARANCE OF HEPTACHLOR IN RATS. HOWEVER, PHASE II ENZYME INDUCTION ALTERED THE KINETICS OF HEPTACHLOR DRAMATICALLY, REDUCING ITS HALF-LIFE BY ABOUT 1/3. REDUCTION OF HALF-LIFE WAS REFLECTED IN CORRESPONDINGLY LOWERED ADIPOSE TISSUE & BLOOD LEVELS. [REF-75]

    Organochlorines are well absorbed from the lungs, gastrointestinal tract, and skin. /Organochlorines/ [REF-31, p.1078]

    The chief route of excretion is biliary, althugh 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-76]

8-3 METABOLISM/METABOLITES:

    RATS METABOLIZE IV ADMINISTERED (14)C-LABELED HEPTACHLOR TO THE EPOXIDE (FOUND IN TISSUES, FECES & URINE) & TO 4,5,6,7,8,8-HEXACHLORO-1-EXO-HYDROXY-6,7-EXO-EPOXY-1,2,3A,4,7,7A-HEXAHYDRO- 1,4-ENDO-METHYLENEINDENE ... A HYDROPHILIC METABOLITE WHICH IS EXCRETED IN THE URINE. IN RABBITS, THE RADIOACTIVE LABEL WAS FOUND MAINLY IN THE URINE (20% EPOXIDE, 80% HYDROPHILIC METABOLITE). ANOTHER FECAL METABOLITE (A DEHYDROGENATED DERIVATIVE OF 1-HYDROXY-2,3-EPOXYCHLORDENE) WAS ISOLATED FROM RATS FED 10 MG/KG DIET HEPTACHLOR EPOXIDE FOR 30 DAYS. [REF-29, p.V20 144]

    ... METABOLIZED BY HOUSEFLIES ... TO HEPTACHLOR EPOXIDE. [REF-77, p.89]

    IN A METABOLIC STUDY, PHOTOHEPTACHLOR, A TOXIC PHOTOISOMER OF HEPTACHLOR, WAS INJECTED IP (0.93 MG/KG) INTO RATS & EXCRETA WAS COLLECTED FOR 4 WK FOR ANALYSIS OF METABOLITES USING GC/MASS SPECTROMETRY. IN AN IN VITRO STUDY, RAT LIVER HOMOGENATES WERE INCUBATED WITH (14)C-PHOTOHEPTACHLOR & EXTRACTED. MOLECULAR STRUCTURES OF 2 OF THE MAJOR METABOLITES INDICATED THAT THEY WERE PRODUCED BY HYDROXYLATION AT 2 DIFFERENT C-CL BONDS OF PHOTOHEPTACHLOR. ONE OF THE METABOLITES WAS CONJUGATED WITH GLUCURONIC ACID. THE IN VITRO TESTS SHOWED THE COMPOUNDS TO BE OF HEPATIC ORIGIN. IN OTHER TISSUE EXAM, RADIOACTIVITY WAS ORGANOSOLUBLE, CONTAINING PHOTOHEPTACHLOR & ITS NONPOLAR METABOLITES. [REF-78]

    RAT LIVER MICROSOMAL PREPN FROM ADULT MALE SPRAGUE-DAWLEY RATS WERE USED TO EXAM ALTERATION OF CHEMICALS IN ANAEROBIC CONDITIONS. MOST OF THE CHEMICALS WERE ANAEROBICALLY METABOLIZED TO THEIR EXPECTED REDUCTIVE METABOLITES BY MICROSOMES. HEPTACHLOR WAS CONVERTED TO CHLORDENE BY DECHLORINATION. [REF-79]

    ... Heptachlor, administered to rats and rabbits in single oral doses of 28-50 mg/kg body weight, was metabolized by reactions involving hydrolysis, hydroxylation, epoxidation, dehydrogenation, and molecular rearrangement. [REF-80]

    The metabolic fate of heptachlor in rats was studied in vivo and in vitro by using preparations of the liver. ... The major metabolic products of heptachlor were heptachlor epoxide, 1-exo-hydroxy heptachlor epoxide, and 1,2-dihydroxy dihydro chlordene. [REF-81]

    IN RAT, HEPTACHLOR IS METABOLIZED TO HEPTACHLOR EPOXIDE. HEPTACHLOR EPOXIDE IS ALSO THE OXIDATION PRODUCT OF HEPTACHLOR IN OTHER ANIMALS, AS WELL AS IN PLANTS & MICROORGANISMS, BUT NOT ALL HEPTACHLOR IS CONVERTED TO THE EPOXIDE, WHICH IS MORE TOXIC & MORE STABLE THAN THE PARENT COMPOUND. [REF-40, p.3727]

    (14)C Heptachlor is metabolized by the freshwater microcrustacean, Daphnia magna, to 1-hydroxychlordene, 1-ketochlordene, 1-hydroxy-2,3-epoxychlordene, and their glucosides, sulfates, and other conjugates. 1-Hydroxychlordene is converted to 1-ketochlordene, indicating that in vivo formation of 1-ketochlordene may proceed via oxidative dehydrochlorination of HC-Cl in heptachlor to CH-OH (1-hydroxyclordene) followed by oxidation of the latter to 1-ketochlordene. The ketone formation from heptachlor may not result via a chlorohydrin intermediate. [REF-82]

8-4 BIOLOGICAL HALF/LIFE:

    CONTRARY TO EXPECTATIONS HEXADECANE HAD NO SIGNIFICANT EFFECT ON THE BODY CLEARANCE OF HEPTACHLOR IN RATS. HOWEVER, PHASE II ENZYME INDUCTION ALTERED THE KINETICS OF HEPTACHLOR DRAMATICALLY, REDUCING ITS HALF-LIFE BY ABOUT 1/3. REDUCTION OF HALF-LIFE WAS REFLECTED IN CORRESPONDINGLY LOWERED ADIPOSE TISSUE & BLOOD LEVELS. [REF-75]

8-5 MECHANISM OF ACTION:

    EVIDENCE INDICATES THAT CYCLODIENE-TYPE-INSECTICIDES, EG, HEPTACHLOR EPOXIDE, MIMIC ACTION OF PICROTOXININ. THESE INSECTICIDES INHIBIT THE GAMMA-AMINOBUTYRIC ACID-STIMULATED CHLORIDE UPTAKE IN COXAL MUSCLE OF AMERICAN COCKROACH, & DIRECTLY COMPETE AGAINST LABELED DIHYDROPICROTOXININ FOR BINDING IN THE RAT BRAIN SYNAPTOSOMES. MOREOVER, SEVERAL CYCLODIENE RESISTANT INSECT STRAINS ARE RESISTANT TO PICROTOXININ. THIS CROSS-RESISTANCE IS SPECIFIC TO PICROTOXININ & DOES NOT EXTEND TO OTHER NEUROEXCITANTS. THESE INSECTICIDES, LIKE PICROTOXININ, CAUSE CENTRAL NERVOUS EXCITATION BY STIMULATING TRANSMITTER RELEASE. THESE RESULTS INDICATE THAT SOME OF THE NERVE EXCITATION SYMPTOMS THAT INSECTICIDES CAUSE ARE LIKELY DUE TO THEIR INTERACTION WITH PICROTOXININ RECEPTOR. [REF-83]

    EFFECTS OF 22 ORGANOHALOGEN PESTICIDES AS INDUCERS OF HEPATIC DRUG-METABOLIZING ENZYMES IN WISTAR RAT HAVE BEEN DETERMINED, THIS GROUP INCL HEPTACHLOR. ALMOST ALL OF THE PESTICIDES INDUCED MICROSOMAL DIMETHYLAMINOANTIPYRINE, N-DEMETHYLASE & ALDRIN EPOXIDASE ACTIVITIES & CYTOCHROME P-450 CONTENT OF MICROSOMES FROM ANIMALS PRETREATED WITH MOST OF THE COMPOUNDS WAS ALSO INCR COMPARED TO CONTROLS. THESE PESTICIDES RESEMBLED PHENOBARBITONE IN THEIR MODE OF ENZYME INDUCTION. [REF-84]

    HEPTACHLOR WAS EVALUATED FOR GENOTOXICITY & EPIGENETIC MEMBRANE EFFECTS. IT WAS NON-GENOTOXIC IN ARLHGPRT MUTAGENESIS ASSAY IN WHICH THE GENOTOXIC CARCINOGENS 7,12-DIMETHYLBENZ(A)ANTHRACENE & BENZO(A)PYRENE INDUCED SIGNIFICANT INCR IN MUTANT INCIDENCE. HEPTACHLOR INHIBITED INTERCELLULAR COMMUNICATION BETWEEN CULTURED LIVER CELLS, A PROPERTY DEMONSTRATED BY MANY TUMOR PROMOTING AGENTS, WHEREAS, BENZO(A)PYRENE DID NOT PRODUCE THIS EPIGENETIC EFFECT. [REF-85]

    The actions of the polychlorocycloalkane insecticide heptachlor, and its epoxide metabolite, were examined on GABA receptors in insects and vertebrates. Electrophysiological experiments on the cell body of the cockroach (Periplaneta americana) fast coxal depressor motor neuron (Df), and GABA-activated (36) Cl- uptake experiments on microsacs perpared from cockroach ventral nerve cords showed that both heptachlor and heptachlor epoxide blocked functional GABA receptors. The block appeared to be non-competitive and was voltage-independent over the membrane potential range -75 mV to -110 mV. There was no significant difference between the potencies of heptachlor and heptachlor epoxide in the functional assays for insect GABA receptors. Both compounds inhibited (35)S-t-butylbicyclophosphorothionate binding in insects and vertebrates. The findings provide further evidence for block of an insect GABA receptor/Cl- channel by the cyclodiene class of polychlorocycloalkanes, and reveal differences in the insecticide (35)S-t-butylbicyclophosphorothionate binding site interactions of insects and vertebrates. [REF-86]

    The effects of heptachlor on oxidative phosphorylation and electron transport in male Donryu rat liver mitochondria were investigated. The effects of 50 uM heptachlor on the respiratory activity of isolated liver mitochondria was tested in the presence of added succinate as a substrate. The effects of 100 uM heptachlor was tested in the presence of three kinds of substrates: succinate, beta-hydroxybutylate, and ascorbate plus N,N,N'N'-tetramethylphenylene-diamine. Heptachlor at 50 uM greatly inhibited the state 3 respiration, but inhibited the state 4 respiration hardly at all. The inhibition was released by 2,4-dinitrophenol. The higher dose suppressed state 3 and state 4 respiration almost completely with succinate as substrate. The findings suggest that the function of the electron transport system was also suppressed by the higher heptachlor dose even without oxidative phosphorylation. [REF-87]

8-6 INTERACTIONS:

    CHRONIC ADMIN OF ... HEPTACHLOR ... TO RATS ENHANCED HEPATIC METABOLISM, BOTH IN VIVO & IN VITRO, OF 17-BETA-ESTRADIOL & ESTRONE, & DECR THEIR UTEROTROPIC ACTION. [REF-70, p.473]

    In a preliminary investigation of the developmental effects of chemicals in mixture, three compounds were combined using two doses of each agent (a 2x2x2 design). F-344 rats were gavaged on gestation days 6-15 with solutions of trichloroethylene (32 or 320 mg/kg/day), di(2-ethylhexyl)phthalate (78 or 780 mg/kg/day), and heptachlor (0.8 or 8 mg/kg/day) in corn oil. Each high dose was selected to produce minimal maternal toxicity when administered alone. The dams were allowed to deliver and their litters were examined on days 1 and 6. Implants were counted to determine prenatal loss. Maternal weight gain on gestation days 6-8 showed main effects of all three chemicals, but no significant interactions. Gestational weight gains exclusive of live litter weights revealed trichloroethylene and heptachlor main effects as well as a trichloroethylene-heptachlor interaction. Developmentally, full litter resorptions occurred in 20-75% of the dams in groups receiving a high dose of at least two of the compounds. Prenatal losses indicated a marginal trichloroethylene-heptachlor interaction. On day 1, main effects of trichloroethylene and di(2-ethylhexyl)phthalate were present for pup weight, while by day 6, only trichloroethylene exerted a main effect. Dose responses and synergistic effects of these toxicants are currently being pursued using additional doses in a 5x5x5 design. [REF-88]

    In a preliminary investigation of the developmental effects of chemicals in mixture, three compounds were combined using two doses of each agent (a 2x2x2 design). F-344 rats were gavaged on gestation days 6-15 with solutions of trichloroethylene (32 or 320 mg/kg/day), di(2-ethylhexyl)phthalate (78 or 780 mg/kg/day), and heptachlor (0.8 or 8 mg/kg/day) in corn oil. Each high dose was selected to produce minimal maternal toxicity when administered alone. The dams were allowed to deliver and their litters were examined on days 1 and 6. Implants were counted to determine prenatal loss. Maternal weight gain on gestation days 6-8 showed main effects of all three chemicals, but no significant interactions. Gestational weight gains exclusive of live litter weights revealed trichloroethylene and heptachlor main effects as well as a trichloroethylene-heptachlor interaction. Developmentally, full litter resorptions occurred in 20-75% of the dams in groups receiving a high dose of at least two of the compounds. Prenatal losses indicated a marginal trichloroethylene-heptachlor interaction. On day 1, main effects of trichloroethylene and di(2-ethylhexyl)phthalate were present for pup weight, while by day 6, only trichloroethylene exerted a main effect. Dose responses and synergistic effects of these toxicants are currently being pursued using additional doses in a 5x5x5 design. [REF-88]

9***ENVIRONMENTAL FATE AND EXPOSURE POTENTIAL ***

9-1 ENVIRONMENTAL FATE/EXPOSURE SUMMARY:

    The use of heptachlor in the United States was restricted to the control of fire ants in power transformers and its release to the environment may result from this use and past extensive pesticidal use prior to 1983. Release of heptachlor to soil surfaces will result in volatilization from the surface, especially in moist soils, but volatilization of heptachlor incorporated into soil will be slower. Hydrolysis in moist soils is expected to be significant. In soil, heptachlor will degrade to 1-hydroxychlordene, heptachlor epoxide and an unidentified metabolite less hydrophilic than heptachlor epoxide. Biodegradation may also be significant. Heptachlor is expected to adsorb strongly to soil and, therefore, to resist leaching to groundwater. Release of heptachlor to water will result in hydrolysis to 1-hydroxychlordene (half-life of about 1 day) and volatilization. Adsorption to sediments may occur. Biodegradation of heptachlor may occur, but is expected to be slow compared to hydrolysis. Bioconcentration of heptachlor may be significant. Direct and photosensitized photolysis may occur but are not expected to occur at a rate comparable to that of hydrolysis. In air, vapor phase heptachlor will react with photochemically generated hydroxyl radicals with an estimated half-life of 36 min. Direct photolysis may also occur. (SRC) 

9-2 ECOTOXICITY VALUES:

  . LC50 APLEXA HYPNORUM (SNAILS) 1450 UG/L/96 HR (95% CONFIDENCE LEVEL 1260-1680 UG/L). TECHNICAL GRADE HEPTACHLOR WAS USED IN THESE TESTS. /CONDITIONS OF BIOASSAY NOT SPECIFIED/ [REF-89]

  . LC50 TANYTARSUS DISSIMILIS (CHIRONOMIDS) IS MORE THAN THE CONCN USED (2500 UG/L/48 HR). TECHNICAL GRADE HEPTACHLOR WAS USED IN THESE TESTS. /CONDITIONS OF BIOASSAY NOT SPECIFIED/ [REF-89]

  . LC50 BOBWHITE QUAIL ORAL 92 PPM IN 5 DAY DIET (95% CONFIDENCE LIMIT 76-113 PPM), 23 DAYS OLD [REF-90, p.123]

  . LC50 RING-NECKED PHEASANT 224 PPM IN 5 DAY DIET (95% CONFIDENCE LIMIT 191-265 PPM), 8 DAYS OLD [REF-90, p.123]

  . EC50 SIMOCEPHALUS (DAPHIDS) 47 UG/L/48 HR AT 15 DEG C (95% CONFIDENCE LIMIT 32-68 UG/L), 1ST INSTAR /TECHNICAL MATERIAL, 99%/ /STATIC BIOASSAY/ [REF-91, p.43]

  . LC50 GAMMARUS FASCIATUS (SCUDS) 56 UG/L/96 HR AT 15 DEG C (95% CONFIDENCE LIMIT 33-78 UG/L), MATURE /TECHNICAL MATERIAL, 99% STATIC BIOASSAY/ [REF-91, p.44]

  . LC50 PALAEMONETES KADIAKENSIS (GLASS SHRIMP) 1.8 UG/L/96 HR AT 21 DEG C (95% CONFIDENCE LIMIT 1.4-2.4 UG/L), MATURE /TECHNICAL MATERIAL, 99%/ /STATIC BIOASSAY/ [REF-91, p.44]

  . LC50 PTERONARCYS CALIFORNICA (STONEFLIES) 1.1 UG/L/96 HR AT 15 DEG C (95% CONFIDENCE LIMIT 0.9-1.4 UG/L), 1ST YR CLASS /TECHNICAL MATERIAL, 99%/ /STATIC BIOASSAY/ [REF-91, p.44]

  . LC50 CLAASSENIA SAVULOSA (STONEFLIES) 2.8 UG/L/96 HR AT 15 DEG C (95% CONFIDENCE LIMIT 2.1-3.7 UG/L), 2ND YR CLASS /TECHNICAL MATERIAL, 99%/ /STATIC BIOASSAY/ [REF-91, p.44]

  . LC50 ESOX LUCIUS (NORTHERN PIKE) 6.2 UG/L/96 HR @ 18 DEG C, WT 0.7 G /TECHNICAL MATERIAL, 99%/ /STATIC BIOASSAY/ [REF-91, p.44]

  . LC50 ICTALURUS MELAS (BLACK BULLHEAD) 63 UG/L/96 HR AT 24 DEG C (95% CONFIDENCE LIMIT 46-86 UG/L), WT 0.9 G /TECHNICAL MATERIAL, 99%/ /STATIC BIOASSAY/ [REF-91, p.44]

  . LC50 LEPOMIS MACROCHIRUS (BLUEGILL) 13 UG/L/96 HR AT 17 DEG C (95% CONFIDENCE LIMIT 9-19 UG/L), WT 1.0 G /TECHNICAL MATERIAL, 99%/ /STATIC BIOASSAY/ [REF-91, p.44]

  . LC50 MICROPTERUS SALMOIDES (LARGEMOUTH BASS) 10 UG/L/96 HR AT 18 DEG C (95% CONFIDENCE LIMIT 7.4-14 UG/L), WT 0.8 G /TECHNICAL MATERIAL, 99%/ /STATIC BIOASSAY/ [REF-91, p.44]

  . LC50 JAPANESE QUAIL ORAL 93 PPM IN 5 DAY DIET (95% CONFIDENCE LIMIT 74-116 PPM), 19 DAYS OLD [REF-90, p.123]

  . LC50 MALLARD ORAL 480 PPM IN 5-DAY DIET (95% CONFIDENCE LIMIT 389-570 PPM), 10 DAYS OLD [REF-90, p.123]

  . EC50 Daphnia pulex (daphnids) 42 ug/l/48 hr at 15 deg C (95% confidence limit 21-63 ug/l), 1st 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-91, p.44]

  . LC50 Gammarus lacustris (scuds) 29 ug/l/96 hr at 21 deg C (95% confidence limit 18-48 ug/l), 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-91, p.44]

  . LC50 Orconectes nais (crayfish) 0.5 ug/l/96 hr at 21 deg C (95% confidence limit 0.3-1.8 ug/l), early 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-91, p.44]

  . LC50 Pteronarcella badia (stoneflies) 0.9 ug/l/96 hr at 15 deg C (95% confidence limit 0.6-1.3 ug/l), naiad. 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-91, p.44]

  . LC50 Salmo gairdneri (rainbow trout) 7.4 ug/l/96 hr at 13 deg C (95% confidence limit 6.7-8.2 ug/l), 0.8 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-91, p.44]

  . LC50 Pimephales promelas (fathead minnow) 23 ug/l/96 hr @ 18 deg C, wt 1.3 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-91, p.44]

  . LC50 Ictalurus punctatus (channel catfish) 25 ug/l/96 hr at 8 deg C (95% confidence limit 17-36 ug/l), 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-91, p.44]

  . LC50 Lepomis microlophus (redear sunfish) 17 ug/l/96 hr at 24 deg C (95% confidence limit 15-19 ug/l), wt 1.1 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-91, p.44]

  . LC50 Carassius auratus (goldfish) 320 ug/l/96 hr /Static, unmeasured bioassay/ [REF-25, p.B-3]

  . LC50 Fowler's toad (larvae) 440 ug/l/96 hr /Conditions of bioassay not specified/ [REF-25, p.B-3]

  . LC50 Penaeus duorarum (pink shrimp) 0.03 ug/l/96 hr (salt water) /Flow-through, measured bioassay/ [REF-25, p.B-5]

  . LC50 Morone saxatillis (striped bass) 3 ug/l/96 hr (saltwater) /Conditions of bioassay not specified/ [REF-25, p.B-19]

  . LC50 Lagodon rhomboides (pinfish) 3.77 ug/l/96 hr (saltwater) /Conditions of bioassay not specified/ [REF-25, p.B-19]

  . LC50 Leiostomus xanthurus (spot) 0.85 ug/l/96 hr (saltwater) /Conditions of bioassay not specified/ [REF-25, p.B-19]

  . LC50 Cyprinodon variegatus (sheepshead minnow) 10.5 ug/l/96 hr (saltwater) /Flow-through, measured bioassay/ [REF-25, p.B-18]

  . EC50 Selenastrum capricornutum (alga) 26.7 ug/l/96 hr; Toxic effect: growth inhibition /Conditions of bioassay not specified/ [REF-25, p.B-8]

  . EC50 Isochrysis galbana (alga) 157 ug/l/96 hr (saltwater); Toxic effect: reduction of growth /Conditions of bioassay not specified/ [REF-25, p.B-25]

  . EC50 Porphyridium cruentum (alga) 273 ug/l/96 hr (saltwater); Toxic effect: reduction in growth /Conditions of bioassay not specified/ [REF-25, p.B-25]

  . EC50 Dunaliella tertiolecta (alga) 2,260 ug/l/96 hr (saltwater); Toxic effect: reduction in growth /Conditions of bioassay not specified/ [REF-25, p.B-25]

9-3 ENVIRONMENTAL FATE:

  . AQUATIC FATE: Hepatochlor may undergo significant photolysis in ambient media, since laboratory studies have demonstrated photolytic decomposition in 1 wk and complete decomposition in 2 wk. The singlet oxygen reaction with heptachlor in aquatic media may be significant, with the half-life of heptachlor ... est to be about 1 day. The hydrolysis of heptachlor in aquatic media ... est hydrolytic half-life in the range of 1-3 days. ... [REF-92]

  . TERRESTRIAL FATE: LABELED HEPTACHLOR WAS APPLIED TO ... SOIL. ANALYSES ... INDICATED PRESENCE OF 1-HYDROXYCHLORDENE, HEPTACHLOR EPOXIDE & METABOLITE LESS HYDROPHILIC THAN HEPTACHLOR EPOXIDE. [REF-93, p.91]

  . TERRESTRIAL FATE: The half-life of heptachlor in soil was calculated to range from 0.4-0.8 years based on data collected in Mississippi, New Jersey and Beltsville, MD(1). The mean disappearance rates of heptachlor from soil ranged from 5.25-79.5%/yr, depending upon the soil type and mode of application of the insecticide(2). The highest rate was observed in sandy soil following an application of a granule formulation. Soil incorporation also led to rapid disappearance rates in all soil types(2). A water emulsion of heptachlor was applied to soils from six states and quantified initially and after 12 months. The results were AR - 746-117 ppm, FL - 841-93 ppm, HI - 817-77 ppm, MD - 775- 122 ppm, MO - 758-103 ppm, OR - 741-156 ppm, and SC - 774-62 ppm(3). In soil, heptachlor will degrade to 1-hydroxychlordene, heptachlor epoxide and an unidentified metabolite less hydrophilic than heptachlor epoxide(4). Heptachlor is expected to adsorb strongly to soil and, therefore, resist leaching to groundwater. Volatilization from soil surfaces, especially wet ones, will be significant. Heptachlor incorporated into the soil will resist volatilization. Hydrolysis of heptachlor in moist soils is expected to be significant. Biodegradation may be important, especially under anaerobic conditions(SRC). [REF-94]

  . AQUATIC FATE: A river die away laboratory test was conducted with heptachlor in raw water from the Little Miami River in Ohio. The river receives domestic and industrial wastes and farm runoff. After 1 week, 75% of the initial heptachlor had disappeared and the heptachlor was 100% degraded after 2 weeks(1). Chemical hydrolysis is expected to be the predominant fate of heptachlor in water, with half-lives of 23.1 h in unbuffered water(2) and 4.48 days at pH 7 in 99:1 water:ethanol(3). Bioconcentration in fish may also occur and volatilization of unadsorbed heptachlor may be significant. Due to its high soil/sorption, coefficient, heptachlor is expected to adsorb to sediments. Biodegradation may also be significant, but is expected to occur relatively slowly compared to hydrolysis(SRC). [REF-95]

  . ATMOSPHERIC FATE: Based upon the vapor pressure, heptachlor is expected to exist almost entirely in the vapor phase in ambient air(1). In the atmosphere, vapor phase reactions with photochemically produced hydroxyl radicals and ozone may be important fate processes. The rate constant for the vapor-phase reaction of heptachlor with photochemically produced hydroxyl radicals has been estimated to be 6.57X10-11 cu cm/molecule-sec at 25 deg C, which corresponds to an atmospheric half-life of about 6 hours at an atmospheric concn of 5X10+5 hydroxyl radicals per cu cm(2). The rate constant for the vapor-phase reaction of heptachlor with ozone has been estimated to be less than 2.0X10-16 cu cm/molecule-sec at 25 deg C which corresponds to an atmospheric half-life of about 1.5 hours at an atmospheric concn of 7X10+11 molecules per cu cm(3). In addition, heptachlor may directly photolyze in the vapor phase. The low water solubility and the short atmospheric residence time of heptachlor indicates that physical removal from air by wet deposition (rainfall and dissolution in clouds, etc.) is of limited importance(SRC). [REF-96]

9-4 BIODEGRADATION:

  . ENVIRONMENTAL DEGRADATION: LABELED HEPTACHLOR WAS APPLIED TO ... SOIL. ANALYSES ... INDICATED PRESENCE OF 1-HYDROXYCHLORDENE, HEPTACHLOR EPOXIDE & METABOLITE LESS HYDROPHILIC THAN HEPTACHLOR EPOXIDE. [REF-93, p.91]

  . ... The biodegradation rate of heptachlor in aquatic media is slower than the rate of hydrolysis. [REF-97]

  . 1-Hydroxychlordene (a hydrolysis product of heptachlor) is degraded microbially to form 1-hydroxy-2,3-epoxychlordene. Formation of 1-hydroxychlordene ... is one of the major degradation pathways of heptachlor in moist soil. [REF-98, p.17]

  . The products resulting from the incubation of heptachlor with a mixed culture of soil microorganisms were chlordene(7%),1-exohydroxychlordene, heptachlor epoxide (<0.04%) and chlordene epoxide (<0.02%) which were formed after 2 weeks(1). Biodegradation of heptachlor by soil microorganisms produced heptachlor epoxide and chlordene(2). Mixed cultures of Pseudomonas sp. in water were capable of growing on heptachlor(3). The products were chlordene, 1-hydroxy-2,3-epoxychlordene and heptachlor epoxide(3). When heptachlor was aerobically incubated with acclimated, mixed microbial cultures, an average of 95.3% of the initial heptachlor was removed in 4 weeks(4). The biodegradation of 1 mg/l heptachlor was said to occur immediately(4). Anaerobic incubation of 10 ppm heptachlor with thick sludge at 53 deg C resulted in complete degradation in about 1 day(5). Degradation of heptachlor in flooded Casiguran sandy loam (1 month) and Louisiana clay (2 months) was complete (initial level about 13 ppm) and nearly complete in Maahas clay (3 months)(6). In Pila clay loam, degradation proceeded to only about 5 ppm from the inital level of about 13 ppm after 3 months(6). [REF-99]

9-5 ABIOTIC DEGRADATION:

  . HEPTACHLOR IS CONVERTED TO ITS CORRESPONDING PHOTOISOMER & SEVERAL MINOR PRODUCTS ON EXPOSURE TO LOW INTENSITY (LONGWAVE) UV LIGHT. THIS PHOTOLYSIS CAN ALSO TAKE PLACE IN PLANT LEAVES IN PRESENCE OF SUNLIGHT OR UV LIGHT. [REF-44]

  . Under conditions of sunlight or ultraviolet light, heptachlor, 1-exo-hydroxychlordene, or 1-4,5,6,7,8,8-hexachloro-3a,4,7,7a-tetrahydro-4,7-methanionden-1-ol was photodegraded forming a cyclic ketone 1,1a,2,2,3-exo-6-hexachloro-1a,2,3,3a,5a,5b-hexahydro-1,3-methano-1h- cyclobuta (cd) pentalen-4-one. [REF-100, p.18]

  . Heptachlor is ... hydrolyzed in water to form 1-hydroxychlordene. [REF-1, p.17]

  . The first order hydrolysis rate constant of heptachlor is 0.03 1/hr at 29.88 deg C(1). This corresponds to a half-life of 23.1 hr. The hydrolysis product is 1-hydroxychlordene(1). The hydrolysis half-lives of heptachlor in a series of 99:1 water:ethanol phosphate buffers were 5.39, 4.34, 4.48, 4.48, and 3.01 days at pH values of 4.5, 5.0, 6.0, 7.0, and 8.0, respectively(2). Heptachlor absorbs weakly above 290 nm(3) and thin films of heptachlor have been shown to undergo direct photolysis when exposed to sunlight and artificial light sources >290 nm(1). The products were two dechlorinated photoproducts and heptachlor epoxide(1). Heptachlor at 1.35X10-7 to 1.0X10-5 M irradiated for >180 min at >290 nm degraded by about 5-10%(4). Photoheptachlor was the photoproduct(4). Heptachlor also undergoes photosensitized photolysis in the presence of benzophenone(1). Direct and photosensitized photolysis of unadsorbed heptachlor may, therefore, occur in the environment(SRC). [REF-101]

  . The photodecomposition of heptachlor to photoheptachlor has been demonstrated in various solvent solutions. ... Although numerous photoisomers are produced, photoheptachlor appears to predominate. ... [REF-102, p.A-2]

  . Heptachlor is converted to its corresponding photoisomer and several minor products on exposure to low intensity (longwave) UV light(1). This photolysis can also take place in plant leaves in presence of sunlight or UV light(1). Under conditions of sunlight or ultraviolet light, heptachlor, 1-exo-hydroxychlordene, or 1-4,5,6,7,8,8- hexachloro-3a,4,7,7a-tetrahydro-4,7-methanionden-1-ol was photodegraded forming a cyclic ketone 1,1a,2,2,3-exo-6-hexachloro-1a,2,3,3a,5a,5b-hexahydro- 1,3-methano-1h-cyclobuta(cd)pentalen-4-one(2). Direct and photosensitized photolysis of unadsorbed heptachlor may, therefore, occur in the environment(SRC). [REF-103]

  . The rate constant for the vapor-phase reaction of heptachlor with photochemically produced hydroxyl radicals has been estimated to be 6.57X10-11 cu cm/molecule-sec at 25 deg C, which corresponds to an atmospheric half-life of about 6 hours at an atmospheric concn of 5X10+5 hydroxyl radicals per cu cm(1). The rate constant for the vapor-phase reaction of heptachlor with ozone has been estimated to be less than 2.0X10-16 cu cm/molecule-sec at 25 deg C which corresponds to an atmospheric half-life of about 1.5 hours at an atmospheric concn of 7X10+11 molecules per cu cm(2). [REF-104]

9-6 BIOCONCENTRATION:

  . SEVERAL PLOTS IN HAY FIELDS WERE TREATED WITH HEPTACHLOR AT CONCENTRATIONS OF 0.6, 2.2 OR 9.0 KG/HA. OVER THE FOLLOWING 11 YR PERIOD SAMPLES OF EARTHWORMS & SOIL WERE ANALYZED FOR RESIDUES. RESIDUES IN EARTHWORMS WERE SIGNIFICANTLY HIGHER THAN IN SOILS; THE AVG RATIO OF THESE RESIDUES WAS 10:1 FOR HEPTACHLOR EPOXIDE. HEPTACHLOR EPOXIDE RESIDUES IN SOIL WERE PRODUCED BY 50% IN 3.2 YR. RESIDUES REACHED 50% OF THEIR MAXIMUM LEVEL IN EARTHWORMS AFTER 3.0 YR. [REF-105]

  . Heptachlor exhibits a tendency for bioaccumulation, with bioconcentration factors on the order of 1X10+4 for several organisms /in aquatic environment/. ... [REF-106, p.29-6]

  . Leiostomus xanthurus (spot) exposed to technical heptachlor for a duration of 24 days exhibited a whole body bioconcentration factor ranging from 5,744-8,282; Edible tissue from the same organism exhibited a bioconcentration factor of 4,686 for the same duration of time. /Initial concn not specified/ [REF-107, p.B-15]

  . Pimephales promelas (fathead minnow) exposed to heptachlor exhibited a bioconcentration factor of 9,500 after 32 days. [REF-108, p.B-16]

  . Bioconcentration factors (BCF) of heptachlor are 3,800 in mosquito fish(1), 3,600 (72 h test)-7,400 (96 h test) in spot(1), 21,379 in sheepshead minnows(2), 19,952 in fathead minnows(2) and 17,400 in an unidentified fish species(3). The BCF's of heptachlor in snails, alga and oysters are 37,000(1) and 21,000(1), and 18,000(4), respectively. Bioconcentration may be limited, however, by the rapidity of heptachlor hydrolysis to 1-hydroxychlordene and the adsorption of heptachlor to sediments(1). [REF-109]

  . Leiostomus xanthurus (spot) was exposed to technical heptachlor for a duration of 24 days and exhibited a whole body bioconcentration factor ranging from 5,744 to 8,282(1). Edible tissue from the same organism exhibited a bioconcentration factor of 4,686 for the same duration of time. The initial concn of heptachlor was not specified(1). Pimephales promelas (fathead minnow) was exposed to heptachlor for 32 days and exhibited a bioconcentration factor of 9,500(2). [REF-110]

9-7 SOIL ADSORPTION/MOBILITY:
  . Volatility is a major pathway of loss of these insecticides from soils. [REF-40, p.3728]

  . Heptachlor is considered to be a moderately persistent compound, with a half-life of 6 months in the soil. [REF-16, p.3]

  . Heptachlor was added to soil columns containing Hagerstown silty clay loam and Lakeland sandy loam which were then subjected to the upward movement of water at an undisclosed rate(1). After 3 days, all the heptachlor was detected at the initial column depth, indicating no tendency to leach in these soils(1). The log soil-sorption coefficient (Koc) of heptachlor was estimated to be 4.48(2). Based on this value, strong adsorption of heptachlor to soil is expected and heptachlor should not extensively leach to groundwater(2,SRC). [REF-111]

9-8 VOLATILIZATION FROM WATER/SOIL:

  . THE VOLATILITY OF HEPTACHLOR EXCEEDS THAT OF CHLORDANE; THUS VOLATILITY IS MAJOR PATHWAY OF LOSS OF THESE INSECTICIDES FROM SOILS. [REF-40, p.3728]

  . The volatization half-life of heptachlor from aquatic media is estimated to be 2-10 days from pond, river, and lake water ... estimates indicate the evaporative half-life of heptachlor in aquatic media appears to be longer than that of chlordane (2-10 days vs 1-2 days). The ... evaporation rate of heptachlor from aquatic media is faster than for chlordane. Heptachlor may be significantly sorbed onto suspended particles and sediments present in aquatic media. ... [REF-97]

  . WATER: The Henry's Law constant was used to estimate the volatilization half-lives of heptachlor from model streams, rivers and lakes. The wind velocity was assumed to be 3 m/s. The current velocities of the streams, rivers and lakes were assumed to be 2, 1, and 0.01 m/s, respectively, the depths of the streams and rivers 1 m and that of the lakes 50 m. The estimated volatilization half-lives were 3.376 hr, 6.252 hr and 6780.4 hr (282 days) for the streams, rivers and lakes, respectively(1,SRC). It should be noted that these values apply strictly to dissolved heptachlor and that any process such as adsorption to sediments which limits the amount of dissolved heptachlor will increase these half-lives. SOIL: Fifty hours following the application of heptachlor to a dry soil surface, 14 to 40% of the heptachlor had volatilized and 6 h and 6 days after application of heptachlor to a moist soil surface, 50% and 90% of the heptachlor had volatilized, respectively(2). Only 7% of heptachlor incorporated 7.5 cm into soil, however, had volatilized after 167 days(2). [REF-112]

10*** SOURCES AND CONCENTRATIONS***
10-1 ARTIFICIAL SOURCES: 

  . The use of heptachlor as an insecticide has been restricted to fire ant control in power transformers(4) and environmental releases may occur from these applications or pesticidal uses prior to 1983(1). Based on monitoring data, mean loadings of heptachlor in treated wastewater from the treatment facility in kg/day were coal mining - 0.0081, foundries - 0.030 and nonferrous metals manufacturing - 0.0008(2). Total loading of heptachlor to Lake Ontario from the Niagara River were < 83, < 79, and < 79 kg/yr in 1980, 1981, and 1982, respectively(3). [REF-113]

10-2 WATER CONCENTRATIONS: 

  . DURING THE 1978 IRRIGATION SEASON, 14 GROUND WATER SAMPLES WERE COLLECTED IN THE CENTRAL PLATEAU REGION OF NEBRASKA, AN AREA KNOWN TO HAVE HIGH NITRATE-NITROGEN LEVELS, & ANALYZED FOR PRESENCE OF 13 RESIDUES. LEVELS OF ORGANOCHLORINE INSECTICIDES HEPTACHLOR & ITS DERIVATIVE, HEPTACHLOR EPOXIDE, WERE ALL BELOW THE DETECTABLE LIMITS OF 0.005-0.010 UG/L. [REF-114]

  . HEPTACHLOR HAS RARELY BEEN FOUND IN SURFACE WATERS, & THEN ONLY IN SMALL QUANTITIES: 5-30 PART PER TRILLION FOR HEPTACHLOR &/OR 5-40 PART PER TRILLION FOR HEPTACHLOR EPOXIDE. [REF-69, p.V5 177]

  . Heptachlor and heptachlor epoxide have been detected in private drinking wells at concentrations of < 0.02 ug/l. [REF-115, p.3]

  . GROUNDWATER: New Jersey - 1,075 samples, 21.2% pos, 1.0 ppb max(1). Heptachlor was detected but not quantified in groundwater samples in New Jersey(2), California(5) and from northern Italy(3). According to the EPA's Pesticides in Groundwater Database, hepatachlor was detected in the groundwater supplies of the states of Kansas and Idaho at median concns of 0.03 and 0.02 ppb, respectively(4). During the 1978 irrigation season, 14 groundwater samples were collected in the central plateau region of Nebraska, an area known to have high nitrate-nitrogen levels, and were analzyed for her presence of 13 residues. Levels of the organochlorine insecticide, heptachlor and its derivative, heptachlor epoxide, were all below the detectable limits of 0,005 to 0.010 ug/L(6). [REF-116]

  . SURFACE WATER: Of the 4650 stations reporting heptachlor in ambient water in EPA's STORET database, 34.0% contained detectable levels of the chemical with a median concn of 0.001 ug/l(4). Heptachlor was listed as a contaminant of the Great Lakes including Lakes Ontario, Erie, Huron, Michigan and Superior(3). In 1980, heptachlor was detected in the waters of Lake Pontchartrain Inner Harbor Navigation Canal at a concn of 0.6 ng/l at an ebb tide of 1.5 m and at concns ranging from 9.1 to 9.3 ng/l at flood tides of 1.5 to 10 m(1). Heptachlor was detected with a 21.4% frequency of occurrence for 604 samples of surface waters from New Jersey collected from 1977 to 1979(2). [REF-117]

  . SURFACE WATER: Heptachlor was detected in Mississippi River water at Louisiana at concns ranging from undetected levels to 2.4 ng/l for the summer to winter of 1974(1). Mediterranean waters off the coast of Morocco contained heptachlor at concns ranging from trace quantities to 11 ppb, trace quantities to 100 ppb and trace quantities to 3 ppb with mean concns of 5, 20 and 2 ppb for 8 samples each collected during the autumn, winter and spring, respectively(2). Throughout 1982, surface waters of the Donana National Park, Spain contained Heptachlor at concn ranging from 0.002 to 0.006 ppb(3). [REF-118]

  . SURFACE WATER: Heptachlor was detected in Shatt al-Arab River, Iraq at concns ranging from 2 to 19 ng/l with respective mean and median concns of 10 and 9 ng/l and with a 100% frequency of occurrence(1). At a second sampling location, heptachlor was detected in Shatt al-Arab River, Iraq at concns ranging from 50 to 91 ng/l with respective mean and median concns of 79 and 76 ng/l and with a 100% frequency of occurrence(1). Heptachlor was detected in Tigris River, Iraq at concns ranging from 10 to 39 ng/l with respective mean and median concns of 19 and 17 ng/l and with a 100% frequency of occurrence(1). Heptachlor was detected in Euphrates River, Iraq at concns ranging from undetected levels to 7 ng/l with respective mean and median concns of 4 and 3 ng/l and with a 70% frequency of occurrence(1). [REF-119]

  . SURFACE WATER: Heptachlor was detected in suspended particulate matter of the Shatt al-Arab River, Iraq at concns ranging from 48 to 83 ng/l with respective mean and median concns of 68 and 55 ng/l and with a 100% frequency of occurrence(1). At a second sampling location, heptachlor was detected in suspended particulate matter of the Shatt al-Arab River, Iraq at concns ranging from 153 to 204 ng/l with respective mean and median concns of 186 and 164 ng/l and with a 100% frequency of occurrence(1). Heptachlor was detected in suspended particulate matter of the Tigris River, Iraq at concns ranging from 555 to 804 ng/l with respective mean and median concns of 679 and 651 ng/l and with a 100% frequency of occurrence(1). [REF-119]

  . DRINKING WATER: Heptachlor and heptachlor epoxide have been detected in private drinking wells at concns less than 0.02 ug/l(1). [REF-120, p.3]

10-3 EFFLUENTS CONCENTRATIONS: 

  . Of the 671 stations reporting heptachlor in industrial effluents in EPA's STORET database, 3.0% contained detectable levels of the chemical with a median concn of less than 0.007 ug/l(2). Heptachlor residues were detected in 47 samples of treated wastewater effluent from coal mining industries at a mean concn of 2.2 ug/l with a frequency of occurrence of 4.3%(1). Heptachlor residues were detected in 11 samples of treated wastewater effluent from foundries at concns ranging from 5 to 31 ug/l with a mean concn of 8.7 ug/L with a frequency of occurrence of 100%(1). Heptachlor residues were detected in 55 samples of treated wastewater effluent from nonferrous manufacturers at concns ranging from undetected levels to 0.7 ug/l with a mean concn of 0.1 ug/l(1). Heptachlor was detected in leachate from the Love Canal hazardous waste site at concns less than 10 ug/l(3). [REF-121]

10-4 SEDIMENT/SOIL CONCENTRATIONS: 

  . TERRESTRIAL FATE: ... APPLICATIONS OF 1-1.6 LB/ACRE HEPTACHLOR /TO SOIL/ LEFT NO RESIDUES 15 MONTHS LATER; 2 LB/ACRE LEFT 0.26-0.47 PPM HEPTACHLOR + HEPTACHLOR EPOXIDE 1 YR LATER; 3 LB/ACRE LEFT 0.21-0.40 PPM 4 MO LATER & 0.18-0.32 PPM 1 YR LATER; 6 LB/ACRE LEFT 0.49-3.61 PPM 4 MO LATER & 0.63-2.24 PPM 1 YR LATER. LOAM SOIL TREATED 5 YEARS WITH 5 LB/ACRE/YR CONTAINED 4.6% OF APPLIED HEPTACHLOR 5 YEARS AFTER CESSATION OF TREATMENT; THUS THE MEAN RESIDUE LEVEL IN SOIL WAS 0.70 PPM HEPTACHLOR + HEPTACHLOR EPOXIDE & IN CARROTS 0.413 PPM. ALL OTHER FRUITS OR VEGETABLES GROWN ON TREATED SOILS SHOWED NONE OR NEGLIGIBLE QUANTITIES OF THESE COMPOUNDS. [REF-69, p.V5 177]

  . SOIL: Heptachlor was detected in soil of Bakersfield, CA at a range in concns of 0.02 to 0.10 ppm and an average of less than 0.01 ppm, with a frequency of occurrence of 4%(1). Heptachlor was detected in soil of Houston, TX at a range in concns of 0.01 to 0.02 ppm and an average of less than 0.01 ppm, with a frequency of occurrence of 6%(1). Heptachlor was detected in soil of Manhattan, KN at a range in concns of 0.02 to 0.09 ppm and an average of less than 0.01 ppm, with a frequency of occurrence of 10%(1). Heptachlor was detected in soil of Miami, FL at a range in concns of 0.01 to 0.20 ppm and an average of less than 0.01 ppm, with a frequency of occurrence of 6%(1). Heptachlor was detected in soil of Milwaukee, WI at a range in concns of 0.02 to 0.45 ppm and an average of 0.02 ppm, with a frequency of occurrence of 12%(1). Heptachlor was detected in soil of Salt Lake, UT at a range in concns of 0.01 to 0.24 ppm and an average of 0.01 ppm, with a frequency of occurrence of 12%(1). Heptachlor was detected in soil of Waterbury, CN at a range in concns of 0.01 to 0.53 ppm and an average of 0.01 ppm, with a frequency of occurrence of 8%(1). All the samples were collected in 1969(1). [REF-122]

  . SOIL: Heptachlor concns ranged from not being detected to 0.40 ppm in soil samples collected in 1964, 1966 and 1969 from 16 farms in southwestern Ontario(1). Agricultural soils on the North Coast Region of New South Wales, Australia were shown to contain heptachlor at concns ranging from undetected levels to 0.06 ppm(2). [REF-123]

  . SEDIMENTS: Of the 1665 stations reporting heptachlor in sediments in EPA's STORET database, 236.0% contained detectable levels of the chemical with a median concn of 0.1 ug/kg(4). From 1979 to 1981, heptachlor was detected in sediments from Niagara-on-the-Lake with an 8% frequency of occurrence and mean and median concns of 1 and less than 1 ng/g, respectively(1). Heptachlor concns in all sediment samples collected from the St. Lawrence River were less than 1 ug/kg(3). Heptachlor was detected in sediments from Manukau Harbor, New Zealand at concns of less than 0.1, 0.2, 0.4, 0.6 and 0.4 ng/g for sampling points located at Waiuku Inlet, Drury Creek, Pukaki Creek, Mangere Inlet and Big Muddy Creek, respectively(2). [REF-124]

  . SEDIMENTS: Heptachlor was detected in surface sediments of the Shatt al-Arab River, Iraq at concns ranging from 13 to 48 ng/l with respective mean and medianconcns of 24 and 19 ng/l and with a 100% frequency of occurrence(1). Heptachlor was detected in surface sub-sediments of the Tigris River, Iraq at concns ranging from 2 to 15 ng/l with respective mean and median concns of 9 and 7 ng/l and with a 100% frequency of occurrence(1). [REF-119]

10-5 ATMOSPHERIC CONCENTRATIONS: 

  . ... AMBIENT AIR IN VARIOUS PARTS OF USA WAS MONITORED, HEPTACHLOR COULD BE DETECTED IN ONLY 2 OUT OF 9 LOCALITIES @ MAXIMUM LEVELS OF 19.2 & 2.3 NG/CU M, WHILE NO HEPTACHLOR EPOXIDE WAS FOUND IN ANY OF THE SAMPLES. [REF-69, p.V5 177]

  . During 1970 and 1972, two national ambient air monitoring surveys sampled pesticides at a number of sites across USA. ... Heptachlor ... detected in a study of suburban areas in 1976. The average air concn of heptachlor in the community with the highest reading was 6.3 ng/cu m. Heptachlor ... widespread in ambient air, with typical mean concn on the order of 0.5 ng/cu m. The amt of ... heptachlor in air above treated fields are ... as high as 16 ng/cu m, even 3 weeks after treatment. ... [REF-125]

  . URBAN/SUBURBAN: Heptachlor was detected in the ambient air of Iowa City, IA and Orlando, FL and at average concns of 19.2 ng/cu m and 2.3 ng/cu m, respectively(1). Heptachlor was also detected in the air of Stockholm, Sweden between October 13 to 15, 1983(2). Heptachlor was detected in the ambient air outside 5 of 9 homes in Jacksonville, FL at concns ranging from 0.009 to 0.059 ug/cu m with a mean concn of 0.025 ug/cu m(3). Heptachlor was detected in a study of suburban areas in 1976(4). Heptachlor was found to be widespread in ambient air, with a typical mean concn on the order of 0.5 ng/cu m(4). The average air concn of heptachlor in the community with the highest reading was 6.3 ng/cu m(4). [REF-126]

  . INDOOR: A study of the indoor air of four houses in Bloomington, IN that were treated with termiticide showed heptachlor with a 100% frequency of occurrence(1). Three of 4 homes had greater concns of heptachlor in the basements than in the upstairs portions of the house(1). Upstairs air concns ranged from 2.6 to 66 ng/cu m; whereas, basement atmospheres contained heptachlor at concns of 4.3 to 110 ng/cu m(1). Heptachlor was detected in the ambient air within 7 of 9 homes in Jacksonville, Fl at concns ranging from 0.012 to 0.36 ug/cu m with a mean concn of 0.18 ug/cu m(2). [REF-127]

  . INDOOR: Heptachlor was detected in the ambient air of the living areas of 12 homes in New Jersey before, 1 week, 3 months and 1 year after treatment for termite control at concns ranging from undetectable levels to 0.21, undetectable levels to 0.94, undetectable levels to 0.64 and undetectable levels to 0.57 ug/cu m with mean concns of 0.04, 0.14, 0.15 and 0.13 ug/cu m and with frequencies of occurrence of 57, 86, 77 and 81%, respectively(1). Heptachlor was detected in the ambient air of the non-living areas of 12 homes in New Jersey before, 1 week, 3 months and 1 year after treatment for termite control at concns ranging from undetectable levels to 0.51, undetectable levels to 5.92, undetectable levels to 3.88 and undetectable levels to 3.89 ug/cu m with mean concns of 0.12, 1.02, 0.69 and 0.88 ug/cu m and with frequencies of occurrence of 67, 77, 93 and 100%, respectively(1). [REF-128]

  . SOURCE DOMINATED: The amount of heptachlor in air above treated fields was measured to be as high as 16 ng/cu m for periods of 3 weeks after treatment(1). In 1970, 1971 and 1972, heptachlor was detected in 32, 54 and 46 of 66, 60 and 64 air samples collected within 800 m of two pesticide formulation facilities in Arkansas at concns ranging from 0.4 to 2.4, 0.3 to 2.9 and 0.3 to 1.8 ng/cu m with mean concns of 1.2, 1.1 and 1.0 ng/cu m(2). [REF-129]

10-6 FOOD SURVEY VALUES: 

  . Commercially prepared baby food sampled from July 1963 to June 1967, the heptachlor epoxide residues were found in 0.9% of the 684 samples with most of the positive samples showing residues in the range from trace to 0.03 mg/kg. /Heptachlor epoxide/ [REF-25, p.C-6]

  . Cheese - domestic 784 samples, 0.4% pos, 0.0001 ppm avg(1). Red meat - (heptachlor and heptachlor epoxide combined), 15,200 samples, 20.7% pos, 0.016 ppm avg(1). Poultry - (heptachlor and heptachlor epoxide combined), 11,340 samples, 16.5% pos, 0.013 ppm avg(1). Whole grains - domestic 947 samples, 0.2% pos, <0.0001 ppm avg(1). Vine and ear vegetables - domestic 2,954 samples, 0.4% pos, <0.0001 ppm avg; imported 4,117 samples, 0.2% pos, 0.0006 ppm avg(1). Corn and corn products - 280 samples, 3.6% pos, trace-19.0 ppm, 0.126 ppm avg(1). Soybeans - 104 samples, 1.9% pos, 0.04-0.05 ppm, 0.04 ppm avg(1). Heptachlor was infrequently found in leaf and stem vegetables(1). [REF-130]

  . Heptachlor was detected in 1 of 11 and 3 of 10 cheese samples from Comarca Lagunera and Soconusco, Mexico(1). Just over 50% of the chicken's eggs from Comarca Lagunera, Mexico also contained heptachlor(2). Average heptachlor concns in cheese and eggs were reported, but without units(1,2). Heptachlor was detected in 16 of 105 chicken fat samples collected between April 1980 and February 1982 in Kenya(3). The mean concn was less than 0.01 mg/kg and the range was from 0.01 to 0.03 mg/kg(3). Heptachlor and heptachlor epoxide combined were detected at average concns of 5.3 ppb in 1974 and 6.6 ppb in 1980 upon soybeans grown in Illinois(4). [REF-131]

  . For vegetables surveyed in the markets of Delhi, India from August 1984 to January 1986, the average heptachlor concns were 12 ug/kg for potato; 4 ug/kg for colocasia; 20 ug/kg for radish; 15 ug/kg for onion; 4 ug/kg for cabbage; 2 ug/kg for cauliflower; 1 ug/kg for coriander; 21 ug/kg for spinach; 23 ug/kg for brinjal; 1 ug/kg for ladyfinger; 1 ug/kg for french beans; 4 ug/kg for tomato; 389 ug/kg for green peas; 23 ug/kg for bottle gourd; 2 ug/kg for smooth gourd; 2 ug/kg for bitter gourd; 10 ug/kg for cucumber; and 42 ug/kg for chilies(1). During a 5 year period from 1982 to 1986, The FDA Los Angeles District Laboratory analyzed 19,851 samples of domestic and imported food and feed commodities for pesticide residues(2). Heptachlor was detected 3 times at concns less than 0.05 ppm and once at a concn between 0.05 and 0.10 ppm(2). [REF-132]

  . Side-dressing of heptachlor 5% dust 35 days before harvest of potato, sweet potato and onion (Solanum tuberosum, Ipomoea batatas and Allium cepa, respectively) resulted in the absorption of residues to the extent of 9 to 11, 13 to 15 and 13 to 16% of 3.72 to 3.85, 5.46 to 5.84 and 11.20 to 11.69 ppm initial deposits from 2.5, 5.0 and 10.0 Kg active ingredient/hectare dosages, respectively. The absorption was highest in potato followed by sweet potato and onion. The harvest time residues were considerably influenced by the post-harvest processings. Washing alone removed 22-29% residues from all the crops; washing followed by peeling and cooking reduced 85-93% residues from sweet potato, and 94-100% residues from potato. Dehydration reduced 74-100, 80-100 and 84-100% residues from sweet potato, potato and onion, respectively. Cooking was most effective, and left 0.03 ppm of heptachlor in sweet potato and potato, and no residues in onion at 10.0 kg active ingredient/hectarea. [REF-133]

10-7 PLANT CONCENTRATIONS: 

  . LOAM SOIL TREATED 5 YEARS WITH /HEPTACHLOR AND HEPTACHLOR EPOXIDE/ 5 LB/ACRE/YR CONTAINED 4.6% OF APPLIED HEPTACHLOR 5 YEARS AFTER CESSATION OF TREATMENT; THE MEAN RESIDUE LEVEL IN CARROTS /WAS/ 0.413 PPM. ALL OTHER FRUITS OR VEGETABLES GROWN ON TREATED SOILS SHOWED NO OR NEGLIGIBLE QUANTITIES OF THESE COMPOUNDS. [REF-69, p.V5 177]

10-8 FISH/SEAFOOD CONCENTRATIONS: 

  . Different fish species from Abu Qir Bay, Idku Lake, and Maryut Lake in Alexandria, Egypt, were assayed for residues of organochlorine insecticides and polychlorinated biphenyls (PCBs). The fish were obtained from commercial fishermen in 1985: Pagellus erythrinus, Sargus vulgarius, Siganus rivulatus, Sphyraena sphyraena, and Trigla hirundo from Abu Qir Bay; and Tilapia fish from Idku and Maryut Lakes. Twenty grams of dorsal fish muscle were extracted and the residues analyzed by GLC; reagent blanks and spike samples were included with each sample. The waters from which the fish were obtained receive drainage from industrial, agricultural and urban activities. Water samples were not assayed for specific components. Heptachlor was detected in all fish in the study. The highest levels (5.3 ug/kg) were found in Pagellus erythrinus from Abu Qir Bay. Concentrations were highest in larger fish, but a linear increase with size was not apparent. Heptachlor is usually rapidly converted to heptachlor epoxide and other metabolites which may account for the low occurrence and low concentrations observed. From a health standpoint, all samples were well below permissible levels for heptachlor. [REF-134]

  . Heptachlor was detected at an average concn of 0.0002 ppm with a frequency of detection of 0.3% among 2,901 samples of domestic fish(1). Heptachlor was detected at an average concn less than 0.0001 ppm with a frequency of detection of 0.4% for 361 samples of imported fish(1). Heptachlor was detected in fish collected from Great Lake harbors and tributary mouths at the Astabula and Black Rivers, Ohio; Sheboygan, Memonimee, Kinnickinnic, Fox and Wolf Rivers, Wisconsin; and Chequamegon Bay, Lake Superior, Wisconsin at concns less than 0.002 mg/kg(2). Heptachlor was detected in Jack fish (Seriolella violacea) collected from the Chilean coast at an average concn of 900 ppb(3). Shrimp (Penaeus setiferus and Penaeus aztecus) from Calcasieu River/Lake Complex, LA contained heptachlor at concns ranging from undetected levels to 0.75 ug/g(4). In 1984, heptachlor and heptachlor epoxide combined were detected in Cyprinid Fish (Barbus xanthopterus) from the Shatt al-Arab River, Iraq at concns ranging from undetected levels to 13 ppb(5). [REF-135]

  . In March to June, 1986, heptachlor was detected in Black Bullhead from the Garigliano River in Southern Italy at an average concn of 10 ng/g with a frequency of occurrence of 21%(6). Heptachlor was detected in Black Bullhead, Chub, Common Carp and Eel from the Volturno River in Southern Italy at average concns of 20, 6, 5, and 5 ng/g with an overall frequency of occurrence of 70%(1). Heptachlor was detected in Chub, Common Carp, Eel and Tench from the Calore River in Southern Italy all at average concns of 5 ng/g with an overall frequency of occurrence of 78%(1). Heptachlor was detected in Black Bullhead and Bleak from the Sele River in Southern Italy both at an average concns of 5 ng/g with an overall frequency of occurrence of 35%(1). [REF-136]

  . Heptachlor was detected in common carp, channel catfish, smallmouth and largemouth bass, rock bass, pumpkinseed, bowfin, lake trout and northern pike from Lake Michigan collected at White Lake and the St Joseph, Kalamazoo, Grand, Muskegon, Pere Marquette, Manistee, Platte, Boardman, Grand Traverse, Manistique, Whitefish, Escanaba and Ford Rivers at concns ranging from 0.001 to 0.008 mg/kg wet weight(1). [REF-137]

  . Different fish species from Abu Qir Bay, Idku Lake, and Maryut Lake in Alexandria, Egypt, were assayed for residues of organochlorine insecticides and polychlorinated biphenyls (PCBs). The fish were obtained from commercial fishermen in 1985 and include the following species: Pagellus erythrinus, Sargus vulgarius, Siganus rivulatus, Sphyraena sphyraena, and Trigla hirundo from Abu Qir Bay; and Tilapia fish from Idku and Maryut Lakes. Twenty grams of dorsal fish muscle were extracted and the residues analyzed by GLC. Reagent blanks and spiked samples were included with each sample. The waters from which the fish were obtained receive drainage from industrial, agricultural and urban activities. Water samples were not assayed for specific components. Heptachlor was detected in all fish in the study. The highest levels of 5.3 ug/kg were found in Pagellus erythrinus from Abu Qir Bay. Concns were highest in larger fish, but a linear increase with size was not apparent. Heptachlor is usually rapidly converted to heptachlor epoxide and other metabolites which may account for the low occurrence and low concns observed. From a health standpoint, all samples were well below permissible levels for heptachlor(1). [REF-138]

  . 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. PCB 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. PCB 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, PCB 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 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-139]

10-9 ANIMAL CONCENTRATIONS: 

  . Eggs and 5 day old chicks from the same clutch of Herring Gull (Laru argentatus), which nested on the island of Mellum located at 53.43 deg N and 06.54 deg E, contained heptachlor at average concns of 0.145 and 0.383 mg/kg(1) Gull-billed terns collected in Italy during 1982 and 1983 contained heptachlor at concns ranging from 0.01 to 0.70 ug/g with a geometric mean of 0.05 ug/g(2). Forster's tern eggs from Greenbay, WI contained heptachlor at concns ranging from 0.03 to 0.30 ug/g with a median concn of 0.09 ug/g(3). Forster's tern eggs from Lake Poygan, WI contained heptachlor at concns ranging from 0.01 to 0.03 ug/g with a median concn of 0.02 ug/g(3). Brain tissue of Goldeneye ducks that overwintered on the Niagara River contained heptachlor at concns ranging from 0.0023 to 0.0028 ug/g with a mean concn of 0.0026 ug/g in December 1984(4). In February to March 1985, brain tissue of the Goldeneye ducks that overwintered o the Niagara River contained heptachlor at concns ranging from 0.0025 to 0.0032 ug/g with a mean concn of 0.0028 ug/g(4). [REF-140]

10-10 MILK CONCENTRATIONS: 
  . (1972): 5.00 ug/l of heptachlor epoxide residue was found in Canadian evaporated milk /on fat basis/. /Heptachlor epoxide/ [REF-141, p.C-6]

  . Cows whole milk and evaporated milk did not show a trace of heptachlor epoxide in the FDA Market Basket Survey of 1974-1975. /Heptachlor epoxide/ [REF-142]

  . Heptachlor/heptachlor epoxide /concentrations/ in milk: Kenya (1979): 0.5 ug/l (whole milk); Canada, Alberta (1966-1970): 0.002 mg/kg (milk fat), (1977-1978): 0.03 mg/kg (milk fat); Mexico (1976): 0.01 mg/kg (milk fat); USA, northeast (1975): 0.07 +/- 0.04 mg/kg (milk fat); USA, southeast (1975): 0.13 +/- 0.21 mg/kg (milk fat); USA, midwest (1975): 0.09 +/- 0.07 mg/kg (milk fat); USA, southwest (1975): 0.07 +/- 0.10 mg/kg (milk fat); USA, northwest (1975): 0.07 +/- 0.10 mg/kg (milk fat); Austria, Vienna (1977-1978): 0.010-0.013 mg/kg (milk fat); France (1971-1972): 0.06-1.30 mg/kg (milk fat); Federal Republic of Germany (1973-1974): 0.03-0.37 mg/kg (milk fat), (1978): < 0.01-0.11 mg/kg (milk fat). /Data derived from table, heptachlor/heptachlor epoxide/ [REF-1, p.25-29]

  . Heptachlor was detected with 0.2% frequency of occurrence and an average concn of less than 0.1 ppb in 4,638 samples of cow's milk(1). Heptachlor was detected in human milk of 4 of 4 mothers in Iraq at an average concn of 0.051 mg/kg(2). [REF-143]

  . The average concns plus or minus the standard deviation of heptachlor and heptachlor epoxide combined within milk fat from the Northeast, Southeast, Midwest, Southwest and Northwest geographical regions of the United States in 1975 were reported to be 0.07 +/- 0.04 mg/kg, 0.13 +/- 0.21 mg/kg, 0.09 +/- 0.07 mg/kg, 0.07 +/- 0.10 mg/kg and 0.07 +/- 0.10 mg/kg, respectively(1). The average concn of heptachlor and heptachlor epoxide combined within whole milk in Kenya for 1979 was listed to be 0.5 ug/l(1). For Alberta, Canada from 1966 to 1970 and from 1977 to 1978, the average concns of heptachlor and heptachlor epoxide combined within milk fat were listed to be 0.002 mg/kg and 0.03 mg/kg, respectively(1). The average concn of heptachlor and heptachlor epoxide combined within milk fat in Mexico for 1976 was listed to be 0.01 mg/kg(1). For France from 1971 to 1972 and Vienna, Austria from 1966 to 1970, the average concns of heptachlor and heptachlor epoxide combined within milk fat were reported to range from 0.06 to 1.30 mg/kg and 0.10 to 0.13 mg/kg, respectively(1). For the Federal Republic of Germany from 1973 to 1974 and 1978, the average concns of heptachlor and heptachlor epoxide combined within milk fat were reported to range from 0.03 to 0.37 mg/kg and less than 0.01 to 0.11 mg/kg, respectively(1). [REF-144, p.25-29]

11*** HUMAN ENVIRONMENTAL EXPOSURE ***
11-1 PROBABLE ROUTES OF HUMAN EXPOSURE: 

  . Route of entry: Ingestion, inhalation, skin absorption and skin and/or eye contact. [REF-9, p.1]

  . Infants are exposed to heptachlor from mothers and cows milk. [REF-25, p.C-6]

  . The most probable routes of human exposure to heptachlor are inhalation, dermal contact (skin absorption and/or eye contact) and ingestion. Infants are exposed to heptachlor from mothers and cows milk(1). [REF-145, p.C-43]

  . Potentially exposed populations consist of workers in manufacturing and formulating plants; Field and home applicators of the pesticides, and the general population through atmospheric, aquatic, food residues, or /consumption patterns/. [REF-97]

  . The most probable human exposure to heptachlor would be occupational exposure, which may occur through dermal contact or inhalation at places where it is produced or used. NIOSH (NOES Survey 1989) has estimated that 933 workers are potentially exposed to heptachlor in the USA(1). Potentially exposed populations consist of workers in manufacturing and formulating plants; and field and home applicators of the pesticides(2). Non-occupational exposures would most likely occur via inhalation of contaminated urban and indoor atmospheres, ingestion of contaminated foods and groundwater supplies and dermal contact at recreational activities at contaminated waterways(SRC). [REF-146]

11-2 AVERAGE DAILY INTAKE: 

  . ... Typical human exposure to heptachlor to be 0.01 ug/individual/day, based on mean ambient air concn of 0.5 ng/cu m and a respiratory volume of 20 cu m of air per day. ... [REF-25, p.C-43]

  . Typical human exposure to heptachlor has been calculated to be 0.01 ug/individual/day, based upon a mean ambient air concn of 0.5 ng/cu m and a respiratory volume of 20 cu m of air per day(1). [REF-145, p.C-43]

11-3 BODY BURDENS: 

  . ANALYSES BY GLC OF HUMAN MILK FROM 1436 WOMEN LIVING IN USA FOR CHLORINATED HYDROCARBON INSECTICIDES WERE CONDUCTED. HEPTACHLOR WAS FOUND IN LESS THAN 2%, BUT HEPTACHLOR EPOXIDE, ITS METABOLITE, WAS FOUND IN 63% OF THE SAMPLES. [REF-147]

  . MILK: Human milk from 1436 women living in the United States was analyzed by GLC for chlorinated hydrocarbon insecticides(1). Heptachlor was found in less than 2%, but heptachlor epoxide, its metabolite, was found in 63% of the samples(5). Heptachlor was found at concns less than 1 to 2 ng/g in the milk of Australian women exposed to heptachlor from its use as an insecticide(1). Heptachlor was detected in human milk of 4 of 4 mothers in Iraq at an average concn of 0.051 mg/kg(4). Heptachlor and heptachlor epoxide combined were found in 2 of 4 human placentas of mothers in Iraq at concns of 0.015 and 0.028 mg/kg(4). [REF-148]

  . Heptachlor was detected but not quantified in human adipose tissue(1). During 1982 and 1983, heptachlor was detected in the blood of 112 residents of El Paso, Texas at concns up to 9.9 ppb with a mean concn of 3.1 ppb and with a frequency of occurrence of 19%(2). [REF-149]

***12 STANDARDS AND REGULATIONS ***

 1-12IMMEDIATELY DANGEROUS TO LIFE OR HEALTH (IDLH:( 
  . NIOSH considers heptachlor to be a potential occupational carcinogen. [QR] [REF-12, p.156]

 2-12ACCEPTABLE DAILY INTAKES: 

  . FAO/WHO ADI: 0.0001 mg/kg bw [QR] [REF-150]

 3-12OSHA STANDARDS: 

  . Permissible Exposure Limit: Table Z-1 8-hr Time-Weighted Avg: 0.5 mg/cu m. Skin Designation. [QR] [REF-151]

 4-12NIOSH RECOMMENDATIONS: 

  . NIOSH considers heptachlor to be a potential occupational carcinogen. [QR] [REF-12, p.156]

  . NIOSH usually recommends that occupational exposures to carcinogens be limited to the lowest feasible concn. [QR] [REF-12, p.156]

  . Recommended Exposure Limit: 10 Hr Time-Weighted Avg: 5 mg/cu m, skin. [QR] [REF-12, p.156]

 5-12THRESHOLD LIMIT VALUES: 

  . 8 hr Time Weighted Avg (TWA) 0.05 mg/cu m, skin [QR] [REF-152, p.40]

  . 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-152, p.6]

  . A3. A3= Confirmed animal carcinogen with unknown relevance to humans. [QR] [REF-152, p.40]

 6-12OTHER OCCUPATIONAL PERMISSIBLE LEVELS: 

  . Federal Republic of Germany: 500 ug/cu m (inhalation); USSR: 10 ug/ cu m (inhalation). [REF-153, p.C-42]

 7-12ATMOSPHERIC 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. Heptachlor is included on this list. [QR] [REF-154]

 8-12FEDERAL DRINKING WATER STANDARDS: 

  . EPA 0.4 ug/l [REF-155]

  . (CA) CALIFORNIA 0.01 ug/l [REF-155]

  . (IL) ILLINOIS 0.1 ug/l [REF-155]

 9-12STATE DRINKING WATER GUIDELINES: 
  . (AZ) ARIZONA 0.008 ug/l [REF-155]

  . (ME) MAINE 0.08 ug/l [REF-155]

  . (MN) MINNESOTA 0.08 ug/l [REF-155]

 10-12CLEAN WATER ACT REQUIREMENTS: 

  . Toxic pollutant designated pursuant to section 307(a)(1) of the Clean Water Act and is subject to effluent limitations. [REF-156]

  . 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-157]

  . For the maximum protection of human health from the potential carcinogenic effects due to exposure of heptachlor 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 2.78 ng/l, 0.28 ng/l, and 0.028 ng/l, respectively. If these estimates are made for consumption of aquatic organisms only, excluding consumption of water, the levels are 2.85 ng/l, 0.29 ng/l, and 0.029 ng/l, respectively. [REF-158]

 11-12TRANSPORT 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-159]

  . 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-160, 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-161, 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-13, 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-13, p.13]

 12-12CERCLA 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-162]

 13-12RCRA REQUIREMENTS: 

  . P059; As stipulated in 40 CFR 261.33, when heptachlor, 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 container or inner liner used to hold this waste or 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(e)). [REF-163]

    D031; A solid waste containing heptachlor may or may not become characterized as a hazardous waste when subjected to the Toxicity Characteristic Leaching Procedure listed in 40 CFR 261.24, and if so characterized, must be managed as a hazardous waste. [REF-164]

 14-12FIFRA REQUIREMENTS: 

  . Criteria of Concern: Oncogenecity. Action: Voluntary cancellation of all ... heptachlor products by the registrant ... All other ... heptachlor products are either voluntarily cancelled, or suspended for failure to meet EPA data requirements. The only commercial use of ... heptachlor 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-165]

  . 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. Heptachlor is a member of the class of chlorinated organic pesticides. [REF-166]

*** 13MONITORING AND ANALYSIS METHODS ***

 1-13SAMPLING PROCEDURES:

  . NIOSH Method S287. Analyte: Heptachlor. Matrix: Air. Procedure: Adsorption on chromosorb 102, desorption with toluene. Flow Rate: 0.01-1.0 l/min. Sample Size: 60 liters. [REF-167, p.S287-1]

 2-13ANALYTIC LABORATORY METHODS:

  . PRODUCT ANALYSIS: ... BY GLC OR BY DERTERMINATION OF A LABILE CHLORINE SUBTITUENT. [REF-168, p.306]

  . SAMPLE: SEDIMENTS & SEWAGE SLUDGE: PROCEDURE: GC/ELECTRON CAPTURE; DETECTION LIMIT: 1-10 UG/KG: SAMPLE: SOIL & PLANT TISSUES; PROCEDURE: GC/ELECTRON CAPTURE: TOWNSEND LR, SPECHT HB. /FROM TABLE/ [REF-29, p.V20 138]

  . NIOSH Method S287. Analyte: Heptachlor. Matrix: Air. Procedure: Gas chromatography/electron capture. Method Evaluation: Method was validated over the range of 0.23 to 1 mg/cu m using a 60 liter sample. Method detection limit: 0.10 ug/sample. Precision (CVt): 0.066. Interferences: No specific interferences. [REF-167, p.S287-1]

  . 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-169]

  . 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-169]

  . 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 heptachlor, the method has a detection limit of 0.003 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-169]

  . 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, heptachlor has a detection limit of 1.9 ug/l. Precision and method accuracy were found to be directly related to the concentration of the analyte and essentially independent of the sample matrix. [REF-169]

  . 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 heptachlor the method has a detection limit of 0.003 ug/l, a percent recovery of 77 %, and a relative standard deviation of 13.3% in reagent water. [REF-170]

  . EPA Method 608. Gas Chromatography with electron capture detection for the analyis of organochlorine pesticides and polychlorinated biphenyls including heptachlor in municipal and industrial discharge. Under the prescribed conditions for heptachlor, the method has a detection limit of 0.003 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-171]

  . EPA Method 625. Gas Chromatography/Mass Spectrometry for the analysis of acid/base/neutral extractables including heptachlor in municipal and industrial discharges. Under the prescribed conditions for heptachlor, the method has a detection limit of 1.9 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: PCBs. [REF-171]

  . 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-172]

  . A method was developed to make a quantity of photoheptachlor ketone available for identification of possible residues as well as for toxicological and metabolic studies. Heptachlor and chlordene are, respectively, hydrolyzed and metabolized to l-hydroxychlordene, which may be metabolically or chemically oxidized to l-ketochlordene, which may be photoisomerized to photoheptachlorketone. l-Hydroxychlordene is prepared synthetically from chlordene or by refluxing with silver carbonate in aqueous ethanol. l-Hydroxychlordene is oxidized to l-ketochlordene using activated manganese dioxide as the oxidant. A mixture of sodium dichromate, acetic acid, and water may also be used as an oxidant. This reagant is simple and gives good yields. [REF-173]

  . 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-174]

 3-13CLINICAL LABORATORY METHODS:

  . PRACTICAL DETECTION LIMIT IN HUMAN MILK OF HEPTACHLOR & HEPTACHLOR EPOXIDE IS 1.0 PPB. RESULTS ARE GIVEN ON A WHOLE MILK BASIS. [REF-175]

*** 14MANUFACTURING AND USE INFORMATION ***

 1-14 METHODS OF MANUFACTURING: 

  . ... BY CHLORINATION OF THE ADDUCT OF HEXACHLOROCYCLOPENTADIENE & CYCLOPENTADIENE, USING SULFONYL CHLORIDE IN PRESENCE OF BENZOYL PEROXIDE (BRITISH PATENT 618432), OR CHLORINE IN THE DARK & THE PRESENCE OF FULLER'S EARTH (US PATENT 2576666) ... [REF-168, p.306]

 2-14IMPURITIES: 
  . ... Technical grade heptachlor usually consists of 72% heptachlor and 28% impurities; These impurities are primarily trans-chlordane, cis-chlordane, and nonachlor. [REF-25, p.B-1]

 3-14FORMULATIONS/PREPARATIONS: 
  . TECHNICAL HEPTACHLOR AVAILABLE IN THE US HAS THE FOLLOWING SPECIFICATIONS: WAXY SOLID; ASSAY, 72% MIN; RELATED COMPOUNDS, 28% MAX; HEXACHLOROCYCLOPENTADIENE CONTENT, 1% MAX; MELTING RANGE, 46.1-73.9 DEG C (TYPICAL); DENSITY @ 68.9 DEG C, 1.61 (TYPICAL) ... IT IS AVAILABLE AS DUSTS, DUST CONCENTRATES, EMULSIFIABLE CONCENTRATES, WETTABLE POWDERS & OIL SOLUTIONS. [REF-29, p.V20 131]

  . Emulsifiable concentrate formulation, oil solution. Dry formulations were discontinued by Velsicol Chemical Corp in mid 1970s. [REF-176, p.C-161]

  . Technical product contains about 72% heptachlor and 28% of related compounds. [REF-28, p.702]

 4-14MANUFACTURERS: 

  . Velsicol Chemical Corp, Hq, 5600 N River Rd, Rosemont, IL 60018-5119, (312) 698-9700; Production site: 1199 Warford St, Memphis, TN 38103 [REF-177, p.836]

 5-14OTHER MANUFACTURING INFORMATION: 

  . Heptachlor is a constituent of technical chlordane, approximately 10% by weight. [REF-29, p.V20 46]

 6-14MAJOR USES: 

  . INSECTICIDE FOR CONTROL OF COTTON BOLL WEEVIL /FORMER USE/ [REF-178, p.736]

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

  . [SRI] INSECTICIDE FOR CERTAIN FIELD CROPS-EG, CORN (FORMER USE) 

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

  . [SRI] INSECTICIDE FOR FOLIAR & SEED TREATMENT (FORMER USE) 

  . [SRI] INSECTICIDE FOR PEST CONTROL OPERATORS (FORMER USE) 

  . [SRI] INSECTICIDE FOR PINEAPPLES & CEREAL (FORMER USE) 

  . [SRI] INSECTICIDE FOR VEGETABLES & SUGAR BEETS (FORMER USE) 

  . [SRI] INSECTICIDE FOR CERTAIN NUT CROPS (FORMER USE) 

  . ... USUALLY ADDED TO SOIL TO CONTROL WHITE GRUBS, ROOT WEEVILS, & WIREWORMS ... TO PREVENT GIRDLING OF SEEDLINGS BY REPRODUCTION OF WEEVILS. MATERIAL IS EITHER SPRAYED ON PLANTED TREES OR TREES ARE DIPPED IN WATER EMULSIONS OF ACTIVE CMPD PRIOR TO PLANTING. /SRP: FORMER USE IN USA/ [REF-179, p.202]

  . VET: AS PREMISE SPRAY AGAINST FLIES, FLEAS, MOSQUITOES, & THEIR LARVAE BY USE OF RESIDUAL SPRAYS (0.125-0.5%). /SRP: FORMER USE/ [REF-180, p.255]

  . Formulation of pesticides supplied as an emulsifiable concentrate, wettable powder, dust or granular material; Used /formerly/ as an insecticide in seed treatment, preplanting soil application, dipping tops of plants and roots for control of insects, flies and mosquitoes; Used /formerly/ on household plots and on fruits; Used /formerly/ in termite control (dispensed in caulking guns). [REF-9, p.3]

  . The only commercial use of ... heptachlor products still permitted is for fire ant control in power transformers. [REF-165]

  . VET: AS PREMISE SPRAY AGAINST FLIES, FLEAS, MOSQUITOES, & THEIR LARVAE BY USE OF RESIDUAL SPRAYS (0.125-0.5%). /SRP: FORMER USE/ [REF-180, p.255]

 7-14CONSUMPTION PATTERNS:

    [SRI] INSECTICIDE FOR NON-AGRICULTURAL USES, 100% (1983) 

 8-14U.S. PRODUCTION:

    [SRI] (1978) 5.90X10+8 G (CONSUMPTION) 

    [SRI] (1982) 4.54X10+7 G (CONSUMPTION) 

*** 15CHEMICAL AND PHYSICAL PROPERTIES ***

 1-15MOLECULAR WEIGHT             : 373.35 [REF-178, p.736]

 2-15MELTING POINT                : 95-96 DEG C [REF-178, p.736]

 3-15BOILING POINT                : 145 DEG C @ 1.5 MM HG [REF-181, p.518]

 4-15DENSITY/SPECIFIC GRAVITY     : 1.57 @ 9 DEG C [REF-2, p.3-264]

 5-15VAPOR PRESSURE               : 4X10-4 mm Hg @ 25 deg C [QR] [REF-182, p.557]

 6-15CORROSIVITY                  : Corrosive to metals. [REF-183, p.A225]

 7-15OCTANOL/WATER PARTITION COEFFICIENT:

  log Kow = 5.50 [QR] [REF-184]

 8-15SOLUBILITIES: 

  . G/100 ML SOLVENT @ 27 DEG C: ACETONE 75, BENZENE 106, CARBON TETRACHLORIDE 112, CYCLOHEXANONE 119, ALCOHOL 4.5, XYLENE 102 [REF-178, p.736]

  . Soluble in hexane. [REF-185, p.247]

  . water solubility =0.18 mg/l @ 25 deg C [QR] [REF-186]

  . Soluble in ether. [REF-2, p.3-264]

 9-15SPECTRAL PROPERTIES: 

  . SATLER REFERENCE NUMBER: A4062 (IR) [REF-181, p.518]

  . MAX ABSORPTION (ALCOHOL): 236 NM (LOG E= 4.78); 309 NM (LOG E= 3.96); 328 NM (LOG E= 3.88) [REF-187, p.C-276]

  . Intense mass spectral peaks: 100 m/z (100%), 65 m/z (44%), 272 m/z (40%), 274 m/z (32%) [REF-188, p.95]

  . MASS: 2893 (National Bureau of Standards EPA-NIH Mass Spectra Data Base, NSRDS-NBS-63) [REF-189, p.V1 678]

  . MASS: 5018 (National Bureau of Standards EPA-NIH Mass Spectra Data Base, NSRDS-NBS-63) [REF-189, p.V1 554]

 10-15OTHER CHEMICAL/PHYSICAL PROPERTIES: 

  . NOT READILY DEHYDROCHLORINATED; SUSCEPTIBLE TO EPOXIDATION [REF-26, p.322]

  . HAS HIGH LIPID-WATER PARTITION COEFFICIENTS; FORMS PHOTOPRODUCT, PHOTOHEPTACHLOR. [REF-190, p.560]

  . 50-75 CENTIPOISES @ 90 DEG C /TECHNICAL/ [REF-26, p.322]

  . SOFT, WAXY SOLID /TECHNICAL/ [REF-168, p.306]

  . log Koc= 4.48(est) [REF-191]

  . Henry's Law Constant = 1.48X10-3 atm cu-m/mol [QR] [REF-192]
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